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Introduction

 

(This introduction is not a part of IEEE Std 602-1996, IEEE Recommended Practice for Electric
Systems in Health Care Facilities.)

 

IEEE Std 602-1996, IEEE Recommended Practice for Electric Systems in Health Care Facil-
ities, commonly known as the IEEE White Book, is written primarily for the practicing elec-
trical design engineer who may have limited experience with health care facilities and for
hospital operating personnel. It will also be useful for those who supply products and services
for health care facilities. While the text deals with a broad range of topics relevant to the
design and operation of health care facilities, it focuses on those aspects of facility design and
operation that are unique to health care facilities. These include patient electrical safety,
patient care issues, continuity of electric service, and a reliable source of power to sensitive
computer-based clinical and biomedical equipment. The text also touches on communication
and alarm systems that are unique to the health care facility.

This IEEE Recommended Practice continues to serve as a companion publication to the
following other Recommended Practices prepared by the IEEE Industrial and Commercial
Power Systems Department:

Ñ IEEE Std 141-1993, IEEE Recommended Practice for Electric Power Distribution for
Industrial Plants (IEEE Red Book).

Ñ IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and
Commercial Power Systems (IEEE Green Book).

Ñ IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in
Commercial Buildings (IEEE Gray Book).

Ñ IEEE Std 242-1986, IEEE Recommended Practice for Protection and Coordination of
Industrial and Commercial Power Systems (IEEE Buff Book).

Ñ IEEE Std 399-1990, IEEE Recommended Practice for Industrial and Commercial
Power Systems Analysis (IEEE Brown Book).

Ñ IEEE Std 446-1995, IEEE Recommended Practice for Emergency and Standby Power
Systems for Industrial and Commercial Applications (IEEE Orange Book).

Ñ IEEE Std 493-1990, IEEE Recommended Practice for the Design of Reliable Indus-
trial and Commercial Power Systems (IEEE Gold Book).

Ñ IEEE Std 739-1995, IEEE Recommended Practice for Energy Management in Indus-
trial and Commercial Facilities (IEEE Bronze Book).

Ñ IEEE Std 1100-1992, IEEE Recommended Practice for Powering and Grounding
Sensitive Electronic Equipment (IEEE Emerald Book).
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IEEE Recommended Practice for Electric 
Systems in Health Care Facilities

Chapter 1
Overview

1.1 Scope and general discussion

IEEE Std 602-1996, IEEE Recommended Practice for Electric Systems in Health Care
Facilities, commonly known as the IEEE White Book, is published by the Institute of
Electrical and Electronics Engineers (IEEE) to provide a recommended practice for the
design and operation of electric systems in health care facilities. It has been prepared on a
voluntary basis by design engineers, health care end users, as well as electrical and medical
manufacturers functioning as the White Book Working Group within the Power Systems
Design Subcommittee of the Power Systems Engineering Committee.

This recommended practice will probably be of greatest value to the power oriented engineer
with limited health care experience. It can also be an aid to all engineers responsible for the
electrical design of health care facilities. However, it is not intended as a replacement for the
many excellent engineering texts and handbooks commonly in use, nor is it detailed enough
to be a design manual. It should be considered a guide and a general reference on electrical
design for health care facilities.

1.2 Health care facilities

The term Òhealth care facility,Ó as used here, encompasses buildings or parts of buildings that
contain hospitals, nursing homes, residential custodial care facilities, clinics, and medical and
dental ofÞces. Buildings or parts of buildings within an industrial or commercial complex,
used as medical facilities, logically fall within the scope of this book. Thus the speciÞc use of
the building in question, rather than the nature of the overall development of which it is a
part, determines its electrical design category. TodayÕs health care facilities, because of their
increasing size and complexity, have become more and more dependent upon safe, adequate,
and reliable electrical systems. Every day new types of sophisticated diagnostic and
treatment equipment, utilizing microprocessors or computers, come on the market. Many of
these items are sensitive to electrical disturbances and some require a very reliable power
source. Invasive medical procedures such as cardiac catheterization have become routine in
todayÕs hospital. Such procedures make electrical safety extremely important. Moreover, new
medical and surgical procedures are constantly being developed. In addition to the special
safety and reliability requirements, health care facilities have unique life safety and
communication requirements, because patients are generally unable to care for themselves or
1
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evacuate themselves in the event of an emergency. For these reasons, perhaps no area of
design or construction is changing as fast as health care facilities.

1.3 IEEE publications

The IEEE publishes several standards similar to the IEEE White Book, prepared by the
Industrial Power Systems Department of the IEEE Industry Applications Society.1 The
following standards may be useful for anyone designing or operating a health care facility:

IEEE Std 141-1993, IEEE Recommended Practice for Electric Power Distribution for Indus-
trial Plants (IEEE Red Book).

IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Commer-
cial Power Systems (IEEE Green Book).

IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commer-
cial Buildings (IEEE Gray Book).

IEEE Std 242-1986 (Reaff 1991), IEEE Recommended Practice for Protection and Coordina-
tion of Industrial and Commercial Power Systems (IEEE Buff Book).

IEEE Std 399-1990, IEEE Recommended Practice for Industrial and Commercial Power
Systems Analysis (IEEE Brown Book).

IEEE Std 446-1987, IEEE Recommended Practice for Emergency and Standby Power
Systems for Industrial and Commercial Applications (IEEE Orange Book).

IEEE Std 493-1990, IEEE Recommended Practice for the Design of Reliable Industrial and
Commercial Power Systems (IEEE Gold Book).

IEEE Std 739-1995, IEEE Recommended Practice for Energy Management in Industrial and
Commercial Facilities (IEEE Bronze Book).

IEEE Std 1100-1992, IEEE Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (IEEE Emerald Book).

IEEE Std 241-1990, commonly known as the IEEE Gray Book, will be of particular impor-
tance as a reference book to the hospital designer because of the many similarities between
commercial buildings and health care facilities.

1IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.
2
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1.3.1 Industry Applications Society

The IEEE is divided into 35 groups and societies that specialize in various technical areas of
electrical engineering. Each group or society conducts meetings and publishes papers on
developments within its specialized area. The Industry Applications Society (IAS) presently
encompasses 23 technical committees covering electrical engineering in speciÞc areas
(petroleum and chemical industry, cement industry, glass industry, industrial and commercial
power systems, and others). The Power Systems Engineering Committee, which has balloting
authority for the IEEE White Book, is part of the Industrial and Commercial Power Systems
Department of the IAS. Papers of interest to electrical engineers and designers involved in the
Þeld covered by the IEEE White Book are, for the most part, contained in the Transactions of
the IAS. Individuals who desire to participate in the activities of the committees or working
groups in the preparation or revisions of the White Book or other Color Books should contact
the IEEE Standards Department, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855.

1.3.2 Engineering in medicine and biology society

Another IEEE group of interest to the electrical engineer involved in health care facility
design is the Engineering in Medicine and Biology Society (EMBS). The EMBS Transac-
tions and the EMBS Magazine include articles on the physiological effects of electrical shock
and other subjects pertinent to electrical safety. Articles dealing with electrical equipment and
instrumentation also appear in the EMBS Transactions.

1.4 Professional registration

Most regulatory agencies require that design for public buildings be prepared by state-
licensed professional architects or engineers. Information on such registration may be
obtained from the appropriate state agency or from the local chapter of the National Council
of Examiners for Engineering and Surveying (NCEES).

To facilitate obtaining registration in different states by reciprocity, a national professional
certiÞcate is issued by the National Bureau of Engineering Registration2 to engineers who
obtained their home-state license by examination. All engineering graduates are encouraged
to start on the path to full registration by taking the engineer-in-training examination as soon
after graduation as possible. The Þnal written examination in the Þeld of specialization is usu-
ally conducted after four years of progressive professional experience.

Clinical engineering certiÞcation is available through an international commission. When
available, the hospitalÕs clinical engineer should be involved in the electrical design process.

2P.O. Box 1686, Clemson, SC 29633-1686.
3
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1.5 Codes and standards

1.5.1 National Electrical Code¨ and other NFPA standards

The electrical wiring and design recommendations in the National Electrical Code¨ (NEC¨)
(NFPA 70-1996) are vitally important guidelines for health care facility engineers. Article
517 of the NEC deals exclusively with installation criteria for health care facilities. The NEC
is revised every three years, and care should be taken to use the edition that is current and
adopted by the authority having jurisdiction of enforcement (AHJ) at the time of construc-
tion. The NEC is published and available from the National Fire Protection Association
(NFPA).3 It does not represent a design speciÞcation but only identiÞes minimum require-
ments for the safe installation and utilization of electricity on the premises. The introduction
to the NEC, Article 90, covers purpose and scope, and describes the AHJÕs role in interpreting
and enforcing the code. The Handbook of the National Electrical Code¨, sponsored by the
NFPA, contains the complete NEC text plus explanations. This book is edited to correspond
with each edition of the NEC.

NFPA 99-1996, Health Care Facilities, addresses performance and testing criteria for electric
systems in health care facilities as well as requirements for medical gas systems; heating,
ventilation, and air conditioning systems; laboratories; and other topics of interest to health
care designers. Approximately two thirds of NEC Article 517 is extracted from NFPA 99-
1996.

The NFPA publishes the following related documents containing requirements on electrical
and medical equipment and systems:

NFPA 20-1993, Installation of Centrifugal Fire Pumps.

NFPA 53-1994, Fire Hazards in Oxygen-Enriched Atmospheres.

NFPA 70B-1994, Electrical Equipment Maintenance.

NFPA 70E-1995, Electrical Safety Requirements for Employee Work Places.

NFPA 72-1993, Protective Signaling Systems.

NFPA 75-1992, Electronic Computer/Data Processing Equipment.

NFPA 77-1993, Static Electricity.

NFPA 101-1994, Life Safety Code.

NFPA 101HB94, Life Safety Code Handbook, 1994 edition.

3The NEC is available from Publication Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box
9101, Quincy, MA 02269-9101.
4
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NFPA 110-1993, Emergency and Standby Power Systems.

NFPA 111-1993, Stored Electrical Energy Emergency and Standby Power Systems.

NFPA 780-1992, Lightning Protection Code.

NFPA FPH1791, Fire Protection Handbook, 1991 edition.

The NEC and other selected NFPA codes are generally adopted by local and state govern-
ments for enforcement by electrical and building inspectors and Þre marshals.

1.5.2 Health care codes and standards

Additional electrical requirements for health care facilities are included in the Accreditation
Manual for Hospitals published by the Joint Commission for the Accreditation of Health Care
Organizations (JCAHO). Hospitals seeking JCAHO accreditation must undergo periodic
inspection by JCAHO examiners. Accreditation depends on the hospitalÕs conformance with
the requirements included in the accreditation manual.

The Department of Health and Human Services formerly published a standard entitled, Mini-
mum Requirements for Construction and Equipment of Hospitals and Medical Facilities and
enforced it on a national basis. The American Institute of Architects (AIA) obtained the copy-
right in 1987 and produced a revision called Guidelines for Construction and Equipment of
Hospitals and Medical Facilities.4 AIA revised the document again in 1992Ð1993. It is still
enforced by many state and federal agencies.

Electrical designers working on projects for the Department of Veterans Affairs, Department
of Defense, the General Services Administration, Public Buildings Service, and other govern-
ment agencies must be aware that these agencies generally publish standards for electrical
design. These standards or guidelines can be obtained from the appropriate agency.

1.5.3 Local, state, and federal codes and regulations

While most municipalities, counties, and states use the NEC without change, some have their
own codes. In some instances the NEC is adopted by local ordinance as part of the building
code, with deviations from the NEC listed as addenda. It is important to note that only the
code adopted as of a certain date is ofÞcial, and that governmental bodies may delay adopting
the latest code. Federal rulings may require use of the latest NEC regardless of local rulings,
so that reference to the enforcing agencies for interpretation on this point may be necessary.

Some city and state codes are almost as extensive as the NEC. It is generally accepted that in
the case of conßict, the more stringent or severe interpretation applies. Generally the entity
responsible for enforcing the code has the power to interpret it.

4This publication can be obtained from AIA Press, 1735 New York Avenue, Washington, DC 20006 (tel. 800-365-
2724). A 1996 edition is expected to be published shortly.
5
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Failure to comply with NEC or local code requirements can affect the ownerÕs ability to
obtain a certiÞcate of occupancy and may have a negative effect on insurance.

In most states, health care construction comes under the jurisdiction of a state health depart-
ment. In some instances the state will have its own hospital or health care code with speciÞc
electrical requirements.

Both state and local authorities may adopt and enforce one of the model building codes
written by a regional building ofÞcials group. These include the Standard Building Code, the
Uniform Building Codeª, and the National Building Code.

Legislation by the U.S. federal government has had the effect of giving standards, such as
certain ANSI standards, the impact of law. The Occupational Safety and Health Act, adminis-
tered by the U.S. Department of Labor, permits federal enforcement of codes and standards.
The Occupational Safety and Health Administration (OSHA) has adopted the 1971 NEC for
new electrical installations and also for major replacements, modiÞcations, or repairs
installed after 5 March 1972. A few articles and sections of the NEC have been deemed to
apply retroactively by OSHA. The NFPA created the NFPA 70E Committee to prepare a
consensus standard for possible use by OSHA in developing their standards. Major portions
of NFPA 70E-1988 (Electrical Safety Requirements for Employee Work Places) have been
included in OSHA regulations.

OSHA requirements are published in the Federal Register.5 OSHA rules for electric systems
are covered in 29 CFR Part 1910 of the Federal Register.

The U.S. National Institute of Occupational Safety and Health (NIOSH) publishes Electrical
Alerts 6 to warn of unsafe practices or hazardous electrical equipment.

The U.S. Department of Energy, by encouraging building energy performance standards, has
advanced energy conservation standards. A number of states have enacted energy conserva-
tion regulations. These include ASHRAE/IESNA legislation embodying various energy
conservation standards such as ASHRAE/IESNA 90.1-1989, Energy EfÞcient Design of New
Buildings Except Low-Rise Residential Buildings. These establish energy or power budgets
that materially affect architectural, mechanical, and electrical designs.

1.5.4 Standards and recommended practices

A number of organizations in addition to the NFPA publish documents that affect electrical
design. Adherence to these documents can be written into design speciÞcations.

ANSI approves the standards of many other organizations. ANSI coordinates the review of
proposed standards among all interested afÞliated societies and organizations to ensure a
consensus approval. It is in effect a clearinghouse for technical standards of all types.

5The Federal Register is available from the Superintendent of Documents, U.S. Government Printing OfÞce, Wash-
ington, DC 20402 (telephone 202-783-3238) on a subscription or individual copy basis.
6Copies of this bulletin are available from NIOSH Publications Dissemination, 4676 Columbia Parkway, Cincinnati,
OH 45226.
6
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Underwriters Laboratories, Inc. (UL)7 is a non-proÞt organization, operating laboratories for
investigation with respect to hazards affecting life and property, materials and products,
especially electrical appliances and equipment. In so doing, they develop test standards.
Equipment that has been tested by UL or another nationally recognized testing organizations
(i.e., OSHA), and found to conform to their standards, is known as listed or labeled
equipment.

The National Electrical Manufacturers Association (NEMA)8 represents equipment manufac-
turers. Their publications serve to standardize the manufacture of, and provide testing and
operating standards for electrical equipment. The design engineer should be familiar with any
NEMA standard that might affect the application of any equipment to be speciÞed.

1.6 Reference books

The American Hospital Association (AHA) publishes a series of books on topics of interest to
hospital engineers. The series is called the Management and Compliance Series (MACS).
The books are available from the AHA at 840 North Lakeshore Drive, Chicago, IL 60611. Of
particular interest to the electrical engineer will be Volume 4, Fire Warning and Safety Sys-
tems and Volume 7, Electrical Systems for Health Care Facilities. Other volumes deal with a
wide variety of subjects, including medical gas systems and heating, ventilation, and air
conditioning (HVAC) systems.

The Illuminating Engineering Society of North America (IESNA) publishes a Lighting Hand-
book in two volumes. Volume 2, Applications, includes a chapter on lighting for health care
facilities.

The introduction to the IEEE Gray Book includes a list of additional references and hand-
books that may be of interest to the health care electrical designer.

1.7 Periodicals

Spectrum, the basic monthly publication of the IEEE, covers all aspects of electrical and
electronic engineering with limited material on health care facilities. This publication,
however, does contain references to IEEE books and other publications; technical meetings
and conferences; IEEE group, society, and committee activities; abstracts of papers and
publications of the IEEE and other organizations, and other material essential to the profes-
sional advancement of the electrical engineer. The Transactions of the Industrial Applications
Society and the Engineers in Medicine and Biology Society of the IEEE can be useful to
health care electrical engineers.

Following are some other well-known periodicals:

7333 PÞngsten Road, Northbrook, IL 60020.
82101 L Street, NW, Washington, DC 20037.
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ASHRAE Journal, American Society of Heating, Refrigerating and Air-Conditioning Engi-
neers, 1791 Tullie Circle NE, Atlanta, GA 30329.

Biomedical Engineering, 233 Spring Street, New York, NY 10013.

Consulting-Specifying Engineer, Cahners Publishing Company, 5 South Wabash Avenue,
Chicago, IL 60603.

Electrical Construction and Maintenance, McGraw-Hill, 1221 Avenue of the Americas, New
York, NY 10020.

Electrical Consultant, One River Road, Cos Cob, CT 06807.

Fire Journal, National Fire Protection Association, Batterymarch Park, Quincy, MA 00269.

Health Care Systems, 1515 Broadway, New York, NY 10036.

Health Facilities Management, American Hospital Publishing, Inc., 737 N. Michigan Ave-
nue, Suite 700, Chicago, IL 60611-2615.

Hospitals, American Hospital Publishing, Inc., 737 N. Michigan Avenue, Suite 700, Chicago,
IL 60611-2615.

IAEI News, International Association of Electrical Inspectors, 901 Waterfall Way,
Richardson, TX 75080-7702.

Journal of Clinical Engineering, 1351 Titan Way, Brea, CA 92621.

Journal of the Operating Room Research Institute, 100 Campus Road, Totowa, NJ 07512.

Lighting Design and Application, Illuminating Engineering Society of North America, 345
East 47th Street, New York, NY 10017.

Medical Electronics, 2994 West Liberty, Pittsburgh, PA 15216.

Modern Healthcare, 740 N. Rush St., Chicago, IL 60611.

Neta News, published by the International Electrical Testing Association, 231 Red Rocks
Vista Drive, P.O. Box 687, Morrison, CO 80465.

Plant Engineering, 1301 South Grove Avenue, Barrington, IL 60010.

Professional Engineer, National Society of Professional Engineers, 1420 King Street, Alex-
andria, VA 22314.
8
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1.8 ManufacturersÕ data

The electrical industry through its associations and individual manufacturers of electrical
equipment issues many technical bulletins, data books, and magazines. While some of this
information is difÞcult to obtain, copies should be made available to each major design unit.
The advertising sections of electrical magazines contain excellent material, usually well
illustrated and presented in a clear and readable form, concerning the construction and
application of equipment. Such literature may be promotional; it may present the advertiserÕs
equipment or methods in a best light and should be carefully evaluated. ManufacturerÕs
catalogs are a valuable source of equipment information. Some manufacturersÕ complete
catalogs are quite extensive covering several volumes. However, these companies may issue
condensed catalogs for general use. A few manufacturers publish regularly scheduled
magazines containing news of new products and actual applications. Data sheets referring to
speciÞc items are almost always available from the sales ofÞces. Some technical Þles may be
kept in microÞlm for use either by projection or by printing at larger design ofÞces.
ManufacturersÕ representatives, both sales and technical, can do much to provide complete
information on a product.

Manufacturers of specialized hospital electrical equipment often publish design and
installation recommendations and technical updates. This is particularly true of isolation
panel, standby system, and transfer switch manufacturers.

1.9 Safety

Safety of life and preservation of property are two of the most important factors in the design
of the electrical system. This is especially true in health care facilities because of public
occupancy, thoroughfare, high-occupancy density, and patientsÑsome of them critically ill
or injured. In some health care facilities the systems operating staff has limited technical
capabilities and may not have any speciÞc electrical training.

Various codes provide rules and regulations as minimum safeguards of life and property. The
electrical design engineer often needs to provide greater safeguards than outlined in the codes
according to his best judgment, while also giving consideration to utilization and economics.

Electrical safety may be divided into the following Þve categories:

a) Safety for maintenance and operating personnel
b) Safety for the general public
c) Safety for general care patients
d) Safety for critical care patients
e) Safety for patients and staff in wet locations

Safety for maintenance and operating personnel is achieved through proper design and
selection of equipment with regard to enclosures, key-interlocking, circuit breaker and fuse
interrupting capacity, the use of high-speed fault-detection and circuit-opening devices, clear-
ances from structural members, grounding methods, disconnecting means, and identiÞcation
9
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of equipment. Adequate lighting in electrical rooms and around electrical equipment is
important to personnel safety.

Safety for the general public requires that all circuitmaking and breaking equipment as well
as other electrical apparatus be isolated from casual contact. This is achieved by using locked
rooms and enclosures, proper grounding, limiting of fault levels, installation of barriers and
other isolation, proper clearances, adequate insulation, and other similar provisions outlined
in this standard. Only authorized personnel should have access to electrical equipment.

Safety for general patients requires all of the design features used for protecting the general
public as well as special provisions to minimize potential differences between any two
conducting surfaces likely to come in contact with the patient directly or indirectly. Green
ground conductors, installed in metallic conduit with the power conductors, ensure that
potential differences are below 20 mV when Þrst installed. Potential differences in general
patient care areas are required to be maintained below 500 mV under normal conditions.
Potential differences in critical care areas must be kept below 40 mV under normal
conditions. However, the designer must be aware that even with properly sized and installed
ground conductors, higher potential differences can be generated during fault conditions.
Other special protective systems such as ground-fault circuit-interrupter (GFCI) receptacles
or isolation transformers are used in wet locations to protect patients and staff and in critical
care areas to protect catheterized patients from electric shock through an exposed catheter.

Although ßammable anesthetics (like ether) are no longer used in the U.S., they are still
popular in some foreign countries. Where ßammable anesthesia is used, isolation transform-
ers and a properly grounded conductive ßoor shall be provided. All wiring in the hazardous
area must be installed as required for Class 1 Division 1 locations.

The National Electrical Safety Code¨ (NESC¨) (ANSI C2-1997) is available from the
IEEE. It covers outdoor distribution systems, supply and communications systems, overhead
lines, high-voltage systems, and other items related to the supply of building power.

Circuit protection is a fundamental safety requirement of all electrical systems. Adequate
interrupting capacities are required in services, feeders, and branch circuits. Selective,
automatic isolation of faulted circuits represents good engineering. Tripping schemes for the
emergency system must be selective, so that faults on adjacent branches or systems or faults
on the emergency system itself do not disrupt service to unaffected emergency system
circuitsÑespecially if interruption of these circuits can jeopardize the lives or safety of
patients. Physical protection of wiring by means of approved raceways under all probable
conditions of exposure to electrical, chemical, and mechanical damage is necessary.

Circuits on the emergency system shall be installed in metallic raceway. Circuits to patient
care areas shall be installed with a green ground conductor and should be installed in metallic
raceway to ensure physical protection and to provide redundant grounding. Such raceways
should be of sufÞcient size for future expansion. Additional raceways and spare conductors
for future use may be installed within allowable Þnancial constraints. If the raceways are
properly constructed and bonded, they can minimize power interruptions. The design
engineer should locate equipment where suitable ambient temperatures exist and ventilation
10
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is available. The operation of fault-detection and circuit-interruption devices under conditions
of abnormal voltage and frequency should be ensured.

1.9.1 Appliances and equipment

Improperly applied or inferior materials can cause electrical failures. The proper use of
appliances and equipment listed by the Underwriters Laboratories, Inc., or other nationally
recognized testing laboratories is recommended. The Association of Home Appliance
Manufacturers (AHAM)9 and the Air-Conditioning and Refrigeration Institute (ARI)10

specify the manufacture, testing, and application of many common appliances and
equipment.

High-voltage equipment should be speciÞed to be manufactured in accordance with NEMA,
ANSI, and IEEE standards, and the engineer should make sure that the equipment speciÞed
conforms to these standards. Properly prepared speciÞcations can prevent the purchase of
inferior or unsuitable equipment. The lowest initial purchase price may not result in the
lowest cost after taking into consideration operating, maintenance, and owning costs. Value
engineering is an organized approach to identiÞcation of unnecessary costs; it utilizes such
methods as life cycles, cost analyses, and related techniques.

1.9.2 Operational considerations

When the design engineer plans electrical equipment rooms and locates electrical devices,
there may be areas accessible to unqualiÞed persons due to limited space. Dead-front
construction and ANSI/NEMA Category A type construction should be utilized whenever
practical. Where dead-front construction is not available, all exposed electrical equipment
should be placed behind locked doors or gates. This will result in a reduction in electrical fail-
ures caused by human error, as well as improved safety.

A serious cause of failure, which is attributable to human error, is unintentional grounding or
phase-to-phase short-circuiting of equipment that is being worked upon. By careful design
such as proper spacing, barriers, and padlocking and by enforcement of published work-
safety rules, the engineer can minimize unintentional grounding and phase-to-phase, and
ground faults in the distribution equipment. High-quality workmanship is an important factor
in the prevention of electrical failures. Therefore, the design should incorporate features that
are conducive to good workmanship.

Selective coordination of overcurrent devices is important in health care facilities, especially
for critical care areas of hospitals. The system must be studied for both high- and low-level
faults. It is therefore important to consider the different levels of available short-circuit
current available from utility and standby sources.

Ground-fault protection schemes on large service mains on wye-grounded 480 V systems
will help to minimize damage from arcing ground faults. Arcing ground faults or Òburn-

920 North Wacker Drive, Chicago, IL 60606.
101501 Wilson Boulevard, Arlington, VA 22209.
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downsÓ can cause total destruction of electrical equipment, jeopardizing patient safety by Þre
and loss of electrical service. By providing one or more additional steps of ground-fault
protection downstream, designers can ensure that otherwise harmless ground faults (such as
in the powerhouse or kitchen) will not cause an outage of the hospital main or patient care
areas of the hospital. Ground-fault systems should be tested for selective tripping to ensure
proper and safe operation per the NEC.

1.10 Maintenance

Maintenance is essential to proper operation. The installation should be so designed that
building personnel can perform most of the maintenance with a minimum need for special-
ized services. Design details should provide proper space and accessibility so that equipment
can be maintained without difÞculty and excessive cost.

The engineer should consider the effects of a failure in the system supplying the building.
Generally, the external systems are operated and maintained by the electrical utility, though at
times they are a part of the health care facility distribution system.

In health care facilities where continuity of service is essential, suitable emergency and
standby equipment should be provided. Such equipment is needed to maintain minimum
lighting requirements for passageways, stairways, and to supply power to critical patient care
areas and essential loads. These systems are usually installed within the building, and they
include automatic or manual equipment for transferring loads on loss of normal supply power
or for putting battery- or generator-supplied equipment into service.

Although applicable codes determine the need for standby or emergency generating systems
in health care facilities, they are generally required in any facility that keeps acutely ill
patients overnight, performs invasive procedures, administers anesthesia, has critical patient
care areas, or otherwise treats patients unable to care for themselves during an emergency.
High-rise health care facilities, regardless of type, should have on-site emergency or standby
generators. Periodic testing and exercising of standby generators is essential to system
reliability.

Electrical engineers should consider the installation of bypass/isolation switches in conjunc-
tion with automatic transfer switches to permit maintenance on a deenergized transfer switch
without jeopardizing patient safety. The isolation/bypass switch permits removal of the
transfer switch from the circuit while providing for manual transfer to the normal or
emergency source.

Even with isolation/bypass switches, it is possible for a load-side circuit breaker to fail,
causing loss of power to all or part of the critical branch. For this reason it is recommended to
provide some normal circuits in critical patient care areas per the NEC.
12
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1.11 Design considerations

Electrical equipment usually occupies a relatively small percentage of the total building
space, and in design it may be easier to relocate electrical service areas than mechanical areas
or structural elements. Allocation of space for electrical areas is often given secondary
consideration by architectural and related specialties. In the competing search for space, the
electrical engineer is responsible for fulÞlling the requirements for a proper electrical
installation while at the same time recognizing the ßexibility of electrical systems in terms of
layout and placement.

Today, architectural considerations and appearances are of paramount importance in the
design of a health care facility. Aesthetic considerations may play an important role in the
selection of equipment, especially lighting equipment. Provided that the dictates of good
practice, code requirements, and environmental considerations are not violated, the electrical
engineer may have to compromise the design to accommodate the needs of other members of
the design team.

The electrical engineer should work closely with professional associates, such as the
architect, the mechanical engineer, the structural engineer, and the civil engineer. There is
also concern with the building owner or operator who, as clients, may take an active interest
in the design. More often the electrical engineer will work directly with the coordinator of
overall design activities, usually the architect. Cooperation with the safety engineer, Þre
protection engineer, the environmental engineer, and other concerned people, such as interior
designers, all of whom have a say in the ultimate design, is essential.

The electrical designer should become familiar with local rules and know the authorities
having jurisdiction over the design and construction. The designer should always contact the
authorities having jurisdiction and all applicable utilities before beginning design. Local
contractors are usually familiar with local ordinances and union work rules and can be of
great help. Union work practices may, for reasons of safety or other considerations,
discourage the use of certain materials and techniques.

In performing electrical design, it is essential, at the outset, to prepare a checklist of all the
design stages that have to be considered. Major items include temporary power, access to the
site, and review by others. It is important to note that certain electrical work may appear in
nonelectrical sections of the speciÞcations. For example, furnishing and connecting of
electric motors and controls may be covered in the mechanical section of the speciÞcations.
Another notable example would be elevators, which are usually speciÞed by the architect.
The electrical engineer should insist that the proper starter, ÞremanÕs recall system, and emer-
gency sequencing of elevators are speciÞed.

Electrical engineers working on health care projects should have a working knowledge of
medical gas systems because medical gas outlets often share consoles and headwalls that
appear in the electrical speciÞcations. The electrical engineer also should be familiar with
medical gas alarm systems.
13
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For administrative control purposes, the electrical work may be divided into a number of
contracts, some of which may be under the control of a general contractor and some of which
may be awarded to electrical contractors. Among items with which the electrical designer
will be concerned are preliminary cost estimates, Þnal cost estimates, plans or drawings,
speciÞcations (which are the written presentation of the work), materials, manuals, factory
inspections, laboratory tests, and temporary lighting and power. The electrical engineer may
well be involved in providing information on how electrical considerations affect Þnancial
justiÞcation of the project in terms of owning and operating costs, amortization, return on
investment, and related items.

1.12 Other considerations

Those involved in the design of health care facilities should understand the process by which
drawings are issued for bidding and construction. The designer should also have some knowl-
edge of shop drawing review, estimating, and contract administration. For more information
see the Introduction (Chapter 1) to the IEEE Gray Book.

Design and construction of health care facilities are a team process involving engineers,
architects, construction managers, general contractors, estimators, subcontractors and equip-
ment vendors. In recent years the contractors and construction managers have become
increasingly involved in the design process. In order to successfully complete a health care
project, it is important to involve contractors who have a successful track record in health
care construction. The larger and more complex the project the more important it is to have
contractors who are skilled and experienced in the specialized construction techniques
required for medical facilities.
14



            
Chapter 2
Load requirements and energy management

2.1 General discussion

As with other building types, the determination of loads to be served by the electrical system
is fundamental to health care facility design. Equally important is the economic application
of materials, labor, and electrical devices to serve identiÞed loads. As a goal, the completed
facility should serve the initial loads, provide a margin for incremental growth, and foster the
efÞcient use of energy.

2.1.1 Loads

One of the purposes of this chapter is to aid the designer in estimating loads usually found in
health care facilities and to show the range of power typically required by these loads.

2.1.2 Groups of loads

The cumulative effect of groups of individual loads is one of the determinants of distribution
system design. This chapter will provide data from operating health care facilities that will be
useful in projecting total load demand. Similarly, a proÞle for one type of facility will be
presented. The reader is cautioned that such data should be viewed within the narrow scope in
which it is presented. That is, the data is indicative of a speciÞc building at a speciÞc point in
time and cannot be extrapolated necessarily into a typical proÞle.

2.1.3 Load growth

Patterns of health care have changed rapidly in recent years, and as the biological sciences
continue to advance, altering patterns may be expected in the future. Such changes impose on
health care facilities the need to adapt to changing demands of many kinds. The designer of
electrical systems should plan for inevitable change and should anticipate incremental growth
of loads during the useful life of the facility. In fact, the designerÕs recognition of the dynamic
nature of health care facilities may result in extended useful life. Obviously, the type of health
care facility affects the level of change that may be anticipated. Teaching hospitals are more
prone to change than community general hospitals, and the latter more so than custodial care
facilities.

2.1.4 Energy utilization

Electrical system design affects the energy required to operate a facility over its useful life.
This consideration should be balanced with the loads to be served as the design is created.
Another purpose of this chapter is to present data that will help reduce the unknowns faced by
the designer, resulting in a more energy-efÞcient facility. Additionally, techniques of energy
management will be discussed.
15
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2.2 Loads vs. facility type

There are many types of health care facilities, some of which are identiÞed in Chapter 1.
Load density for the total building will vary as the type varies.

Teaching and general hospitals may be expected to offer the broadest spectrum of load types
and to yield the highest concentration of load per gross square foot. Conversely, minimal care
and custodial care facilities will produce generally low concentrations of load.

Outpatient screening clinics and physiciansÕ ofÞces will be similar to commercial ofÞce
buildings, except that screening clinics sometimes will include extensive laboratory, radiol-
ogy, and imaging facilities.

Psychiatric hospitals, nursing homes, and minimal care and custodial care facilities share a
common bond since large portions of each will be devoted to patient accommodations. While
the similarity will stop there in most cases, the load density (watts per gross square foot) will
be inßuenced signiÞcantly by their residential character.

Load density is related to other variables in addition to facility type. As an example, choice of
fuel for heating and air conditioning will exert considerable inßuence on loads.

2.3 Lighting loads

Lighting for health care facilities is presented in Chapter 7. Loads imposed by the lighting
systems will be a function of several variables, among which are

a) Tasks to be performed
b) Quality and quantity of illumination required
c) Choice of lighting sources

Lighting design for some areas will be similar to that for other commercial buildings. Other
spaces will require the application of specialized lighting techniques. Among the latter are
patient rooms, intensive care units, nurseries, and surgical and obstetrical suites.

In all cases, task lighting techniques should be applied, in the interest of energy management
and of optimum distribution system capacity.

2.3.1 Loads by function

For initial calculations, lighting connected loads may be estimated relying on the designerÕs
previous experience or they may be estimated using the Illuminating Engineering Society of
North America (IESNA) lighting power budget technique. Readers should refer to the
references and bibliography for this chapter (see 2.7 and 2.8) and to the body of Chapter 7 for
more on this subject.
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2.3.2 Lighting demand

As with other types of loads, demand factors may be applied to lighting connected load when
determining distribution system component capacity. The appropriate factor will depend
upon some or all of the following:

a) Function performed in the area served
b) Means of lighting control, i.e., switching, dimming
c) Hours of operation for the area served
d) Local code authority requirements

As an upper limit, the continuous load supplied by a lighting branch circuit should not exceed
80% of the branch circuit rating. For good design practice, the continuous load supplied
should not exceed 70% of the branch circuit rating and in some cases should be even lower.

The National Electrical Code¨ (NEC¨) (NFPA 70-1996)1 permits the use of lighting
demand factors in calculating lighting load on feeders. Refer to table 220-11 of the NEC.
However, designers should develop their own factors based on the characteristics of a speciÞc
project, consistent with restraints imposed by code authorities.

The factors shown in table 2-1 may be used in sizing the distribution system components
shown and should result in a conservative design.

2.4 Power loads

Power loads may be divided into the following broad categories:

a) Building equipment
1) Heating, ventilating, air conditioning, and refrigeration (HVAC&R)
2) Transportation (elevators, escalators, trolleys)
3) Auxiliary pumps (Þre, sump, clinical air and vacuum, pneumatic tube)

b) Functional equipment
1) Kitchen
2) Data processing

1Information on references can be found in 2.7.

Table 2-1ÑFactors used in sizing distribution system components

Distribution system component Lighting demand factor

Lighting panelboard bus and main overcurrent device 1.0

Lighting panelboard feeder and feeder overcurrent device 1.0

Distribution panelboard bus and main overcurrent device
First 50 000 W or less
All over 50 000 W

0.5
0.4

Remaining components 0.4
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3) Communication systems
4) Business machines
5) Laundry

c) Medical equipment
1) X-ray and imaging systems
2) Radiation therapy
3) Laboratory
4) Surgery
5) Intensive care, recovery, emergency
6) Physical and occupational therapy
7) Inhalation therapy
8) Pharmacy
9) Materials management
10) Medical records

NOTEÑMajor loads occur in the Þrst two categories [a) and b)], and these loads are similar to those in
other types of commercial buildings. The third category [c)] is unique to health care.

2.4.1 Building equipment

The types of HVAC&R systems chosen for a speciÞc building will have the greatest single
effect on electrical load. First, the choice of fuel will be critical. If natural gas, fuel oil, or coal
is chosen, electrical loads will be lower than would be the case if electricity were chosen.
Second, the choice of refrigeration cycle will have considerable impact. If absorption chillers
are chosen, electrical loads will be lower than those imposed by electric centrifugal or
reciprocating chillers. Early discussions between mechanical and electrical designers will be
advantageous in planning the electrical distribution system.

For initial estimates, before actual loads are known, the factors shown in table 2-2 may be
used to establish the major elements of the electrical system serving HVAC&R systems.

Elevators usually are large loads, but since only a few are required in most health care
facilities, elevators do not represent a large portion of total load. For preliminary design of the
distribution system in buildings of up to 12 stories, assuming vertical speeds up to 450 ft/min,
4500 lb capacity, the following loads may be used:

Electric traction elevators, each 35Ð50 hp
Hydraulic elevators, each 40Ð75 hp

Hydraulic elevators ordinarily will not be employed in buildings higher than seven stories and
speeds usually will be limited to 150 ft/min. However, capacities may be higher than 4500 lb.
Actual loads should be obtained from the elevator vendor once vertical transportation
requirements have been deÞned sufÞciently to permit calculation.

Escalators are not installed frequently in health care facilities but may be employed in a few
buildings. For initial estimates, escalator load will approximate 25 hp for each landing served
above the Þrst.
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Horizontal and vertical transportation systems for food, supplies, and materials using
automated trolleys or carts are found in a few large health care facilities. Pneumatic tube
systems are more common and may be employed as the sole means of transport for small
supplies and paper records or as one component in a materials handling system. Automated
trolleys or carts impose relatively small loads (less than 10 hp) at numerous locations but will
usually be combined with dedicated elevators whose loads will be similar to a service eleva-
tor. Pneumatic tube systems are powered by vacuum pumps or exhausters located in a few
central locations. Motor drives will vary depending on the extent of the system but are under
10 hp (many, less than 3 hp).

2.4.2 Functional equipment

Equipment of this type usually consists of numerous small loads except that used in kitchens
and except for some ofÞce copiers. The effect on the electrical system is to require panel-
board space and multiple branch circuits but low load density.

The choice of fuel in the kitchen is the major determinant. If natural gas is the primary fuel,
electrical loads will be lower on a watts per square foot basis than where electricity is the
primary fuel. Preliminary planning should address this question early. For estimating
purposes, the following factors may be used. In calculating kitchen ßoor area include cooking
and preparation, dishwashing, storage, walk-in refrigerator/freezer, food serving lines, tray
assembly, and ofÞces.

Primary fuel W/ft2

Natural gas 25
Electricity 125

Table 2-2ÑFactors used to establish major elements
of the electrical system serving HVAC&R systems

Item Unit

Refrigeration machines:
Absorption
Centrifugal/reciprocating

kVA/ton of chiller capacity
0.10
1.00

Auxiliary pumps and fans:
Chilled water pumps
Condenser water pumps

Absorption
Centrifugal/reciprocating

Cooling tower fans
Absorption
Centrifugal/reciprocating

0.08

0.15
0.07

0.10
0.07

Boilers:
Natural gas/fuel oil

kVA/boiler hp
0.07

Boiler auxiliary pumps:
Deaerator

kVA/boiler hp
0.10

Auxiliary equipment:
Clinical vacuum pumps
Clinical air compressors

kVA/bed
0.18
0.10
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Data processing equipment is employed in several areas of the typical hospital. As a
minimum, stand-alone systems for patient and general accounting and for laboratory analyses
may be anticipated. However, it is common to Þnd these integrated into hospital-wide
management information systems today. Such systems use multiple input stations throughout
the hospital, all intended to produce a uniÞed patient bill at the time of patient discharge plus
inventory control, third party billing, and portions of the patientÕs medical record.

As in other types of facilities, computer power requirements are usually moderate at the
central processor location and low at distributed input stations. For most installations found
in hospitals, the total load at the central location will range between 50 kVA and 100 kVA.
Data processing facilities in large complexes, especially those associated with university
medical schools, may require several hundred kilovoltampere capacity.

At computer workstations or teletype input stations, power demand will not exceed 1 kVA.

Power demand from communication systems, as individual loads and as a whole, is low.
Individual loads will not exceed 2 kVA usually, with most less than 1.5 kVA.

As in other commercial structures, there will be a large quantity of ofÞce equip-
ment (typewriters, word processors, copiers) but power required will be low, on the order of
0.3Ð1.2 kVA per item. The exception will be large copy machines. These may be estimated at
3Ð6 kVA each.

2.4.3 Medical equipment

Types of medical equipment employed in the various departments of health care facilities are
discussed in Chapter 9. 

Power distribution systems serving multiple x-ray machine installations require special atten-
tion. Designers should always be guided by the speciÞc data furnished by vendors supplying
equipment for the speciÞc facility. However, an excellent planning guide is available as a
NEMA standard (NEMA XR9-1984) and should be consulted.

Quality of voltage supplied is important to x-ray installations. Again, service as direct as
possible from the source is desirable. Minimum transient disturbance and voltage drop are
essential.

Note that most x-ray machines have two load ratingsÑcontinuous and momentary. The
continuous load is usually small and poses little problem for either sourceÑutility or standby
generator. The momentary demand, however, can be a problem for a standby generator,
especially a large x-ray machine served by a small generator. Since x-ray machines have a
high power factor, a real power load is imposed on the engine. The effect of this should be
evaluated in sizing the engine-generator set.

While momentary demand of x-ray installations will Þgure prominently in feeder and distri-
bution equipment sizing, it need not be considered in calculating overall power demand
imposed on the utility source, provided it is a part of a moderate size system. If the system
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requires 750 kVA or more, the momentary nature of x-ray operation will not add measurably
to the overall demand. For small systems and for additions to existing facilities where service
equipment is near capacity, some provision for x-ray demand may be advisable.

Clinical laboratories in hospitals require numerous branch circuits to serve the multitude of
electrical devices, but load density is usually low and individual equipment loads are low,
most under 1 kVA. A few pieces of equipment in laboratories today perform multiple special-
ized tests. The loads for these will range between 3 kVA and 8 kVA each. These same items
often are sensitive to transient conditions on the power system and may require locally
applied surge arrestors.

2.5 Overall demand factors

A tabulation of actual service entrance demand per gross square foot is presented in
tables 2-3 and 2-4 for a group of health care facilities. Data used in preparation of these tables
was obtained from the VeteranÕs Administration, now the Department of Veterans Affairs, and
the Hospital Corporation of America. Refer to footnotes accompanying the tables for the
criteria on which these tables are based. This data was collected during 1977 and 1981.

Table 2-3ÑService entrance peak demand (Department of Veterans Affairs)

Hospital

Floor 
area
(ft2) Bedsa

aTotal beds shown. Beds actually occupied could affect values shown for watts per square foot.

Degree daysb

bDegree days: Normals, Base 65 ¡F, based on 1941Ð1970 period. From Local Climatological Data
Series, 1974, NOAA.

Principalc 
fuel

cNG/FO = Natural Gas/Fuel Oil. Principal fuel is defined as that used for heating. In all cases, electricity
was the fuel used for refrigeration.

W/ft2   d

dWatts per square foot based on measured values at service entrance during metering periods ranging
from 9 days to 17 days, during cooling season in all instances, 1981.

Cooling Heating Maximum Average

V.A. Hospital #1 821 000 922 234 3536 NG/FO 4.5 3.5

V.A. Hospital #2 334 000 500 863 5713 NG/FO 5.2 3.9

V.A. Hospital #3 645 995 670 3488 1488 NG/FO 3.8 2.8

V.A. Hospital #4 681 000 600 1016 654 NG/FO 6.1 4.0

V.A. Hospital #5 503 500 697 3495 841 NG/FO 7.2 5.5

V.A. Hospital #6 800 000 1050 600 7400 NG/FO 5.9 4.2
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Table 2-4ÑService entrance peak demand
(Hospital Corporation of America) 

Hospital and 
location

Floor area 
(ft2) Bedsa

Degree daysb
Principalc 

fuel
W/ft2   d 

MaximumCooling Heating

#1 Ð East 273 000 458 1353 3939 NG/FO 6.8
#2 Ð Southeast 278 000 250 2294 2240 NG/FO 6.3
#3 Ð Central 123 000 157 Ñ Ñ NG/FO 7.5
#4 Ð Central 36 365 62 2029 53227e E 13.7
#5 Ð Central 318 000 300 1107 4306 NG/FO 4.6
#6 Ð Southeast 182 000 225 3786 5 299e NG/FO 5.3
#7 Ð East 283 523 320 1030 4307 NG/FO 6.8
#8 Ð Southwest 135 396 150 2250 52621e NG/FO 6.6
#9 Ð West 190 000 97 927 5983 NG/FO 2.8
#10 Ð Southeast 161 000 170 3226 5 733e NG/FO 6.3
#11 Ð Southeast 157 639 214 2078 2146 NG/FO 7.3
#12 Ð Southeast 162 187 222 2143 52378e NG/FO 4.3
#13 Ð East 109 617 146 1030 54307e NG/FO 5.7
#14 Ð East 76 000 153 1030 54307e E 8.8
#15 Ð Southeast 135 150 190 1995 52547e NG/FO 5.9
#16 Ð Southwest 75 769 131 2587 52382e NG/FO 7.4

#17 Ð Central 75 769 128 1636 53505e NG/FO 6.3

#18 Ð Northwest 129 000 150 714 55833e NG/FO 4.4

#19 Ð Central 54 938 108 1694 53696e E 13.3

#20 Ð West 144 000 160 2814 1752 NG/FO 4.5

#21 Ð Southeast 149 000 123 2078 2146e NG/FO 4.5

#22 Ð Central 89 000 128 2029 53227e E 8.4

#23 Ð Central 128 500 150 1197 54729e NG/FO 6.2

#24 Ð West 135 169 170 927 55983e NG/FO 4.7

#25 Ð Southeast 80 000 124 1722 52975e NG/FO 6.2

#26 Ð Southeast 83 117 126 3226 5733e NG/FO 8.5

#27 Ð Central 51 000 97 1569 3478 E 8.8

#28 Ð Southeast 66 528 120 2929 902e E 9.7

#29 Ð East 112 000 140 1394 3514 NG/FO 4.3

#30 Ð Central 202 000 223 1636 3505 NG/FO 4.8

#31 Ð Southeast 56 000 51 3786 299e NG/FO 7.4

#32 Ð West 47 434 50 927 5983e NG/E 7.0

#33 Ð Central 23 835 32 1694 3696e E 10.8

#34 Ð Southeast 105 000 95 2706 1465e NG/FO 8.3

#35 Ð West 48 575 60 3042 108e NG/E 7.7
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The tables show the type of facility, the gross ßoor area and number of beds for each, the
geographic location, and the major fuel type employed for HVAC&R systems in that facility.
The derived factors may be used to estimate the anticipated demand for other facilities similar
in size, location, and type of fuel. They also may be used to make initial estimates of service
entrance capacity, switchgear size, and space required for service entrance equipment. It is
important to recognize, however, that they will be useful principally in the schematic design
phase. As design proceeds through the preliminary and working drawing phases, these initial
estimates should be modiÞed by the actual conditions prevalent in the project.

Figures 2-1 and 2-2 present operating load data for a large general medical and surgical
hospital located in the southeastern U.S. It should be useful in visualizing changes in demand
over time for a typical operating hospital. Candler General Hospital is a 305-bed facility,
402 000 gross ft2, situated in Savannah, Georgia. The principal fuel employed for heating is
natural gas with fuel oil standby. The chillers are centrifugal. Staff obtained the data during
the cooling season, the peak period in this location.

2.6 Energy management

To gain a better perspective of the impact of energy management on the nationÕs plan to meet
future energy goals, an overall view of past, current, and projected energy usage is necessary.
Government and independent researchers have developed energy consumption projections to
the year 2000 based on historical data on the total domestic energy usage over the past
81 years. Figure 2-3 is a graphic representation of usage from 1900 to 1981. Energy used in
ÒquadsÓ is plotted against years. A quad is one quadrillion Btu (2.93 ´ 1011 kWh), or more
conveniently stated, the approximate amount of energy used by a city of one million people
every three years. The distribution of usage by industrial, residential and commercial, and
transportation is respectively three-eighths, three-eighths, and one-quarter of the total:
74 quads. An extrapolation of the historical data and a reasonable projection by the National
Academy of Sciences to the year 2000 indicates consumption could be 175 quads. By incor-

#36 Ð Southwest 133 000 185 2587 2382e NG/FO 6.3

#37 Ð Central 42 879 66 1694 3696e E 15.7

aTotal beds shown. Beds actually occupied could affect values shown for watts per square foot.
bDegree days: Normals, Base 65 ¡F, based on 1941Ð1970 period. From Local Climatological Data

Series, 1974, NOAA.
cNG/FO = Natural Gas/Fuel Oil; E = Electricity. Principal fuel is defined as that used for heating. In all

cases, electricity was the fuel used for refrigeration.
dWatts per square foot based on measured values by utility company meter at service entrance, 1977.
eData shown for nearest recorded location.
(Each facility was self-contained, in that refrigeration and air conditioning equipment loads are included
in power demands shown.)

Table 2-4ÑService entrance peak demand
(Hospital Corporation of America)  (Continued)

Hospital and 
location

Floor area 
(ft2) Bedsa

Degree daysb
Principalc 

fuel
W/ft2   d 

MaximumCooling Heating
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porating the best estimates of the impact of Òenergy conservationÓ by the Department of
Energy (DOE) and other government and private agencies, the 175 quad projection could be
reduced by 65 quads to 110 quads, still 36 quads more per year than used in 1981. Since the
current level of usage is better than 15% beyond domestic production capabilities, including
nuclear and renewable sources, the truth about the Òenergy crisisÓ is apparent.

Figure 2-1ÑLoad proÞleÑCandler General Hospital
6/29/81Ð7/31/81 kilowatt demand
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Figure 2-2ÑLoad proÞleÑCandler General Hospital
8/1/82Ð8/31/82 kilowatt demand
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Energy consumption in buildings totaled about 26 quads in 1981, which includes residential
and commercial sectors. Total energy consumption of hospitals was 1.1 quads. Assuming
Þxed percentages for estimating to the year 2000, 2.4 quads will be required without energy
conservation measures and 1.5 quads with conservation, a reduction of approximately one-
third.

Energy management implies implementation of energy conservation measures and control
strategies over operating systems to minimize energy consumed. The designer has a responsi-
bility to examine alternative design approaches and present these to the building owner with
their respective cost considerations. This arises not only from the need to conserve fuels but
also to control health care costs.

To develop an energy management program for any building, it is necessary to Þrst know its
energy using systems and the fuels to most effectively serve them.

The energy input to a hospital can arrive in a number of forms: electricity, natural gas, fuel
oil, purchased steam, coal, or other fuels. The size of the stream depends on the rate of fuel
consumption and the British thermal units of energy in that fuel. Oil and natural gas, of which
the nation faces a limited supply, are important energy inputs in many hospitals. Even when
they are not consumed directly, these nonrenewable fossil fuels may have been used to
produce other fuels. The total of all energy streams to a hospital is utilized for a number of
functions. While the pattern in an individual hospital may vary, the largest single energy
usage is usually the heating, ventilation, air conditioning, and refrigeration (HVAC&R)
system. Lighting represents the second most important use of energy in hospitals. Since the
beginning of efforts to conserve energy, there have been a number of attempts to establish
Building Energy Performance Standards. Today, enough data has been accumulated to assist
a designer in understanding what constitutes an efÞcient building. The American Hospital
Association with its energy management program is an example.

Figure 2-3ÑU.S. energy consumption
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Energy usage in hospitals usually consists of electric power and a source for heating and
process steam needs, such as gas, oil, or more electricity. Table 2-5 shows the typical energy
usage for a general, acute care hospital in a moderate climate. The large difference in
HVAC&R motor energy usage results from electric chiller energy in the cooling season.

2.6.1 Energy economics

Energy codes promulgated since 1975 impose some mandatory requirements for energy
conservation and suggest other voluntary opportunities that could be implemented.
Incumbent on the building designer is the responsibility to investigate not only the energy
conservation opportunities suggested, but also to evaluate nonrenewable fuel sources, energy
recovery systems, operating system monitoring and controls, and maintenance management.
Beyond the mandated requirements, most owners will require substantiation of the cost
effectiveness of implementing energy conservation measures (ECMs).

Several methods exist for determining the cost effectiveness of alternative system designs.
Common to all are two basic cost elements: (1) the cost to implement, or Þrst cost, and (2) the
net cost savings provided. Two of the methods are simple payback and life cycle costing.

Table 2-5ÑTypical energy usage 

Cooling season Btu/h/ft2 %

Lighting 6.8 17

Receptacles 3.4 8

Medical, kitchen equipment 1.8 4

HVAC&R motors 12.0 29

Domestic hot water 8.0 19

Sterilization steam 4.0 11

Miscellaneous 5.0 12

TOTAL 41.0 100

Heating season Btu/h/ft2 %

Lights 6.8 10

Receptacles 3.4 5

Medical kitchen equipment 1.8 3

HVAC&R motors 5.0 7

Domestic hot water 8.0 12

Sterilization steam 4.0 6

Heating 40.0 57

TOTAL 69.0 100
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a) Simple payback. The simplest method is the payback period. This method for
determining the cost effectiveness of added ECMs is calculated by applying the
following formula:

The payback period is expressed in years. Annual savings are the Þrst yearÕs savings
in energy. Annual costs are the increased maintenance costs due to the measure. First
cost is the total installed cost of the improvement.

Generally ignored in this method of analysis are the following:

1) Cost of moneyÑthe annual interest on money borrowed
2) Replacement costÑthe cost to replace equipment
3) Energy cost inßationÑthe cost of energy in future years
4) Tax savingÑthe savings on purchase of equipment generated by federal tax

incentives
5) Depreciation

Where the payback period is three years or less, this method is usually accurate
enough to facilitate a decision.

b) Life cycle costing. Life cycle costing is a means of evaluating the total cost of own-
ing, operating, and maintaining a building or piece of equipment over its useful life.
This method involves a systematic comparison of the estimated costs using a dis-
count factor to relate future to present value.

The procedures required to prepare a life cycle cost analysis are

1) Establish nonfuel cost data, both initial investment and recurring cost
2) Establish energy cost data for the time period chosen
3) Determine life cycle costs
4) Determine net savings
5) Calculate savings-to-investment ratio
6) Perform certain sensitivity analyses
7) Measure cost effectiveness

2.6.2 Utility negotiations

In most cases, the selection of a power source will be determined by an analysis made by the
design engineers and the utility engineers. With the exception of large high-load factor
complexes, economics will dictate the purchase of electricity for prime power requirements.
On-site total energy and cogeneration systems should be evaluated on a case-by-case basis
considering fuel availability, environmental restrictions, and utility costs. Standby electric
generating equipment will be provided in hospitals to produce emergency power for critical
loads upon failure of the prime source and may be used to reduce peak demand on the utility
source.

Payback  Period First  Cost
Annual  Savings Annual  CostsÐ
----------------------------------------------------------------------------=
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The designer of hospital power systems has an important role in selection of the distribution
characteristic within the complex, the power source, and subsequently, upon the long-term
power costs. To make cost-effective decisions for owners, the designer should have knowl-
edge of utility rate structures, metering, and billing practices.

a)  Electric utility tariffs.  Each electric utility has a series of rate schedules for supplying
power to customers under various conditions. To arrive at the most economic choice
for obtaining power, a comparison of these rates should be made. The following are
factors that usually form the basis for establishing rates and evaluating them:

1) Maximum demand in kilowatts or kilovoltamperes
2) Energy consumption in kilowatthours
3) Adjustment for low power-factor
4) Voltages available
5) Transformer or substation ownership
6) Utility fuel cost adjustments
7) Demand interval
8) Minimum bill stipulations, including ratchet clauses
9) Multiple-metering provisions
10) Auxiliary or standby service charges
11) Seasonal and time-of-day service rates
12) Prompt payment savings
13) Provisions for off-peak loads and interruptible loads
14) Load factor

Since the oil embargo of 1973, and as a direct consequence of the National Energy
Act of 1978, electric utilities introduced Òrate reform.Ó Essentially, rate reform
usually incorporates various forms of

Ñ Inverted rates
Ñ Flat rates
Ñ Lifeline rates
Ñ Marginal cost pricing
Ñ Long-range incremental costing
Ñ Construction work in progress
Ñ Interruptible rates
Ñ Time-of-day pricing
Ñ Reduction in the number of declining blocks
Ñ ModiÞcations of utility fuel cost adjustments
Ñ Deletion of electric discounts

b)

 

Utility metering. 

 

An understanding of utility metering practices is important for
evaluating service arrangements. Practices vary depending upon local utility and
regulatory body requirements. The design, usage, and load characteristic for a given
application should be carefully weighed before selecting service voltage and meter-
ing characteristics. If large momentary demand, highly seasonal, or low power-factor
loads are involved, billing penalties may be involved. On the other hand, high load-
factor or high power-factor loads may merit a billing allowance or credit.
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It is good practice to contact the electric utility supplying service early in the design.
Late utility negotiations may result in increased costs and delays in service. A
complete discussion of service, metering, and billing is always in order, no matter
how preliminary. This should provide time for the consideration of various proposals
and the selection of the one best suited to a given application. See [B2]

 

2

 

 for more
information.

1)
 

Metering by type of premises.
 

 Availability of a particular kind of metering and
billing often depends upon the type of building and load. A single-occupancy
building, such as a hospital, usually will be metered by the utility at the service
entrance with a watthour demand meter. Should multiple services be required,
and should they be permitted by the electric utility, watthour demand meter
reading sometimes may be

 

 

 

totalized to take advantage of lower rates.

In some medical facilities, it may be desirable to submeter portions of the build-
ings. This could arise where physician ofÞces, separately-owned pharmacies, or
other concessionaires lease space within the project. Consent of the utility
company should be obtained in such instances.

2)

 

Metering by service-voltage characteristics

 

. Metering of the incoming service
may be located on the high-voltage or low-voltage side of the transformer,
depending on the terms of the contract with the electric utility. When the meter
is on the primary side, the transformer losses will be charged to the customer. In
some cases, the customer is given a discount to offset this loss. When metering
is on the secondary side, utilities may add 1Ð2% to the bill for transformer
losses or may install a device to increase the meter indication to account for
transformer losses.

3)

 

Meter location

 

. Subject to agreement with the utility, the meter may be installed
indoors at the customerÕs secondary distribution point, in a suitable meter room,
or in a separate control building that may also house primary switchgear and
associated controls.

Outdoor installations include pole, exterior wall, and pad mounting. In general,
utilities will require accessibility for meter readings and maintenance, and
suitable meter protection.

4)

 

Types of metering. 

 

Tabulated below are types of metering. Utility requirements
govern the types available for a given project.

i) Master metering
ii) Multiple metering
iii) Primary metering
iv) Secondary metering
v) Totalized metering
vi) Impulse metering
vii) Compensated metering
viii) Submetering
ix) Subtractive metering

 

2

 

The numbers in brackets correspond to those of the bibliography in 2.8.
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x) Coincident demand
xi) Telemetering
xii) Power factor metering
xiii) Kilovoltampere metering

c)
 

Utility billing. 
 

It is customary for utilities to meter and bill each customer individu-
ally. Utility rates consider Þxed and variable cost requirements to provide services.
Hence Òrate schedulesÓ generally take the form of a ÒblockÓ rate, wherein incremen-
tal costs usually vary as a function of customer usage. Electric costs generally
comprise two componentsÑthe demand charge and the energy charge. The demand
charge is based upon the maximum rate of energy usage. The energy charge is based
upon the total energy consumption. Many utilities have been granted permission to
add variable cost factors to their rates. Examples include purchased fuel differential
and real estate tax differential costs. Under these provisions, the utility may pass
along increased costs; however, the utility must pass along decreased costs as well.

For hospital complexes, the primary metering and attendant billing forms are the
following:

1)

 

Conjunctional billing. 

 

Large institutional customers within the territory served
by a given utility should explore the availability of conjunctional billing. This
consists of adding the readings of two or more meters for purposes of a single
billing. Due to the usual practice of decreasing rates for larger consumption,
conjunctional billing may result in a lower energy usage billing than individual
meters would produce. Conjunctional billing will generally result in a higher
demand charge than a master or totalizing meter because the maximum demand
readings on the individual meters are added. Since maximum demands seldom
occur simultaneously, the arithmetic sum will be greater than the simultaneous
sum, unless a provision is made for coincident demand measurement.

2)

 

Power factor billing. 

 

If the load to be served will result in a low power-factor, an
evaluation should be made to determine if power-factor improvements can be
justiÞed to avoid penalties.

3)

 

Flat billing.

 

 Some applications involve service to loads of a Þxed characteristic.
For such loads, the utility may offer no-meter or ßat-rate service. Billing is
based upon time and load characteristics. Examples include area lighting and
remote pumping stations.

4)

 

Off-peak billing. 

 

This is reduced rate billing for service utilized during off-peak
periods such as water-heating loads. The utility monitors, and may control, off-
peak usage through control equipment or special metering.

5)

 

Standby service billing.

 

 Also known as breakdown or auxiliary service, this
service is applicable to utility customers whose electric requirements are not
supplied entirely by the utility. In such cases, billing demand is determined
either as a Þxed percentage of the connected load or by meter, whichever is
higher. This applies to loads that are electrically connected to some other source
of supply but for which breakdown or auxiliary service is required.
31



IEEE
Std 602-1996 CHAPTER 2
  

6)

 

Backup service billing.

 

 This service is provided through more than one utility
circuit, solely for a customerÕs convenience. The customer often bears the cost
of establishing the additional circuit and associated facilities. Usually, each
backup service is metered and billed separately.

7)
 

Demand billing. 
 

Usually this represents a signiÞcant part of electric service bill-
ing, and a good understanding of kilowatt demand metering and billing is
important. An electric demand meter measures the rate of use of electric energy
over a given period of time, usually 15 min, 30 min, or 1 h time intervals. The
demand register is manually reset periodically when read for billing purposes.

8)

 

Minimum billing demand.

 

 A utility customer may be subject to minimum
demand billing, generally consisting of (a) a Þxed amount or (b) a Þxed percent-
age of the maximum demand established over a prior billing period. This type of
charge may apply to customers with high instantaneous demands, customers
whose operations are seasonal, or those who have contracted for a speciÞc
service capacity. Equipment and service requirements should be reviewed care-
fully to reduce or avoid minimum billing demand charges.

Utility contracts also may include ratchet clauses that establish minimum
demand charges based on maximum demand experienced in the previous
contract period (e.g., one yearÕs peak demand establishes next yearÕs minimum
demand). Designers should advise their clients to control peak demand for
several reasons but especially where the utility contract includes a ratchet
clause. Clients should be aware that a major decrease in demand may not be
reßected in savings for up to 12 months, unless a modiÞcation to the ratchet
clause is negotiated.

9)

 

Load factor billing

 

. The ratio of average kilowatt demand to peak kilowatt
demand during a given time period is referred to as the load factor. Many utili-
ties offer a billing allowance or credit for high load factor usage, a qualiÞcation
usually determined by evaluating how many hours during the billing period the
metered peak demand was used. As an example of such credit, the utility may
provide a reduced rate for the number of kilowatthours that are in excess of the
peak demand multiplied by a given number of hours (after 360 h for a 720 h
month or a 50% load factor).

10)

 

Interruptible service. 

 

A form of peak load shaving used by the utilities is inter-
ruptible service. Primarily available for large facilities with well deÞned loads
that can be readily disconnected, the utility offers the customer a billing credit
for being able to require a reduction of demand to a speciÞed contract level
during a curtailment period. If the customer fails to reduce actual demand during
any curtailment period, at least to the contract demand, severe Þnancial penalties
are imposed.

 

2.6.3 Conservation measures

 

Table 2-5 shows

 

 

 

that methods to conserve lighting and HVAC&R energy can have a notice-
able impact on a hospitalÕs energy expenditures and, therefore, its operating budget.
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a)

 

Lighting retroÞts are a proven method of energy reduction.

 

 Replacing standard watt-
age ßuorescent lamps with energy-saving lamps reduces energy costs with very little
reduction in lumen output. Regular maintenance of luminaires, lamps, and ballasts is
essential to energy efÞciency regardless of types employed. For even greater savings,
it is recommended that incandescent luminaires be replaced with ßuorescent or high-
intensity discharge (HID) luminaires and that high-efÞciency ballasts be speciÞed in
all cases.

b)

 

On-site cogeneration

 

. On-site cogeneration is the simultaneous production of electric
power at the point of use along with the production and use of the heat energy by-
product of the electrical generation process. Its economic attraction is that the
practice may be more efÞcient than utility-produced power. The national average for
system efÞciency of utility-produced power is 30%, whereas on-site cogeneration
under ideal conditions can achieve a system efÞciency of 80%.

Most cogeneration systems installed in hospitals and other institutional buildings are
reciprocating engines (gas or diesel) and gas turbines. The exhaust gases from the
engines are passed through a waste heat boiler and can produce 125 psig

 

 

 

steam. In
addition, the jacket water and lube oil cooling systems of a reciprocating engine can
be used to heat hot water. Reciprocating engines have the highest ratio of electrical to
thermal energy output and often are the best choice to match the electrical and
thermal base loads of a hospital. Ebulliently-cooled reciprocating engines (those in
which low pressure steam is produced in the jacket cooling system) can be used
where only low-pressure steam (15 psig) or hot water is required (they cannot,
however, provide 125 psig steam to laundries or 80 psig steam to sterilizers).

Gas turbines are sometimes applicable, although usually a larger thermal base load,
such as a laundry or absorption chillers, is necessary to make them economically
attractive. Steam turbines are rarely seen in hospital applications since most hospital
boiler systems do not produce the high-pressure steam (300 psig and above) required
to justify their costs.

The selection of type and size of equipment depends on many variables, e.g., electri-
cal demand, steam quantities and pressures desired, occupancy and load patterns, and
electric rate structure. An accurate study should be performed to determine feasibility
at a particular hospital site.

Installed costs for engine generators and waste heat recovery systems run approxi-
mately $700/kW to $1200/kW.

c)

 

Peak demand shaving

 

. Rather than an alternative method of generating oneÕs own
power, this is a technique that lowers the monthly demand charge by controlling or
scheduling loads so as not to exceed a pre-set limit. Programmable demand control-
lers can shed loads automatically, to reduce the peak demand. Generating power from
a standby power system is an alternative.

The many arguments, pro and con, for using the existing emergency generators boil
down to a single question: will the local building authorities allow it? If not, one
many employ conventional load shedding only. If so, an analysis of loads that may be
dropped (administrative ofÞce areas, medical ofÞces, etc.) will give enough informa-
tion to estimate a simple payback. Further, it may be possible to use the same standby
emergency generators as required by codes, without adding additional generators.
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d)

 

Thermal storage

 

. The idea of using cheaper, Òoff-peakÓ energy at night for use during
Òon-peakÓ daytime hours is becoming more economically feasible, especially as
electric utilities increase the demand charge in their rate structure. By making chilled
water or ice at night, then melting it during the day, the large electric demand of the
water chillers is shifted to the less expensive night time.

Three methods for thermal storage consist of ice storage, eutectic salt systems, and
chilled water systems. Ice storage systems produce ice in a tank and then use the
buildingÕs chilled water system to melt the ice. These systems require the least
storage space but require a glycol additive to the circulating water and more energy-
intensive low-temperature chillers. Eutectic salt systems utilize a salt solution in
sealed containers that freeze at 45Ð50 °F; thus conventional chillers may be used, but
since the latent heat of fusion of the salt solution is less than that of pure water, more
storage space is required for the salt containers. Chilled water storage is the simplest
system but requires much more storage space.

Installed costs for these systems range from $80/ton-h to $200/ton-h.

e) Building envelope. Replacement of clear, single-pane windows with tinted, double-
pane insulating glass reduces building heating and cooling requirements, and there-
fore, energy costs. Weather-stripping and regular building maintenance help to reduce
outside air inÞltration and its resultant heating/cooling costs.

2.6.4 Design considerations

Energy conservation and capital cost are frequently in conßict with one another. An energy
management program should optimize this relationship. Achieving a balance requires consid-
eration of the following topics during design.

a) Energy value of materials. Construction materials and equipment possess energy
value, built in from mine to construction site. Energy value is added during erection
and installation.

Recognition of this helps the designer to avoid over-design. Careful analysis of initial
loads to be imposed coupled with allowances for load growth are essential. At the
same time, efÞcient materials and equipment may increase capital costs while lower-
ing operating costs.

b) Lighting and lighting control. As noted earlier in this chapter, lighting source choices
and lighting control bear directly on energy utilization as well as system load. Princi-
ples of task lighting, general lighting, and daylighting are important design consider-
ations for energy management.

c) Motors. Selection of motors for efÞcient use of energy is essential. The use of
premium energy-efÞcient motors can reduce running losses by 25% or more.
Induction motors are somewhat less efÞcient at partial load, but their power factors
are considerably poorer. Motors should be chosen to operate at three-quarters load or
more. The use of solid-state starters to reduce starting current and the use of variable-
speed drives for optimum control of motor loads contribute to energy conservation.
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d) Power factor maintenance. Prediction of system power factor is difÞcult during
design but more readily determinable in an operating system. Nonetheless, consider-
ation should be given to application of capacitors at three-phase, constant-speed
induction motors. In addition, application of power factor correction capacitors or
synchronous condensers to the system should be evaluated during design and provi-
sions should be made to install them without major renovations of switchgear. Where
nonlinear loads are present, care should be taken when adding capacitors to avoid res-
onance.

2.6.5 Energy management systems

Use of an energy management system (EMS) is an accepted and frequently recommended
way to lower energy and demand costs and to conserve energy. Energy management is a
technique for automatically controlling the demand and energy consumption of a facility to a
lower and more economical level by implementing operating strategies that optimize system
performance to meet building needs more efÞciently.

Coordination among owner, architect, and engineers during schematic design may enable use
of an EMS for Þre and security systems, communication systems, and maintenance manage-
ment.

An EMS may be simple or complex in design and capability. Controls such as time clocks
constitute a simple EMS where an on or off command is give to an item of equipment at pre-
determined times. Often these simple devices miss the more focused and expanded needs of
the energy and maintenance managers. Computerized systems can replace much of the lost
time expended by maintenance crews to verify operating status of boilers, fans, and other
equipment. It can enable control of HVAC&R functions and lighting from a central unit,
performing operations such as start/stop, load shedding, and controlling air mixtures. These
functions can be accomplished using mid-range energy controllers.

For maximum energy and manpower saving, the state-of-the-art utilizes direct digital control
(DDC) systems. Previous systems had all of the programmable intelligence in the central
processing unit (CPU). The remote panels were slaves implementing CPU instructions. They
had no stand-alone intelligence. A CPU failure would mean total system shutdown and loss
of control and critical data. TodayÕs systems have minicomputers and microprocessors spread
throughout the system, including Þeld controllers. The main computer is free to perform
sophisticated energy management tasks, while simpler tasks are delegated to the Þeld control-
ler. Each controller can be a stand-alone management center reporting to the central system,
and if the main CPU or a transmission link fails, the entire system is not disabled. 

Options available today include color graphics on computer workstations, routine operator
input/output, conversational English communication, Þle editing and print-outs, and Þre and
security functions.

a) Systems for a large building, such as a hospital, should include the following:

1) Time program control
2) Optimum start/stop
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3) Supply air and water supervisory control
4) Boiler/chiller plant optimization
5) Enthalpy control
6) Load shedding/demand limiting
7) Variable duty cycling
8) Supervisory feedback

b) It should be possible to add features such as

1) Use of light pens for system operation
2) Higher power computers
3) End-user programming
4) Fiber optics transmission

An important consideration in any system is the means by which communication among
various pieces of equipment is accomplished. Options include hardwiring, telephone lines,
wireless, and carrier current. This is particularly important if the EMS is being designed for
application in an existing facility.

Issues that must be faced when starting system design include answers to such questions as
how much control does the owner want the system to have over electrical HVAC&R systems?
Should the control be distributed to the satellite Þeld panels throughout the project? If the
system is to control the emergency power generation, how extensive should the backup be
and should the fail-safe switchover be manual or automatic? What is the smallest item to be
monitored or controlled by the system?

Refer to NEMA MG10-1983 for techniques to evaluate starting and stopping cycles of
electric motors. Some energy management system manufacturers claim no appreciable
change in equipment life due to energy management systems. It is advisable that the designer
study the technical literature for conclusions of future studies on this subject.

Finally, a critically important consideration in selecting EMS equipment is the service
available from the manufacturer for diagnosis and repair of hardware, for modiÞcation of sys-
tem and operating software, and for training of the ownerÕs personnel in utilizing the system.

2.6.6 Energy utilization standards

A uniform standard for energy utilization in various types of facilities does not exist. Several
nationally recognized building codes, the 1993 BOCA¨ National Energy Conservation Code
for example, mandate performance for some building components. A number of states have
written and adopted energy codes. The Department of Energy is continuing to develop
Building Energy Performance Standards (BEPS). Designers may refer to ASHRAE/IESNA
90.1-1989 and ASHRAE/IEEE 90A-1-1988 for general guidance in conserving energy. The
IESNA also published a series on Lighting Energy Management (IES LEM-1-1982, IES
LEM-2-1984, IES LEM-3-1987, and IES LEM-4-1984) with recommendations for power
and energy densities in buildings. However, since 1995, only LEM-3-1987 remains as an
active publication. The IEEE Bronze Book (IEEE Std 739-1995) includes recommendations
for energy management and conservation.
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Other work toward standards has been done by the National Institute for Building Sciences;
the American Institute of Architects Research Corporation; the American Society of Heating,
Refrigeration and Air Conditioning Engineers; and the American Hospital Association.

In the meantime, designers are obliged to consult legally adopted codes in the jurisdiction
where the facility will be constructed and to strive for the lowest energy consumption consis-
tent with the building ownerÕs life-cycle-cost goals.

2.7 References

This chapter shall be used in conjunction with the following publications:

ASHRAE/IEEE 90A-1-1988, Energy Conservation in New Building Design (Sections 1Ð9).3

ASHRAE/IESNA 90.1-1989, Energy EfÞcient Design of New Buildings Except Low-Rise
Residential Buildings.

BOCA¨ National Energy Conservation Code, 7th ed., 1993.4

IEEE Std 739-1995, IEEE Recommended Practice for Energy Management in Industrial and
Commercial Facilities (IEEE Bronze Book) (ANSI).5

IES LEM-3-1987, Design Considerations for Effective Building Lighting Energy
Utilization.6

NEMA MG 10-1983 (Revised 1988), Energy Management Guidelines for Selection and Use
of Polyphase Motors.7

NEMA XR9-1984 (R 1989), Power Supply Guidelines for X-Ray Machines.

NFPA 70-1996, National Electrical Code¨ (NEC¨).8

NFPA 99-1996, Health Care Facilities.

3ASHRAE publications are available from the Customer Service Dept., American Society of Heating, Refrigerating,
and Air Conditioning Engineers, 1791 Tullie Circle NE, Atlanta, GA 30329.
4The BOCA¨ National Energy Conservation Code is available from the Building OfÞcials and Code Administrators
(BOCA) International, Inc., 4051 West Flossmoor Road, Country Club Hills, IL 60478-5795, tel. (708) 799-2300.
5IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.
6IES publications are available from the Illuminating Engineering Society of North America , 120 Wall Street, Fl 17,
New York, NY 10005-4001.
7NEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste.
1847, Rosslyn, VA 22209.
8NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
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Chapter 3
Electrical power distribution systems

3.1 General discussion

As the medical profession is increasingly more dependent upon complex electrical equipment
and instrumentation for patient care and facility operation, the proper design of electrical
power distribution systems in health care facilities is most important. The proper selection of
the system components, and their arrangement, is critical to providing the health care facility
with reliable, safe, and economical electric power.

Total or partial loss of electric power in a health care facility can cause acute operational
problems (i.e., power loss to the lighting systems makes it impossible to perform vital medi-
cal tasks such as dispensing medicine, performing surgical procedures, or performing precise
medical laboratory work). The loss of power to tissue, bone, or blood bank refrigerators can
leave the health care facility without these vital resources. Power loss to electrical life support
equipment such as heart pumps, medical vacuum pumps, dialysis machines, and ventilators
can be fatal. Clearly, continuity of high-quality electric power should be the most important
factor in the design of the electrical distribution systems for health care facilities.

Safety is another particularly important design criteria for health care facilities because

a) Medical personnel frequently come into contact with electrical apparatus in their
daily routines.

b) Patients often are very vulnerable to electrical shock hazard because of their weak-
ened condition, because of drugs or anesthesia administered, and/or because of their
unconscious state. Electrical shocks that would not severely affect a healthy person
could be fatal to a patient.

c) It is necessary for maintenance personnel in health care facilities to come in daily or
weekly contact with electrical distribution equipment for routine maintenance or
minor system additions and renovations.

Maintainability, expandability, and ßexibility are also very important design criteria. The
designed system shall allow needed preventive and failure maintenance to be done with little
disruption to the operations of the hospital. New technologies are always being presented to
the medical profession. These new technologies may require additional power, additional
support systems, and often new building areas. The ability to expand, and the ßexibility to
change, the distribution system to meet these new technologies are also very important design
criteria.

Another design criteria is economy. Public and political pressure is always present to reduce
the cost of health care and to develop a more competitive market place for health care. There-
fore, facility designs, including electrical distribution system designs, should consider
economics. The designer shall consider both the initial cost and the operating expense of the
electrical system.
39



 

IEEE
Std 602-1996 CHAPTER 3

         
This chapter will develop these basic design criteria as they relate to system planning, electri-
cal power systems, voltage considerations, current considerations, grounding, overcurrent
protection and coordination, electrical equipment, and installation and system arrangements.

3.2 Systems planning

Basic overall systems planning is the Þrst, and probably one of the most important, phases in
the overall design of an electrical power distribution system for a health care facility. During
this phase, preliminary design data is gathered from administrators and staff of the health care
facility, the local utility, and authorities having jurisdiction over electrical construction. All
relevant national, state, and local codes, and facility design guidelines, should be reviewed.
Two national codes having a major affect on health care power distribution design are

Ñ The National Electrical Code¨ (NEC¨) (NFPA 70-1996)1

Ñ NFPA 99-1996, Health Care Facilities

In addition, the architectural plans and existing site conditions should be examined from an
electrical system perspective to determine potential problems and needs. The following
subclauses will discuss some of the issues that should be addressed during the system plan-
ning phase of the design.

3.2.1 Consult with the project architect

A vital step in systems planning is early and ongoing coordination with the project architect.
A Þrst step is giving input to, and providing review of, the preliminary ßoor plan and sche-
matics from an electrical design perspective. The architect needs the electrical designerÕs
input as early as possible in order to avoid potential problems due to building limitations and
electrical requirements such as

a) Inadequate electrical and communication equipment room sizes

b) Inadequate space in other certain areas having signiÞcant electrical equipment such
as radiology suites or computer rooms

c) Electrical rooms that have poor accessibility to the electrical equipment and devices,
or that restrict or prohibit easy equipment removals and installations after initial
construction is complete

d) ÒWet areasÓ that are located near or above electrical or communication rooms, which
could be potentially hazardous

e) Telephone/communications/data room size and location requirements, which do not
provide needed working or maintenance clearances

f) Ventilation, cooling, and/or exhaust needs of electrical/communication rooms, which
is not provided, or is inadequate

1Information on references can be found in 3.10.
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g) Space for needed raceways, busways, and trays that is not provided

h) Space for the temporary installations and use of large electrical testing apparatus that
is not present

It is a good practice to have all electrical equipment in rooms dedicated to such equipment.
Piping, ductwork, or any architectural appurtenances that do not serve that room or space
(and only those rooms) are not permitted to penetrate the walls of electrical spaces (with
minor exceptions). Accordingly, the designer should work closely with the architect and
mechanical engineer to ensure proper placement and utilization of electrical spaces. A prob-
lem often seen is the location of toilet rooms or mechanical equipment rooms directly over
electrical spaces. Those room placements often force the installation of ÒforbiddenÓ equip-
ment in the electrical rooms.

3.2.2 Consult with the health care facility administrators, nursing and medical
staff, and maintenance/operation staff, and other personnel as required

The following consultations provide information on the speciÞc needs, requirements,
constraints, and limitations of the planned facility:

a) The facility function. The designer must know the speciÞc functions to be performed
in the facility. This information is needed in order to apply the proper Codes and to
weigh the importance of reliability, quality of electrical power, safety, and economy.
For example, the reliability designed into a distribution system serving a hospital that
specializes in open heart surgery would not be justiÞed in an outpatient clinic. Also, a
facility that extensively utilizes computerized diagnostic, patient records, and
accounting systems would require a higher quality of electric power than a hospital
that does not use such computerized equipment. The system designer is the one
charged with determining the functions of the facility.

b) Financial and budget information. The designer must know the Þnancial expectations
of the administrators before beginning to develop an electrical system. The adminis-
trators typically have a Þxed budget (in dollars) or have a ÒvariableÓ budget (in dol-
lars per square foot of facility). This budget must be considered in all phases of
design in order to assure satisfaction. Such economic constraints, however, do not
allow critical needs to be ignored simply to meet a budget. If the budget is unrealistic,
the designer shall call this to the attention of the hospital administrator as soon as
possible.

The administrators are concerned not only at the one-time capital costs of the
projects, but also at the yearly operating costs of the installed systems. The designer
should provide information on the relative operating expenses of different possible
design options. The administration may decide it is better to increase the capital
outlay to reduce the facilityÕs ongoing expenses.

c) Preferences on systems or equipment. The maintenance/operational staff often have
preferences on the types of systems or equipment to be installed in their building(s).
The reasons for these preferences are many and varied. Whatever the reason, the
designer should keep these preferences in mind throughout the system design. If the
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designer feels that these preferences are unjustiÞed, they should be reviewed with the
staff during the design process; and if necessary, discussed and documented with the
administrators as to the cost, safety, and/or code implications of the staffÕs Òprefer-
ence.Ó

d) The skill of maintenance and operations personnel. The skill and 24-hour availability
of the facilityÕs maintenance and operations personnel is an important design consid-
eration. For example, if the maintenance personnel for a particular facility does not
include skilled electricians, the designer may consider specifying a system that
requires minimum maintenance, and is automated, or supervised from a competently
staffed remote location (in real time), compared to a system that requires much more
maintenance and/or more ongoing operator involvement. Where the skill level of the
maintenance staff may compromise the necessary design of the electrical systems to
meet the other goals, then this should be brought to the attention of the hospital
administrator.

e) Future expansion of the facility. The administrator of the facility will usually have
some plans for the future of the facility. These plans could be in the form of prelimi-
nary ideas or may be well-documented. It is essential that these plans be analyzed and
well incorporated into the electrical system design. Depending on budget constraints,
additional capacity should at least Òset upÓ the distribution system for future expan-
sion(s).

3.2.3 Determine the basic loads and demand data

The designer should begin to tabulate preliminary load data. The preliminary architectural
ßoor plans can be used effectively by superimposing load data on them. The ßoor plans
should show major equipment loads, block loads based on square footage, and any future
loads or buildings that the power system should be designed to accommodate. Always allow
for load growth even beyond the deÞned plans for future expansions.

In the initial stages of planning, exact load data will seldom be known. However, the designer
can estimate probable loads based on existing, similar, health care facilities. Helpful data is
listed in Chapter 2 of this recommended practice and IEEE Std 241-1990 (Chapters 2 and
16). Also refer to the electrical load data in the Handbooks of the American Society of Heat-
ing, Refrigerating, and Air-Conditioning Engineers (ASHRAE). The sum of the electrical
ratings of each piece of equipment will provide a total Òconnected load.Ó Since most equip-
ment will operate at less than full load, and some intermittently, the Òconnected demandÓ on
the power source is always less than, or equal to, the Òconnected load.Ó Standard deÞnitions
for these load combinations have been devised and deÞned in Chapter 2 of this recommended
practice, IEEE Std 141-1993, and the NEC (Article 220). The projected electrical systemÕs
heat loads should always be reviewed with the mechanical engineer to ensure that the air-
conditioning system is sized properly for that load.

3.2.4 Consult with the local electric power company

The designer shall discuss the proposed health care facility with the power company to deter-
mine their speciÞc requirements and limitations. The power company will be interested in the
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size of the load demand, the projected power factor, the load factor, and the need for backup
service. They will also be interested in the plans for on-site generation, the size of the largest
motors and the method of starting (for voltage drop reasons), and any unusual demands or
service requirements.

The designer should clearly determine the following issues:

a) Are there any limitations on the size of load the utility can service?

b) Will there be any Òup frontÓ charges for supplying power to the facility?

c) What type of service does the utility plan to provide? What are their requirements?
What is the service history?

1) Single phase (two or three wire), or three phase (three or four wire)
2) Voltage level
3) One circuit or two circuits
4) Overhead or underground services
5) Termination details for their cables and/or overhead lines (phase rotation, circuit

labeling, etc.)
6) Space requirements for their equipment (including landscaping, set backs, road-

ways, etc.)
7) Metering requirements, details, and space requirements. Also are there any loads

needing separate meters, etc.?
8) Outage histories of proposed services to evaluate reliability (also conÞrm Òout-

ageÓ deÞnitions as used in those histories)

d) What components of the electrical service will the owner be required to furnish?

1) Primary conduit(s)
2) Primary trenching, backÞll, and ÒmarkersÓ
3) Primary cables
4) Transformer(s)
5) Transformer vault(s)
6) Concrete pad(s)
7) Metering and metering conduit
8) Surge arresters and transient voltage surge suppression
9) Environmental protection (noise abatement from transformers, oil spill systems,

Þre protection, etc.)

What is the physical ÒbreaklineÓ between utility-supplied and owner-supplied equip-
ment (e.g., property line, last pole, underground vault, etc.)?

e) What are the utilityÕs billing rates and rate structure? Below are some general consid-
erations (see Chapter 2 for more details).

1) Are there penalties for low power factor?
2) Are there penalties for multiple services and/or meters?
3) Is it economical to purchase power at primary (or higher) voltage levels rather

than lower voltage levels?
4) What limits or penalties are there for harmonic distortion?
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5) What are (voltage) ßicker limits (maximum variations and maximum occur-
rences per day)?

6) Determine the utilityÕs deÞnitions for power quality terms such as Òoutage,Ó
Òvoltage sag,Ó etc.

f) How reliable will the power source be? (Obtain a copy of the utility outage record for
the past several years.)

g) What will be the maximum and minimum voltage to be expected at their power
supply point? (Will voltage regulating equipment be required?) If possible, get a copy
of voltage meter chart.

h) May internal generation, if it will exist in the proposed system, be allowed to operate
in parallel with the utility? If yes, what are their requirements on relaying, control,
metering, and communications?

i) What is the maximum short-circuit current available? Ask them to supply three-
phase, and the single-phase-to-ground duties (with the respective X/R ratios) for
todayÕs system, and as expected Þve years into the future.

j) What are their protective device coordination requirements?

Please note that the utility is not required to follow the NEC in providing an electrical
service. The utility does normally, however, follow the National Electrical Safety
Code¨ (NESC¨) (Accredited Standards Committee C2-1997). The designer in any
case should stress the utilityÕs responsibility to work with the designer in order to
provide the health care facility with a safe, reliable service.

3.2.5 Reliability issues

Life support and high-value continuity uses may merit the redundancy offered by secondary-
selective systems, radial systems with secondary voltage transfer switches, and other similar
systems. The system designer should plan to perform the increased engineering analysis that
accompanies these higher reliability systems, and compare the value of improved continuity
of service, reduction in false outages, and the improved level of equipment protectionÑall
balanced against cost. IEEE Std 493-1990 describes the reliability of radial systems and other
systems.

3.2.6 Consult with the local authorities having jurisdiction over new electrical 
construction

The designer should meet with the local authorities having jurisdiction over electrical
construction, and discuss their special requirements and interpretations of the relevant Codes.
The designer should incorporate the effects of these interpretations during the system plan-
ning stage. The local authorities can also provide input on any local natural phenomena that
may affect the electrical design, such as the presence of frequent violent electrical storms,
seismic conditions, or a corrosive environment. These authorities include the electrical
inspector, Þre marshall (chief), Department of Health (city, state, and/or federal), Occupa-
tional Safety and Health Administration (OSHA), Insurance Underwriters, etc.
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3.2.7 Summary

This subclause reviews many of the system planning issues that should be addressed during
this phase of design. It is important that all information gathered be well-documented for ease
of reference throughout the project. The designer should continually update this planning
information as changes or new developments occur.

Once the system planning phase is complete, the designer will have the necessary informa-
tion to begin the actual design of the electrical distribution system for the health care facility.

3.3 Electrical power systems basics

Power systems for health care facilities require a high degree of safety, maintainability,
expandability, ßexibility, and reliability. Some areas of health care facilities require electrical
design similar to that documented in IEEE Std 241-1990 (Chapters 2 and 16). However, most
areas will require additional considerations as dictated by

a) The numerous governing codes and standards.
b) The use of complex and electrically sensitive medical equipment.
c) Most importantly, the fact that patients and medical personnel must be guarded

against electrical hazards.

While it is now uncommon, the designer should ask if ßammable anesthetics are still being
used. If this is the case, extreme care should be exercised to prevent Þre and explosion. These
areas are deemed very hazardous, and the designer should refer to the NEC (Articles 500-503
and 517), NFPA 99-1996, and all other national and local codes that may be applicable. In
operating rooms, special attention shall be given to power distribution. For example, general-
purpose overhead luminaires are usually powered from the normal grounded distribution
system, provided the Þxtures cannot be touched by personnel during the course of surgical
procedures. However, surgical luminaires that may be adjusted during surgery, outlets for
electrical surgical instruments, monitoring equipment, portable x-ray, etc., should be powered
through an isolation transformer with a line-isolation monitor as outlined in Chapter 6. (Refer
to Chapter 4 for power distribution requirements in other speciÞc areas.)

3.3.1 Power sources

Generally, the normal power source is furnished by the electric utility and the required alter-
nate power source by an on-site power source such as a generator set, uninterruptible power
supply (UPS), or battery/inverter system. However, when the normal source consists of an
on-site power generator(s), the alternate power source required can be another power genera-
tor unit or the electric utility. A battery/inverter system can be applied as the principal alter-
nate power source for nursing homes, residential custodial care facilities, and other health
care facilities provided they meet the conditions outlined in NFPA 99-1996. A UPS may be
justiÞable for large computing centers or other critical, sensitive loads.
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Please note that a generator set is required as the alternate power source for hospitals. Addi-
tional data pertaining to generator units and batteries can be found in Chapter 5 of this recom-
mended practice, as well as the NEC (Articles 517 and 700), NFPA 99-1996 (Chapter 8),
NFPA 110-1993, NFPA 111-1993, and IEEE Std 446-1995.

3.3.2 Distribution circuits

Distribution systems for health care facilities are basically divided into two categoriesÑthe
normal electrical system (non-essential) and the essential electrical system. Both systems are
supplied by the normal power source; however, the essential electrical system can be trans-
ferred to the alternate power supply whenever the normal power source experiences a power
failure.

a) Non-essential electrical system. The non-essential electrical system consists of distri-
bution equipment and circuits that supply electrical power from the normal power
supply to loads that are not deemed essential to life safety, or the effective, and essen-
tial operation of the health care facility.

b) Essential electrical system. The essential electrical system consists of the alternate
power supply (or supplies), transfer equipment, distribution equipment, and the
circuits required to assure continuity of electrical service to those loads deemed as
essential to life safety, critical patient care, and the effective operation of the health
care facility. NFPA 99-1996 and the NEC cover these topics in great detail and
should be carefully reviewed. The information given here summarizes much of that
data.

For hospitals, the essential electrical system can be subdivided into two systemsÑthe emer-
gency system and the equipment system. The emergency system itself is comprised of two
branches deÞned as the life safety branch and the critical branch. These branches include dis-
tribution equipment and circuitry, including automatic transfer devices required to enable
emergency loads to be transferred from normal to emergency power sources automatically.
To increase the reliability of the system, circuits from each of these two branches are required
to be installed separately from each other and from all other types of circuits. NFPA 99-1996
and the NEC require that the emergency system automatically restore electrical power within
10 s of power interruption. The NEC also deÞnes the types of electrical loads to be served by
the life safety branch and the critical branch (Articles 517-32 and 517-33). Article 517-33 of
the NEC allows the designer to install Òother equipment and devices necessary for the effec-
tive operation of the hospitalÓ on the critical branch of the emergency system. This gives
some ßexibility in tailoring the design to the speciÞc needs of the health care facility. The
designer should use his/her experience, hospital staff input, and good engineering judgment
in applying this Article to the design.

The equipment system consists primarily of three-phase distribution equipment and circuits,
including automatic, delayed-automatic, or manual transfer devices to serve equipment loads
essential to the effective operation of the facility as deÞned by NFPA 99-1996 (Chapter 8). In
addition, the Joint Commission on Accreditation of Health Organization (JCAHO) requires
that if a hospital has a Þre pump it shall be connected to the equipment system via an auto-
matic transfer switch.
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For nursing homes and residential custodial care facilities, which provide care requiring elec-
tromechanical sustenance and/or surgical treatment requiring general anesthesia, the essential
electrical system is subdivided into two systemsÑthe emergency system and the critical
system. The emergency system in these cases is limited to those loads deÞned for the life
safety branch for hospitals, plus sufÞcient illumination to exit ways in dining and recreation
areas. These emergency system circuits are required to be installed separately and indepen-
dently of non-emergency circuits and equipment. The NFPA standards require that this emer-
gency system branch be designed to permit automatic restoration of electrical power within
10 s of power interruption. The critical system is limited to critical receptacles, task illumina-
tion, and equipment necessary for the effective operation of the facility.

For other health care facilities (excluding hospitals, nursing homes, and residential custodial
care facilities where the facility administers inhalation anesthetics or requires electro-
mechanical life support devices), the essential electrical system consists of one system
supplying a limited amount of lighting and power considered essential for life safety and
orderly cessation of procedure whenever normal electrical service is interrupted for any
reason. The type of system selected should be appropriate for the medical procedures
performed in the facility.

The design for emergency power generators, in the above noted facilities, shall meet the
requirements deÞned for Type I, Type II, and Type III installations as noted in NFPA 99-
1996, Section 3-5.1.2.1. These ÒTypeÓ designations deÞne maximum start times, maximum
run times, etc., as noted in NFPA 110-1993.

3.4 Voltage considerations

The proper selection, regulation, and quality of utilization voltages is extremely important
because of the extensive use of sensitive medical equipment that is available in many differ-
ent voltage ratings. This equipment shall not be jeopardized by misapplied or poorly regu-
lated voltages or voltages with high harmonic content. The dynamic characteristics of the
overall system should be recognized and the proper principles of voltage control should be
applied so that satisfactory voltage will be supplied to all utilization equipment under all
conditions of operation (i.e., including large motor starting, etc.). The reader is referred to
IEEE Std 141-1993 and IEEE Std 241-1990 for a detailed discussion of voltage.

3.4.1 Select system voltages

The voltage levels selected will depend on the utility voltage available, the size of the health
care facility, the loads served, expansion requirements, the building layout, voltage regulation
requirements, and cost.

Typically, a large health care facility will be supplied power at a medium voltage level from
the utility and it will be stepped-down to either 480Y/277 V or 208Y/120 V for utilization.
Either 480 V or 208 V can be used to supply mechanical equipment (chillers, fans, pumps,
etc.), medical equipment (radiology, medical air pumps, etc.), and other support equipment
such as laboratory equipment and kitchen equipment. If 480 V is present, however, it is
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preferred. From initial cost considerations, ongoing operating cost reasons, and isolation
from sensitive 120 loads, the 480 V level is the better choice for these equipments.

The use of 277 V lighting in lieu of 120 V in large health care facilities is common. The appli-
cation of 277 V lighting in hospitals, however, differs from other commercial facilities
because of the requirement for the four divisions of the electrical system (normal, critical
branch, life safety branch, and the equipment system). Depending on other equipment
requirements, applying 277 V lighting may increase the number of 480Y/277V panels on
each ßoor and/or in each electrical room. There is no general rule on when to apply 277 V
lighting. Each individual application should be analyzed to determine its feasibility. Typical
beneÞts of 277 V lighting include reduced system losses, reduced number of branch circuits
for lighting, reduced sizes of power conductors, reduced heat gains on the air conditioning
system due to power losses, and segregation of the harmonics of the electronic ballasts in
luminaires from the medical equipment operating at 208Y/120 V.

3.4.2 Nominal voltage

Once the nominal utilization voltages have been selected, the voltage of all medical equip-
ment to be installed in the facility should be carefully checked to assure proper application. If
the equipment is new, it should be ordered to one of the planned utilization voltages. If this is
not possible, then ÒbuckÓ/Òboost,Ó autotransformer, or standard two-winding transformers
should be considered to supply rated voltage to the equipment. A common misapplication
includes the use of nominally rated 230 V motors installed on a 208 V system.

Carefully consider the design of the distribution system to supply equipment obtained from
international sources. These are often designed for use on 415Y/240V, 400Y/230V, or 380Y/
220 V, and/or 50 Hz systems. Carefully check the frequency rating of the equipment from
international sources to ensure satisfactory operations at 60 Hz. Also check the equipmentÕs
tolerance to the ±5%, or ±10% tolerances (voltage range A or B) that are found on U.S. utility
services. (Note that Europe, in 2003, will be standardizing on a 400 Y/230V standard voltage
that has a tolerance of ±10% of nominal.)

Radiology equipment is available in a variety of single-phase and three-phase voltages. It is
necessary to know the exact voltage requirements and tolerances of the equipment from the
manufacturerÕs data to properly plan for its installation. Because of their operating character-
istics (low load factor, low power factor, and/or high surges) x-ray systems are often supplied
by dedicated power distribution systems.

In general the engineer should be aware that transformer regulation may result in a voltage
drop of 2.5Ð5%. Therefore, to maintain acceptable voltage at the utilization equipment, the
voltage drop in the wiring should be limited to less than 2.5%.

3.4.3 Voltage variation and disturbances

Variations in the sinusoidal voltage waveform can be caused by many different types of
power system disturbances. Transient overvoltages are caused by lightning, capacitor switch-
ing, fault switching, welding, arcing grounds, brush-type motors, or switching of inductive
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loads, such as motors, radiology equipment, etc. Nonlinear loads such as switch-mode power
supplies, ballasts, and adjustable speed drives are generators of harmonics which can cause
serious neutral overloading, transformer overloading, and interference problems. See IEEE
Std 1100-1992. Momentary total loss of voltage can be the result of utility switching, fault
clearing operations, some transient voltage arrester operations, or equipment failure. Tran-
sient voltage suppression is dealt with in IEEE Std 141-1993, IEEE Std 142-1991, and IEEE
Std 241-1990, and the IEEE Surge Protection (C62) Standards Collection. See also the
requirements of NFPA 780-1995.

There is a variety of voltage protection, regulating, and conditioning equipment available on
the market. Surge arresters, voltage regulators, transient voltage surge suppressors, shielded
isolation transformers, voltage regulators, power conditioners, UPSs, or combinations of this
equipment can be applied to solve voltage variation problems. The choice of which equip-
ment to apply depends on the nature of the voltage variations and the characteristics of the
equipment to be protected.

a) Surge arresters, voltage regulators, and transient voltage surge suppressors are
designed to remove temporary overvoltages from the power system for protection of
distribution and utilization equipment.

b) Shielded isolation transformers are effective in rejecting certain types of transients.
They will, however, not provide a clean, noise-free ground. IEEE Std 142-1991 and
IEEE Std 1100-1992 are excellent references on transformer and sensitive load
grounding.

c) Voltage regulators or constant voltage transformers are designed to tightly control
output voltage (for many cycles) regardless of variations of input voltage. The range
of input voltage for which the output voltage will remain regulated is generally Ð10%
to +20%, or Ð15% to +15% of nominal. In addition to input voltage range, other
considerations in applying a voltage regulator are regulator load sensitivity, load
compatibility, power factor, energy efÞciency, and electrical isolation.

d) Power conditioners generally combine regulation, isolation, and/or transient suppres-
sion into one package.

e) Static (electronic) UPSs provide a constant voltage with standby battery capacity for
power failures, and short outages. Static UPSs may, however, be a source of electrical
noise/harmonics themselves, and may not always deliver a clean sinusoidal wave-
form unless they are speciÞed carefully.

Rotary (mechanical/electrical) UPSs are available to provide a pure sinusoidal wave-
form. Further, there is a rotary UPS conÞguration that is always on-line, and that
relies on a diesel engine for backup. This type of UPS does not require large battery
banks.

Harmonic currents can be controlled or suppressed through the use of delta-connected trans-
formers, harmonic Þlters, isolation transformers, etc. IEEE Std 141-1993 deals with this
subject in great detail.
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The Þrst step toward properly solving a voltage variation problem is to properly diagnose the
problem. Only when the problem is properly deÞned is it possible to select the proper voltage
regulating, protection, or conditioning equipment. Unless the exact problem is known, an
engineer may specify equipment that ampliÞes the problem, rather than reduces or eliminates
the problem.

3.4.4 Voltage problem diagnosis

In an existing facility, a high-accuracy power analyzer can be an effective tool in diagnosing
voltage problems. A portion of the electrical system can be observed over a period of time
with voltage variations and quality recorded including magnitude, duration of the variation,
the per-unit harmonic content, and the time it occurred. This data can then be matched with
medical equipment operational logs, problem logs, and/or maintenance trouble reports to
determine any possible correlations.

Variations in the voltage in a health care facility commonly will be noticed Þrst in the opera-
tion or output of computerized equipment. The designer should calculate voltage variations
from motor starting, etc., on all of the various available circuits. Select the arrangement that
best provides stable voltages within acceptable limits, at the lowest cost. High electrical
energy losses may result if equipment operates with voltages that are unbalanced, or high in
harmonic content. If the load being served is on the essential electrical system, both normal
and emergency power sources need to be analyzed in this manner.

3.4.5 High transient loads

Radiology machines draw very high momentary currents during an exposure. Therefore, a
low-impedance source is necessary to assure that the voltage drop is within acceptable limits,
usually 3Ð5%. The x-ray tube will experience loss of life and equipment malfunction if
proper voltage regulation is not maintained. Please note, however, that standard voltage regu-
lators applied on radiology equipment feeders may not improve regulation because the pulse
width of the equipment may be less than the response time of the regulator.

Voltage ßuctuations and dips caused by motor starting, within the hospital, should be main-
tained within the limits dictated by the utility and by industry standards for computerized
equipment. This can normally be accomplished by providing reduced voltage starters or Òsoft
startersÓ on large motors or installing large motors on a separate transformer from the Òsensi-
tiveÓ loads. The designer should carefully study the application of these starters, or separate
transformers, to minimize system voltage drops at reasonable costs.

3.5 Current considerations

The full-load current requirements in a health care power system are determined by the load
equipment. However, the short-circuit current requirements are determined principally by the
power sources, and to a lesser degree, by the possible contributions from rotating equipment
such as motors.
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The short-circuit duty, during a fault, at any point in a system, is limited by the impedance of
circuits and equipment from the source (or sources) to the point of fault; to the size and type
of rotating equipment; and to the X/R ratio of the system. It is not directly related to the kilo-
watt load on the system. Additions to the system that increase its capacity to handle a growing
load (while not affecting the then external load) may drastically increase the fault currents,
however.

In most health care facilities, the fault-current contribution will differ in magnitude and decay
rate between the normal and the alternate power sources. This can occur when

a) The normal power source is from a utility having a high-fault current capability, and
the service entrance point is removed by several transformations and transmission
circuits, from the utility generation sources.

b) The alternate power supply consists of a relatively low kilovoltampere on-site gener-
ator, or generators, and relatively short-distribution circuits between the alternate
power supply and essential electrical power circuitry.

Thus, for a fault occurring within the essential electrical power system, the fault-current
magnitude from the normal power source would be relatively large and have a slow decay
rate. A fault under the same fault conditions when served by the alternate power source would
be relatively small and have a fast decay rate. These factors should be taken into account
when selecting and setting protective devices since the essential electrical system can be sup-
plied power from either source. 

Short-circuit calculations must be understood to correctly apply protective equipment, choose
adequately rated equipment, choose protective devices settings, determine degree of coordi-
nation achieved, and calculate the voltage dips of impact loads such as motor starting, etc.
The reader is referred to IEEE Std 141-1993 (Chapter 5), IEEE Std 241-1990 (Chapter 9),
IEEE Std 242-1986, and IEEE Std 393-1991 (Table 12) to obtain information on these funda-
mentals.

3.6 Grounding

The word grounding is commonly used in electrical power work to cover both Òequipment
groundingÓ and Òsystem grounding.Ó These and other terms used when discussing this topic
are deÞned in the NEC and IEEE Std 142-1991. These deÞnitions should be quite familiar to
obtain a better understanding of grounding principles.

In health care facilities, both the system and equipment are grounded. In addition, special
grounding requirements shall be applied to those subsystems and equipment involved in
patient care areas, operating rooms, anesthetizing locations, and special environments as
presented in Chapter 6 of this recommended practice, the NEC (Article 517), and NFPA 99-
1996.
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3.6.1 Equipment grounding

Equipment grounding is the interconnection and bonding (grounding) of non-electrical
conducting material that either encloses, or is adjacent to, electrical power conducting
components. Its purpose is to reduce electrical shock hazards and provide freedom from Þre
hazards and to minimize damage to equipment from component overheating caused by over-
currents, arcs, or bolted faults. To attain this, the grounding conductor circuit shall be
designed, and be properly installed, to present a sufÞciently low impedance path to ground-
fault currents. For ac systems, the (return) ground current will ßow through the lowest imped-
ance path, not the lowest resistance path as in dc systems. The lowest ground-impedance path
will be a path close to the power conductors, such as a ground conductor installed with the
power conductors and/or the metal raceway enclosing the power conductors (i.e., the conduit,
housing of busway, etc.).

Furthermore, to maintain the lowest ground-current impedance, junctions and terminations
should be properly installed. Metal joints should make good contact to avoid sparking during
fault conditions. Adequate connections between equipment ground buses and/or housings and
metal raceways shall be provided. In addition, the ground return circuit components (conduc-
tors, terminations, etc.), shall be sized to carry the available ground-fault current for all types
of fault conditions and durations ÒpermittedÓ by the overcurrent protection system (i.e., the
ground-fault current may be 12 000 A or more).

3.6.2 System grounding

The term system grounding relates to the type of grounding applied to the electrical system.
The basic reasons for system grounding are the following:

Ñ To limit the differences of electrical potential between all non-insulated conducting
objects in a local area.

Ñ To provide for isolation of faulty equipment and circuits where a fault occurs.

Ñ To limit overvoltages appearing on the system under various fault conditions.

It should be noted that in an ungrounded system, a fault condition can, in certain instances,
lead to system resonance that causes an extreme overvoltage to be imposed on the system.
This overvoltage can be sufÞcient in magnitude to create severe shock hazard as well as cause
electrical equipment failure due to insulation breakdown. For these and other reasons, system
grounding is required for all health care facilities.

There are several methods available to ground a system such as Òline grounding,Ó Òneutral
grounding,Ó etc. The preferred method for health care facilities is solid neutral grounding,
since the system neutral is generally readily available. This will avoid the special system
operating precautions required when employing other grounding methods. See also IEEE Std
142-1991.

a) Selection of system grounding points. It is necessary to solidly ground at each voltage
level to achieve the advantages of neutral grounding in all parts of the system. Each
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voltage level may be grounded at the neutral lead of a generator; power transformer
bank; or, in rare instances, neutral deriving grounding transformer provided they
meet the requirements of the NEC (Article 250-5).

When there are two or more sources at a given point, each source should have a
grounded neutral point since the bus-tie circuit may be open. Refer to IEEE Std 242-
1986 and to NEMA PB 2.2-1988 for special techniques of system neutral grounding
of double-ended substations.

b) Neutral circuit arrangements. When the method of grounding the neutral has been
selected, the next question to consider is how many source generator(s) or trans-
former neutral(s), or both, will be used for grounding, and whether

1) Each neutral will be connected independently to ground, or
2) A neutral bus with single ground connection will be established.

c) Medium-voltage source neutral(s). The medium-voltage portion of the power system
is usually a three-phase, three-wire system where the neutral is not used as a circuit
conductor. The advantages and disadvantages of various medium-voltage grounding
methods as well as design conditions for each method are covered extensively in
IEEE Std 141-1993. The reader should use this reference if medium-voltage ground-
ing is an issue.

d) Low-voltage source neutral(s). The low-voltage system for health care facilities is
usually a three-phase, four-wire system where the neutral is used as a circuit conduc-
tor. Thus, the sourceÕs neutral should be solidly grounded to permit neutral loading as
well as meet the requirements of the NEC (Article 250-5).

Where the power supply consists of services that are dual-fed in a common enclosure or
grouped together in separate enclosures and employ a nonswitched (solid) secondary tie, the
common neutral conductor can be effectively grounded at one point. Where the power supply
for the health care facility consists of a normal, and alternate power supply, at least one of the
power supplies, usually normal, is considered the service and its neutral(s) are effectively
grounded. If the normal and alternate power supply are not electrically connected, then both
power supply neutrals need to be effectively grounded.

3.6.3 System and load characteristics

The type of system grounding that is employed, and the arrangement of system and equip-
ment grounding conductors, will affect the service continuity. Grounding conductors and
connections shall be arranged so that objectionable stray neutral currents will not exist and
ground-fault currents will ßow in low-impedance, predictable paths that will protect person-
nel from electrical shock and assure proper operation of the circuit protective equipment.

Where phase-to-neutral loads shall be served, systems are required to be solidly grounded.
However, 600 V and 480 V systems supplying only phase-to-phase loads may be solidly
grounded, high-resistance grounded, or ungrounded. High-resistance grounded systems may
provide a higher degree of service continuity than solidly grounded systems and might be
useful in serving phase-to-phase loads requiring very high reliability. Any such system,
however, needs to be carefully monitored to detect phase-to-ground faults early enough so
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that the fault(s) can be isolated and repaired promptly. Ungrounded systems are not recom-
mended, however, since they may experience overvoltages due to resonance conditions, or
ÒneutralÓ shifts occurring during a ground fault condition.

When the alternate power supply [generator(s) or separate utility service] and its wiring
system are electrically interconnected with the normal power supply, either by the neutral or
phase conductors, or both, then the alternate power supply, per the NEC [Article 250-5(d)], is
not a separately derived system, and thus, its neutral is not permitted to be grounded. Only the
normal power supply neutral is permitted to be effectively grounded as shown  in Þgure 3-1.
This is to prevent objectionable neutral load currents from ßowing in the system ground con-
ductors. Note that the equipment grounding conductor deÞned as ÒEGCÓ in Þgure 3-1 is still
required; thus, the generator neutral must be insulated from the machine frame.

When the alternate power supply [generator(s) or separate utility service] and its wiring
system are not electrically interconnected with the normal power supply wiring system either
by the neutral or phase conductors, or both, then the alternate power supply, as in the NEC
[Article 259-5(d)], is a separately derived system and its neutral is grounded at the alternate
power supply [in addition to the neutral(s) of the normal power supply]. Figure 3-2 depicts a
system where the neutral and phase conductors between the alternate and normal power
supply wiring systems are not electrically interconnected by the use of a four-pole transfer
device. Thus, the on-site generator is deÞned as a separately derived system and its neutral is
solidly grounded. Since the neutral conductors are isolated between the two power systems,
grounding of the generator neutral will not provide an alternate path (to ground) for load
currents on the normal power source.

The choice of whether or not to switch the neutral should be carefully considered. See Chap-
ter 5 in this recommended practice, IEEE Std 446-1995, and IEEE Std 242-1986 for more
details on these issues.

3.7 System protection and coordination

The system and equipment protective devices guard the health care facility power system
from the ever present threat of damage caused by overcurrents that can result in equipment
loss, system failure, and hazards to patients and personnel. To achieve this protective func-
tion, protective equipment such as fuses, circuit breakers, surge arresters, or current limiting
reactors, and ground fault protective devices are applied. All protective devices should be
applied within their ratings of voltage, frequency and current interrupting rating, and current
withstand rating. In addition, the site where they are to be applied needs to be taken into
account (i.e., if it is at a higher altitude, if seismic activity is common, if temperatures are
extreme, if humidity is high, etc.). Many references and standards provide guidelines as to the
various device descriptions, their ratings and application limits, and rating factors if required.
These requirements are best documented in IEEE Std 141-1993 (Chapter 4), IEEE Std 241-
1990 (Chapter 9), and the other ANSI, NEMA, and IEEE standards listed in 3.10. The reader
should refer to these for details. The following summarizes some of the information in those
references.
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Figure 3-1ÑSolidly interconnected neutral conductor
grounded at service equipment
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Figure 3-2ÑTransferred neutral conductor grounded at service equipment 
and at sources of an alternate power supply
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3.7.1 Protection system basics

Protection, in an electric system, is designed to minimize hazards due to the high energy
released during short-circuit conditions. The protective features built into a system are on
standby until called upon to clear a fault or some other unplanned or unintentional distur-
bance. They are designed to reduce the extent and duration of the power interruptions, and the
hazards of property damage and personnel injury.

It is not possible to build a practical, fault-proof, power system. Consequently, modern
systems are designed to provide reasonable insulation, physical and electrical clearances,
etc., to minimize the possibility of faults. However, even with the best designs, materials will
deteriorate and the likelihood of faults will increase with age. Every system is subject to short
circuits and ground faults. A knowledge of the effects of those faults on system voltages and
currents is necessary to design suitable protection. See IEEE Std 141-1993 (Chapter 4) and
IEEE Std 241-1990 (Chapter 9).

3.7.1.1 Protection requirements

The design of a protective system involves the following two separate, although interrelated,
steps:

a) Selecting the proper device to protect the intended system or device

b) Selecting the correct ampere rating and setting so they will operate selectively with
other devices (i.e., to disconnect only that portion of the system that is in trouble, or
faulted, and with as little effect on the remainder of the system as possible)

Protective devices should be selected to ignore normal operating conditions such as full-load
current, permissible overload current, and starting (or inrush) currents. They should, however,
be chosen to detect abnormal currents and to operate quickly. Often they are chosen to oper-
ate in an inverse-time manner on sustained overloads or short circuits (i.e., the higher the fault
current level, the shorter the operating time to open the circuit). Further, the devices should be
ÒcoordinatedÓ so that the protective device closest to the fault opens before Òline-sideÓ
devices open.

Determining the ratings and settings for protective devices requires familiarity with the NEC
requirements for the protection of cables and motors; and with IEEE Std C57.12.59-1989 and
IEEE Std C57.12.00-1993 for transformer magnetizing inrush current and transformer ther-
mal and magnetic stress damage limits. Determining the size or setting for the overcurrent
protective device in a power system can be a formidable task that is often said to require as
much art as technical skill. Continuity of health care facility electrical service requires that
interrupting equipment operates selectively as stated in NFPA 99-1996 (Chapter 8) and the
NEC (Article 517). NEMA PB 2.2-1988 provides information on the overcurrent tolerances
of various classes of equipment. It is a valuable resource when overcurrent protection levels
are being selected to prevent serious equipment damage.

As total selectivity and maximum safety to personnel are critical, a total short-circuit, coordi-
nation, and component protection study shall be performed. This work should normally only
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be done by someone who is qualiÞed and experienced in such work. This study Þrst deter-
mines the available short-circuit currents at each major component throughout the system.
Then time vs. current coordination curves are drawn and coordination time intervals (CTIs)
are established to determine if the overcurrent devices are selectively coordinated at the vari-
ous available fault currents. Then the component withstand ratings are checked to see if the
device actually protects the Òload-sideÓ equipment at the fault current levels that may be
present during a fault. This method of analysis is useful when designing the protection for a
new power system, when analyzing protection and coordination conditions in an existing
system, or as a valuable maintenance reference when checking the calibration of protective
devices. The coordination curves provide a permanent record of the time-current operating
relationship of the entire protection system.

For information on fault studies and plotting time-current curves, see the references noted in
3.10. For information on the special requirements regarding arcing ground faults, see IEEE
Std 242-1986 or NEMA PB 2.2-1988.

3.7.1.2 Current sensing protectors

The current sensing (overcurrent and short-circuit) detectors in the circuit protectors (circuit
breakers, fuses, etc.) shall detect all types of faults that may be present in the distribution
system. The current magnitude of those faults depend upon the systemÕs overall impedance
(from the utility) and upon the method of system grounding.

3.7.1.3 Types of faults

For the bolted or arcing fault, the solution involves a two-step approach.

First, minimize the probability of fault initiation by

Ñ Selecting equipment that is isolated by compartments within grounded metal
enclosures.

Ñ Selecting equipment with drawout, rack-out, or stab-in features, where available,
thereby reducing the necessity of working on energized components. Such equipment
should have ÒshuttersÓ that automatically cover the energized bus when the device is
withdrawn.

Ñ Providing isolated bus.

Ñ Providing insulated bus. This alternative should be considered to prevent the occur-
rence of ground faults, especially on the line side of mains where the utility does not
provide ground-fault protection.

Ñ Providing proper installation practices and supervision.

Ñ Protecting equipment from unusual operating or environmental conditions.

Ñ Insisting on a thorough clean-up and survey of tools and instruments immediately
before initial energization of equipment.

Ñ Executing regular and thorough maintenance procedures.
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Ñ Maintaining daily good housekeeping practices.

Second, sense and remove the defective circuit quickly so that damage will be minimized.

Ñ Pay careful attention to system design, monitoring equipment, and to the settings of
protective devices.

Ñ Pay careful attention to component withstand ratings and fault clearing capabilities.

3.7.1.4 Ground-fault protection

Phase overcurrent devices ratings, or settings, are normally determined by the load require-
ments. They are set to be insensitive to full-load and inrush currents as well as provide selec-
tivity between load-side and line-side devices. Accordingly, the phase overcurrent device
cannot distinguish between normal load currents and low-magnitude, ground-fault short-
circuit currents of the same magnitude. Therefore, ground-fault detection is added to supple-
ment the phase overcurrent devices to provide arcing ground-fault protection.

The application of ground-fault protection requires additional careful attention (i.e., the fault
currents from the generator normally are much lower than from the utility).

3.7.1.4.1 Equipment selection

When choosing ground-fault protective devices, the system ground currents and system
wiring conÞguration shall be considered.

3.7.1.4.2 Types of ground currents

Several types of ground currents can exist in any power system as follows:

a) Insulation leakage current from appliances, portable cleaning equipment and/or tools,
etc. Normally, the magnitude of this current is very low (in the order of micro-
amperes in small systems to several amperes in extensive systems). Line-isolating
power supplies, or ground-fault circuit interrupters (GFCIs) (serving patient or staff
functions) are designed for these lower current values.

b) Bolted-fault ground current commonly caused by improper connections or metallic
objects wedged between phase and ground. For this type of fault, the current magni-
tude may even be greater than the three-phase fault current.

c) Arcing fault ground current commonly caused by broken phase conductors touching
earth, insulation failure, loose connections, construction accidents, rodents, dirt,
debris, etc. The current magnitude may be very low in relation to the three-phase
fault current. The expected level is 35Ð40% of the single-phase-to-ground fault
current, but may be only one half of this magnitude.

d) Lightning discharge through a surge arrester to ground. The magnitude of current
could be quite large depending on the energy in the lightning stroke; however, the
duration is extremely short, measured in microseconds. Protective overcurrent
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devices within a buildingÕs distribution system are not ordinarily affected by direct
lightning strokes.

e) Static discharge.

f) Capacitive charging current, etc.

3.7.1.4.3 Preventing ground currents

Solutions to equipping the electrical system to handle or prevent these currents are varied
such as

a) Insulation leakageÑhigher order of insulation and monitoring for same at low level
and removing power promptly. Refer to Chapter 6, which further discusses monitor-
ing equipment utilized in health care facilities.

b) Lightning dischargesÑproper grounding, and surge or lightning arresters.

3.7.1.5 Cost vs. equipment safety

The system designer should balance economics against cost of equipment damage to arrive at
a practical ground-fault protection system, keeping in mind that the extent of equipment
damage can increase the extent of power service loss, thus increasing risk to patients and
ensuing liabilities.

There is no single solution for all power systems; each should be analyzed individually. In
this analysis, the important factors to be considered are

a) Power system selection. The type of ground-fault detection scheme applied is a func-
tion of voltage level and system arrangement. Most health care facility applications
are low voltage with a radial arrangement, which is the easiest to analyze and lends
itself to a straight-forward protection system design. The problem becomes more
difÞcult with secondary-selective and spot-network circuit arrangements.

b) Neutral circuit.

1) A three-phase, three-wire or three-phase, four-wire power system with radial
feeders (and associated neutrals) presents few problems.

2) For a power system with neutrals that are used as a load conductor; where those
neutrals are looped, or continuous, between alternate power sources; and are
grounded only at the sources, or grounded Òon the load side;Ó extreme care
should be taken in applying ground-fault protection.

An experienced and qualiÞed person should study such a system to conÞrm the
proper design and operation of a ground-fault system. That study should also
conÞrm full compliance to the NEC and other applicable codes. See IEEE Std
242-1986 and 3.6.3 of this recommended practice for more information.

c) Ground return path. The ground return path should be designed to present a low-
impedance path and provide adequate ground-fault current-carrying capability to
hold the voltage gradients along its path to less than shock hazard threshold values.
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This design will also permit sensitive detection of ground-fault currents. IEEE Std
142-1991 provides details on the design of low-impedance, higher current grounding
systems.

3.7.1.6 Summary of protective system design basics

An orderly approach to performing the above noted protective device coordination study is as
follows:

a) Construct a single-line diagram of the system.

b) Record pertinent data on the single-line diagram:

1) Distribution equipment ratings, continuous amperes, amperes interrupting
current (AIC), etc.

2) Equipment load ratings
3) Impedance data on cables, transformers, source, etc.
4) Pressure relief ratings of surge arresters

c) Perform calculations to determine short-circuit currents.

d) Determine equipment operating and protection ratings as deÞned by the NEC, equip-
ment nameplates, the Insulated Cable Engineers Association (ICEA), texts or hand-
books, manufacturersÕ bulletins, etc. List these ratings on the single-line diagram.

e) Determine the protective device ratings required to meet the system voltage,
frequency, continuous current, momentary withstands, and short-circuit duty, as well
as any unusual conditions due to site application such as altitude, vibration, shock,
temperature, etc. Estimate neutral current loadings caused by nonlinear loads and
single-phase loads. Also, take into account any Underwriters Laboratories (UL),
NEC, or local code requirements. List the ratings chosen on the single-line diagram.

f) Choose a tentative protection device full-load rating based on load conditions. List
the choice on the single-line diagram.

g) Obtain characteristic time-current curves of all protective device detectors involved
in the system under study.

h) Develop time-current plots to determine device settings and be able to analyze degree
of coordination and protection achieved.

i) Determine if zone selective interlocking is required to obtain selective coordination
(or enhanced coordination).

Please note that these calculations and plottings can often be done by computer using one of
the many commercially available programs.

3.7.2 Ground-fault detection schemes

The following are two basic methods of applying ground-fault sensing devices to detect
ground faults:
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a) Ground return method. The ground-fault sensing device is placed to detect the total
ground current ßowing in the grounding electrical conductor and the main bonding
jumper. This method can only be used at the main disconnect point of services or for
separately derived systems.

b) Outgoing current method. The ground-fault sensing device is placed to detect the
vectorial summation of the phase and neutral (if present) currents. The sensing device
is located load side (downstream) from the point at which the distribution system is
grounded. This is the only method that can be used for feeders. It can also be used for
the incoming main disconnect, for multiple mains, and for ties.

The ground-fault relay pickup level is adjustable and may be equipped with an
adjustable time-delay feature. Operation of the relay releases the stored energy
(spring) holding mechanism on the interrupting device. Selectivity in substations can
be achieved either through a time delay, and/or current setting or blocking function/
zone selectivity. The Òblocking functionÓ or Òzone selective interlockingÓ are systems
that restrain main breaker tripping when the same fault is also seen on a feeder
breaker. In these cases the main breaker should only trip if the feeder breaker failed to
trip properly.

Care should be taken to selectively coordinate load-side levels at ground-fault protec-
tion with line-side levels and also to coordinate ground-fault protection with both
line-side and load-side phase overcurrent devices. (Unwisely many systems have
been designed with ground-fault devices that coordinate with one another, but do not
coordinate with the phase overcurrent devices.) A carefully designed and coordinated
ground-fault detection system is an important component of a reliable, safe, and
economic power distribution system.

Electronic ground-fault trip devices may have a Òmemory circuit.Ó Consult with the
manufacturer of the device to determine if adjustments must be made to avoid
Òmemory-circuit,Ó nuisance-trips for cycle loads, pulsating loads, loads generating
non-sinusoidal waveshapes, or other ÒunusualÓ loads.

3.7.3 Medium-voltage systems

As previously discussed in 3.6.2 item c), medium-voltage systems for health care facilities
are generally three-phase, three-wire systems with the neutrals solidly grounded or resistance
grounded.

When the neutral is solidly grounded, the ground-fault current magnitude is relatively high
and a residual connected ground-fault relay is usually applied. This residually connected
ground-fault relay, shown in Þgure 3-3, monitors the outgoing ground-fault current.

When the neutral is resistance grounded, the ground-fault current magnitude is relatively low,
1200 A or less, and a ground sensor with a secondary connected ground-fault relay is usually
applied. This ground-fault sensor, with ground-fault relay, shown in Þgure 3-4, monitors the
outgoing ground-fault current.
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Figure 3-3ÑResidually connected ground-fault relay

Figure 3-4ÑGround-fault sensor and ground-fault relay
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The ground sensor relay shown in Þgure 3-5 monitors the returning ground-fault current.

3.7.4 Low-voltage systems

As previously discussed in 3.6.2 item d), low-voltage systems for health care facilities are
generally three-phase, four-wire systems. The normal power source neutral is effectively
grounded. The alternate power source neutral may, or may not be, effectively grounded at the
alternate source. The ground-fault schemes applicable will depend on how the alternate
power supply is grounded.

For feeder circuits having no neutral conductor requirements (three-phase, three-wire loads),
or for three-phase, four-wire loads where the neutral conductors are not electrically intercon-
nected between power source on the load side of the feeder breaker, residually connected,
ground-fault relay, or integral ground-fault relays (see Þgures 3-6, 3-7, and 3-8) may be appli-
cable for the feeder overcurrent device.

Figure 3-5ÑGround-fault sensor and ground-fault relay with ground resistor
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Figure 3-6ÑResidually connected ground-fault relay
with shunt trip circuit breaker
65



 

IEEE
Std 602-1996 CHAPTER 3

 

Figure 3-7ÑGround sensor fault relay

Figure 3-8ÑIntegral ground-fault relay
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For feeder circuits with neutral conductor requirements where the neutral conductors are
electrically interconnected between power sources on the load side of the overcurrent device,
Òoutgoing current methodÓ schemes will be applicable. Figure 3-9 is an example of such a
circuit.

Typical ground-fault relaying systems are shown (see Þgures 3-10 and 3-11) for a health care
facility power system that consists of normal and alternate power supplies. The power
systems shown in Þgure 3-10 have an electrical power conductor interconnection between
power supplies. Note the vectorial summation of ground-fault currents (outgoing current
method) in the relaying scheme required for the power system shown in Þgure 3-10. In both
Þgures 3-10 and 3-11, ground-fault relay R2 is optional.

Figure 3-9ÑDual source electrically interconnected
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Figure 3-10ÑGround-fault scheme for a normal and alternate power supply 
having an electrical power conductor (neutral) interconnection

 between supplies
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Figure 3-11ÑGround-fault scheme for a normal and alternate power supply
with no electrical power conductor interconnection between supplies
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3.8 Electrical equipment selection, installation, and testing

3.8.1 Equipment selection

Electrical power distribution equipment is described in detail in IEEE Std 141-1993 and
IEEE Std 241-1990. When used in health care facilities, there are more criteria involved in
the selection of equipment. Some of the factors inßuencing the engineersÕ choice of equip-
ment are

a) Reliability, protection, and coordination requirements, and how rapidly vital service
can be replaced following an outage.

b) Initial cost including installation, maintenance facilities, maintenance cost, availabil-
ity, and cost of space.

c) Listing and labeling of equipment according to recognized standards by a nationally
recognized testing laboratory (NRTL).

The engineer should remember that not just revenues or production will be lost should the
system fail, but possibly human lives. The system should therefore provide the most reliable
power possible (within economic feasibility) to patients and procedures that require electrical
power. All the components used in the electrical system for health care facilities should
provide a reliable and safe electrical system. Careful consideration during the design and
installation should be given to the location of the electrical components to minimize exposure
to hazards such as lightning, storm, ßoods, earthquakes, Þres, or toxic and/or environmental
hazards created by adjoining structures or activities.

3.8.2 Working space

Ample working space around electrical components should be provided to allow and permit
all tasks, installation, maintenance, testing, operating, etc., to be performed in a safe manner.
See the NEC, NFPA 70B-1994, and NFPA 70E-1995.

3.8.3 Labeling

Proper permanent labeling should be applied to all components where power is initiated and
terminated. Equipment such as switchgear, switchboards, motor control centers, panelboards,
automatic transfer switches, etc., should all have engraved plastic nameplates (that designate
source, purpose, and loads served) applied on incoming sections, tie sections, and feeder
sections. All cables, busways, and buses should also be identiÞed as to phase, to assist in
maintaining proper phase sequence. Also apply a consistent and unique method of labeling
electrical rooms so they can be easily found.

3.8.4 Acceptance testing

Upon completing installation and before energizing, the electrical components should be
thoroughly cleaned. A visual inspection should be performed to assure that all components
are installed properly, and protective devices are set properly. After these steps are completed,
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the system is ready for acceptance testing. All components including protective devices and
circuitry, control circuitry, etc., should be acceptance tested to assure proper operation before
energization. The acceptance testing should be performed by an organization specializing
in this work. Refer to NFPA 70B-1994 and the NETA Electrical Acceptance Testing SpeciÞ-
cations (ATS).

3.8.5 Segregation of services

In selecting and installing the electrical distribution components for the essential electrical
system, high priority should be given to achieving maximum continuity of the electrical
supply to the load. To achieve this high reliability, the components (distribution circuitry,
electrical equipment, etc.) for the essential electrical system should be installed so that they
are physically separated from the non-essential power system components. Furthermore, as
in NFPA 99-1996 (Chapters 8 and 9), each branch of the emergency system should be
installed so as to be physically separate and independent of each other and all other wiring.
An exception is allowed only where the electrical components require two separate services
such as in a transfer switch. Separate panelboards and raceways for the emergency systems
are required to achieve this high level of redundancy.

3.8.6 Equipment selection

The following subclauses discuss the equipment commonly applied in health care facilities.
Considerations mentioned here are those of speciÞc concern in a health care facility. The in-
depth considerations as outlined in IEEE Std 141-1993 and IEEE Std 241-1990 should be
understood to assist in choosing proper equipment.

3.8.7 Transformers

While transformer operating cost is an important factor when selecting a transformer, consid-
eration should also be given to initial cost, operating costs of no-load and load losses, reliabil-
ity, sound level, thermal life, overload capability, ability to supply nonlinear loads,
installation costs, size, weight, availability of application, and servicing resources. The goal
would be to balance the no-load losses and load losses to a minimum point at the normal
loading point of the transformer [i.e., a transformer whose load losses are four times as large
as the no-load losses would be most efÞcient at approximately 50% of its nameplate (base)
rating].

3.8.8 Switchgear, switchboards, and motor control centers

This equipment (as well as the transformers) should be located as close as possible to their
loads to shorten cable runs, reduce losses in the cables, and minimize voltage drops. These
pieces of equipment should not be located near electronic monitoring equipment that is sensi-
tive to electromagnetic interference (EMI). If this is unavoidable, consideration should be
given to shielding the electronic equipment, or specifying the electronic equipment to be
compatible with the EMI that may be present. Adequate clearances and ventilation should be
planned for present equipment and possible future expansions.
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Adequate metering equipment should be incorporated in the switchgear, switchboard, or
motor control center to permit proper monitoring of the (quantity and quality) current and
voltage, electrical demand, and consumption conditions of the power system.

Additional metering precautions are also required, or recommended, at switchboards and
panelboards by [B2].2 Thus metering would allow better monitoring of energy consumption.
Also refer to IEEE Std 739-1995.

3.8.9 Protective devices

Overcurrent protective devices should be chosen to provide complete coordination of the sys-
tem. Circuit interrupting devices have two basic elements that provide a detecting function
and a switching function. They may generally be divided into the following four categories:

Ñ Circuit breakers equipped with protective relays or direct acting trips
Ñ Contactors equipped with overload relays
Ñ Transfer switches equipped with voltage and frequency sensing relays
Ñ Switches equipped with fuses

When applied within their ratings, the switching devices are generally capable of performing
the following:

Ñ Contactors and transfer switches. Repetitively closing, carrying and interrupting
normal load currents; interrupting overload currents; withstanding but not interrupt-
ing any abnormal currents resulting from short-circuits (unless circuit breakers or
fuses are built-in).

Ñ Switches. Closing; carrying and interrupting load current; and when properly coordi-
nated with a fuse, withstanding but not interrupting any abnormal current resulting
from overloads and short circuits. The fuse provides detection and interruption
feature for overloads and short-circuits within its design characteristics.

NOTEÑWhen switches are equipped with Òshunt trip coilsÓ they can be electrically tripped by
ground-fault relaying equipment, or other controls.

Ñ Circuit breakers. Closing; carrying and interrupting load current; withstanding and
interrupting overload and short-circuit currents, and arrange ground-fault currents. Of
these devices, only circuit breakers and fused switches are generally applied as over-
current protective devices that interrupt overload, short-circuit currents, and arcing
ground-fault currents. Transfer switches are applied to transfer loads from one source
of power to another by monitoring power source voltage. Contactors are applied as
load powering devices such as motor starters, lighting, etc.

There are basically three types of detectors used with the protective devicesÑfuses, relays,
and direct acting trips.

Ñ Low-voltage fuses detect and interrupt the abnormal current in one non-adjustable
element. They are thermal-type devices, which are sensitive to ambient temperature

2The numbers in brackets correspond to those of the bibliography in 3.11.
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and the current ßowing through them. The continuous current ratings typically are
based in open air, and when applied inside equipment, may need to be derated to
account for increased ambient temperature. Normally, an 80% derating factor is
applied. Fuses are single-phase devices and are installed in each phase of a three-
phase circuit fusible switch. The application of fuses as overcurrent protective
devices is similar to applying circuit breakers.

High-voltage fuses operate in a similar manner except that they are more often used
to only interrupt short circuits. Also, their fuse size (e.g., 25E) does not directly relate
to the current at which they operate.

Ñ Protective relays are designed to be responsive to electrical quantities, which change
during normal and abnormal conditions. The basic quantities that may change are the
magnitude and/or direction of current, voltage, power, phase-angle, and frequency.
Protective relays are designed to be responsive to one or more of these quantities
instantaneously or at a time rate dependent on magnitude. Figure 3-12 shows a typi-
cal relay response curve. Generally, these relays are Þeld adjustable, have a wide
operating ambient temperature range, and have a drawout construction. They can be
obtained with special features such as sensitivity to directional quantities only, etc.
Relays, although not limited to, are normally applied in conjunction with, high and
medium-voltage circuit breakers. Upon pickup, at the selected current setting, and
after any time delay selected, the relay trip contacts close to energize the trip circuit
of the circuit breaker, which releases the stored energy (spring) holding mechanism
that then opens all circuit breaker poles. Electronic (solid state) and microprocessor
based tripping units for low-voltage circuit breakers operate similarly to other protec-
tive relays; however, the circuit breaker tripping devices are often integral with the
removable circuit breaker element. Figure 3-13 shows several typical, lower voltage
response curves.

Ñ Direct acting trips are responsive to current either instantaneously or at a time rate
dependent on the current magnitude. They are mounted inside low-voltage circuit
breakers in series with the breaker trip mechanism, which opens all circuit breaker
poles. They are of a thermal-magnetic, magnetic, or electronic design. As for fuses,
the thermal type requires a derating factor consideration. Some units are ambient
compensated. The electromagnetic, electromechanical, or electronic (static) types are
generally Þeld adjustable.

Trip units are generally designed to be nonresponsive to load or circuit conditions
that generate minor harmonic distortions. Where the harmonic content will be high,
or the loads are pulsating, the circuit breaker manufacturer should be contacted.
Nuisance trip signals from electronic trip units, may result when the trip unit has a
Òmemory circuit.Ó (See 3.7 and Chapter 6 for more information on memory circuits.)

Ground-fault detection in medium-voltage systems is generally accomplished by electromag-
netic overcurrent relays and toroidal or bar-type current transformers. Generally, in low-volt-
age systems, microprocessor relays and matching current sensors, whether integral or
external to the protective device, provide the ground-fault protection.

A word of caution is that ground-fault detection requires additional attention as outlined in
3.7.1.4 if nuisance power outage is to be avoided.
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For further protective device description and application, the reader is referred to IEEE
Std 141-1993 (Chapter 4), IEEE Std 241-1990 (Chapter 9), NEMA PB 2.2-1988, NEMA
AB 3-1991, manufacturersÕ publications, and engineering handbooks listed under 3.10 and
3.11.

3.8.10 Transfer switchesÑAutomatic and manual

Transfer switches are applied to transfer from one power source to another to maintain ser-
vice to the emergency power system and designated equipment. Due to their important func-
tion in the health care facility power system, they are required to be listed for emergency
electrical service and have adequate capacity of the loads being served, as well as be properly
located and installed to provide reliable service. Furthermore, they must have adequate with-
stand ratings to prevent contact welding due to load, overload, or short-circuit currents.

Automatic transfer switches are required to be electrically operated and mechanically latched
to prevent change of state, open or closed, whenever control power is unavailable.

An ATS permits the transfer and re-transfer of the load automatically when required. Manual
or non-automatic transfer switches are also required to have a mechanical latching feature.
Other requirements such as switch position indication, interlocking, voltage sensing, time
delay, etc., are outlined in NFPA 99-1996 (Chapter 8), the NEC, NFPA 110-1993, and NFPA
111-1993.
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Figure 3-12ÑTime-current characteristics of a typical
inverse-time overcurrent relay
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To permit ease of maintenance, consideration should be given to providing bypass/isolation
switches. These switches will allow normal preventive maintenance and breakdown mainte-
nance to be performed when required with minimal, or no, disruption to patient services.
(Order the bypass/isolation switches to allow maintenance transfers with no loss of power to
loads.)

For additional information on transfer switches, refer to Chapter 5.

3.8.11 Generators

See Chapter 5.

3.8.12 Special wire, cable, and busway

In addition to meeting the general code requirements as noted in the NEC (Chapters 1Ð4),
certain hospital/health care occupancies require special attention (i.e., wire and cable
installed in areas classiÞed as hazardous must meet certain installation requirements of
Class 1, Division 1). One such hazardous area would include any remaining areas where
ßammable anesthetizing agents are used. These areas shall have wire and cable installed in
approved rigid metal raceways utilizing threaded connections that are properly sealed. All
boxes, Þttings, and joints shall be suitable for hazardous locations.

Wiring supplying the primary of isolation transformers is restricted to having not more than
600 V between conductors. Furthermore, the conductors shall have a dielectric constant of
3.5 or less and be color coded as in the NEC (Article 517). Caution is required when install-
ing the conductors in the isolation secondary circuits so as to not increase the conductorsÕ
dielectric constant.

Figure 3-13ÑTypical time-current characteristics for low-voltage protection
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3.8.13 Panelboards

Electrical panelboards should be located as close to the load as possible. Lighting and recep-
tacle panelboards should be located to minimize circuit length to approximately 75 ft
(22.9 m) between the panelboard and load. This close placement reduces voltage drops on the
circuits. Panelboards should be located in electrical rooms, and should have a sufÞcient
number of spare circuits to accommodate future expansion.

Good design and code requirements includes a low-resistance ground path, from all panel-
board ground buses back to the source of power. This will limit shock hazards and provide a
low-impedance path for ground-fault currents in a grounded system.

3.8.14 Isolated power supplies

Isolated power supplies consist of an isolating transformer, motor-generator sets, or batteries,
a line isolation monitor, and the ungrounded circuit conductors and overcurrent protectors.
Refer to Chapter 6 for more on this topic.

3.9 System arrangements

In the design and installation of the electrical power system, careful attention should be
devoted to selecting the proper electrical system arrangement to provide a reliable power
system. A power service consisting of two or more separate dedicated utility service feeders,
fed from separate substations or from separate distribution buses, provide a much higher
degree of reliability than one utility service feeder. Furthermore, the reliability is enhanced
even more if each service feeder is installed separately (i.e., on separate pole lines) so that a
fault in one feeder circuit will not affect the other feeder. This Òtwo feederÓ type of installa-
tion will improve the reliability compared to a single-line service.

Distribution system arrangements should be designed and installed to minimize interruptions
to the electrical systems due to internal failures. Among the factors to be considered as
outlined in NFPA 99-1996 are

a) Abnormal current sensing devices, both phase current and ground current, should be
selected and set to quickly disconnect any portion of the system that is overloaded or
faulted.

b) Abnormal voltage conditions such as single-phasing of three-phase utilization equip-
ment, switching and/or lightning surges, voltage reductions, etc., should be
anticipated.

c) Capability to quickly restore any given circuit after clearing a fault or overload.

d) Ability of system to be modiÞed for accepting increasing loads in the facility and/or
changes in supply capacity.

e) Stability and power capability of the alternate power systemsÕ prime mover during
and after abnormal conditions.
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f) Sequence reconnecting of loads to avoid large transient currents that could trip over-
current devices or overload the emergency generator(s).

g) Feeder and branch circuits should be adequately rated to power their electrical loads
and sufÞcient in number to allow load distribution that will minimize the effect of a
feeder or branch circuit outage.

h) Separate nonlinear loads or high harmonic current loads [such as UPSs and adjust-
able frequency drives (AFDs)] from loads requiring higher quality power.

Most panelboards, motor control centers, busways, and switchboards of the electrical distri-
bution system are installed in electrical rooms. The space requirements and location of these
rooms should be identiÞed early in the preliminary phases of a health care facility develop-
ment. The ideal location for electrical rooms is in the center core of the facility, or in the mid-
dle of large wings, so that branch circuits can be run in many directions, but not to exceed
typically 75 ft (22.9 m) in length. Electrical rooms on adjacent ßoors should be vertically
aligned so that electrical power circuit risers can be installed without excessive bends and/or
inaccessible taps.

The electrical rooms should be large enough to accommodate the existing and future electri-
cal panels, switchboards, and transformers, and permit working space for access and main-
tainability in accordance with the NEC, NFPA 70B-1994, and NFPA 70E-1995. Rooms,
especially those containing dry-type transformers, shall be ventilated to prevent heat buildup
per the NEC (Article 450). Sprinkler heads should not be located in electrical rooms since
their operation could cause loss of normal and emergency power service. However, where
local jurisdictions insist upon installing sprinkler heads in electrical rooms, the highest per-
missible temperature head should be considered for installation, or a Òpre-actionÓ sprinkler
system should be installed. (In a pre-action system, the sprinkler lines are normally dry. They
are charged with water only after several detection devices have operated and/or been con-
Þrmed by other devices such as smoke detectors.)

Large motors have high inrush current characteristics. When supplied from the same power
source that supplies voltage-sensitive equipment, precautions should be taken to prevent
these inrush currents from adversely affecting the voltage-sensitive equipment. In facilities
with one utility service, one method is to provide a separate feeder for supplying the voltage-
sensitive equipment. Another method is to design systems with motor feeders separated from
the general lighting and power feeders on double-ended switchgears or switchboards, to
reduce the effects of motor starting on other electrical loads.

The motors in a health care facility that might cause voltage dip problems include elevators,
air compressors, vacuum pumps, and large chiller motors. However, due to their infrequent
starting (once or twice a day), the chiller motors will seldom present a severe problem if their
starts are carefully scheduled and/or sequenced. The voltage drop problems of all of these
loads can be minimized by electronic (Òsoft startÓ motor starters/controllers) or Òreduced
voltageÓ starters (such as autotransformer starters with closed transitions).

The electric power supply for radiology also needs special attention. The system should be
installed to provide a low-voltage spread (usually 3% or less) to prevent malfunction on the
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x-ray equipment. Also, the x-ray system equipment should also be segregated from other
voltage-sensitive equipment.

3.9.1 Radial system arrangement

3.9.1.1 Smaller facilities

For small facilities, small nursing homes and residential custodial care facilities, a single
service-entrance switchboard, and a small generator can be the major components of the elec-
trical system (see Þgure 3-14). These facilities usually have several normal power panel-
boards fed from the normal power system. If motor loads are to be energized by the
generator, their restoration under emergency conditions can be delayed by using a time-delay
relay in the automatic transfer switch (see Chapter 5) or by adding a time-delay relay in the
motor starter, which is energized by auxiliary contacts within the transfer switch as shown in
Þgure 3-15.

Where there will be signiÞcant emergency power requirements, several transfer switches may
be used to increase reliability. The transfer switches used for the equipment system can be
adjusted to transfer sequentially, thus minimizing generator inrush requirements. However,
the transfer switch(es) serving the life safety system shall transfer within 10 s.

Figure 3-14ÑMajor components of the electrical system
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3.9.1.2 Larger facilities

As health care facilities become larger, additional feeders for normal power loads and essen-
tial electrical power systems will be required. The essential electrical system will thus require
three or more transfer switches, some of which could be non-automatic. Using several
smaller transfer switches, in lieu of a large switch, will contribute to system stability and reli-
ability. Further, reliability can be obtained by placing the transfer switches as close to the ulti-
mate load as possible.

For example, Þgure 3-16 shows two schemes for distributing power through vertical risers.
When an outage occurs in the normal power supply, the transfer switches will direct an alter-
nate power supply to the essential electrical system panelboards. However, if a speciÞc
normal feeder outage occurs, only Scheme A can sense the speciÞc outage and restore power
to the affected panel via the alternate power supply. Scheme A is more reliable than Scheme
B, but is a more costly arrangement. Loss of normal power is sensed at the transfer device to
initiate start-up of the emergency generator via auxiliary contacts. When the voltage and

Figure 3-15ÑTime-delay relay in transfer switch of motor starter
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frequency of the emergency power is in proper limits, and stable, then relays initiate switch-
ing to the alternate power source. Finally, restoration of normal power causes the automatic
transfer switches to return to the normal power source while initiating a shut-down of the
emergency generator. Note that time requirements between switching events are documented
in NFPA 99-1996 (Chapter 8).

3.9.2 Double-ended system arrangement

A double-ended substation should be considered where transformation will exceed 750 kVA.
This is especially true if two utility sources are present.

Figure 3-16ÑTwo schemes for distributing power through vertical risers
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For example, Þgure 3-17 utilizes a normally-open circuit breaker that is interlocked with the
main circuit breaker so that all three circuit breakers cannot be closed simultaneously. Upon
loss of a single transformer or its feeder, the tie circuit breaker can be automatically (or man-
ually) closed and its load can be added to the remaining transformer. Additional beneÞts of
the double-ended substation are lower fault currents than with a single larger transformer.
There is the ability to normally separate motor loads, from lighting and x-ray loads that
require a higher degree of voltage regulation. The design, however, should ensure adequate
voltage regulation when the substation is single-ended.

When double-ended substations are installed, each transformer must safely carry the full load
of the entire substation. Since core losses are a continuous power cost, it is important to
minimize the ÒspareÓ capacity as long as safety, reliability, and good practice are maintained.
During the time of outage of a single transformer, the increased voltage drop, the increased
transformer losses, and the possible loss of transformer life (if overloaded) must be taken into
account. Usually the outage time is minimal, but in the event of a transformer failure,
replacement time may be in the order of weeks. Transformers can be safely overloaded in
accordance with ANSI C57 standards with little or no loss of life; fans can be added to
increase the emergency load capability of the transformer; and, when transformers are
purchased they can be speciÞed with a higher temperature insulation rating than is required

Figure 3-17ÑNormally-open tie protector interlocked
 with the main protectors
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for the normal full-load rating. ÒOversizedÓ transformers not only increase core-loss costs,
but also usually increase the available fault current at their secondary, and possibly require
increased switchgear sizes.

Liquid-immersed power transformers rated 55/65 ¡C rise have a higher overload rating than
units rated 55 ¡C rise. Dry-type power transformers rated 80 ¡C rise and with 220 ¡C insula-
tion have a higher overload rating than 115 ¡C rise units with 220 ¡C insulation. For example,
dry-type power transformers 500 kVA and over should be speciÞed with a temperature rise of
80 ¡C (preferred) or 115 ¡C (alternate).

Liquid-immersed power transformers should be speciÞed to include controls to start the
auxiliary cooling system (fans and pumps) when the temperature at the bottom of the tank
reaches the predetermined temperature.

If the double-ended substation scheme uses a normally open electrically operated tie circuit
breaker that will automatically close upon loss of an incoming feeder, then additional control
and protective relaying shall be added to prevent the bus tie protector for closing when a main
protector has tripped due to overload or short-circuit conditions.

In rare instances, a utility may permit a double-ended substation to be operated with a closed
tie and main protectors. The advantages of using a double-ended substation with mains and
tie normally-closed are better voltage regulation, and ßickerless transfer upon loss of one
power source. The disadvantages are greater complexity, greater fault current, greater cost,
and loss of isolation between sensitive loads and high inrush loads. Also, reliability can be
less since one failure, a bus fault, may cause loss of both buses. The greater complexity
requires that the design engineer carefully coordinates and speciÞes the required additional
protection to assure proper operation. Also refer to the NEC (Article 450) for reverse current
relaying requirements.

3.9.3 Network system arrangement

A network service consists of two or more transformers with their secondary bused together
through network protectors as shown in Þgure 3-18.

The advantages of network service are high reliability, no service interruption when one
feeder is removed from service, and good voltage regulation. The disadvantages are high
cost, high-fault currents, and may include an inability to expand the network service without
increasing the interrupting ratings and sizes of existing components. In metropolitan areas, a
service supplied from the utility-owned network may be available. The utilityÕs network in
cities consists of many network transformers with their secondary tied into a grid of second-
ary cables covering a large area. This network usually allows one primary feeder to be
removed from service at any time, or two primary feeders to be removed from service during
lightly loaded periods without causing undue low-voltage on the secondary grid. Where
demand is over 500 kVA, utilities may opt for a Òspot networkÓ consisting of two to four
network transformers in close proximity with their secondary bused together, but not
connected to the general urban network.
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The network service is considered the most reliable, but also the most expensive type of elec-
trical service. Life cycle costs may be reduced somewhat by having the hospital, rather than
the utility, own and maintain the network transformers in order to qualify for the lower
primary service rate.

The network would be used for very large loads where multiple feeders are required for each
service; no interruptions are permitted on switching of feeders, and the system is fully auto-
matic. The open-ended double-ended substation does not do this.

Figure 3-18ÑNetwork service
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3.9.4 Medium-voltage system arrangements

One of the most commonly used medium-voltage systems for hospitals is the primary selec-
tive system. For facilities with very experienced staffs, the loop system may be considered
also. Both of these systems allow a single cable section or feeder to be removed from service
without a prolonged outage. The use of pre-formed separable connectors in manholes and at
transformers can expedite the isolation, but not the switching, of a faulted cable section. (As a
safety consideration, only dead-front switchgear should be used for switching.) Also, fault
current detectors can be attached to cables, in manholes and certain enclosures, to aid in
locating cable faults. More detailed descriptions of the loop and selective primary systems
can be obtained from IEEE Std 141-1993 (Chapter 1).

3.9.5 Existing system arrangement

Where extensive new load is added to a hospital having an existing substation, it is often
more convenient to add a new transformer to the distribution system, rather than to
change the existing substation unless the existing unit is still adequately rated as shown in Þg-
ure 3-19. Adding a new substation might provide an excellent way to introduce 480 V
distribution, if the older substation is operating at a lower voltage.

Figure 3-19ÑAdequately rated substation
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3.9.6 Metering arrangement

Where more than one service entrance exists, the utility may bill each service independently.
Since most utility rate structures are of a declining cost per block type for both power (kW)
and energy (kWh), the total utility bill for all service will be more than if a single meter were
used. The utility may add the demands (kW) and add the energy (kWh) consumptions and
then calculate the bill as though one meter existed. This combined or additive bill will be less
than the sum of the individual bills and is often referred to as conjunctional billing.

Even with just an additive bill for both kilowatts and kilowatt hours, the advantage of diver-
sity of loads for the demand will still not be realized. This can be obtained by providing
features such as interwiring of demand meters to provide a totalized demand. This is often
called conjuctional billing with coincident demand.

Modern electronic power consumption meters permit various combinations of types of meter-
ing including conjunctional and coincidence features, time-of-day metering, off-peak or
shoulder period metering. It is important that the engineer become familiar with the rate
structures and options available, including special rate structures for certain categories of
users (perhaps public buildings including health care facilities) before beginning negotiations
with regard to electric service.

The design engineer should carefully evaluate the economics, maintenance, and operations
associated with the purchase of medium-voltage vs. low-voltage power. If medium-voltage
power is purchased, then the utility customer usually purchases all of the transformers and
low-voltage equipment and is responsible for maintaining and operating this equipment. The
utility usually will provide lower rates to compensate for the additional purchase and operat-
ing costs that the customer incurs. There may be technical design advantages to having a cus-
tomer-owned, medium-voltage system such as distribution over large areas and for various
switching schemes or even economic advantages in cost of power. However, maintenance of
the medium-voltage system may introduce a level of (owner) responsibility (for safety),
require a trained and experienced staff, and/or incur additional transformer losses and instal-
lation costs, any or all of which may not be justiÞed.

3.10 References

This chapter shall be used in conjunction with the following publications:

ANSI C37.16-1988 (Reaff 1995), Preferred Ratings, Related Requirements and Application
Recommendations for Low-Voltage Power Circuit Breakers and AC Power Circuit
Protectors.3 

3ANSI publications are available from the Sales Department, American National Standards Institute, 11 West 42nd
Street, 13th Floor, New York, NY 10036.
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ANSI C57.12.10-1987, Requirements for Transformers 230 kV and Below, 833/958 Through
8333/10 417 kVA Single Phase, and 750/862 Through 60 000/80 000/100 000 kVA, Three
Phase.

ANSI C57.12.20-1994, Requirements for Overhead-Type Distribution Transformers,
500 kVA and Smaller: High Voltage, 34 500 Volts and Below; Low Voltage, 7970/13 800Y
Volts and Below.

ANSI C57.12.21-1995, Requirements for Pad-Mounted Compartmental-Type Self-Cooled
Single-Phase Distribution Transformers with High-Voltage Bushings (High-Voltage
34 500 Grd Y/19 920 Volts and Below; Low-Voltage, 240/120; 167 kVA and Smaller).

ANSI C84.1-1995, Voltage Ratings for Electric Power Systems and Equipment (60 Hz).

IEEE Std 141-1993, IEEE Recommended Practice for Electric Power Distribution for Indus-
trial Plants (IEEE Red Book) (ANSI).4

IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Commer-
cial Power Systems (IEEE Green Book) (ANSI).

IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commer-
cial Buildings (IEEE Gray Book) (ANSI).

IEEE Std 242-1986 (Reaff 1991), IEEE Recommended Practice for Protection and Coordina-
tion of Industrial and Commercial Power Systems (IEEE Buff Book) (ANSI).

IEEE Std 393-1991, IEEE Standard Test Procedures for Magnetic Cores (ANSI).

IEEE Std 399-1990, IEEE Recommended Practice for Industrial and Commercial Power Sys-
tems Analysis (IEEE Brown Book) (ANSI).

IEEE Std 446-1995, IEEE Recommended Practice for Emergency and Standby Power Sys-
tems for Industrial and Commercial Applications (IEEE Orange Book) (ANSI).

IEEE Std 493-1990, IEEE Recommended Practice for the Design of Reliable Industrial and
Commercial Power Systems (IEEE Gold Book) (ANSI).

IEEE Std 739-1995, IEEE Recommended Practice for Energy Management in Industrial and
Commercial Facilities (IEEE Bronze Book) (ANSI).

IEEE Std 1100-1992, IEEE Recommended Practice for Powering and Grounding Sensitive
Electronic Equipment (IEEE Emerald Book) (ANSI).

4IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.
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IEEE Std C37.010-1979 (Reaff 1988), IEEE Application Guide for AC High-Voltage Circuit
Breakers Rated on a Symmetrical Current Basis (ANSI).

IEEE Std C37.13-1990, IEEE Standard for Low-Voltage AC Power Circuit Breakers Used in
Enclosures (ANSI).

IEEE Std C37.41-1994, IEEE Standard Design Tests for High-Voltage Fuses, Distribution
Enclosed Single-Pole Air Switches, Fuse Disconnecting Switches, and Accessories (ANSI).

IEEE Std C57.12.00-1993, IEEE Standard General Requirements for Liquid-Immersed Dis-
tribution, Power, and Regulating Transformers (ANSI).

IEEE Std C57.12.59-1989, IEEE Guide for Dry-Type Transformer Through-Fault Current
Duration (ANSI).

NEMA AB 1-1993, Molded Case Circuit Breakers and Molded Case Switches.5

NEMA AB 3-1991, Molded Case Circuit Breakers and Their Application.

NEMA PB 2.2-1988, Application Guide for Ground Fault Protection Devices for Equipment.

NEMA SG 2 -1993, High-Voltage Fuses.

NETA Electrical Acceptance Testing SpeciÞcations.6

NFPA 70-1996, National Electrical Code¨ (NEC¨).7

NFPA 70B-1994, Electrical Equipment Maintenance.

NFPA 70E-1995, Electrical Safety Requirements for Employee Workplaces.

NFPA 99-1996, Health Care Facilities.
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Additional information may be found in the following sources:

[B1] Accredited Standards Committee C2-1997, National Electrical Safety Code¨ (NESC¨)
(ANSI).

5NEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste.

1847, Rosslyn, VA 22209.
6NETA publications are available from the International Electrical Testing Association, P.O. Box 687, Morrison, CO
80465, tel. (303) 697-8441.
7NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
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[B3] Beeman, D. L., ed., Industrial Power Systems Handbook. New York: McGraw-Hill,
1955.

[B4] Blackburn, J. L., ed., Applied Protective Relaying. Trafford, PA: Westinghouse Electric
Corporation, Printing Division, 1976.

[B5] Fischer, M. J., ÒDesigning Electrical Systems for Hospitals,Ó vol. 5 of Techniques of
Electrical Construction and Design. New York: McGraw-Hill, 1979.

[B6] IEEE Std 446-1995, IEEE Recommended Practice for Emergency and Standby Power
Systems for Industrial and Commercial Applications (IEEE Orange Book) (ANSI).
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[B8] Mason, C. R., The Art and Science of Protective Relaying. New York: John Wiley and
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[B9] NFPA 110-1993, Emergency and Standby Power Systems.
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Chapter 4
Planning for patient care

4.1 General discussion

Electrical power is of ever-increasing importance in the planning and design of health care
facilities and hospitals. Because of this, it is important that the electrical engineer designing a
hospital locate the correct device in the correct location. This arrangement should optimize
patient care, as electrical power can dictate the patientÕs comfort and even affect life-and-
death situations. This chapter is divided into four clauses. The typical wiring devices utilized
in a hospital are discussed in 4.2, while some suggested Ògood practiceÓ in laying out patient
areas are discussed in 4.3. The devices described in 4.2 are shown in 4.3. Information on
references can be found in 4.4.

4.2 Wiring devices

4.2.1 General

In general, hospitals have two sources of power available, normal and emergency. It is vital
that the wiring devices on emergency power be easily identiÞed. This reduces the time wasted
locating receptacles to power life-support equipment when even seconds are critical. There
are two ways to identify devices: (1) by a distinctive color, such as red, or (2) by labeling.
Marking with a distinctive color is not only easier and less costly than labeling but can pre-
vent confusion later. For instance, when painters remove the lettered emergency and normal
cover-plates, there is no longer a distinction between devices. Also, since emergency recepta-
cles in critical care areas must have panelboard and circuit number labels, the device cover-
plates tend to become cluttered. The distinctive color is also easily spread into other portions
of the emergency systems (such as lighting control) to maintain uniformity. Consideration
should be given to using lighted emergency power receptacles in any patient areas that do not
have emergency lighting, thus making the receptacle easier to Þnd in the near-darkness of a
power outage. Devices in a hospital need to be mounted for easy use by staff and patients.
Since a large number of hospital patients spend time in wheelchairs, special attention should
be given to ÒhandicappedÓ requirements. These requirements are typical of occupational ther-
apy areas [aids to daily living (ADL)] and are described in 4.3.9 b). It is to the advantage of
all patients and staff if all receptacles are mounted 24 in (610 mm) above the ßoor [see 4.3
and 4.3.9 b) 2)]. This mounting height will reduce the fatigue caused when staff members
must repeatedly bend down to connect or disconnect a plug.

4.2.2 Hospital grade receptacles

Application. In accordance with the National Electrical Code¨ (NEC¨) (NFPA 70-1996)1,
hospital grade receptacles are listed as suitable for use in health care facilities. Health care

1Information on references can be found in 4.4.
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facilities are deÞned in NEC Article 517 as: ÒBuildings or parts of buildings that contain, but
are not limited to, hospitals, nursing homes, residential custodial care facilities, clinics,
medical and dental ofÞces, and ambulatory health care facilities, whether Þxed or mobile.Ó

The receptacles, plugs, and cable connectors should be UL listed ÒHospital GradeÓ (see UL
498-1993). The ÒHospital GradeÓ receptacle meets ULÕs additional test criteria for grounding
path integrity through superior mechanical and electrical characteristics. Among these
criteria, and perhaps of primary importance to the health care facility, are stringent minimum
retention and ground resistance speciÞcations. While it is true that some ÒSpec GradeÓ
receptacles are of high quality and are similar to those UL listed as ÒHospital Grade,Ó no
formalized standards exist for a ÒSpec GradeÓ receptacle. Consequently, it is very difÞcult to
control the desired quality level and minimum standards when a project or purchase order
speciÞcation lists ÒSpec GradeÓ as its only requirement. ÒHospital GradeÓ receptacles are
presently required in critical care areas per the NEC and have been mandatory in general care
area patient bed locations since 1 January 1993 under postponed implementation of NEC
Article 517-18(b). However, it should be noted that most engineers have been specifying and
most hospitals have been using ÒHospital GradeÓ receptacles in all patient care areas since
they have become available.

Parallel blade devices should be mounted ground pin or neutral blade up. In this conÞguration
any metal that drops between the plug and the wall will most likely contact a nonenergized
blade. 

While either 15 A or 20 A receptacles are permitted, it is highly desirable to use only 20 A
within a health care facility. This allows for greater ßexibility in equipment usage, and
simpliÞes stocking of replacement receptacles. Additionally, it should be noted that where
only a single receptacle is used on a 20 A circuit, it must be rated 20 A.

4.2.3 Hospital grade isolated ground receptacles

Application. These receptacles are used where separation of the device equipment ground and
the building ground is desired in order to protect sensitive equipment from malfunction due to
transient currents (electrical noise) on the equipment grounding path. This is normally when
digital electronic equipment is used, including microprocessor-based instrumentation, com-
puter cash registers, computer peripherals, and digital processing equipment. NEC Articles
517-16 FPN and 517-1(c) require careful planning of isolated grounding systems in patient
locations to avoid compromising either low ground path impedance or effectiveness of the
isolated ground system.

4.2.4 Hospital grade tamper-resistant receptacles

Application. Tamper-resistant receptacles prevent contact with an energized contact in the
receptacle unless a plug is inserted. Pediatric locations and psychiatric locations (only if the
receptacle manufacturer speciÞcally indicates suitability for psychiatric locations) should use
these receptacles exclusively to comply with NEC Article 517-18(c). When selecting tamper-
resistant receptacles, the type that makes and breaks internal switching contacts is not
generally recommended where life support equipment may be needed. While it is not a
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requirement, consideration should be given to the use of tamper-resistant mounting screws
for switch and receptacle wall plates in pediatric and psychiatric locations.

It should be noted that certain dedicated psychiatric isolation rooms might be better served by
not having any receptacles. In these cases ßush tamper-resistant ceiling lights with the switch
located outside the room would be indicated.

4.2.5 Hospital grade ground-fault circuit interrupter receptacles and ground-
fault circuit interrupter circuit breakers

Application. Ground-fault circuit interruption (GFCI) can be provided by either GFCI circuit
breakers or GFCI receptacles. GFCI protection is mandated by the NEC for wet locations,
where interruption of power is acceptable. If interruption of power is not acceptable (e.g., in
areas where life support equipment may be used), an isolated power system should be used.

GFCI receptacles offer the advantage of local trip indication and reset, at least where they are
not used in the feed-through mode. This can be an important consideration when selecting
between the circuit breaker or receptacle integrated GFCI device.

4.2.6 Anesthetizing location receptacles

Application. Certain UL listed ÒHospital OnlyÓ conÞgurations are manufactured as both
hazardous location and nonhazardous location devices. Hazardous location receptacles are
interlocked with an internal switch. Hazardous location plugs will close the switch, whereas
nonhazardous location plugs will not.

The use of explosive anesthetizing agents is virtually nonexistent and therefore the need for
operating rooms designed for their use no longer exists. The NEC permits the use of
ÒHospital GradeÓ receptacles within anesthetizing locations so long as they are within
nonhazardous areas. The current trend is to equip anesthetizing locations with these lower-
cost receptacles. Additions to existing surgical suites must be reviewed carefully before
receptacles are speciÞed, since generally a mix of ÒHospital OnlyÓ and ÒHospital GradeÓ
receptacles is not desirable. Changing the plugs on dedicated equipment used in the operating
room suite or changing out existing ÒHospital OnlyÓ receptacles may prove more costly than
providing the addition with ÒHospital OnlyÓ type receptacles.

4.2.7 Mobile x-ray plugs and receptacles

Application. X-ray plugs and receptacles should be noninterchangeable with any other
equipment plugs. This prevents high-impulse loads on branches and feeders that were not
designed for such service. X-ray devices come in 50 A and 60 A models; 50 A plugs can be
connected to either a 50 A or 60 A receptacle, while a 60 A plug can only be connected to a
60 A receptacle. When locating these receptacles, the force required to insert the plug must be
considered. These receptacles have a spring-eject type feature that guarantees that the plug
will be fully inserted. Because of the insertion pressure required, they should be mounted at a
minimum of 30 in (735 mm) above the ßoor.
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4.2.8 Wallplates

Application. Any UL listed wallplate is suitable for health care facilities. Stainless steel
wallplates are the most durable but plastic wallplates provide color matching. Wallplates
should be made of impact-resistant construction, and manufactured of high-impact plastics,
stainless steel (type 304 or better), or anodized aluminum. All plates should hold up under
frequent cleaning with hospital cleaning chemicals. Tamper-resistant mounting screws should
be used with switch and receptacle wallplates in pediatric and psychiatric locations.

4.2.9 Headwall units

The use of prefabricated patient care units (headwall units) is now so prevalent as to be
almost standard in both renovation and retroÞt projects, as well as in new construction
projects. Headwall units can and are used in all patient care areas of the hospital. It should be
pointed out that the term ÒheadwallÓ is general and applies to many units that are not even
remotely similar to ÒwallsÓ (see Þgure 4-7).

Headwalls normally contain electrical power distribution systems. While headwall units do
contain some mechanical equipment and could be considered architectural, they are
considered more of an electrical device than anything else and, consequently, they are
typically speciÞed by the electrical engineer.

a) Considerations. Several basic reasons for using headwall units are: future ßexibility,
serviceability, shortened construction schedule, superior appearance, expenditure
deferral, cost savings, etc. Perhaps the reason for the rapid rise in popularity of
headwall units is that the advantages of using them can be appreciated by the nurse,
patient, administrator, maintenance department, architect, engineer, and contractor.

Nursing personnel will Þnd the pre-planned component locations accessible and
convenient, resulting in fast, efÞcient patient service, thereby maximizing the
patientÕs comfort. Hospital maintenance personnel Þnd the quality headwall both
durable and easily serviced. Hospital administrators Þnd that they can defer the cost
of the headwall along with all of the equipment it contains until just shortly before
the hospital is scheduled to open. Architects and engineers Þnd that both design and
coordination of services are greatly simpliÞed for both new or remodeling
construction. Contractors Þnd that their jobsite labor costs are signiÞcantly reduced
and their coordination of service problems at the patient location also can be greatly
reduced.

b) Selection. While the selection and speciÞcation of headwall units is far simpler than
locating and specifying the individual services within the structural wall, time,
thought, and some study are necessary in order to ensure that everyoneÕs needs as
well as the needs of the area served are satisÞed. Whenever possible, the medical
team responsible for that area of the hospital to be served by the headwall in question
should be consulted as to quantity, location, and type of equipment required to serve
the patients in that area. After a design has been selected, it is helpful to review the
choice through the use of a full-size mock-up or full-size drawing. ConÞrming
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locations and dimensions in this fashion can eliminate some undesirable surprises
after the unit is installed. The architect should be consulted on color selection.

Due at least in part to the widespread acceptance of the headwall concept, many
styles of headwalls are available for the speciÞerÕs choice. Oftentimes, several types
are available from a single manufacturer. The style or type selected will often be
dictated by the medical team requirements. Figure 4-1 illustrates what is commonly
referred to as a short wall designed for use in a general care patient area. This
construction is generally used where space is at a premium and the area below the
wall is required for placement of a bedside table or similar equipment. As shown in
Þgure 4-2, the junction boxes for the various services are located within the wall. A
wall mounting bracket becomes the top of the wall and a suitable termination point
for services before the wall is in place. Note the drawing of the wall in Þgure 4-3,
which shows the junction box located as an integral part of the wall mounting bracket
above  the  ceiling.  This  section  can  be  scheduled to arrive at the jobsite during the 

Figure 4-1ÑShort wall designed for use in a general care patient area
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rough-in stages and becomes the termination point for the services. Either method is
acceptable; the important thing is to have a method of terminating services without
having to install the headwall unit. Figure 4-4 is an illustration of a full, single-
section general care wall. This type of unit, as well as the single-section short wall,
can be designed for a location with either a single bed or two patient beds.

The headwall, by necessity, contains considerably more equipment when it is
designed to serve an intensive care or coronary care patient. Figures 4-5 and 4-6
illustrate a three-section and a single-section wall, both of which are designed to
serve an intensive care unit/coronary care unit (ICU/CCU) environment. The three-
section wall allows the luxury of dividing the equipment on both sides of the patient.
Better segregation of medical gases and electrical receptacles is maintained. If a

Figure 4-2ÑJunction boxes located within the wall
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single-section wall is used for an ICU/CCU area for economical reasons, it is recom-
mended that at least one duplex receptacle be placed on the side of the bed opposite
the headwall unit. This should also be considered in general care areas. Another
difference between the walls shown in Þgure 4-5 and Þgure 4-6 is that the unit in
Þgure 4-5 uses both vertical and horizontal placement of the equipment, whereas the
unit in Þgure 4-6 is an illustration of the unit using horizontal placement only. Each
of the design methods has its beneÞts and advocates. It is an area in which personal
preference often plays an important role. It should be pointed out that many times
manufacturers will make both design versions to meet the individual requirements of
their customers.

One other popular variation of the ICU/CCU wall, although it is not illustrated here,
should be noted, that is, the use of a single-section module on each side of the bed
without the use of a center section. This variation provides the advantages of greater
equipment placement ßexibility at somewhat less expense than the full three-section
wall.

Figure 4-3ÑJunction box located as integral part of
wall mounting bracket above ceiling
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The unit illustrated in Þgure 4-7 would perhaps more appropriately be called a
neonatal service console, rather than a headwall unit. However, it does fall under this
general category and units of this type are being used extensively. The unit pictured
here is intended for a neonatal intensive care area and can be used as an island unit or
installed against a structure wall. It often provides storage facilities and work areas as
well as the normal electrical and mechanical patient services. Variations of this unit
have also been used in adult intensive care areas.

Figures 4-8 and 4-9 show another variation of the headwall that has recently been
Þnding great favor among hospitals. These are free-standing service columns that
offer the advantage of greater access to the patient. The head of the patient bed is gen-
erally located 2Ð3 ft from the closest wall, thereby allowing medical personnel an
immediate access to that area behind the patientÕs head. These service columns do
require more ßoor space per patient than the ßat column concept in order to fully
utilize all the advantages that they offer. Careful consideration should also be given to
trafÞc patterns as well as patient visibility.

Figure 4-4ÑFull single-section general care wall
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It can readily be seen that Þrm recommendations on the selection of headwall units
are not practical due to the many variables from project to project. Consideration
should be given to medical team practices and preferences, available space, hospital
specialties, and hospital budget.

c) Medical gas services. The speciÞcation for medical headwall units should clearly
state the type and style of desired medical gas outlet. The outlets can be furnished by
the headwall manufacturer, or the mechanical contractor can be requested to furnish
these devices to the headwall manufacturer. The former is the most desirable since it
allows the headwall manufacturer to coordinate delivery times directly with the
manufacturer. Additionally, there is often more than one mounting method available
within a given style of outlet, and allowing the headwall manufacturer to do the
ordering diminishes many of the coordination problems that could otherwise be
encountered.

The medical gas outlets are most commonly located on one side of the patient even
within an intensive care environment. However, there are times when the medical
team will request outlets on both sides of the patient, and this is of course possible
when multisection headwalls are used. The medical gas outlets should be maintained
within the headwall and the piping should be brought out to an area that would be
convenient for the mechanical contractor to make the Þnal connections. This is

Figure 4-5ÑBoth vertical and horizontal placement of equipment
99



 

IEEE
Std 602-1996 CHAPTER 4

 

generally at the top of the unit and the connections are made above the lay-in ceiling.
Where the medical gas outlets are all located on one side of the patient, a single pipe
for each service is extended to the top of the headwall. An approximately 6 in stub is
allowed for Þnal connection. Where gas outlets are furnished on each side of the
patient in a multisection wall, it is not practical to manifold the piping from both
sides within the headwall. The speciÞcation should clearly show that the contractor
will have to make the Þnal connections to each set of gas outlets external to the
headwall.

It is important that the headwall manufacturer install and test the mechanical gas
outlets and associated piping in accordance with the speciÞcation in NFPA 99-1996.
It should be pointed out that this testing does not excuse the mechanical contractor
from performing a Þnal system test that would include the piping and outlets
contained within the medical headwall unit. These test requirements are also
contained within NFPA 99-1996.

The spacing of medical gas outlets is critical since in use they will have collection
containers and pressure-regulating devices extending both above and below the
outlet. There will also be tubing running between these devices and the patient.

Figure 4-6ÑUnit using horizontal placement of equipment
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Coordination with the hospital team responsible for these services to determine the
exact size of the equipment to be used is essential. The general rule for spacing is to
leave a minimum of 4.5 in centerline-to-centerline, between outlets horizontally, and
12Ð14 in between outlets vertically. While these are the general minimums, the
speciÞc use to which the outlets will be placed and the equipment they will
accommodate will sometimes allow some reduction in these numbers; however,
careful consultation with the hospital personnel and the gas equipment manufacturer
before such reductions are undertaken is required.

The accepted manifold pipe sizing is shown table 4-1.

Table 4-1ÑMedical gas manifold pipe size

No. of 
outlets

Gas service type

Oxygen Air Vacuum

1 1/4 in ID 1/4 in ID 1/4 in ID

2 1/4 in ID 1/4 in ID 1/2 in ID

3 1/4 in ID 1/4 in ID 3/4 in ID

4 1/4 in ID 1/4 in ID 3/4 in ID

Figure 4-7ÑNeonatal service console
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Figure 4-8ÑFree-standing service column
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Figure 4-9ÑTriangular free-standing service column
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Generally, some type of storage facility in the headwall or hanging facility is required
for vacuum collection receptacles. Reusable bottles, disposable bottles, and
disposable plastic bags are all used for this purpose. While a hospital may use only
one of these types of receptacles, at the moment there is no assurance that they will
not expand their usage to other types. Therefore, vacuum bottle slides should be
furnished as an absolute minimum, and if it is known that bottles will be used, the
convenience of a vacuum bottle storage tray or tub is recommended. The vacuum bot-
tle tub provides an easily cleaned and protected location for vacuum bottles, and also
allows for storage of an empty bottle for immediate use. As an alternative to the bottle
tub, a long (36 in) vacuum bottle slide may be incorporated.

d) Electrical services. The headwall unit can, and usually does, contain all of the
electrical services required to serve the patient. The minimum services required are
described in 4.2. Equipment that can be accommodated within the headwall would
include patient and general lighting, examination lighting, power receptacles, ground
jacks, isolated and grounded electrical distribution systems, clocks and timers, porta-
ble x-ray outlets, night lighting, low-voltage electrical lighting systems, emergency
electrical services, etc.

Typically, a general care wall would contain four duplex receptacles per patient.
Intensive care walls would contain six to nine duplex receptacles per patient.

Normal lighting in a headwall unit would consist of an overbed ßuorescent Þxture
providing two 30 W lamps for up lighting or general illumination, and one 30 W
lamp for patient reading light or bed light use. At a minimum the down light should
be controllable by the patient. A night light should be provided and should be located
below the bed level so as to minimize patient disturbance. Low-level chart lights are
best provided within the ßuorescent overbed Þxture. These lighting speciÞcations are
applicable to both general care and intensive care areas. For additional information
on patient area lighting, see Chapter 7.

Examination lights are generally required in all areas and they are available in a large
range of styles and prices. They can, for instance, be high-intensity lighting units
mounted in the ceiling over the bed and controlled by switching in the headwall unit.
The most universally accepted are of the adjustable arm type, which are attached to
the headwall or the overbed light Þxture. General care areas require only an incandes-
cent-type exam light, which can also double as an over-the-shoulder reading light.
Intensive care usually calls for some type of high-intensity lighting with a better color
balance. The extended arm type of lighting can create some obstruction problems
and, therefore, location of these lights should be given careful thought so as to pre-
clude interference with other equipment.

e) Communication services. The headwall should contain minimal communication
services as described in other areas of this chapter. However, it is recommended that
this equipment not be furnished by the headwall manufacturer. For best coordination,
the headwall should contain provisions for the nurse call, emergency call, and
telephone services. These provisions should include a backbox of sufÞcient size to
accept the equipment and raceways from that backbox to an appropriate junction box
located at the top of the headwall. Installation should be possible without disassem-
bly of the headwall other than that necessary to expose the entrance junction box at
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the top of the headwall. Conduit size should be carefully speciÞed so that it will
accommodate the necessary cable and connectors. 

f) Miscellaneous services. A number of services that can be provided in a headwall unit
could fall under the category of miscellaneous. Almost any patient service item can
be incorporated into a medical headwall. Some are so commonly used as to be almost
standard. For example, physiological monitor provisions are almost always furnished
on a headwall intended to be used in an intensive care area. The physiological moni-
tor is commonly supplied by the headwall manufacturer. The manufacturer must be
furnished with the correct brand and catalog number of physiological monitor that
the hospital intends to use. Sometimes this information is not available until after
shipment of the headwalls is required. In that event, provisions for the monitor
bracket can be made and shipment of the actual bracket is delayed until the hospital
has made its choice of monitor. One duplex power receptacle should be located
immediately behind the bracket for convenient connection of the equipment. The
physiological monitor outlet (electronic signal) is handled in the same manner as the
nurse call. That is, the box size should be speciÞed (generally a two-gang electrical
box) and this box is connected to an entrance compartment at the top of the headwall
with its own raceway or conduit. If a patient physiological outlet provision is desired,
another box near the patient level is provided and connected to the physiological
outlet junction box by separate conduit. Care should be taken in specifying the
correct size conduit so that it will accommodate the necessary cable and connectors.

Services not so commonly found are hyperthermia provisions and renal dialysis
provisions. In the case of hyperthermia, the headwall unit may contain the necessary
plumbing and a portable hyperthermia unit can be plugged into the headwall by quick
disconnects. In other cases, the entire hyperthermia unit may be permanently housed
within the headwall. The provisions provided in the headwall for renal dialysis would
be the correct electrical services as well as pressure water connections and drain
connections. These connection points would be of the quick-disconnect variety.

Various mechanical devices can be provided in or on the headwall unit. As an
example, sphygmomanometers of various types can be furnished by the headwall
manufacturer, or provisions for mounting them can be speciÞed. Mechanical rail
systems for hanging medical instrumentation can be supplied by many of the
headwall manufacturers and accommodate equipment such as profusion pumps,
respirators, etc.

It becomes apparent that neither the electrical engineer nor the architect can specify
the proper equipment without a great deal of guidance from the hospital medical
team. Communication and coordination with this group is absolutely mandatory in
order to obtain satisfactory headwall design.

g) SpeciÞcations. It is virtually impossible to write a general speciÞcation that would
cover the wide variety of headwall units available in the marketplace today. These
speciÞcations should be tailored to the speciÞc designs that are Þnally selected. In
selecting the equipment within a headwall unit, care should be taken to comply with
all applicable standards. Aside from local and state standards, those of importance to
hospital design are the NEC and NFPA 99-1996.
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The speciÞcation for any headwall unit should clearly demand that the entire unit be
UL listed and labeled. This should include all accessory equipment that is provided
with the headwall, such as vacuum bottle tubs. This assures both the electrical
engineer and the user, as well as the local code authorities, that all currently
recognized standards are being followed in the construction of the headwall, and that
the materials used will pass stringent ßamespread and smoke emission regulations for
this occupancy. Clients should be discouraged from using a design that cannot be UL
labeled. They may have to sacriÞce some feature or material that they desire, but they
must be convinced that such sacriÞce will yield a safer installation.

4.2.10 Patient consoles

A patient console is a strip of outlets and equipment. The console can be part of a headwall
unit or self-contained. It provides a rigid, aligned mounting system, which consolidates many
varied outlets into a homogeneous unit. It can also provide spaces for future expansion. When
the console is self-contained, future additions of outlets will require some cutting and
patching. This device can be difÞcult to mount in the headwallÑsteel studs, double studs,
etc., must be designed into the wall. However, all the outlets will have a consistent
appearance. These units are not designed for easy future ßexibility.

4.3 Typical patient care areas

In all patient areas, several items should always be kept in mind. Outlets of all types are
installed for someone to use. As simple as this sounds, receptacles are still installed too close
to the ßoor and often behind beds and equipment. In patient care areas, the ability to obtain
the function desired quickly (respiration, cardiac level, etc.) could save a life or prevent
permanent damage to a patient. It is for this reason that elevations of equipment and outlets
should be checked. Medical gas outlets should never be mounted directly above electrical
outlets, as the regulators will obstruct the receptacles. If receptacles and ground jacks are to
be mounted in an over-under conÞguration, the ground jack should be installed below the
receptacles. This is due to the logical order of insertion of plugs (that is, if the ground jack
were installed above the receptacle, once the ground cable is connected it will hamper the
insertion of the power plug since the hanging cable obstructs the receptacle). Receptacles
should be mounted 24Ð48 in (588Ð1176 mm) above the ßoor, to make them accessible to a
visitor or to a patient in a wheelchair and also to lessen the fatigue on staff members who
must constantly bend over to connect and disconnect equipment [see 4.3.9 b) 2)]. Any area
that uses life support devices should have an alternate power system available that can be
reached with a 50 ft (14.7 m) extension cord. Consideration should be given to making the
entire area a dual power source area, having one alternate (emergency or normal) power
receptacle at each bed. Outlets should always be located so that cords connected to them
provide the minimum amount of hindrance to the staff.

Each vacuum outlet needs space not only for a regulator on the outlet but also for a vacuum
collection bottle either on the outlet, on a slide, in a rack, or on the ßoor. If patients from one
area can overßow into another, these overßow beds should be designed to the most stringent
requirements. As an example, if general care beds are sometimes used as acute care beds they
should be designed as acute care beds.
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4.3.1 Patient rooms

a) Light care bed locations. Patients in these areas are normally ambulatory, hospital-
ized for diagnostic testing, physical therapy, or for post-operative and pre-operative
observation. They could be undergoing ultrasound, thermography, or radiological
examinations. This class of patient requires little nursing care. However, as the age of
the patient increases, the care required could approach that of acute care. In some
facilities these spaces are listed as hospice or long-term care. 

1) Medical gases. One vacuum outlet between two beds is required for oral suction
or sump drains (drains placed in an incision to drain ßuid while under slight
vacuum). One oxygen outlet at each bed is required for oxygen therapy or
intermittent positive pressure breathing (IPPB). IPPB can be administered pre-
and post-operatively.

2) Electrical power outlets. An electrical outlet located on the headwall or head-
wall column is required for each of the following:

i) Electric bed

ii) Portable suction

iii) Treatment use (e.g., K-pad)

iv) Electrocardiograph (EKG) machine for inpatient test or for an additional
K-pad

v) Television set

vi) Patient equipment, shaver, etc.

vii) Respiratory therapy equipment

When K-pads (hospital heating pads) are used to treat phlebitis, normally both
arms or both legs are treated. In the case of an obese person, two K-pads may be
required for each leg. K-pads are also used to treat blood clots and ulcer
patients.

3) Communications. A system should be available at each bedside for both patient
and staff to summon help.

b) Acute care bed locations. Acute care represents about 80Ð85% of the inpatients in a
hospital. These patients usually rely on machines of some type and require more
nursing care than the light care patient. They may have stomach disorders or require
oxygen treatment or suction bags. Post-operative patients, accident victims, and
people with medical disorders can usually be found in acute care beds. The vast
majority of hospitals being built today are acute care hospitals since more procedures
every year are being done at clinics and on an outpatient basis.

1) Medical gases. Two vacuum outlets should be provided at each bed. One
vacuum outlet is for oral suction, while the other is for a sump drain.
Increasingly, surgeons are using two sump drains on one patient; this requires
both vacuum outlets. One oxygen outlet should be provided at each bed as most
acute care patients require either oxygen or oxygen-related therapy. It is
suggested that one medical air outlet be provided for the respiratory therapy
equipment.
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2) Electrical power outlets. A typical acute care patient may be a post-operative
surgical patient, who is classiÞed stable. The patientÕs electrical requirements
include outlets for the following:

i) Electric bed

ii) Chest pump

iii) Portable suction

iv) K-pad

v) IVAC machine (used to monitor intravenous solution drips)

vi) Patient appliance (e.g., shaver) or other portable suction (i.e., if the patient
has two sump drains); this could also be used for monitoring or test
equipment

vii) Television set

viii) Respiratory therapy equipment

Depending on the intensity of the care offered in the area, emergency power is
recommended for at least one duplex outlet. These should be in the headwall. It
is recommended that six outlets (three duplex receptacles) be installed.

3) Communications. A system should be available at each bedside for both patient
and staff to summon help. 

4.3.2 Coronary care areas

Coronary care patients vary from electrically susceptible critical list patients to patients ready
for release. Depending on the size and operating procedures of the hospital, noncritical
patients may be transferred to stepdown and later to acute care.

a) Medical gases. Each patient bed should be equipped with two vacuum outlets for
suction. Also, each bed should have three oxygen outlets and one medical air outlet
for respiratory care. Each oxygen outlet can supply approximately 10 L/min, while a
patient on 100% oxygen can breathe 30 L/min.

b) Electrical power outlets. The NEC permits the use of single-phase grounded power
circuits for this area. There are some states that still require the use of ungrounded,
isolated power, and some hospitals who prefer to use them. This is permitted by the
NEC. Where this is the case, speciÞcations for isolation systems are the same as those
found in Chapter 6 for use in ßammable anesthetizing areas. It is recognized that iso-
lation systems do contribute to overall electrical safety and continuity of power in the
event of a line-to-ground fault.

Eight electrical outlets or four duplex outlets should be provided, as cardiac patients
can use many pieces of electrical equipment at one time, including the following:

1) Heating water in respirator

2) Suction for nasal gastric tube
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3) Swan ganz line

4) Chest pump

5) Electrical bed (if the patient is transferred to the unit from another part of the
hospital in Òdistress,Ó the bed is not usually switched until the patientÕs condition
is stable)

6) Rotating tourniquet

7) IVAC machine (used to monitor intravenous solution drips)

8) Respiratory therapy equipment

The lights over the bed should have both a high and a low level.

Each bed shall have at least one dedicated outlet. Emergency power shall be supplied
for use with a respirator in coronary care. Circuit breakers should be near the bed and
clearly labeled. Consideration should be given to placing a circuit breaker panel in
the room.

c) Communications. A system should be available at each bed for both patient and staff
to summon help. In these coronary care beds, special consideration should be given
to the increased chance of cardiac arrest. Also, a cardiac arrest alarm should be
provided with an automatic trip from the monitor and an elapsed time clock to start
upon cardiac arrest.

4.3.3 Intensive care areas

The intensive care bed may be used for:

Ñ Surgical post-operative patients
Ñ ArtiÞcial ventilation of patients
Ñ Treating for shock
Ñ Cardiac monitoring of post-operative patients
Ñ Pacemaking
Ñ Peritoneal or haemodialysis
Ñ Biochemical correction of severe metabolic disorders

Facilities for portable x-ray use should always be provided. The ICU isolation room can be
used to perform tracheotomy or haemodialysis. ICU special patient treatments may include
the following:

Ñ Maximum care (breathing and tetanus insufÞciency)
Ñ Hyperbaric oxygen treatment
Ñ Induced hypothermy (Ð12 ¡C)

a) Medical gases. Three vacuum outlets, two oxygen outlets, and one medical air outlet
for respiratory care should be provided at each bed. The vacuum outlets are most
often used for post-operative patient drains.

b) Electrical power outlets. The NEC permits the use of single-phase grounded power
circuits for this area. There are numerous hospitals that prefer to use ungrounded,
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isolated power in these areas and this is speciÞcally permitted by the NEC. Where
this is the case, speciÞcations for isolation systems are the same as those found in
Chapter 6 for use in ßammable anesthetizing areas. It is recognized that isolation
systems do contribute to overall electrical safety and continuity of power in the event
of a line-to-ground fault.

At least eight outlets or four duplex electrical outlets should be provided, as cardiac
patients can use a lot of electrical equipment at one time, including:

1) Heating water in respirator

2) Suction for nasal gastric tube

3) Swan ganz line

4) Chest pump

5) Electrical bed (if the patient is transferred to the unit from another part of the
hospital in Òdistress,Ó the patient is not usually moved from the electric bed until
the patientÕs condition is stable)

6) Rotating tourniquet

7) IVAC machine (used to monitor intravenous solution drips)

8) Respiratory therapy equipment

The lights over the bed should have both a high and a low level.

Each bed must have at least one dedicated outlet. Emergency power must be supplied
for use with a respirator in intensive care. Circuit breakers should be near the bed and
clearly labeled. Consideration should be given to placing a circuit breaker panel in
the room.

c) Communications. A choice should be available for music or quiet in the bedÑquiet
for ulcer patients, and music to calm or entertain other patients. A nurse call system
should be available at each bed for both patient and staff to summon help. Also, a
cardiac arrest alarm should be provided with an automatic trip from the monitor and
an elapsed time clock to start upon cardiac arrest.

4.3.4 Emergency suites

An emergency department may consist of trauma, treatment, and minor operating and exam
rooms, where a variety of medical procedures takes place. These procedures range from
treating accident victims to delivering babies and to typical outpatient work during off-hours.
A minor operating room (OR) should be treated as a small surgery room. One class above the
minor OR is the trauma room where somewhat similar operations take place without the
inhalation anesthetic. General anesthetics are not normally used in the emergency room. Both
these rooms can involve invasive procedures, and special care should be used as
these patients can be electrically susceptible. In some hospitals, babies will be delivered in an
obstetrics/gynecology (OB/GYN) room on an emergency basis. This is most apt to happen
when a hospital closes its maternity wing or when it is near a poverty-stricken urban area and
does not have a maternity wing. The rooms in any emergency department must be analyzed
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by the governing body of the hospital as to their probable use. The patient holding rooms
should be treated as acute care beds as these are used to watch developments. Typically,
various emergency department rooms should be designed like the same type of room as found
elsewhere in the hospital (i.e., a cardiac room is much like a CCU treatment room). Some
emergency suites have surgery rooms while others have a less intense treatment philosophy.
The hospital must be contacted for the usage.

4.3.5 Surgical room

There are many types of surgical procedures, each with its own set of criteria. The most
important point in surgery room layout is how the room will function. Description of
function, typical procedures, and trafÞc patterns can be obtained from the hospital planner(s)
who planned the suite. Care should be exercised in equipment layout to prevent obstruction to
trafÞc in the surgery room.

a) Medical gases. Medical gases need to be determined by both the medical procedures
to be performed and the surgical staff operating procedures.

b) Electric power outlets. Emergency isolated power is required. Due to the large
quantities of equipment used in surgery, 16 electrical outlets (8 duplexes, if straight
blade devices are used) are recommended. The distribution and placement of these
receptacles throughout the room should be determined after consultation with the
surgical staff. This will minimize interference with planned procedures. Provisions
for portable x-ray and/or ßuoroscopy machines are also generally required; the
electrical requirements of this equipment vary greatly. Consideration should be given
not only to existing equipment but also to equipment planned in the near future.

4.3.6 Pediatrics

The pediatrics area is used to treat juveniles. It is important not to alienate any children by
sending them to other areas. The pediatrics area should be at least as well equipped as a
general care area.

a) Pediatric patient rooms. These rooms should be designed similar to general care
rooms, with some rooms equipped similar to acute care rooms and intensive care
rooms.

1) Medical gases. The following medical gas outlets should be provided: one
vacuum outlet and one oxygen outlet between each two beds.

2) Electrical power outlets. Four electrical outlets or two duplex outlets per bed are
recommended. All outlets should be safety-type with tamperproof screws.

3) Communications. Similar to other areas.

b) Playrooms.

1) Medical gases. For emergency use, playrooms should have one vacuum outlet
and one oxygen outlet.
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2) Electrical power outlets. All electrical outlets should be safety-type with
tamperproof screws.

3) Communications. Both staff communications and emergency-help functions
should be provided.

c) Pediatric (Critical Care). These beds are similar to ICU and CCU: one critical care
bed per 20 regular pediatric beds is suggested, with three oxygen outlets, and two
vacuum outlets. These beds should be located in the pediatrics wing to prevent
alienation of children. The medical gases, electrical power outlets, and
communications equipment installed in these areas should be similar to those in
4.3.3, except that they should be tamperproof.

4.3.7 Nurseries

a) General nurseries. These nurseries are where normal newborns are housed. The baby
normally sleeps in a bassinet. Nursing care is minimal, while observation is
important.

1) Medical gases. Each bassinet should be equipped with one oxygen outlet and
one vacuum outlet. This arrangement permits typical care if minor
complications develop.

2) Electrical power outlets. Two duplex electrical outlets should be located at each
bassinet, one on each side. These should be supplied from emergency power.
Normal power should be located outside the bassinet area but within reach of a
50 ft cord as in 4.3.7 c) 2). It is recommended that one normal power duplex
receptacle be placed in each room.

3) Communications. Each bassinet should be equipped with a staff help/call
station, to summon help from the nursing station. At a minimum, place a staff
help/call station between the bassinets. In nurseries with limited nighttime
staffing, each nursery should be equipped with an emergency help/call system to
an adjoining department such as labor-delivery.

b) Special care nurseries. Newborns requiring specialized care are kept in the special
care nursery. These are babies who have developed complications. The isolette is
larger than a typical bassinet; therefore, outlet spacing and height should be checked.

1) Medical gases. Due to the length of care anticipated, each incubator or isolette
location should be equipped with two vacuum outlets, two oxygen outlets, and
two medical compressed air outlets.

2) Electrical power outlets. Due to the increased care in this area, each isolette
should be provided with at least 12 electrical outlets or 6 duplex outlets. One
should be a dedicated outlet for the incubator or isolette. All outlets should be on
emergency power. Normal power should be located outside the isolette area but
within reach of a 50 ft cord as in 4.3.7 c) 2). It is recommended that one normal
power duplex receptacle be placed in each room.

3) Communications. Communication requirements are the same as in general care
nurseries [4.3.7 a) 3)].
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c) Neonatal nursery. Premature babies can be housed in a neonatal or a special care
nursery. A large percentage of the babies requiring special care are premature.
Premature babies are kept in incubators or isolettes.

1) Medical gases. Medical gas requirements are the same as in special care
nurseries [4.3.7 b) 1)].

2) Electrical power outlets. Each incubator should be provided with 12 electrical
outlets or 6 duplex outlets and a dedicated incubator outlet, all powered by
emergency power. Normal power should be available outside the isolette area
within reach of a 50 ft extension cord. It is recommended that one normal power
duplex receptacle be placed in each room. This will provide power in the event
of a failure in the emergency power distribution system.

3) Communications. Communication requirements are the same as in general care
nurseries [4.3.7 a) 3)].

4.3.8 Psychiatric care areas

Psychiatric care areas are occupied by basically two types of patients, sedate and violent.

a) Patient room (sedate). Sedate patients are normally treated in open-type dormitory
housing. These rooms are very much like semiprivate dormitory rooms. Four
electrical outlets (two duplex receptacles) should be provided per bed (one duplex
receptacle on each side of the bed). All receptacles should be safety-type receptacles
with tamperproof screws. Medical gases and communication systems are not usually
necessary.

b) Patient care (violent). Patients in this category range from physically violent to
suicidal. These rooms should therefore be designed to provide as little danger as
possible to both the staff and the patients. The staff usually continuously monitors
these patients.

1) Medical gases. For the treatment of medical or emergency cases, one vacuum
outlet and one oxygen outlet should be provided. These should be protected and
securely concealed when not required, in a locked cabinet or shallow locked
closet.

2) Electrical power outlets. Three duplex outlets should be provided. These also
should be protected and securely concealed when not required, for example, in a
shallow locked closet. The general conÞguration should be similar to acute care
beds [4.3.1 b) 2)].

3) Communications. Audio monitoring should be provided via a concealed speaker
microphone. Provisions should also be made for staff to summon help.

4.3.9 Rehabilitation areas

a) Drug and alcohol abuse. Patient rooms are similar to dormitory-type psychiatric
patient rooms (sedate). Also, there should be detoxiÞcation rooms for medical
treatment and observation of newly admitted patients. These should be similar to
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those for violent psychiatric patients, and equipped for medical treatment. See 4.3.8
a) and b) for the requirements of these rooms.

b) Occupational therapy or ADL. This area is occupied mostly by patients with new
handicaps. Special care should be taken to make their transition back into society a
smooth one. 

1) Light switches. Light switches should be located 36Ð42 in (915Ð1070 mm)
above the ßoor. For convenience, no more than two switches should be located
on a single plate. Switch action should be simple and positive. While large area
ÒdecorativeÓ type rocker switches permit easier operation by forearm, elbow,
etc., normal high-quality toggle-type switches are not impossible to operate.
Normal toggle switches should have full-sized handles for this operation. Care
should be taken to locate all controls (switches, outlets, thermostats, etc.) away
from corners and to avoid placing controls over counters, since these locations
are particularly inconvenient for persons using wheelchairs.

2) Electrical power outlets. In general, electrical outlets are placed at least 24 in
(610 mm) above the ßoor. In areas designed speciÞcally for use by disabled
persons, 24Ð32 in (610Ð815 mm) high outlets are recommended.

3) Telephones. Telephone dials, handsets, and coin slots should be located within
48 in (1220 mm) of the ßoor. Wherever possible, push-button type instruments
are recommended over conventional rotary dial sets. Handsets should be on
36 in (915 mm) or longer cords.

4.4 References

This chapter shall be used in conjunction with the following publications:

NFPA 70-1996, National Electrical Code¨ (NEC¨).2

NFPA 99-1996, Health Care Facilities.

UL 498-1993, Attachment Plugs and Receptacles (DoD).3

2NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
3UL publications are available from Underwriters Laboratories, Inc., 333 PÞngsten Road, Northbrook, IL 60062-
2096.
114



        
Chapter 5
Emergency power systems

5.1 General discussion

Emergency power systems are required for all health care facilities. The basic requirements
are deÞned in various local, state, and federal codes. Organizations such as the Joint Commis-
sion on Accreditation of Hospitals also have standards that require adherence.

This chapter describes requirements and equipment that are recommended for health care
facility emergency power systems and their operation. Suggested methods for system design,
installation, testing, and maintenance are also included. The main components of emergency
power systems are the generator sets, the automatic transfer switches, the engine generator
controls, the engine cranking batteries, and the battery charger. Additional equipment may
include synchronizing and paralleling equipment for multigenerator set installations, utility
peak demand reduction controls, elevator emergency power selector systems; and bypass/iso-
lation switches for automatic transfer switches and for uninterruptible power supplies
(UPSs).

The following codes and standards offer guidance and mandatory requirements for the design
of essential electrical systems in hospitals and other health care facilities:

Ñ ASME A17.1-19931

Ñ EGSA 100B-1992
Ñ EGSA 100C-1992
Ñ IEEE Std 446-1995
Ñ NEMA ICS 10-1993
Ñ NEMA PE5-1985
Ñ NFPA-20 1996
Ñ NFPA 70-1996
Ñ NFPA 70B-1994
Ñ NFPA 70E-1995
Ñ NFPA 72-1996
Ñ NFPA 75-1995
Ñ NFPA 99-1996
Ñ NFPA 101-1994
Ñ NFPA 110-1996
Ñ NFPA 111-1996
Ñ NFPA 418-1995
Ñ SAE J537-94
Ñ UL 1008-1989

1Information on references can be found in 5.13.
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5.2 Generator sets

An engine-driven generator set with on-site fuel supply is the predominant type of emer-
gency power source in hospital and health care facilities. Gas turbine driven sets have not
found much usage up to the present time because their starting time normally exceeds the
10 s Òon lineÓ requirement speciÞed in NFPA 70-1996, National Electrical Code¨ (NEC¨)
and NFPA 99-1996. However, turbine manufacturers have recognized this problem and some
sets are becoming available with improved starting times. For a discussion on gas turbines,
refer to IEEE Std 446-1987.

Capacities of the engine driven type sets range from approximately 5 kW (6.25 kVA) to
2000 kW (2500 kVA). Gasoline engines are normally used in the lower ranges while diesel
engines are used almost exclusively for capacities of 100 kW (125 kVA) or more. Code
exceptions sometimes permit the use of off-site fuel supplies for natural gas and low pres-
sure, gas-driven engines when there is a low probability of both the outside electrical utility
and off-site gasline failing simultaneously. Gas engine generating sets are generally available
in sizes similar to diesel.

5.2.1 Location

The preferred location for a standby generator set is the ground ßoor of the facility. Careful
consideration must be given to the location of the standby generator set in order to minimize
interruptions caused by natural forces common to the area (e.g., storms, tornadoes, hurri-
canes, ßoods, earthquakes or hazards created by adjoining structures or activities). 

Proximity to fuel supply, effects of generator noise and adjacent occupancies, location of
exhaust stacks relative to fresh air inputs, and the ability to remove/replace the unit for main-
tenance or upgrades are also important issues in placing the generator.

Basement locations are to be avoided when they are subject to ßooding. It is also more
difÞcult to conduct combustion air, cooling air, and exhaust gases away from engines located
in basements. 

If engine generator sets are installed above ground level, additional vibration isolation
between the generator set and the ßoor is frequently required to prevent structural damage to
the building. 

Standby generator sets may be added to existing buildings in a separate enclosure. Controls
and transfer switches are usually located inside the main building. The enclosure should
include sound attenuation and environmental protection.

5.2.2 Mounting

Two cardinal rules for installing standby generator sets are as follows:

a) Do not attach a generator set directly to a concrete ßoor. It will crack the structure
and transmit unacceptable vibration.
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b) Do not directly attach any rigid system, that is, exhaust, remote radiator cooling, fuel
lines, nonßexible conduit, to an engine on vibration isolators. The relative motion
will eventually fatigue and crack the attachment.

5.2.3 Vibration isolation

A sheet of Þberglass or wafße neoprene (rubber) mounting pads between the generator set
base and the ßoor may provide adequate vibration isolation where optimum isolation is not
required. Spring-type vibration isolators are available. These are also placed between the gen-
erator set base and the ßoor. Spring type vibration isolators have different load ratings. Select
the correct number of properly sized isolators to support the total generator set (including
water and oil) weight. Locate the isolators so that no isolator is overloaded. Spring-type
vibration isolators typically have an efÞciency of 95% or better. This means that less than 5%
of the vibration of a generator set will be transmitted to the ßoor. When spring-type vibration
isolators are used, the generator set rocks around the crankshaft-generator shaft axis during
start-up and shut-down. There is also some rocking during single step load changes of 50% or
more of generator capacity. Flexible connections should be used in external lines such as
electrical conduit, exhaust pipe, and fuel lines as a minimum, and may also be used in coolant
lines to a remote radiator, lube oil makeup and drain lines, and engine air intake. Additional
generator set mass gives additional vibration isolation. The generator set mass may be
increased by attaching an inertia block weighing one or more times the generator set package
weight. With greater mass, the vibration energy has less effect. Spring isolators are then
placed between the inertia block and the supporting structure to further reduce transmitted
vibration (see Þgure 5-1). This arrangement is frequently used when generator sets are
installed on ßoors above ground level. If the generator set package is mounted to an inertia
block supported by earth, it may be isolated from the ßoor of the building by pouring a rubber
gasket between the two surfaces (see Þgure 5-2). Table 5-1 lists the load bearing capability of
various materials. Lining the inertia block excavation with tamped sand or gravel will mini-
mize the vibration transmitted through the earth to nearby equipment. Installations should be
coordinated with and reviewed by the responsible structural engineer on the project.     

Figure 5-1ÑSteel-concrete inertia spring mounts
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5.2.4 Exhaust system

In order to produce rated power, the exhaust system restriction at the engine must not exceed
the engine manufacturerÕs recommendations. In addition, the exhaust system components
must not impose undue stress on the engine exhaust outlet connection. Weight, inertia, rela-
tive motion of components, and thermal growth from temperature change all contribute to
stress on the engine exhaust outlet. The exhaust system should also prevent water from enter-
ing the turbocharger or the engine proper. Common sources of water are rain, snow, and con-
densation of exhaust gas. As a Þnal consideration, the exhaust gas should be directed so that it

Table 5-1ÑLoad-bearing capabilities of various materials

Nature of bearing material Safe bearing capacity 
(lb/ft2)

Hard rockÑgranite, etc. 50 000Ð200 000

Medium rockÑshale, etc. 20 000Ð30 000

Hardpan 16 000Ð20 000

Soft rock 10 000Ð20 000

Compacted sand and gravel 10 000Ð12 000

Hard clay 8000Ð10 000

Gravel and coarse sand, compacted Þne sand 8000Ð8000

Medium clay 4000Ð8000

Loose Þne sand 2000Ð4000

Soft clay 2000

Figure 5-2ÑPoured rubber gasket between two surfaces
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does not have an adverse effect on the air cleaner, the cooling system, the generator set
ambient temperature, or the operator.

If an engine must work against excessive back pressure in the exhaust system, the usable
engine power is reduced. Also, the airÐfuel ratio is reduced because of incomplete scavenging
of the cylinders, the fuel economy is reduced, and the exhaust temperatures increase.

The exhaust back pressure imposed in a given engine installation depends on the size of the
exhaust pipe, the number and type of bends and Þttings, and the silencer selection. Tight
bends usually contribute the most to high-exhaust back pressure. Back pressure is inversely
proportional to the Þfth power of pipe diameter. Therefore, a small increase in exhaust pipe
diameter dramatically reduces system back pressure. The engine manufacturer can normally
provide the exhaust gas ßow and temperature. The pressure developed in the pipe can be
determined from Þgure 5-3. The exhaust silencer manufacturer can provide the pressure drop
through the silencer for a given ßow and temperature. The pressure developed in the pipe and
elbows plus the pressure drop through the silencer gives the back pressure at the engine.

Provisions should be made for relative movement between the exhaust piping and the engine
so that no damaging stresses will be imposed on the exhaust system components because of
engine mounting ßexibility or thermal growth.

A 50 ft length of pipe expands over 3 in when the temperature is raised from 70Ð800 °F
(21.1Ð426.7 °C). The most common method of obtaining ßexibility is through the use of ßex-
ible piping (spiral- or bellows-type). Flexible sections are required in the piping between any
components where either relative motion or thermal growth will subject the components to
excessive stresses. The optimum location for the ßexible section is within 4 ft of the engine
exhaust outlet. For proper installation, the ßexible pipe should not be used to form pipe bends
or compensate for misalignment.

Black iron schedule 40 pipe is most commonly used for permanent installation where the
weight is not a factor.

There are many ways to obtain the desired ßexibility while still adequately supporting the
piping and other components in the system. To reduce the loading imposed on the exhaust
manifold or the turbocharger, it is necessary to support long lengths of piping from the sur-
rounding structure. However, ßexibility should still be maintained through the design of the
support and the use of ßexible connections. The weight of all external engine exhaust piping
should be supported so as not to impose any dead weight loads on the engine exhaust outlet
connection.

Rain and snow should not enter the exhaust outlet opening. Counterbalanced ßapper-type
rain caps are used in many installations. Conical and other ventilating covers are not widely
used since they produce a relatively high exhaust pressure or are not suitable for operation in
the prevailing exhaust temperature. Exhaust outlets that point upward are preferred since they
do not direct the exhaust noise toward adjacent structures. Where the noise in a speciÞc direc-
tion is not a problem, horizontal exhaust outlets may be used. Cutting the end of the pipe at a
45° angle with the top extended is normally adequate to prevent the entrance of rain and
snow. If horizontal exhaust pipes are used, care should be taken so that the exhaust gas will
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not be drawn back into the engine room with the ventilation air. Care should also be taken in
the location of the exhaust outlet point so that exhaust gas will not be drawn into any of the
outside air intakes. The exhaust gases are dangerous, and the distinctive odor is very annoy-
ing. The cost to correct an improper exhaust installation can greatly exceed the initial cost of
a properly designed installation.

Figure 5-3ÑBack pressure nomograph
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From an aesthetic point of view, care should be given to the selection of location of the
exhaust outlet point and the tendency, over a period of time, for exhaust gas carbon deposits
to accumulate on any nearby structures.

Water is formed in the combustion of gas, gasoline, or diesel fuel. Therefore, a condensate
trap and drain valve should be installed in the exhaust system. The condensate trap should be
as close to the engine as practical and located at the lowest point in the system.

In multiengine installations, special consideration should be given when manifolding or join-
ing the exhaust runs from two or more engines into one common exhaust run. Engines will
have a lower back pressure if each exhaust enters the exhaust ßow at an angle toward the
ßow, rather than opposing the ßow (refer to Þgure 5-4).

If all engines are not run at the same time, the exhaust gas from the operating engines can
condense in the engine that is not running. This may cause a hydraulic lock in the stopped
engine. Check valves in the exhaust lines have not solved this problem and, in general, are
unsatisfactory in exhaust systems.

5.2.5 Air supply

A generator set requires air for combustion and cooling. Even when remote radiator or heat
exchanger cooling systems are used, cooling air ßow is required to remove the heat produced
by the generator as well as the heat radiated by the engine and exhaust system.

Generators are normally rated for operation in a 104 °F (40 °C) ambient temperature. If the
air intake is to be higher than 104 °F (40 °C), some reduction of the output rating is required.
The engine manufacturer can give the engine combustion air requirements at rated load and
will deÞne the maximum air restriction permissible and the recommended air intake tempera-
ture range. The engine air intake system should be able to supply clean combustion air to the
engine without excessive restriction and within the manufacturerÕs temperature range. Dirt is
the basic cause of wear in an engine. The effectiveness of the air cleaner and air piping sys-
tem has a signiÞcant impact on engine life and maintenance costs. Dry-type air cleaners Þlter

Figure 5-4ÑExhaust pipe manifolding plan view
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the air through a replaceable pleated paper element. The efÞciency of a dry-type air Þlter is
normally greater than 99.9% at any air ßow. Dry-type air cleaners do become plugged and
can provide excessive air restriction when dirty. Oil bath air Þlters have an efÞciency greater
than 98% at rated air ßow. This efÞciency decreases to approximately 95% at 15% of rated
ßow. Oil pullover into the engine is possible at excessive air ßows. However, oil bath air Þl-
ters do not become plugged or offer excessive air restriction at rated air ßow. Dry-type air Þl-
ters are preferred for standby generator sets.

Most standby generator sets for hospitals have an engine mounted air cleaner that meets the
engine requirements for adequate clean air.

When a generator set mounted radiator and fan are used, the fan pushes the air in the room
through the radiator and out of the building. Under load, the air from the radiator is normally
at 150Ð185 °F (65Ð85 °C). If the air ßow were reversed, the room temperature would approach
150Ð185 °F, which is much too hot for the engine, the generator, or for any people in the room.
When the fan is pushing radiator air out of the room, there must be an adequate area for air to
enter the room. If the radiator fan delivery is known, this area can be calculated to give a max-
imum air intake velocity. An air intake velocity of up to 20 mi/h (30 ft/s or 9 m/s) is frequently
acceptable. If the fan delivery is unknown, an air intake area equal to 1 1/2 times the radiator
core area is frequently used as a rule of thumb.

The air intake area is preferably located to the rear of the generator set. Fresh air then ßows
around and through the generator, then past the engine and through the fan and radiator. Fre-
quently the intake air has to enter at the top or the sides of the room. In such cases, air ßow
outside the room should be checked to make sure that radiator and engine exhaust are not
drawn back into the room with the intake air. Regardless of location, the fresh air intake
should be provided with a Þne mesh screen to minimize the accumulation of dirt, insects, and
debris in the generator set room.

Many standby generator sets do not have a fan and radiator in the engine room. A remote
mounted radiator or heat exchanger is frequently used. Installations without a radiator fan
require auxiliary room ventilators to remove the heat from the room. Installations with a radi-
ator fan in the generator set room normally have adequate room air ßow and the following
calculations are unnecessary. The heat produced by the generator and radiated by the engine
at rated load is approximately 35% of the kW rating of the generator. This percentage can be
5% higher for units under 100 kW and 5% lower for units over 500 kW. Uninsulated exhaust
pipes and mufßers within the generator set room add to the heat that must be removed by the
auxiliary ventilation system.

The auxiliary air ßow required is determined by the heat that is to be removed and by the
acceptable temperature rise in the room. Many engines begin to have a signiÞcant loss of
power when combustion intake air temperature exceeds 120 °F (49 °C). Maximum ambient
air temperatures vary widely. A 100 °F (37.8 ¡C) ambient covers most of the more populous
regions of the world. The difference or acceptable temperature rise is 20 °F (11 °C). The spe-
ciÞc heat of air at constant pressure (Cp =0.24 Btu/lb °F) is essentially constant for air over a
range of 80Ð130 °F (27Ð54 °C). The density of air changes with barometric pressure as well
as altitude. At standard conditions, air density is 0.075372 lb/ft3 at 500 ft. Multiplying the
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speciÞc heat by the density at 500 ft gives a heat coefÞcient of 0.018089 Btu/ft3 °F. For gen-
eral use, this may be rounded to 0.018 Btu/ft3 °F. From this, the air ßow in cubic feet per
minute (cfm) is equal to the rate of heat rejection divided by the heat coefÞcient and the
acceptable temperature rise.

(1)

where

C is air ßow in ft3/min
Q is heat rejection in Btu/min
T is acceptable temperature rise in °F

One kilowatt is the equivalent of 3412 Btu/h, or 58.87 Btu/min. Substituting this in equation
(1) yields

(2)

where

C is air ßow in ft3/min
kW is heat rejection to room in kilowatts
T is acceptable temperature rise in °F

Example: A 250 kW generator set is to be installed in a hospital basement. The radiator and
fan are remotely mounted on the roof of the building. The maximum outdoor design tempera-
ture is 105 °F. It is desired to limit the engine room temperature to 120 °F.

The temperature rise in the room (DT) is 120 °F Ð 105 °F = 15 °F.

The heat produced in the room at rated output will be approximately 35% of rated output, or
0.35 ´ 250 kW = 87.5 kW. From equation (2), the air ßow is

 or 19 126 ft3/min

5.2.6 Cooling

Almost all standby generator sets 50 kW and larger use liquid-cooled engines. The cooling air
ßow requirements for air-cooled engines should be obtained from the engine manufacturer.

Liquid-cooled engines usually have a generator set mounted radiator and engine drive fan.
The selection of radiator core, fan, shroud, guards, fan drive ratio, etc., is made to provide
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adequate cooling of the engine. However, this selection is based on a free ßow of cool [nor-
mally 100

 

 

 

°

 

F (37.8 ¡C) or less] air to the radiator core and a free ßow of air away from the
core. The quantity of air required is normally listed by the manufacturer or generator set
assembler.

The arrangement of the power room and the facilities availability (that is, raw water) nor-
mally dictate whether a radiator or heat exchanger is used for a liquid cooled engine. If there
is a choice, a generator set mounted radiator is normally preferred. It is independent of an
external source of water and there is normally an adequate supply of combustion and genera-
tor cooling air. With a set mounted radiator, there is no coolant ßex connection, long coolant
lines, pumps, or coolant shut-off valves, all of which are potential trouble sources.

Remote radiators do provide a means of removing fan noise to a noncritical location. Heat
exchangers are not a noise source and also do not require power from the engine for a fan, but
the electric fan motor adds to the emergency system load. A heat exchanger cooled unit can
normally deliver 3Ð5% more power from the generator.

The combination of a heat exchanger feeding a remote radiator should be avoided if at all
possible. Such a system has all of the disadvantages of each system at approximately four
times the cost of either system. Since the cooling capacity of both the heat exchanger and
radiator depend on the temperature difference of the cooling media, both the radiator and the
heat exchanger must be approximately doubled in size.

Ducting may be required to take the hot air from the radiator to the outside. The ductwork
must be smooth and free from obstructions, seams, Þns, leaks, or sudden bends. If louvers or
grills are added to the exit, then the frontal area must be increased accordingly in a smooth
transition to the larger opening size. If bends in the duct are unavoidable, then turning vanes
may be required to reduce pressure loss.

A heat exchanger cooling system is sometimes used where a source of cool water is available.
Sources of water may be from a city water supply, or from sea, river, lake, or well water. In a
heat exchanger system, the engine cooling water ßows in a closed loop from the engine to the
heat exchanger and back to the engine. Raw water from the city, sea, etc., ßows in a separate
circuit within the heat exchanger and removes heat from the engine cooling water. If a city
water supply is being evaluated as a source of water from the heat exchanger, the possibility of
interruption during a prolonged emergency has to be considered. For health care facilities, this
method of cooling is not recommended if one of the other methods is available.

Also, if the water from the heat exchanger is to be dumped into the sewage system, it should
not violate local conservation or natural resource ordinances, or overload the sewage system.
Some heat exchangers may require a pressure reducing valve to limit the pressure supplied by
a city water system to an acceptable valve for the heat exchanger.

Remote radiators fall into two categories:

a) Radiator located horizontally remote from the engine.

b) Radiators located vertically remote (above) the engine.
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The primary concern when a radiator is horizontally remote is that the water pipe resistance
to ßow does not exceed the engine driven water pump capability. The engine manufacturer
will normally list the total permissible pressure on the pump and the maximum allowable
external friction head. External pipe should be free of obstructions, excessive bends, elbows,
tees, or couplings. It should be clean and free of rust, scale, weld slag, or corrosive material.
It should not collapse while being formed or while in service. The internal diameter should be
greater than the water pump inlet diameter. Figures 5-5 and 5-6 may be used for estimating
pressure drop in pipe, Þttings, reducers, etc. The external circuit should be coupled to the
engine via a ßexible connection that permits thermal expansion of the line and engine move-
ment without restraint.   

Valves and couplings should normally be provided between the engine and the remote cool-
ing system. By closing the valves, the engine may be serviced without draining the entire
cooling system. Care should be taken to prevent the valves from being left closed acciden-
tally. If this occurs, the generator set will be rendered useless.

Since many engine coolant systems are not readily compatible with an auxiliary booster
pump, the engine manufacturer should be consulted before an auxiliary booster pump is spec-
iÞed. It is a good practice in health care facilities to avoid designs that depend on auxiliary
power systems energized by the system that they support or by other external power systems
subject to the same disturbance.

Installations where the radiator is below the engine level are rare and can cause problems.
The primary problem is usually an air lock that prevents water circulation. A prime require-
ment in such installations is the proper location of air vents in areas where air pockets are
likely to form in the cooling system.

Installations where the radiator is above the engine level are quite common. The maximum
height of the radiator above the engine is limited by the static pressure that can be imposed on
the cooling system seals and gaskets without leakage. The engine manufacturer should be
consulted if a limiting head or pressure is not available. The friction head should still be
within the engine manufacturerÕs limits and may be estimated from Þgures 5-5 and 5-6.

If a higher radiator position is necessary, the engine should be separated from the radiator cir-
cuit. Figure 5-7 illustrates such a system, although many variations are possible. Both circuits
circulate from a common reservoir, commonly called a Òhot well,Ó Òhot tank,Ó or Òcompound
coolingÓ system. With the basic hot well, the engine merely pumps coolant to and from the
tank. The tank acts as a blending tank, an expansion tank, and holds the radiator and line
coolant when the radiator auxiliary coolant pump is shut down. When vertical radiators are
used, it may be beneÞcial to put coolant in at the bottom of the radiator. This keeps the radia-
tor Þlled during operation. The tank should be vented to the atmosphere in order to accommo-
date the large changes of coolant volume in the tank. A sight glass on the hot tank is
recommended, with markings for the ÒrunÓ and ÒstoppedÓ levels. High and low marks on
both levels are helpful. It is a good practice to oversize cooling systems to allow for a 10%
reduction in cooling capability owing to deterioration over the operating life.
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Figure 5-5ÑResistance of valves and Þttings to ßow of ßuids
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Figure 5-6ÑFluid ßow in pipe
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5.2.7 Temperature

 Provisions should be made to maintain the generator room at not less than 50 
 

 ° F (10 
 

 ° C) or
the engine water jacket temperature at not less than 90

   
°

 
F (21.1 

 
°

 
C), to ensure reliable engine

starting.

Electric coolant heaters are the most common method of maintaining the engine coolant
above 90 

 

°

 

F. In order to assure fast starts and good load acceptance, one engine manufacturer
recommends that standby generator set engine coolant be maintained at a minimum of 120 

 

°

 

F
(49 

 

°

 

C). Settings may vary depending on the engine design. Thermostatically controlled tank-
type jacket water heaters provide coolant circulation that heats the entire engine. These heat-
ers must be turned off when the engine is running.

Figure 5-7ÑHot well cooling system
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Electric oil immersion heaters may be used to maintain lubricating oil temperatures. Oil heat-
ers are frequently controlled by the same thermostat as the jacket water temperature.

 

5.2.8 Cranking

 

Battery electric systems and compressed air systems are used for cranking standby generator
sets. The selection of a cranking system depends upon the type of engine, customer prefer-
ence, and a readily available energy source, such as compressed air. Each system has certain
advantages under speciÞc conditions.

Electric cranking is the most common starting method and offers a compact, convenient, eco-
nomical, and dependable method of cranking engine-driven standby generator sets. The
engine portion of the system consists of a cranking motor, batteries, and some method of con-
necting and disconnecting the cranking motor to the batteries. In emergency power applica-
tions the batteries are normally maintained and recharged by a battery charger powered by the
essential electrical system.

Many engine cranking motors are Òpositive engageÓ type. In this type of cranking motor, the
starter pinion must be fully engaged with the engine ring gear before cranking commences.
The system works quite well about 98% of the time. However, approximately 2% of the time
a pinion tooth abuts directly with a ring gear tooth and the motor does not crank. To eliminate
this problem, Òcycle crankingÓ is preferred. In cycle cranking, a cranking period is followed
by a reset period. This is followed by subsequent crank and rest periods. The cranking motor
pinion is turned slightly at the start of each rest period and the probability of successive tooth
abutments approaches zero. Cycle cranking also reduces heat rise in the starter motor wind-
ings. The timing of the crank and rest cycles is usually combined in an automatic cranking
panel. The automatic cranking panel should also include some means to terminate cranking
when the engine starts and a method of disabling the engine safety shutdown controls (other
than overspeed and overcrank) during starting.

NFPA 110-1996 requires the battery capacity to be sufÞcient for two successive cranking
attempts, that is, two 75 s cranking cycles or two 45 s continuous periods. The engine manu-
facturer will normally deÞne the battery capacity required to meet this requirement. The deÞ-
nition will usually be in terms of cold cranking amperes (CCA) as deÞned by SAE J537-94.
This standard is essentially applicable to lead-acid batteries (and variations thereof) only.
Nickel-cadmium batteries are widely used for engine cranking. EGSA 100B-1992 may be
used to specify either lead-acid or nickel-cadmium battery performance.

When a plentiful supply of compressed air is available, air can be an economical method of
starting a standby generator set. Two types of compressed air starting are used.

a)

 

Air motor

 

. An air motor drives a ring gear from the air starter motor pinion. This is
similar to the electric starter. It is usually used on 1200 r/min and 1800 r/min engines.

b)

 

Direct air injection

 

. Compressed air is injected into the individual cylinders by an air
distributor system. This system is usually found on only the larger engines that oper-
ate at 900 r/min or below. It has the advantage that full engine torque is produced dur-
ing cranking. This produces rapid acceleration.
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To prevent problems, air starting systems require a sufÞciently sized air tank and an auxiliary
source of compressed air. An air tank with sufÞcient capacity to provide Þve 10 s cranking
attempts, as required by NFPA 99-1996, will take up considerable space and could be a sig-
niÞcant factor in determining which starting method should be used. Electric motor-driven air
compressors are the most convenient means of recharging air tanks. However, during a utility
power failure, these compressors are unavailable. An auxiliary gasoline engine-driven air
compressor is one solution to this common problem and is recommended for air start installa-
tions in health care facilities.

When a facility does not have a reliable supply of compressed air readily available, the elec-
tric start method is more practical and economical.

 

5.2.9 Governor

 

A governor regulates the emergency generator set engine speed, which is directly propor-
tional to frequency. Although gear reduction is used to couple gas turbines to ac generators, it
has not been widely accepted on internal combustion engines. When an engine is directly
coupled to an ac generator, the engine must run at 3600, 1800, 1200, or other lower synchro-
nous speeds to produce 60 Hz. The governor regulates the amount of fuel delivered to the
engine at various loads to keep the speed or frequency relatively constant.

The traditional mechanical and hydraulic governors utilize rotating ßyweights to sense speed
and a spring (speeder spring) as a reference. More sophisticated ßyweight governors use
hydraulic pressure to turn a shaft that is connected to the engine throttle or rack. Many
hydraulic governors can operate isochronously, that is, at the same speed at no load and full
load, and maintain the speed or frequency steady state stability within ± 0.25%.

All electric and electro-hydraulic governors are available that sense speed from pulses gener-
ated by a magnetic pickup mounted adjacent to an engine gear, usually the ßywheel ring gear.
Electric governors provide the same characteristics as hydraulic governors, but have the
advantage of a faster response time. Electric governors are also available with numerous
accessories that may be useful in speciÞc applications. These include the following:

a) Electric load sensing for isochronous load sharing among paralleled generator sets

b) Electric load sensing for Òload anticipationÓ to further reduce response time

c) ÒRamp accelerationÓ to provide a controlled acceleration rate and reduce frequency
overshoot on start-up

d) Electronic speed adjustment to adjust engine speed for synchronizing generators

e) Reverse and forward power monitors that provide an output signal if power ßows
toward the generator, or when a preset output power level has been reached, or both

A reduction in the frequency response time of single unit generator sets with the Òload antici-
pationÓ option is observable on a frequency strip chart recorder. However, this decrease in
response time of a few tenths of a second is not readily discernible in a health care facility.
ÒLoad anticipationÓ on single unit generator sets essentially doubles the governor cost, and is
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more difÞcult to connect correctly. Load sensing governors for single unit engine applications
are rare.

Lights, motors, heating, and most other power equipment will operate satisfactorily if the fre-
quency remains between 60 Hz and 62 Hz. This is approximately a 3% frequency droopÑthat
is, 61.8 Hz at no load, 60.0 Hz at rated load. For many computers to function properly, the fre-
quency must be 60.0 ± 0.5 Hz. If any of these computers are to be operated directly (not through
a UPS) from a standby generator set, an isochronous governor is required. Given the increasing
use of computers and microprocessor-based controls, isochronous governors are being applied
more frequently in health care facilities.

 

5.2.10 Fuel supply

 

In order to operate properly, an engine should have an adequate supply of fuel that meets the
engine manufacturerÕs recommendations. All installations should incorporate a fuel Þlter to
remove ßakes, dirt, metallic chips, and water from whatever source, including condensation.

A day tank, sometimes called a Òservice tankÓ or Òready tank,Ó is recommended for all
standby generator set installations. A day tank provides an ample supply of clean fuel at a rel-
atively constant head, regardless of the fuel level in the bulk storage tank. The day tank does
not necessarily hold a dayÕs supply of fuel. More commonly, a day tank is speciÞed to hold at
least the amount of fuel that would be burned in 1 h at rated load. A day tank provides a
readily available supply of fuel independent of bulk storage and acts as an emergency supply
in the event of failure of the auxiliary fuel pump, the connecting fuel lines, or the ßoat-control
switch. For diesel engines, it also acts as a relief and bypass tank for diesel fuel that is
returned from the injectors. When the bulk storage fuel level is far enough above the day tank
to give adequate gravity ßow, a ßoat valve or ßoat switch and fuel shut-off solenoid should be
used. In other installations, a day tank fuel transfer pump should be used. A primary Þlter is
usually recommended between the bulk storage tank and the day tank. In multiple engine
installations, a single common day tank is sometimes used. Such arrangements should be
equipped with appropriate fuel isolation valves for the maintenance of individual systems.

The capacity of the bulk storage tank is essentially determined by the expected length of a
disaster that might interrupt fuel delivery. Since this is a very subjective criteria, it is noted
that bulk storage tanks usually have less than a 30-day fuel supply, and more than a 3-day fuel
supply. A common recommendation is that 14 days of fuel storage capacity be installed.
However, the user should carefully review his own particular problem and speciÞc needs.
Many diesel engines operate satisfactorily on Number 2 fuel oil. When oil-Þred boilers are
used, a common bulk storage tank is often used for the furnace and the emergency diesel gen-
erator set. Water condensation and contamination is the primary problem with long term stor-
age of fuel. There will also be some evaporation, particularly of the more volatile parts of
gasoline. Sometimes there are comments that bacterial action may contaminate diesel fuel,
but these claims are difÞcult to substantiate. Storage of diesel fuel for up to one year is satis-
factory. After this, samples should be taken at six-month intervals to assure that fuel deterio-
ration has not occurred. A check for water in the fuel storage tank should be made every two
weeks. This is particularly important in above ground storage tanks. Chemical additives are
available to extend fuel storage time.
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5.2.11 Ratings

 

Internal combustion engines are rated in horsepower or kilowatts, or both, and on output at a
given speed, intake air temperature, and barometric pressure or altitude. Although gas tur-
bines use a gear reduction to produce a synchronous generator speed, gear reducers have not
been widely accepted on gasoline or diesel engine-driven generator sets. Most internal com-
bustion engines must therefore operate at the synchronous speeds of 3600 r/min, 1800 r/min,
1200 r/min, 900 r/min, etc., to produce 60 Hz. As the speed is decreased, the mass and cost
increases in a generally linear relationship. However, 3600 r/min internal combustion engine
generator sets are, in general, limited to 50 kW output or below.

Engines are rated in horsepower and kilowatt output. The engine kilowatt rating should not be
confused with the generator kilowatt rating. As a rule of thumb, 1 1/2 horsepower is required
from an engine to produce one electrical kilowatt from an engine. Some of the engine power
is required to drive the radiator cooling fan, while the largest power loss is within the ac gen-
erator itself.

Nonturbocharged gasoline and diesel engines have an inherent limit on the power they can
produce at a given speed. The limit is essentially established by the amount of air that can be
pulled into a cylinder for combustion. If excess fuel is used, combustion is incomplete, and
the excess fuel goes out the exhaust as carbon (smoke or soot), carbon monoxide, and
unburned hydrocarbons.

This limitation does not apply to turbocharged engines. As engine load increases, the turbo-
charger forces more air into each cylinder, which can now burn additional fuel to produce
additional power. If the fuel or air is not limited by some means, this can become a self-sus-
taining continuity until stresses exceed the breaking point or something melts. Any turbo-
charged engine can be fueled to produce 10% additional power, but the useful life of the
engine will probably be reduced. The engine manufacturerÕs published standby ratings of
engines are normally the maximum ratings that the manufacturer believes, from experience
and test, will give satisfactory service. Standby ratings are frequently published with no over-
load capability, although additional capability can usually be demonstrated.

 

5.2.12 Sizing the alternator

 

The alternator should be sized based on two types of loading. These are the maximum contin-
uous load the alternator will carry and the motor load that the alternator will be required to start.

First, consider the maximum connected load. This load includes the lighting, heating, and
running motor loads that the alternator will be required to carry at one time.

As an example, consider a small facility with a 100 kW lighting load, 50 kW of water heaters,
a 25 hp blower motor on the heating and air-conditioning system, a 50 hp air conditioning
compressor motor and two 25 hp elevator motors.
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Therefore, the total connected running load is as follows:

25 hp Code G blower motor

50 hp Code G air-conditioning compressor motor

25 hp Code G elevator motor

25 hp Code G elevator motor

Total motor running load = 106.5 kW
Lighting load = 100 kW
Water heaters = 50 kW
Total running load = 256.5 kW

Now consider the total motor load the alternator will be required to start. It is virtually impos-
sible to start all four motors at the same time; however, since there is nothing to prevent it
from happening, consider this to be the worst-case condition. Since most motor starters will
drop out at about 60% voltage, we should limit the voltage dip on motor starting to 35%.
Motor starting capability of alternators will vary depending on the alternator, type of exciter,
voltage regulator, and voltage regulator accessories used.

Most present-day alternators have a minimum across-the-line motor starting capability of
0.5 hp/kW with a 35% voltage dip. The total connected motor load in the example is 125 hp;
therefore, the required alternator motor starting kilowatts would be

A more precise calculation can be made by using a computer program. Many of these pro-
grams are PC-based, and may be available at no cost by the generator manufacturers. These
programs accurately match speciÞc generators and allow the designer to input data on the
electrical systems of the building. Alternately, the manufacturerÕs representatives may per-
form this service for the designer.

kW 68  running  A 230  V 0.8  pf ´  1.73 ´´  
1000

------------------------------------------------------------------------------------------- 21.7  kW= =

kW 130  running  A 230  V ´  0.8  pf ´  1.73  ́
1000

---------------------------------------------------------------------------------------------- 41.4  kW= =

kW 68  running  A 230  V 0.8  pf ´  1.73 ´´  
1000

------------------------------------------------------------------------------------------- 21.7  kW= =

kW 68  running  A 230  V 0.8  pf ´  1.73 ´´  
1000

------------------------------------------------------------------------------------------- 21.7  kW= =
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0.5  hp
---------------

 
´

 
250  kW= =
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The continuous running load of 256.5 kW is slightly larger than the 250 kW motor starting
requirement and would be the determining load. Since the demand for electric power is con-
tinually increasing with new appliances and lighting added from time to time, an allowance
for future requirements should be made. A general industry practice is for the load to be not
more than 80% of the alternator rating on a new installation. Applying this rule to the exam-
ple, the kilowatt requirement would then be an alternator of 

Since this is not an even rating, the next higher rating of 325 kW would be utilized.

Systems with a signiÞcant number of variable speed drives, or other nonlinear loads (static
uninterruptible power supply systems, computer power supplies, battery chargers, etc.) often
experience high harmonic current loads. This harmonic current distortion is usually more
severe when supplied by the generator since a generator is not as ÒstiffÓ as the utility. The
generator manufacturer must be made aware of these harmonic loads.

Since many motors, such as elevators and air compressors, cycle on and off, the resulting
voltage dips can occur at many times other than initial generator starts. Systems must be
designed to keep these voltage dips within the 10% (maximum) often required by computers,
monitors and other electrically sensitive equipment.

 

5.2.13 Voltage regulators

 

There are four basic types of voltage regulation systems available today. They include

a) The static exciter-regulator, which not only regulates the alternator voltage but also
supplies the excitation power to the alternator Þeld.

b) The brushless self-excited automatic voltage regulator.

c) The brushless separately excited automatic voltage regulator.

d) The self-excited, self-regulated system that does not use a separate voltage regulator. 

The Þrst three systems provide typical voltage regulation of 0.25Ð2% and the fourth provides
typically 4% regulation. All systems may be adequate for health care facilities, provided the
connected loads can withstand the voltage variations. Refer to Chapter 9, which deals with
voltage variation susceptibility of hospital medical equipment and instrumentation.

1)

 

Static exciter-regulator

 

. The static exciter-regulator is a solid-state device that
takes its supply from the main starter output voltage for both the input reference
and the power input. The input power is rectiÞed to direct current and is the con-
trolled input through brushes and slip rings to the main Þeld of the alternator.
This system has a fast response to load changes and has the motor starting capa-
bility of a half-horsepower per kilowatt with a 35% voltage dip (see Þgure 5-8). 

The static exciter-regulator is not self-exciting and requires an external dc
source to ßash the Þeld for initial voltage buildup of the alternator. This is usu-
ally accomplished by a dc circuit connected to the engine starting batteries that
is automatically disconnected when the ac voltage builds up.

256.5  kW
0.8

------------------------ 320.6  kW=
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2)

 

Brushless self-excited automatic voltage regulator.

 

 The brushless self-excited
automatic voltage regulator also takes its supply from the main starter windings
for both the reference input and the power input. The input power is controlled
by the reference voltage and control portion of the regulator. It is rectiÞed to dc
and becomes the output to the exciter starter. This regulator is self-exciting from
the residual voltage of the alternator. Typically, the contacts of a normally closed
relay or a solid-state relay are used to apply the alternator residual voltage
directly to a full wave bridge and to the exciter Þeld. As the ac voltage builds up,
the relay picks up, disconnecting the built-up circuit (see Þgure 5-9).

3)

 

Brushless separately excited automatic voltage regulator.

 

 The separately excited
automatic voltage regulator receives input power from a separate source but

 

Figure 5-8ÑStatic exciter-regulator system

Figure 5-9ÑSelf-excited regulated system
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receives reference voltage input from the alternator windings. Separate input
power is usually provided by a permanent magnet generator mounted on the
same shaft as the exciter and main rotors.

The permanent magnet generator provides a nearly constant power source under
all operating conditions and is not affected by external load. Excitation is greater
than the full load requirements of the alternator and is usually high enough to
sustain a short circuit current of three times the rated current.

Whereas the static exciter-regulator, the self-excited voltage regulator, and some
separately excited regulators sense a lower than normal output voltage and Òturn
onÓ to increase the excitation to the exciter Þeld to bring the output voltage back
up to normal, some separately excited voltage regulators work in reverse. Since
the permanent magnet generator always provides more excitation than is
required for normal voltage output, the voltage regulator must act to suppress
the excitation. Therefore, when a lower than normal output voltage is sensed, the
voltage regulator Òturns offÓ to increase the excitation to the exciter Þeld to
bring the output voltage back up to normal (see Þgure 5-10).

This system has a fast response to load changes and has the motor starting abil-
ity of 3/4 horsepower/kilowatt with a 35% voltage dip.

4)

 

Self-excited, self-regulated system

 

. The self-excited, self-regulated system does
not use a separate voltage regulator. There are various methods to accomplish
this, but in almost all systems voltage buildup occurs from residual voltage or
residual voltage plus the addition of permanent magnets in the Þeld circuit. The
excitation required for no load voltage is supplied by a portion of the main
starter winding voltage. The output voltage is maintained under load by using
the load current to provide excitation to the exciter. Most exciter Þelds utilize
direct current; however, it is also possible to use alternating current in the exciter
Þeld (see Þgure 5-11).

Figure 5-10ÑSeparately excited system
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Since these systems utilize the load current for exciter power, they are very responsive to load
changes and have a motor starting ability of 1 hp/kW with a 35% voltage dip.

 

5.2.14 Parallel operation

 

To operate two or more generators in parallel, provisions should be made for the generators to
share the reactive load current proportionally and prevent circulating currents. Proportional
sharing of the real kilowatt load current is controlled by the engine governor.

The static exciter-regulators, self-excited regulators, and the separately excited regulators are
all capable of parallel operation when equipped with parallel provisions.

The two methods of controlling or sharing reactive load current when paralleling generators
are the voltage droop method and the cross-current compensation method.

a)

 

Voltage droop method.

 

 The parallel module for the voltage droop method consists of
a low secondary current transformer (CT) installed in generator phase 2 when the
regulator sensing is from line 1 to line 3. If three-phase sensing is used, a second CT
installed in phase 1 is also required. Figure 5-12 shows a single-phase sensing
arrangement. The CT develops a voltage signal across an adjustable resistor con-
nected across the CT secondary that is proportional in amplitude and phase to the
generator line current. This voltage is connected in series with the voltage applied to
the voltage regulator sensing circuit. The result is that the voltage applied to the volt-
age regulator sensing circuit is the vector sum of the generator ac voltage and the
voltage developed by the paralleling module. The voltage supplied by the paralleling
module is small in comparison to the generator voltage.

 

Figure 5-11ÑSelf-excited self-regulated system
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When a resistive load (unity power factor) is applied to the generator, the voltage
across the paralleling resistor leads the sensing voltage by 90¡, the vector sum of the
two voltages is nearly the same as the original sensing voltage, and no change occurs
in the generator output voltage.

When a lagging power factor (inductive) load is applied to the generator, the voltage
across the paralleling resistor becomes more in phase with the sensing voltage and
the vector sum of two voltages results in a larger voltage being applied to the sensor
circuit. Since the action of the regulator is to maintain a constant voltage, as in sens-
ing terminals, the regulator reacts by decreasing the generator voltage.

When a leading power factor (capacitive) load is applied to the generator, the vector
sums result in a smaller voltage at the regulator sensing terminals and the regulator
reacts to increase the generator output voltage.

With two generators operating in parallel, if the Þeld excitation on one generator
should become excessive and cause circulating currents to ßow between generators,
the current appears as a lagging power factor (inductive) load to the generator with
excessive Þeld current and a leading power factor (capacitive) load to the other. The
parallel compensation circuit will cause the voltage regulator to decrease the Þeld
excitation on the generator with the lagging power factor load so as to minimize the
circulating currents between the generators.

This action and circuitry is called parallel or voltage droop compensation. It allows
two or more paralleled generators to proportionally share inductive loads by causing
a decrease or droop in the generator system voltage.

b)

 

Cross-current compensation method

 

. The parallel modules described for the voltage
droop method of paralleling provide the necessary circuit isolation for the cross-cur-
rent compensation method of paralleling. Cross-current compensation allows two or

 

Figure 5-12ÑInterconnectionÑsingle-phase sensing
138



IEEE
EMERGENCY POWER SYSTEMS Std 602-1996
  

more paralleled generators to share inductive reactive loads with no decrease or
droop in the generator system output voltage (see Þgure 5-13). This is accomplished
by the action and circuitry described in the voltage droop method and the addition of
cross connecting leads between CT secondaries. The output of the Þrst unit CT is
connected to the input of the second unit CT, the output of the second unit CT is con-
nected to the input of third unit CT, etc., until all CTs are connected in series.

The Þnal step is to connect the output of the last CT to the input of the Þrst unit CT.
This forms a closed series loop that interconnects the CTs of all the generators to be
paralleled. The signals from the interconnected CTs cancel each other when the line
currents are proportional and in phase (no circulating currents), and no drop in sys-
tem voltage occurs.

Cross-current compensation can be used only if the regulators are identical and if the
regulators on all the generators operating on a common bus are interconnected into a
cross-current loop. Generators of different kilowatt ratings may be operated with
cross-current compensation if parallel CTs are selected that give approximately the
same secondary current at each generatorÕs rated load.

Voltage droop compensation does not require the above interconnection between
generator regulators nor matching CT output for different size generators. For this
reason, and because of its simplicity, the voltage droop method is the most popular
method of paralleling generators.

Some self-excited, self-regulated generators are capable of parallel operation. The
previously mentioned self-excited, self-regulated unit using ac voltage in the exciter
Þeld can be paralleled with like units and can share reactive load. In addition to the
normal requirements for paralleling (same voltage, same frequency, same phase
rotation), the units must have drooping voltage with reactive load and their output
voltages must be within 2%.

If the voltage on one of the paralleled units is higher than the other, it will try to take
the reactive load. The higher reactive load will cause the generator voltage to droop,
thus decreasing the voltage and balancing the reactive load between both generators.

 

5.2.15 Exciters

 

The two basic exciters in use today are the static exciter and the rotating brushless exciter.

a)

 

Static exciter

 

. The static exciter is a solid-state device that derives its input from the
output voltage of the main starter. The ac input is rectiÞed to dc, controlled by the
voltage regulator and supplied through brushes and slip rings to the main Þeld of the
alternator. The static exciter must supply all the power to the main Þeld. Typical
power required by the main Þeld on a 200 kW generator is 3 kW.

b)

 

Rotating brushless exciter

 

. The rotating brushless exciter is actually a three-phase
generator with a rotating armature on the same shaft with the main generator rotor.
The voltage regulator supplies excitation current and voltage to the stationary Þeld.
The three-phase output from the rotating armature is rectiÞed by a three-phase rotat-
ing bridge and the dc voltage is supplied to the main generator Þeld. The power input
to the brushless exciter for a 200 kW generator is 0.3 kW.
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5.2.16 Load pickup

 

Motor starting is the most severe requirement for the generator in terms of voltage dip. As
stated earlier, initial starting voltage dip should not exceed 35% in order to prevent motor
starters from dropping out. Voltage drops from cycling motors during operation should not
exceed 10%. A study should be made to determine that other connected loads will operate

 

Figure 5-13ÑCross-current compensation CT interconnection
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satisfactorily when this dip occurs (refer to Chapter 9). The engine power required during
motor starting is relatively small since the power factor is low, in the 0Ð0.4 range.

Full load pickup at rated power and 0.8 power factor will cause a voltage dip in the area of
15Ð20%. However, this is a more severe requirement for the engine. Since the real kilowatt
load will not cause a large voltage dip, the engine must pick up full load. This is usually not a
problem for smaller, naturally aspirated engine generator sets, but on larger sets with turbo-
chargers the sudden loading can cause the engine to stall before the turbocharger can return to
full speed.

To prevent this from happening, loads can be picked up in sequence. The Þrst loads to be
picked up consist of the emergency system transfer switch circuits. These loads must be on
the line in 10 s. After a delay, the equipment system transfer switches feeding the motor loads
are sequenced to the generator. For more information, refer to 5.3.1.

 

5.2.17 Exercising

 

No load operation of diesel engines eventually results in unburned fuel in the exhaust system
and in the formation of carbon within the engine. In order to avoid this condition, as well as
to check the complete standby power system, the complete generator set should be exercised
with the facility load. According to NFPA 99-1996 (8-2.1.2.5):

Generator sets serving Emergency and Equipment systems shall be inspected weekly,
and shall be exercised under signiÞcant load and operating temperature conditions for
at least 30 min at intervals of not more than 30 days. The 30 min exercise period is an
absolute minimum, or the individual engine manufacturerÕs recommendations shall
be followed.

Permanently installed resistive load banks are available to conveniently and automatically
exercise the units under the appropriate load. 

 

5.3 Automatic and nonautomatic transfer switches

 

Automatic transfer switches are used where alternate sources of power are required to auto-
matically ensure power continuity to designated electrical loads in health care facilities. An
automatic transfer switch may be deÞned as an inherently double-throw emergency device
that automatically transfers electrical loads from a normal source to an emergency source
whenever the normal source voltage fails or is substantially reduced. The switch automati-
cally retransfers the load back to the normal source when it is restored.

Because of its unique position in the electrical system the transfer switch should be a highly
reliable device with a long life and minimum maintenance requirements. Transfer switches
applied in health care facilities must have electrical characteristics suitable for the operation
of all functions and equipment they are to supply. The main characteristics to be considered
are as follows:

a) Types of load to be transferred
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b) Voltage rating
c) Continuous current rating
d) Overload and fault current withstand ratings
e) Type of overcurrent protective device ahead of the transfer switch
f) Source monitoring
g) Time delays such as on transfer or transfer-back
h) Input/output control signals
i) Main switching mechanism
j) Ground fault protection considerations
k) System operation
l) Bypass/isolation switches
m) Nonautomatic transfer switches operation
n) Multiple transfer switches versus one large transfer switch per system
o) Need to transfer system neutral

Reliability and economics are the prevailing factors in determining the best selection for the
application.

 

5.3.1 Types of loads

5.3.1.1 Load classiÞcation

 

The types of loads to be served in health care facilities are deÞned in Chapter 2.

Loads are classiÞed by UL 1008-1989 as follows:

a) Total system loads
b) Motor load
c) Electric discharge lamp loads
d) Resistive loads
e) Incandescent lamp loads

UL requires the marking of transfer switches to indicate the type of load they are capable of
handling. The marking ÒTotal System LoadsÓ indicates that the transfer switch can be used
for any combination of the loads described above under b) through e). However, the incan-
descent load may not exceed 30% of the total load unless the transfer switch is speciÞcally
marked as suitable to transfer a higher percentage of incandescent lamps. Most transfer
switches are rated for the transfer of total system loads, although some may be marked Òresis-
tance only,Ó Òtungsten only,Ó etc., or a combination of these markings. The burden of the sys-
tem designer is lessened when the switches chosen are listed and rated for total system loads.

 

5.3.1.2 Motor load transfer considerations

 

Two special design considerations are to be weighed by the system designer when motor
loads are to be supplied from alternate power systems:

a) The need to avoid nuisance circuit breaker tripping and possible damage to the motor
and related equipment when the motor is switched between two energized power
sources that are not synchronized.
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b) The need to shed motor loads prior to transfer and delay reconnection to prevent
overloading the power source to which the load is being transferred.

Depending on the makeup of the load, one or both of the above may require consider-
ation for any given dual power arrangement.

1)

 

Avoiding damage to motors

 

. Motors and related equipment can be damaged
when switched between two live power sources. During routine testing of the
system, or during retransfer from the alternate power source back to the normal
power source, both power sources are at full voltage. Experience has shown that
motors, especially large three-phase motors of 50 hp or more, when transferred
from one energized power source to another energized power source, can be
subjected to abnormal inrush currents. This in turn can lead to damage of motor
windings, insulation, couplings, and, in some cases, the driven load. The motor
overcurrent device may also trip out due to abnormal inrush current, and require
resetting. The abnormal currents are caused by the motorÕs residual voltage
being out of phase with the voltage source to which it is being transferred.

The situation is similar to paralleling two unsynchronized power systems. Vari-
ous control methods that are being used to overcome this problem are:

i) In-phase transfer
ii) Motor load disconnect control circuit
iii) Transfer switch with a timed center-off position
iv) Closed transition transfer to momentarily parallel the power sources

2)

 

In-phase transfer

 

. In-phase transfer schemes have been applied to health care
facility equipment loads for many years. As shown in Þgure 5-14, in-phase
transfer is often used for transferring low-slip motors driving high-inertia loads
on secondary distribution systems.   

A primary advantage of in-phase transfer is that it can permit the motor to con-
tinue to run with little disturbance to the electrical system and the process that is
being controlled by the motor. Some motor loads should not be interrupted and
shut down. Concern has been expressed about the slowdown of auxiliary motors
that result in pressure surging of boilers or in the cavitation of pumps

Figure 5-14ÑIn-phase motor load transfer
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[B10].

 

2

 

 Where it may be desirable to avoid intentionally delayed interruptions so
motor controllers will not have to be reset, the in-phase transfer approach is the
most practical.

Another advantage of in-phase transfer is that a standard double-throw switch
can be used with the simple addition of an in-phase monitor. The monitor sam-
ples the relative phase angle that exists between the two sources between which
the motor is transferred. When the two voltages are within the required phase
angle and are approaching zero phase angle, the in-phase monitor signals the
transfer switch to operate and reconnection takes place within acceptable limits.
The faster the transfer switch operates, the wider the frequency difference can be
between the two power sources without exceeding normal motor starting current
at time of transfer [B6].

In-phase monitors should be equipped with Þltering and sensing that is impervi-
ous to the effects of wave form distortions such as harmonic current.

Under certain conditions, the in-phase monitor should be omitted. Fast transfer
has been recognized as a means for the transfer test of power station auxiliaries
[B2]. Fast operating transfer switches have been in use on secondary distribution
systems for many years. When a motor is being transferred between two synchro-
nized sources, such as two-phase locked utility company lines from the same
source, a transfer switch with fast operating time is usually sufÞcient for success-
ful transfer since the motor does not have time to slow down signiÞcantly.

3)

 

Load disconnect control circuit

 

. Motor load disconnect control circuits, such as
shown in Þgure 5-15 and similar relay schemes, are also a common means of
transferring motor loads [B7]. This arrangement and the following arrangement
(timed center-off position) should not be used if the motors cannot be de-ener-
gized momentarily during transfer. Momentary de-energization may result in
unacceptable disturbances to the electrical system and the process being con-
trolled by the motor.

 

2

 

The numbers in brackets correspond to those of the bibliography in 5.14.

Figure 5-15ÑMotor load disconnect circuit
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As Þgure 5-15 indicates, the motor load disconnect control circuit is a pilot con-
tact on the transfer switch that opens to de-energize the contactor coil circuit of
the motor controller. After transfer, the transfer switch pilot contact closes to
permit the motor controller to reclose. For these applications, the controller
should reset automatically.

The motor load disconnect circuit positively isolates each motor through its own
controller, thus preventing possible interaction with other system loads.

A proper motor control disconnect circuit should be arranged to open the pilot
contact for approximately 3 s before transfer to the alternate power source is ini-
tiated. Depending on the motorÕs time constant, or whether timed reclosing is
provided in the motor controller circuit, it may also be necessary to add a second
delay in the motor load disconnect control circuit. If the motor controller circuit
does not have timed reclosing and the motorÕs time constant exceeds 3 s, an addi-
tional delay should be included in the motor load disconnect control circuit. A 3 s
delay is usually satisfactory. An exception might be large high inertia motors,
that may have time constants of 4Ð5 s. In such cases, it may take six or more sec-
onds for the residual voltage to decay to an acceptable value for reclosing.

When several motors are being transferred, simultaneous reconnection may
cause excessive starting inrush currents. In this case the delay can be a sequencer
with several timed pilot contacts (one contact for each motor controller circuit).

As these arrangements require interconnection of control wires between the
transfer switch and the motor controller, some consideration should be given to
the design and layout of the system to minimize control line runs. To overcome
this problem, the transfer switch is frequently located adjacent to or within the
motor control center.

4)

 

Timed center-off position

 

. Transfer switches with a timed center-off (neutral
position) have been used as a means of switching motor loads. Figure 5-16
shows a typical arrangement. This arrangement achieves results similar to the
motor load disconnect control circuit described earlier.

Figure 5-16ÑNeutral off position
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One advantage, provided that timed sequence reclosing is not required, is that
interconnections between the transfer switch and motor controller are not
required provided the controllers are the auto reset type.

5)

 

Closed transition transfer

 

. Closed transition transfer with momentary parallel-
ing of the two power sources is an ideal but more costly solution (see Þgure 5-
17). An uninterrupted load transfer should provide the least amount of system
and process disturbances [B8]. Closed transition transfer can only be achieved
when both power sources are present and properly synchronized by voltage, fre-
quency, and phase angle. In the case of a failing source, overlap transfer may be
extremely difÞcult, if not impossible, to achieve. Closed transition transfer can
only be used during test transfers and retransfer back from the generator to the
utility when both sources are at full voltage.

With closed transition transfer, the on-site engine generator set is momentarily
connected in parallel with the utility source. This necessitates advance approval
from the local utility company before specifying and installing the equipment.

Ten to 15 years ago, obtaining such approval was often a problem. However,
with the increased acceptance of cogeneration, the picture has changed consid-
erably. In fact, today many electric utilities encourage interconnections with on-
site power as an alternate to the uncertainties of building new power plants. 

With closed transition transfer, there is even less concern than that of cogenera-
tion. This is because the paralleling of sources is not sustained and lasts only for
a maximum of 100 ms. Therefore, the need for protective relaying, as required
for cogeneration, is not required for closed transition transfer. The requirement
for protective relays, if any, will be determined by the utility company.

 

5.3.1.3 Sequential loading of the generator

 

What methods are available to prevent overloading of the alternate source? Such generator sets
often have limited capability to supply the total inrush and starting currents of the connected
load. For economical purposes, generator sets are often sized to provide full load current plus

Figure 5-17ÑClosed transition transfer
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a limited motor starting capability [B5]. In such cases, it becomes essential to delay reconnec-
tion of loads when transferring from the normal power source to the on-site generator. 

Article 517 of the NEC requires that the equipment system load (primarily motor load) trans-
fer switches in hospitals be equipped with time delay relays that will delay transfer of the
connected load to the generator set. The purpose is to assure that the more important emer-
gency system loads are connected Þrst and established within 10 s of failure. The transfer
switches supplying the motors are then sequentially transferred to the generator set.

Another reason for load shedding is the need to Òpower downÓ certain loads, such as those
utilizing silicon controlled rectiÞers (SCRs) to avoid damage to, or failure of, such compo-
nents during transfer. Various solutions in use today to help solve these problems by adding
circuit features to transfer switches are as follows:

a)

 

Transfer switches with individual time delay circuits on transfer to emergency

 

. This
arrangement is in frequent use today. If there are several transfer switches in an
installation, the time delay can be adjusted slightly differently on each transfer switch
so that the transfer switches close sequentially onto the generator. Consideration
should be given to individual motor inrush requirements, the remaining available
starting kVA of the generator, and the importance of the respective loads when deter-
mining the sequence of transfer.

b)

 

Transfer switches with signal circuits for deÞnite disconnection of a single load prior
to transfer and reconnection after transfer

 

. This arrangement was described previ-
ously under b) 3) in 5.3.1.2, and illustrated in Þgure 5-15.

 

 

 

With the additional delay
described in the text, the control circuit not only assures that the motor is
disconnected before transfer, but also prevents the motor load from being recon-
nected until several seconds after the transfer switch has transferred and reconnected
any other loads that are fed by the same transfer switch.

c)

 

Transfer switches as in 

 

b)

 

 but with multi-signal circuits to sequence several loads
onto the generator

 

. A further reÞnement of the system described above utilizes
several signal circuits when several motors are to be fed by the same transfer switch
and it is desired to reconnect them sequentially rather than all at once. Two to nine
circuits are commonly provided. The time delay between reconnection steps is
adjustable from 2Ð60 s to allow the starting current to reduce to a safe value before
the next motor is signaled to be reconnected. Once the delay is set, it is the same for
each step.

 

5.3.1.4 Transformer load considerations

 

Dry-type lighting transformers and isolation transformers are generally located on the load
side of the transfer switches supplying the life safety and critical branches of the essential
electrical system. Isolation transformers are frequently used in anesthetizing locations and in
special environments of health care facilities (see Chapter 6).

The electrical and mechanical construction of some of these transformers is such that very
high magnetizing inrush currents frequently occur when the transformer is reenergized dur-
ing a transfer operation. The inrush currents may be as high as 20Ð25 times rating and may
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sometimes cause nuisance tripping of the overcurrent protective device. These transformers
use grain-oriented square loop steels. The amount of magnetic ßux is determined by the con-
ditions that existed when the circuit was last interrupted and is unpredictable. The phenomena
exists whether or not the secondary is connected.

There are various solutions to overcome nuisance tripping depending on the manufacturer of
the transformers. Sometimes series reactance, impedance starting, and special overcurrent
devices are considered as solutions. A solution beyond the transfer switch is necessary
because other interruptions, such as momentary outages on the high lines, can cause a similar
problem. However, for health care facilities where periodic testing is mandated, a closed tran-
sition transfer switch can ameliorate the condition.

 

5.3.2 Voltage ratings

 

An automatic transfer switch is unique in the electrical distribution system in that it is located
where two unsynchronized power sources are commonly connected to it. This means that the
voltages impressed on the insulation may actually be as high as 960 V on a 480 V ac system.
A properly designed transfer switch should provide sufÞcient spacings and insulation to meet
these increased voltage stresses.

For this reason, the electrical spacing on a transfer switch should not be less than those shown
in UL 1008-1989 (table 15.1), regardless of what type of component may be used as part of
the transfer switch.

The voltage ratings for this discussion will be limited to health care facility essential electri-
cal system applications where transfer switches are rated 600 V or less.

NEMA ICS 10-1993 standard voltage ratings of automatic transfer switches are normally
120 V, 208 V, 240 V, 480 V or 600 V, single or polyphase. The standard frequency is 60 Hz.
Automatic transfer switches can also be supplied for other voltages and frequencies when
required for dc and international applications.

 

5.3.3 Continuous current rating

 

A continuous current (load) is deÞned by the NEC as one that is expected to continue at its
maximum value for 3 h or more (NFPA 70-1996).

Transfer switches differ from other emergency equipment in that they must continuously
carry the current to critical loads, whereas an engine generator set generally supplies power
only during emergency periods. Current ßows continuously through the transfer switch
whether the switch is in the normal or the emergency position. Automatic transfer switches
(ATS) are available in continuous ratings ranging from 30Ð4000 A.

Most transfer switches are capable of carrying 100% of rated current at an ambient tempera-
ture of 40 

 

°

 

C. However, some transfer switches, such as those incorporating integral overcur-
rent protective devices, may be limited to a continuous load current not to exceed 80% of the
switch rating.
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When selecting an automatic transfer switch, it is only necessary to determine the maximum
continuous load current that the transfer switch must carry. Momentary inrushes, such as
occur when lighting or motor loads are energized, can be ignored provided that the switch is
UL 1008-1989, ÒTotal Systems LoadÓ-rated. Select an automatic transfer switch that is at
least equal to, or greater than, the calculated continuous current.

For new projects, the system designer may specify a transfer switch that will be able to carry
future anticipated loads. In such cases, it is advisable to select a transfer switch with a contin-
uous current rating equal to the future total anticipated load.

The transfer switch continuous current rating is found by totaling the amperes required for all
loads. Electric heater and tungsten (incandescent) lamp load currents are determined from the
total wattage. Fluorescent, mercury vapor, metal halide, and sodium vapor lamp load currents
must be based on the current of each ballast or auto-transformer draws, not on the total watts
of the lamp. Motor loads are determined by motor full load running currents. Motor inrush
and locked rotor currents need not be considered in sizing a transfer switch that is UL-listed
for total system loads.

 

5.3.4 Overload and fault current withstand ratings

 

Transfer switches are often subjected to currents of short duration that exceed the continuous
duty ratings. The ability of the transfer switch to handle higher currents is measured by its
overload and fault current withstand ratings. Additional information on overload ratings and
fault current withstand ratings can be found in Chapter 3.

 

5.3.5 Protective device ahead of transfer switch

 

The type and size of the overcurrent device ahead of the transfer switch plays a signiÞcant
role in transfer switch application. Refer to Chapter 3 for a discussion on coordinating the
protective device and the transfer switch. Protective devices should be coordinated through-
out the system so that a fault is cleared by the device nearest to the fault, thereby minimizing
load disruption.

 

5.3.6 Source monitoring

 

The normal source is most often from an electric utility company whose power is transmitted
many miles to the point of utilization. The transfer switch control logic continuously moni-
tors the voltage of and, optionally, the frequency of all phases. Because utility frequency is
for all practical purposes constant, only the voltage is usually monitored. For single-phase
power systems, the line-to-line voltage is monitored. For three-phase power systems, all three
line-to-line voltages should be monitored to provide full phase protection.

In addition to feeder failure, monitoring protects against operation at reduced voltage, such as
brownouts, which can damage loads. Since the voltage sensitivity of loads varies, the pickup
(acceptable) voltage setting and dropout (unacceptable) voltage setting of the monitors
should be adjustable. Typical range of adjustment for the pickup is 85Ð100% of nominal
while the dropout setting is 75Ð98% of the pickup selected. The usual settings for most loads
are 95% of nominal for pickup and 85% of nominal for dropout.
149



IEEE
Std 602-1996 CHAPTER 5
  

A study should be made to determine the minimum operating voltage of the equipment con-
nected to the load side of the transfer switch.

The brightness of tungsten lamps is generally unacceptable at a 70% voltage level. Fluores-
cent-type lighting is also voltage sensitive and at 85% of rated voltage, it becomes uncertain
as to whether the ßuorescent lamp will continue to burn properly. Some manufacturers allow
for a voltage range of +5% to Ð8%. Therefore, a closer voltage differential with dropout set at
90% of nominal is generally required for this type of lighting.

Electronic equipment loads are often more critical. These installations include patient care
equipment in health care facilities, x-ray equipment, television stations, microwave commu-
nications, telephone communications, data processing centers, and similar applications.
Close differential protection is often set for a dropout of 90% of nominal.

Upon loss of voltage in one phase, polyphase motors will single-phase, which may lead to
burnout of the motor. While the motor is normally protected by the overload relays in the
controller, close differential voltage supervision should be applied to the automatic transfer
switch for motor installations so that transfer to the alternate source can be initiated. Differen-
tial voltage relays with a close adjustment of 2% for dropout and pickup values will aid in the
detection of phase outages and help provide protection when single phasing occurs. 

As long as normal voltage is available at or above the preset limit, the transfer switch should
remain connected to the normal source. Likewise, if voltage is lost to only one of several
transfer switches, then only that transfer switch should transfer to emergency. The remaining
switches should stay on normal.

Sensing of the alternate source voltage need only be single-phase since most applications
involve an on-site generator with a relatively short line run to the automatic transfer switch.
In addition to monitoring voltage, the alternate sourceÕs frequency should also be monitored.
Unlike the utility power, the engine generator frequency can vary during start-up. Frequency
monitoring will avoid overloading the engine generator while it is starting and can thus avoid
stalling the engine. Combined frequency and voltage monitoring will protect against transfer-
ring loads to an engine generator set with an unacceptable output.

 

5.3.7 Time delays

 

Time delays are provided to program the operation of the automatic transfer switch to avoid
unnecessary starting and resultant transfer to the alternate supply. 

An adjustable momentary outage time delay will override momentary interruptions and reduc-
tions in normal source voltage but will allow starting and transfer if the reduction or outage is
sustained. The time delay is generally set at 1 s, but may be set higher if line-side automatic
throwover arrangements and reclosers on the high lines take longer to operate, or if expected
momentary power dips frequently exceed 1 s. If long delay settings are used, care must be
taken to ensure that sufÞcient time remains to meet the 10 s power restoration requirements.

Once the load is transferred to the alternate source, another timer delays retransfer to the nor-
mal source until that source has time to stabilize. This timer is controlled by the preferred
source voltage monitors and is adjustable from 0Ð30 min. It is normally set at 30 min.
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Another important function of this retransfer timer is to allow the engine generator set to
operate under a load for a preselected minimum time to drive out moisture and ensure
continued good performance of the set and its cranking system. This delay should be auto-
matically bypassed if the alternate source fails and the normal source is available as deter-
mined by the voltage monitors.

Engine generator set manufacturers often recommend a cooldown period for their sets that
will allow the set to run unloaded after the load is retransferred to the normal source. A third
time delay, usually 5 min, is provided for this purpose. The delay helps to prevent inadvertent
high water temperature alarm and lockout when the set is shut down. Running an unloaded
engine for more than 5 min is unnecessary, and is not recommended since it can cause deteri-
oration in engine performance.

It is sometimes considered good practice to purposely sequence transfer of the loads to the
alternate source where more than one automatic transfer switch is connected to the same
engine generator, such as on the equipment branch of the essential electrical system (refer to
5.3.1.3). Utilization of such a sequencing scheme can reduce starting kilovoltampere capacity
requirements of the generator. A fourth timer, adjustable from 0Ð5 min, will delay transfer to
the alternate source for this and other similar requirements. NFPA 99-1996 requires the delay
on certain equipment system loads.

5.3.8 Input/output control signals

When the transfer switch control panel detects a sustained failure of the normal source, a set
of contacts, one normally open and one normally closed, operates to signal starting of the
alternate source generator set. These contacts should be rated to handle the dc voltages and
currents encountered on engine automatic starting systems.

Additional dry contacts, normally open and normally closed, should be provided on the trans-
fer switch unit for remote annunciation of transfer switch positions and other control functions.

5.3.9 Main switching mechanism

The main switching mechanism of a transfer switch should have the following characteristics:

a) Electrical operation. It is usually considered good practice to electrically operate the
transfer switch using control power from the source to which the load is to be trans-
ferred. This arrangement ensures an adequate source of power for switch operation.

b) Mechanically held. Electrically held transfer switches are limited in size, will drop
out and disconnect the load if the main coil fails, and have very low fault current
withstandability. Conversely, mechanically held mechanisms are not limited in size,
will not drop out, and can withstand higher fault currents.

c) Mechanically interlockedÑdouble-throw. Normally, the switch mechanism should be
of the mechanically interlocked double-throw-type, permitting only two possible
positionsÑclosed on normal or closed on emergency. If the interlocking permits both
sets of contacts to close at the same time, a system-to-system short circuit can occur.
Exceptions are made for center-off and closed transition schemes as previously
described under b) 4) and 5) in 5.3.1.2.
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5.3.10 Ground-fault protection considerations

Ground-fault protection of electrical systems that have more than one power source (e.g., a
load supplied by a utility and engine generator set) requires special consideration when the
neutral conductor of the engine generator set is required to be grounded at the generator loca-
tion, thus creating multiple neutral-to-ground connections. The system must be properly
designed to avoid improper sensing of ground-fault currents and nuisance tripping of over-
current devices. Transfer switches are often furnished with neutral transfer contacts to pro-
vide the isolation between neutrals.

Ground-fault protection as applied to emergency power systems is covered in detail in
Chapter 3.

5.3.11 System operation

The emergency system and the equipment system should be so arranged that, in the event of
failure of the normal power source, an alternate power source is automatically connected
within 10 s to the emergency system loads and to the switching devices (time delay or nonau-
tomatic) that are supplying the equipment system loads.

The automatic transfer switch is arranged to achieve this operation. An automatic transfer
switch consists of two major components: an electrically operated, double-throw transfer
switch, and a control panel (see Þgure 5-18).

The essential electrical system is normally served by the utility power source except when the
utility power source is interrupted or drops below a predetermined voltage level as sensed by
the voltage monitor (VM). Settings of the sensor should be determined by a careful study of
the voltage requirements of the load.

Figure 5-18ÑAutomatic transfer switch
 (consists of the control panel, left, and the switch unit, right)
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Chapter 3 describes the overall essential electrical system. Failure of the normal source will
automatically start the alternate source generator after a short delay (TD1). When the alter-
nate power source has attained a voltage and frequency that satisÞes minimum operating
requirements of the essential electrical system as sensed by the combination voltage/fre-
quency monitors (V/FM), the load is connected automatically to the alternate power source
through the transfer controls (TC) and the main transfer switch operator (TO).

Upon connection of the alternate power source, the loads comprising the emergency system
are automatically reenergized. The load comprising the equipment system is connected auto-
matically after a time delay (TD2), and in such a manner as not to overload the generator.

When the normal power source is restored, and after a time delay (TD3), the automatic transfer
switch disconnects the alternate source of power and connects the loads to the normal power
source.

If the emergency power source should fail and the normal power source has been restored,
retransfer to the normal source of power is immediate, bypassing the retransfer delay timer.

5.3.12 Bypass/isolation switches for automatic transfer switches

In many health care facilities, it is difÞcult to perform regular testing or detailed inspections
on the emergency system because some or all of the loads connected to the system are vital to
human life. De-energizing these loads for any length of time is difÞcult. This situation results
in a lack of maintenance. In such installations, a means can be provided to bypass the critical
loads directly to a reliable source of power without downtime of the loads. The transfer
switch can then be isolated for safe inspection and maintenance.

NFPA 99-1996, section 3-3.2.1.1(8), states that health care facilities should consider 

Properly designed and installed bypass arrangements to permit testing and
maintenance of system components that could not be otherwise maintained without
disruption of important hospital functions.

Two-way bypass/isolation switches are available to meet this need. A typical two-way
bypass/isolation switch combined with an automatic transfer switch is shown in Þgure 5-19.

These switches can perform the following three functions:

a) Shunt the service around the transfer switch without interrupting power to the load.
One manufacturerÕs switch design interrupts the load for a few cycles during opera-
tion. In Þgure 5-20 the bypass (upper) handle is in the bypass-to-normal (BP-NORM)
position. The load is fed directly from the normal source through the right-hand BP
contact. The isolation (lower) handle is shown in the closed position.

b) Allow the transfer switch to be tested without interruption of power to the load. In
Þgure 5-21 the isolation (lower) handle is in the test position, so the transfer switch
can be tested without disrupting the load.

c) Electrically isolate the transfer switch from both sources of power and load conduc-
tors to permit the inspection and maintenance of all transfer switch components. In
Þgure 5-22 the isolation handle is moved to the open position, and the load is fed
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directly from the normal; the automatic transfer switch (ATS) is completely isolated
and can be removed without interrupting the load.

The functions outlined above are accomplished by operating two handles in an easy-to-follow
sequence. The equipment can be furnished as a complete automatic transfer and bypass/isola-
tion switch for new installations, or as a replacement for existing equipment. Some arrange-
ments can be supplied with a drawout mechanism so that the transfer switch can be easily
removed for maintenance.

In addition to the two-way switches, one-way switches are also available that bypass to only
one preselected source. Experience has shown that the somewhat higher price for a two-way
switch is fully justiÞed when considering the overwhelming advantages over one-way
switches. For example, a two-way bypass/isolation switch allows either power source to be
selected to feed the load during bypass. The operator can choose the source that is the more
dependable at that time. Furthermore, when the transfer switch is in the test or open position
as shown in Þgures 5-21 and 5-22, a two-way bypass/isolation switch can be used to transfer
the load to the alternate source if the source to which it has been bypassed fails. One-way
devices cannot provide these features.     

Essential loads that warrant bypass switches to permit periodic maintenance of transfer
switches should be provided with the capability to transfer in two directions. Such an

Figure 5-19ÑTypical automatic transfer and two-way bypass/isolation switch
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arrangement ensures the backup capability to transfer critical loads to an available normal or
emergency power source even if the automatic switch is inoperable. 

Only two-way bypass/isolation switches should be furnished with the transfer switches that
feed the essential electrical system in a health care facility.

Figure 5-20ÑBypass-isolation switch in bypass-to-normal position

Figure 5-21ÑBypass-isolation switch in test position

Figure 5-22ÑBypass-isolation switch with transfer switch removed
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5.3.13 Nonautomatic transfer switches

Nonautomatic transfer switches are sometimes considered for certain code-deÞned portions
of the equipment load and for various nonessential loads, when permitted. For these installa-
tions it is necessary that operating personnel make the switchover and that the load not be of
an emergency nature requiring immediate automatic restoration of power. For these reasons it
is recommended that all loads be transferred automatically whenever possible. When possible
overloading of the generator is a concern, it may be more practicable to manually transfer
nonessential loads.

Section 700-5(b) of NFPA 70-1996 requires that a portable or temporary alternate source of
power be made available whenever the emergency generator is out of service for major main-
tenance or repair. How this is to be accomplished is left up to the system designer. Whatever
approach is used, it should be in accordance with standard practice and equipment for emer-
gency use. One suggestion might be to use a nonautomatic transfer switch. 

Devices used as nonautomatic transfer switches should have the same electrical characteris-
tics, rating, and features as an automatic transfer switch except that the control panel is omit-
ted. Operation is achieved either through an externally operable quick make/quick break
manual operating handle or by electrical remote push-button control.

Electrically operated nonautomatic transfer switches should derive control power from the
source to which the load is being transferred to ensure an adequate power supply to the main
electrical operator. Control relays are often used at the transfer switch to avoid voltage drops
owing to long control line runs.

5.3.14 Multiple transfer switches vs. one large transfer switch

In small hospitals and nursing homes with a maximum demand of 150 kVA on the essential
electrical system, NFPA 70-1996 permits one large transfer switch rather than multiple
branch transfer switches.

The system designer should consider the following in determining the best approach:

a) One single large automatic transfer switch close to the incoming service controlling
the entire emergency load, in lieu of individual automatic transfer switches in each
branch of the emergency system, may reduce the overall reliability and design
ßexibility of the system. Maximum protection is better achieved by locating the
transfer switches as close to the loads as possible. At this location, the automatic
transfer switch will not only monitor the utility and generator power supplies but also
the power circuit conductors to the transfer switch.

b) Maximizing physical isolation of the separate branches and feeders in the essential
electrical system may be accomplished by using separate transfer switches in each
feeder. Separate transfer switches, in each of the essential load feeders, increase total
system reliability because separation of the conductors is maintained all the way back
to the utility and generator main distribution switchboards. If one large transfer
switch were used, it might require a long main power conductor run. If something
156



 

IEEE
EMERGENCY POWER SYSTEMS Std 602-1996

 

happened to this one conductor or the single automatic transfer switch, the complete
essential electrical system would be shut down, whereas with the multiple automatic
transfer switch approach, only one branch of the system would be affected.

c) There is a need to sequentially transfer the loads in blocks so as not to overload the
generator. Multiple automatic transfer switches with adjustable delay on transfer to
the generator are generally used for this purpose. If one large transfer switch were
used, it might require oversizing the generator or development of a load-shedding,
load restoration system.

d) While several small transfer switches that equal the ampacity of one large switch
might cost about the same, the additional cost of separate feeders and installation is a
factor favoring the use of one large switch.

When branch circuits on the load side of the transfer switch are required to be extra reliable
because they are life-sustaining, area protection relays might be a consideration. These relays
can sense failures at the load side of the individual panelboard overcurrent devices or directly
at the point of utilization. Such relays can signal for remedial action when overcurrent device
opening (inadvertent, mechanical failure or overcurrent tripping), circuit wiring failure,
equipment failure, or unintentional equipment disconnection occur.

5.4 Engine generator controls

5.4.1 General

The engine generator control panel contains the devices that monitor and control the status
and operation of the engine generator system. Interfacing with control components on the
engine and the transfer switch is generally required. The control panel should be located near
the engine generator set. The assembly and conductors should be protected from the effects
of vibration.

NFPA 99-1996 requires that the generator set(s) be equipped with certain visual prealarm and
alarm devices, automatic safety shutdown, and an audible alarm device to indicate activation.
It further requires a remote annunciator to indicate alarm conditions outside of the generating
room at a regular workstation. Where the regular work station periodically is unattended, an
audible and visual derangement signal should be provided at a continuously monitored (24 h/
day) location. The annunciator is generally located in the boiler plant, Þre station, security
room, ofÞce center, or telephone switchboard.

5.4.2 Safety controls

It is usually preferable to shut down an emergency generator set and correct a problem rather
than continue to operate the unit and possibly destroy it in the process. For this reason, safety
shutdown controls are required as follows.

a) The controls are arranged to shut the engine down for

1) Overspeed
2) Low lubricating oil pressure
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3) Excessive engine coolant temperature

In addition, pre-shutdown anticipatory alarms for low lubricating oil pressure and
excessive engine temperature are also provided in health care facilities. When warned
of an impending shutdown, an attendant may take corrective action to prevent shut-
down for low lube oil pressure and excessive engine temperature. If a governor loses
control, engine speed may increase from rated speed to overspeed in less than 1 s and
no corrective action is possible. Therefore, a pre-shutdown alarm is not practical for
overspeed.

b) Additional indicator lights and/or alarms are speciÞed for

1) Overcrank (failure to start)
2) Battery charger malfunction
3) Low fuel level
4) Low water temperature, e.g., coolant heaters not operating
5) Emergency generator set operating
6) Low coolant level

Indicator lights to show malfunction of many other items may be desirable in speciÞc
installations. These may include excessive engine room temperature, remote radiator
fan failure, etc.

5.4.3 Automatic starting

The alternate source generator set(s) in health care facilities are normally automatically
started and stopped as a function of a control contact on the automatic transfer switch (see
5.3.8 and 5.3.11). The control contact closes to initiate engine start and run, and opens to ini-
tiate engine stopping. The contact should be arranged for fail-safe operation.

The engine generator control panel (see Þgure 5-23) includes an automatic engine start con-
trol that operates upon signal of the control contact on the transfer switch to control the vari-
ous devices on the engine for engine start and run. For example, on a diesel engine, a fuel
solenoid valve may be energized to permit fuel to ßow into the fuel injectors. At the same
time, the cranking motor relay circuit is energized to initiate cranking. The automatic engine
starting control includes an overcrank time delay that will sound an alarm and lock out any
further cranking if the engine fails to start after a programmed period. A common cranking
sequence is 15 s of cranking followed by 15 s rest, repeated for a total of 75 s.

When the engine ignites and attains a minimum speed setting, the cranking circuit is automat-
ically disconnected via any one or more of methods such as speed governor switch, oil pres-
sure switch, ac generator voltage buildup, and battery charging generator voltage buildup.
The selection of the proper crank disconnect method is best made at the recommendation of
the engine manufacturer.

The automatic engine starting controls also monitor the various engine protective devices
described above to sound alarms, to give visual indication, and to shut the engine down when
failures occur. The failure lockout circuit requires resetting before the engine can be restarted.
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5.4.4 Typical engine generator set control panel features

In addition to the automatic engine starting control, the engine generator control panel may
also include

Ñ Voltmeter
Ñ Ammeter
Ñ Frequency meter
Ñ Voltmeter/ammeter phase selector switch, or separate switches 
Ñ Current transformers
Ñ Overcurrent protective device
Ñ Vibration isolators when engine mounted
Ñ Remote annunciator interface

Various other accessories are furnished depending on the application. These might include

Ñ Elapsed time meter
Ñ Panel illumination lamp with ON/OFF switch
Ñ Governor motor raise-lower speed switch
Ñ Voltage adjust rheostat

Figure 5-23ÑTypical engine generator control panel
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Ñ Voltage regulator
Ñ Kilowatt meter
Ñ Instrument panel test block to enable connection of power quality instrument

5.4.5 Remote annunciator requirements

Health care facilities require a remote annunciator panel (see Þgure 5-24) to provide visual
and audible indication of

Ñ Low fuel level
Ñ Low water temperature
Ñ Low oil pressure
Ñ High water temperature
Ñ Overspeed
Ñ Overcrank

Visual indication only is required for the following:

Ñ Battery charger malfunction
Ñ Generator is supplying the load

In addition to the above, a derangement contact should be supplied to close for signaling to a
continuously attended work station that an alarm condition has occurred.

Figure 5-24ÑTypical remote annunciator panel
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5.5 Battery chargers for cranking batteries

5.5.1 General description

A great variety of battery chargers are available. The type selected for a generator set installa-
tion will depend upon the electrical equipment used on the engine. Most chargers fall into
two categories:

a) Full battery recovery. The full recovery-type charger is required on standby generator
set installation when a charging generator is not used to restore battery charge. It is usu-
ally a high-low rate charger that is automatic in operation. The high rate will recharge
the battery, and the low rate will maintain the batteries in prime starting condition.

b) Maintenance trickle charge. The trickle-type charger is sometimes used when a
charging generator is supplied on the engine. With a trickle charging rate of 2 A, it
maintains the battery condition at whatever level was attained when the charging gen-
erator stopped. It is not designed to recharge a discharged battery, and for this reason,
it may be more reliable to provide a high-low full battery recovery charger even if a
charging generator is furnished on the engine.

 A battery charger for engine cranking batteries is similar, if not identical, to a dual rate bat-
tery charger for standard ßoat application. The primary difference between the chargers is
sizing. In engine cranking applications, the battery load is usually several hundred amperes
(possibly a few thousand amperes) for only a few seconds. The batteries may need to be rela-
tively large to provide the high breakaway and rolling currents for the cranking motor. On the
other hand, the charger is usually small in comparison to the battery ampere hour capacity,
because only a small amount of battery capacity is removed with each crank cycle. For exam-
ple, 1000 A for 15 s equals:

(1000 A)

In lead-acid batteries, the individual cell voltages will begin to drift apart and will need to
be brought back to the full charge by increasing the charger voltage approximately 10% for
25Ð30 h every 30 days. This is referred to as ÒequalizingÓ the battery. Nickel-cadmium bat-
teries have much less self-discharge over longer periods of time under similar conditions.

Whether lead-acid or nickel-cadmium, both types of batteries need a high rate of charge to
achieve a fully charged state.

Many nickel-cadmium battery users have been allowed to believe that because their type of
battery does not require periodic Òequalizing chargesÓ such as required for lead-acid, that a
dual rate battery charger was not needed. They have, as a result, used only a single rate ßoat
charger. This type of charger will adequately maintain a fully charged nickel-cadmium bat-
tery until it is discharged by an external load. However, once the battery is discharged, it will
not recharge to more than 85% at ßoat voltage regardless of the current capacity of the
charger. It is also true that with each successive discharge, the nickel-cadmium battery in
such a charging circuit will continue to lose capacity. This phenomenon has from time to time

15  s ( ) 
3600  s/h ( ) 

------------------------- 4.2  Ah  removed=
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been referred to as Òmemory effect.Ó However, it is simply a result of inadequate recharging
of the battery. It can be corrected with a sequence of several high charge and deliberate dis-
charge cycles.

 

5.5.2 DeÞnitions

 

ambient temperature: 

 

The temperature of the medium, usually air, surrounding the battery
charger.

 

battery charger:

 

 As deÞned in this standard, static equipment that is capable of restoring and
maintaining the charge in a storage battery.

 

charge:

 

 The conversion of electrical energy into chemical energy within the battery.

 

charging rate:

 

 The output current expressed in amperes at which the battery is charged.

 

constant

 

 

 

potential

 

 

 

charge:

 

 A charge in which the voltage at the output terminals of the
charger is held to a constant value.

 

current

 

 

 

limit:

 

 The maximum output of the battery charger delivered to a discharged battery
and load, usually stated as a percentage of output rating and with nominal input voltage sup-
plied to the charger.

 

ßoat

 

 

 

voltage:

 

 The voltage maintained across the battery by the charger in order to keep the
battery at its best operational condition with minimum water loss. Float voltage is expressed
in volts/cell.

 

equalize

 

 

 

voltage:

 

 A voltage approximately 10% higher than the ßoat voltage. This higher
voltage is used for periodic equalizing of lead-acid and nickel-cadmium batteries. Equalize
voltage is expressed in volts/cell.  

nominal value: 

 

An arbitrary reference value selected to establish equipment ratings.

 

overcurrent protection:

 

 Protection of the battery charger against excessive current, includ-
ing short circuit current.

 

short circuit current

 

 

 

(of a battery charger): 

 

The current magnitude at the output terminals,
when the terminals are short circuited and with nominal input voltage supplied to the charger.

 

5.5.3 Charger ratings

 

The continuous duty output current rating must be adequate to supply the engine cranking
battery charging current plus all auxiliary load requirements.

The charger output voltage rating is dictated by the type of battery and the number of cells
being charged.
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Float voltage ranges per cell at 77

 

 °

 

F (25

 

 

 

°

 

C) are

Ñ  Lead plante at 1.210 

 

d

 

 electrolyte 2.15Ð2.19 V
Ñ  Lead-antimony at 1.210 

 

d

 

 electrolyte 2.15Ð2.19 V
Ñ  Lead-antimony at 1.265 

 

d

 

 electrolyte 2.29Ð2.33 V
Ñ  Nickel-cadmium at 1.35Ð1.45 V

Equalize voltage ranges per cell at 77 

 

°

 

F (25 

 

°

 

C) are

Ñ  Lead plante at 1.210 

 

d

 

 electrolyte 2.25Ð2.35 V
Ñ  Lead-antimony at 1.210 

 

d

 

 electrolyte 2.25Ð2.35 V
Ñ  Lead-antimony at 1.265 

 

d

 

 electrolyte 2.4Ð2.5 V
Ñ  Nickel-cadmium at 1.50Ð1.60 V

The ac input ranges for 60 Hz are  

The rated alternating current supply frequencies are 50 Hz or 60 Hz.

Rated ambient temperature range is 32Ð122

 

 

 

°

 

F (0Ð50

 

 

 

°

 

C).

 

5.5.4 Charger sizing

 

The worst-case load on the charger is when the battery is discharged and the charger must
recharge the battery plus power the load. There are many considerations such as the number of
cells, voltage window of the load, input voltage, input frequency, single-phase, three-phase,
output regulation, ripple, recharge time, etc., all of which can affect the charger selection.

In general, because engine cranking batteries are seldom discharged very deeply, it is com-
mon practice to size the charger by the following equation:

(3)

 

Nominal voltage Minimum Maximum

 

120 106 127

208 184 220

240 212 254

277 245 293

480 424 508

575 508 608

I chg( ) 0.6 Ah( )
HR

-------------------- I load( )+=
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where

 

I 

 

(chg) is current capacity of charger
Ah is ampere hour capacity of charger

 

HR 

 

is hours to recharge

 

I

 

 (load) is continuous dc load on the system

It should be understood that battery recharge time actually relates to two different parameters
of the charger:

Ñ The current capacity of the charger
Ñ The voltage setting of the charger

Refer to Þgure 5-25. T

 

1

 

 is almost completely determined by the current capacity but the
chargerÕs current capacity has almost no effect on T

 

2

 

.

T

 

2

 

 is almost completely determined by the output voltage setting of the charger, although this
setting has virtually no effect on T

 

1.

The charger will be in its current limit mode during the Þrst part of T1 and, as the battery volt-
age begins to increase, the charger will come out of current limit. A typical curve is illustrated
by curve A. T1 can be cut in half simply by doubling the current capacity of the charger.

Figure 5-25ÑBattery recharge time
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The only way to shorten T2 is to shift up to a higher charging curve, such as shown in curve
B, by applying more V/cell to the battery. This is done by adjusting the ÒrechargeÓ mode
(ÒequalizeÓ for lead-acid systems) of the charger output up to a higher voltage. This may not
be as simple as it Þrst appears. There are various potential problems that must be considered:

Ñ Lead-acid batteries are more sensitive to high charging voltages than nickel-cad-
mium. The extra heat buildup in the plates may cause plate warpage.

Ñ The voltage window of the applied load may not accommodate the increase in
charger voltage.

The charger can be adjusted up to 1.65Ð1.7 V/cell for pocket-plate nickel-cadmium cells
without any damage to the battery, but all loads have some maximum voltage above which
serious damage will result. One of the following two standard methods is commonly used to
effect desired recharge times without damage to the load:

a) Method 1 (Oversizing). Since T1 is a function of current capacity of the charger, but
only restores the battery to 75Ð80% of full charge, the battery can be oversized by
25% and a larger charger used. Even though the battery will not be fully recharged
during time period T1, it will be recharged sufÞciently to carry another duty cycle for
the speciÞed time period.

NOTEÑWhen specifying the charger, it may be desirable to require Òa charger that will
restore the battery sufÞciently to carry another duty cycle as speciÞed for the batteryÓ instead
of Òfully rechargedÓ in a given period of time.

b) Method 2 (Dropping Diode). Although damage to the battery is possible for lead-acid
batteries being rapidly recharged, the nickel-cadmium pocket-plate battery can accept
current as quickly as it can release it. There is no danger to the battery as long as the
electrolyte level is kept above the surface of the plates (see Þgure 5-26).

5.5.5 Advantages and disadvantages of lead-acid and nickel-cadmium cells

Although the lead-acid battery and its nickel-cadmium counterpart can be used interchange-
ably in most applications, there are certain advantages and disadvantages to each type.

Figure 5-26ÑDropping diode circuit (CEMF)
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The primary advantage to the lead-acid battery is its lower initial cost. The primary advantage
to the nickel-cadmium battery is that it is a lower maintenance, long life, more physically
rugged battery. For engine cranking applications, a properly sized and maintained nickel-cad-
mium battery will have an expected useful life of 18Ð20 years, compared with 2Ð4 years for
the engine cranking lead-acid battery.

Since speciÞers may not adequately describe the quality features required in a lead-acid bat-
tery, it has been common for lead-acid batteries furnished with generator sets to be of minimal
quality, whereas nickel-cadmium batteries are usually made to only one high grade design.

5.5.6 Memory effect on nickel-cadmium batteries

There is a phenomenon in all electrochemical couples that are being inadequately recharged
that causes the cell to appear to lose capacity with each recharge cycle.

All batteries have an optimum voltage that is ideal for continuous ÒßoatÓ charging. This volt-
age results in maximum battery life and minimum water usage. For lead-acid batteries at
1.230 d acid, this voltage is 2.15Ð2.17 V/cell. For nickel-cadmium batteries, the voltage is
1.4Ð1.42 V/cell.

In lead-acid cells and nickel-cadmium sinter-plate cells, even if the battery is not discharged
the individual cell voltages will begin to drift apart. Approximately every 60Ð90 days, the
lower voltage cells will need to be brought back to full charge by increasing the charger volt-
age by approximately 10Ð15% (2.33Ð2.36 V/cell for lead-acid cells and 1.60Ð1.65 V/cell for
sinter-plate nickel-cadmium cells).

Pocket-plate nickel-cadmium batteries have much less self-discharge, and as a result if a
pocket-plate nickel-cadmium battery is not discharged with an external load, it will remain
fully charged for many years at 1.4 V/cell. It is therefore a true statement that pocket-plate
nickel-cadmium cells do not need to be Òequalized.Ó However, to avoid creating real prob-
lems in the battery room, it must be understood that the writers of this chapter are not saying
the user does not need the dual rate recharging mode of the Òßoat/equalizeÓ battery charger.

5.5.7 Typical performance features

a) The battery charger should be a solid-state, constant potential device whose output
potential is regulated by sensing the battery voltage.

b) The charger should deliver full rated capacity to a discharged battery with input volt-
age variation as shown in 5.5.3.

c) The output ßoat voltage should be maintained within +1% of the nominal setting.

d) The output equalize voltage should be maintained within +2% of the nominal setting.

e) A device should be provided to change the output voltage from ßoat to equalize when
conditions warrant.

f) Controls should be provided to adjust the voltage over the range speciÞed in 5.5.3
(ßoat voltage ranges and equalize voltage ranges).

g) The back drain from the battery should not exceed 50 mA with the loss of ac input.

h) The battery charger should be self-protected and the output current should be limited
to a safe value under cranking loads.
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i) Surge suppressors should be provided to protect the rectiÞer from line and load tran-
sients. The input and output circuits should be protected with fuses and/or circuit
breakers.

j) An ammeter should be provided to indicate the output current. The meter should have
minimum accuracy of 5%.

k) The charger design and manufacture should satisfy the performance and safety codes
of NEMA PE 5-1985 and EGSA 100C-1992.

5.5.8 Optional accessory features

a) A voltmeter should be considered to indicate the dc output voltage. The meter should
have a minimum accuracy of 5%.

b) An alarm device can be furnished to actuate upon loss of proper charger output.

c) High dc voltage alarm devices are available to actuate when the charger output volt-
age exceeds the preset alarm level. This level can be adjustable from equalize voltage
to 2.6 V/cell lead-acid or 1.7 V/cell nickel-cadmium. The device should maintain its
alarm set-point adjustment within +1%.

d) A low dc voltage alarm device can be provided to actuate when the charger output
voltage falls below the present alarm voltage level. This level should be adjustable
from ßoat voltage to 1.75 V/cell lead-acid or 1.0 V/cell nickel-cadmium.

e) AC power failure alarm devices are available to actuate upon loss of ac input.

f) An equalize timer can be provided to cover a range of 0Ð24 h or 0Ð72 h. When manu-
ally activated, this timer will place the battery charger in the equalize mode. At the
end of the speciÞed time period, the timer will automatically return the charger to the
ßoat mode.

g) An automatic equalize timer can be furnished to be activated by ac power failure or
low dc battery voltage and will place the battery charger in the equalize mode. At the
end of the speciÞed time period, the timer will return the charger to the ßoat mode.

5.5.9 Installation and maintenance data

a) Wire between the battery charger and the battery should be sized to minimize voltage
drop.

b) Adequate clearance should be provided to allow convection cooling of the charger.

c) All auxiliary loads should be connected to the dc panelboard supplied from the bat-
tery bus. Do not connect loads to battery terminals or charger terminals.

d) The charger should be installed in accordance with the NFPA 70-1996 and NFPA
110-1996.

e) Periodic inspections, for dust and dirt removal and connection tightening, should be
scheduled.
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5.6 Synchronizing and paralleling control systems for
 multigenerator set installations

To supply large loads, two or more engine generator sets are often operated in parallel on a
common bus as an emergency power supply. Successful operation of multiple engine genera-
tor sets in parallel requires a control system that can provide all the functions needed to oper-
ate the generator automatically, plus automatically handle the synchronizing, load sharing,
isochronous operation, and load control operations.

The system designer is faced with a number of considerations. Some of the more important
are as follows:

Ñ When to parallel 
Ñ Engine generator set governor and voltage regulator considerations
Ñ Random access paralleling
Ñ Dividing the load
Ñ Establishing load priorities
Ñ Load shedding
Ñ Load switching means
Ñ Typical system operation
Ñ Sensing
Ñ Control logic
Ñ Instrumentation
Ñ The generator power breaker
Ñ Switchgear short-circuit duty and ratings
Ñ Generator neutral grounding

5.6.1 When to parallel

Emergency power systems having one engine generator are often preferred and are generally
more economical. However, there are many situations today that can be handled better by
paralleling two or more engine generator sets. Parallel operation is usually justiÞed for one or
more of the following reasons:

a) Economy. One reason for paralleling two or more sets is for economy. For example,
when renovating an existing distribution system, it may not be practical to split an
existing large load bus into several sections to be handled by separate generator sets.
In this case, two or more generators can be paralleled to match the bus capacity.

Another example of economy is the total installed cost of multiple small sets vs. the
cost of one large set, such as Þve 500 kW sets instead of one 2500 kW set.

A third example is where the load is expected to grow substantially, but because of
economics, the initial investment must be minimized. The designer could consider
designing the distribution system to accommodate future generating capacity by
making initial provisions for paralleling at moderate cost.

Another example occurs when an existing system is to be expanded. (It is more eco-
nomical to run one large bus instead of several independent feeders.)
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b) Reliability. An important reason for paralleling two or more engine generator sets is
for reliability. For example, part of the emergency load may be so essential that it is
desirable to have redundant generator sets to handle the load. Here, when there is a
power failure on the normal line, all sets are signaled to start at the same time. The
probability that at least one set will start is higher than with an installation with only
one set. The Þrst one ready to handle the emergency load does so. Then the other sets
pick up the remaining loads as generators become ready.

Another example occurs when all sets are running, but one fails. In this case, some or
all of the less important load, such as equipment system load, is dropped so that the
remaining sets will handle the emergency load.

c) Minimizing downtime. When preventive maintenance or overhaul is being done on an
engine, it is required by section 700-5(b) of NFPA 70-1996 to provide backup power.
To do so, an additional ready-to-run engine generator set is available when needed.

5.6.2 Engine generator set governor and voltage regulator considerations

The engine generator sets should be furnished with electronic governors and voltage regula-
tors to make them suitable for unattended automatic paralleling and load sharing. The elec-
tronic governor provides isochronous operation (constant speed regardless of load), and
automatic proportionate load division that enables automatic paralleling of dissimilar size
sets. The electronic governor will permit paralleling at any time without necessitating adjust-
ment or requiring droop. Similarly, voltage regulators should be able to achieve automatic
reactive load division to provide constant voltage systems.

5.6.3 Random access paralleling

Random access paralleling to the bus employs a synchronizing device for each engine gener-
ator set in the system. The reliability of the paralleling control system is high because of a
redundancy of parallel logic paths.

Random access paralleling permits simultaneous synchronizing of each set to the bus and
therefore achieves parallel operation of sets in the shortest possible time. This is important in
health care facilities because the emergency branch must be Òon lineÓ in 10 s.

In a random access paralleling system, the Þrst set to achieve nominal voltage and frequency
is connected to the bus to make emergency power available within 10 s to the emergency
branch transfer switches and their respective loads, and to provide a basis of comparison for
synchronizing the remaining sets. As the remaining sets come up to voltage and frequency,
they are synchronized and paralleled to the bus, at which time the equipment branch transfer
switches transfer in delayed sequence to connect the equipment loads.

5.6.4 Dividing the load

When paralleling two or more engine generator sets, it is necessary to consider the capacity
of each set relative to the total load. The system should be arranged to inhibit the connection
of additional loads to the alternate source power bus until sufÞcient generating capacity is on
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the bus. To do this, the essential electrical system load should be divided into parcels, or
blocks, that can be safely connected to the alternate source bus without overloading the
engine generator sets. The size of the load blocks is a function of the individual engine gener-
ator set capacity.

For example, if the load is 1800 kW and the engine generator sets are to be 500 kW each,
then the load may be divided into three blocks of 500 kW each, with a fourth block at
300 kW. Such a system would require four 500 kW engine generator sets. However, if two
900 kW engine generator sets were used, the same load would be divided into two blocks of
900 kW each.

Sometimes it is necessary to examine the load in terms of how it can be suitably divided and
still satisfy the needs of the various essential loads. In this case, the size of the load blocks
determines the size and number of generator sets needed.

5.6.5 Establishing load priorities

Once the load block size is determined, then the sequence in which these loads are added to
the bus should be decided upon. Each load block is assigned a priority rating. This rating
speciÞes how many engine generator sets must be on the bus before a particular load may be
transferred. For example, the Þrst priority would be the emergency system loads, the second
priority would be the Òdelayed automaticÓ equipment loads, and the third priority would be
the manually switched (nonautomatic) equipment loads.

5.6.6 Load shedding

As with adding loads to the bus, the ability to shed loads is also determined by the size and
number of engine generator sets. Load shedding is necessary when the connected load
exceeds the capacity of the on-line engine generator sets. This situation can occur upon mal-
function of an engine generator set, or upon a drop in bus frequency. The initiation of load
shedding and resulting reduction in connected load will allow the surviving engine generator
sets to service the highest priority (emergency system) loads without interruption in, or deg-
radation of, the power delivered.

5.6.7 Load switching means

There are several ways to switch loads on and off the generator bus. Inasmuch as the system
is a dual-source power system, there is already a built-in switching means in the system, which
is the automatic transfer switch. It is generally a simple modiÞcation to cause the automatic
transfer switch to be controlled in both directions for load connect and load shed operation.

When more than one class (priority) of load is fed from a given automatic transfer switch, a
remote control switch can control the lower priority load on the load side of the automatic
transfer switch. Another method would permit the load connect to be controlled by the auto-
matic transfer switch, with the load shedding achieved by shunt tripping circuit breakers.
However, care should be taken in the application of the shunt trip approach when molded
case circuit breakers are used, because shunt tripped breakers must be manually reset unless
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equipped with electrical operators. It may be good practice to have automatic resetting
means. Also, consideration should be given to the anticipated number of operations to which
the circuit breaker will be subjected.

There are as many approaches to load switching as there are applications for emergency
power. The preferred approach for any application is determined by the requirements of the
application with due consideration to reliability, ßexibility, and economics.

5.6.8 Typical system operation

A typical multiengine automatic paralleling system depicting some of the load switching
schemes previously mentioned is shown in Þgure 5-27. The following sequence of operation
refers to the line diagram in Þgure 5-28. The system is comprised of three engine generator
sets as the emergency source. Any one engine generator set has sufÞcient capacity to supply
priority one and priority two loads.  

The operation is for a random access paralleling system. The generator sets are connected to
the bus in random order as they become available.

Figure 5-27ÑTypical automatic paralleling system for four engine 
generator sets, including nine automatic transfer switches
171



IEEE
Std 602-1996 CHAPTER 5
The loads are connected to the emergency bus in ascending order of priority beginning with
priority one. For load shedding, the loads are disconnected in descending order of priority
beginning with the last priority of load to be connected.

Upon a loss of normal source voltage and expiration of the momentary outage delay as deter-
mined by any one or more of the automatic transfer switches (ATS) shown in Þgure 5-28, a
signal initiates the starting of all engine generator sets. The Þrst set to come up to 90% of
nominal voltage and frequency is connected to the alternate source bus. Life safety and
critical loads are then transferred via ATS #1 and #2 to the bus upon sensing availability of
power on the bus. (RC1 opens before ATS #2 transfers.) As the remaining engine generator
sets achieve 90% of the nominal voltage and frequency, their respective synchronizing moni-
tors will control the voltage and frequency of these oncoming units to produce synchronism
with the bus. Once the oncoming unit is matched in voltage, frequency, and the phase angle
with the bus, its synchronizer will initiate paralleling. Upon connection to the bus, the gover-
nor will cause the engine generator set to share the connected load with the other on-line sets.

Each time an additional set is added to the emergency bus the next priority load is transferred
in a numbered sequence via additional switches, such as RC1 and ATS #3, until all sets and
essential loads are connected to the bus. Control circuitry should prevent the automatic trans-
fer or connection of loads to the bus until there is sufÞcient capacity to carry these loads. Pro-
vision is made for manual override of the load addition circuits for supervised operation.

Upon restoration of the normal source of supply as determined by the automatic transfer
switches, the engines are run for a period of 5Ð15 min for cooling down and then shut down.
All controls automatically reset in readiness for the next automatic operation.

Figure 5-28ÑTypical multiengine automatic paralleling system
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The system is designed so that reduced operation is automatically initiated upon the failure of
any generator set through load dumping. This mode overrides any previous manual controls
to prevent overloading the emergency bus. Upon sensing a failure mode on an engine, the
controls automatically initiate disconnect, shutdown and lockout of the failed set, and reduce
the connected load to within the capacity of the remaining generator sets. Controls should
require manual reset under these conditions.

Protection of the engine and generator against motoring is provided. A reverse power relay,
upon sensing a motoring condition on any generator set, will initiate load shedding, discon-
nect the failing generator set, and shut it down.

5.6.9 Sensing

The paralleling system is subject to various transients in voltage and frequency that are the
result of changes in loading on the system. The sensing devices must ignore these normal
transients while responding to harmful ones. Basically, four types of relays are used in paral-
leling systems: voltage, frequency, synchronizing, and power. 

a) Voltage relays. There are various methods of sensing the magnitude of an ac sine
wave. For example, there are peak, peak above average, and rms detection. Each
method has its own distinct characteristics. The rms method is preferred.

The advantage of rms detection is that the trip settings of the relay are directly related
to the ability of the power line to supply the load. Therefore, the trip points of the
relay will coincide exactly with the values determined from rms metering regardless
of power line distortion. Other relaying techniques may provide erroneous trip points
when compared to rms metering on high-distortion power lines.

Because generator power capacity is small in comparison to the utility, load changes
may generate large voltage transients. Consequently, the relay must differentiate
between transient and long term conditions. Thus, a means of distinguishing this dif-
ference should be included in the relay. A preferred method is to include an adjust-
able time delay within the relay to override momentary system transients. The time
delay should start the instant the power line voltage goes below the preset relay lim-
its; it should reset to zero when the voltage is restored within those limits. This, in
effect, provides zero differential around the monitor trip settings.

b) Frequency relays. As in voltage detection, there are also many techniques for sensing
frequency. Therefore, careful consideration should be given to selecting the proper
type of frequency relay to meet the needs of the power system and the load. The most
important considerations in selecting a frequency relay are the effects of waveform
distortion, line voltage regulation, line transients, and ambient temperature on the
relay trip settings.

Waveform distortion is more often caused by nonlinear loads connected to the power
distribution system. The distortion becomes more pronounced as the load causing the
distortion approaches the size of the power source. Distortion often occurs when the
load is fed by static power converters utilizing silicon-controlled rectiÞers and thyris-
tors. These devices are commonly found in UPS systems, variable frequency ac
motor drives, computers, and other electronic equipment. For example, where thyris-
tors are Ògated onÓ well within the voltage cycle, as in phase control, high currents
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can ßow over only a portion of the cycle, resulting in nonlinear loading and wave
form distortion. Figure 5-29 is a graphic representation of the effects of distortion on
a fundamental sine wave.

Sudden load changes may, in addition to voltage transients, cause momentary fre-
quency shifts. The frequency relay selected to protect the power line should have the
capability of discriminating between momentary and sustained frequency variations.
The typical methods of protecting against momentary or sustained outages are to pro-
vide trip point differentials and time delays. The advantage of a trip differential is to
provide acceptance of a power line frequency that may be perfectly adequate under
sustained load conditions. Time delay on trip is normally used to prevent false relay
response due to large frequency transients.

To obtain the best possible operation, both types of protection should be incorporated
into the same relay. 

c) Reverse power relay. When power sources operate in parallel on a common bus, the
voltage and frequency of each source is common. Neither voltage nor frequency
relays, nor any combination of them, can distinguish a malfunctioning engine gener-
ator set from an acceptable one. The only way to determine proper operation on the
bus is to measure the power output of each engine generator set. When a set is deliv-
ering power to the bus, it is operating properly. When a set is drawing power from the
bus, it is motoring, and there exists the possibility of a malfunction. It is normal to
have power ßow to the set from the bus for short periods when the bus is lightly
loaded. Five to ten percent or less of set capacity is normal. At this load level, all that

Figure 5-29ÑDistorted voltage wave shapes
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keeps the sets in synchronism is the exchange of synchronizing (circulating) currents
causing this reverse power. Therefore, the relay that measures for this condition
should be set at a high enough value to ignore this harmless condition. However, it
must be set at a low enough value to detect a malfunction. How much is enough
depends on the engine. Some engines will draw only 1Ð2% of their full load rating
when motoring, while others will draw 8Ð10%. This determines the range of adjust-
ability of the trip setting (that is, between 0Ð10%). In the absence of manufacturerÕs
data, Þeld tests may have to be run to determine proper settings.

Many kinds of reverse power relays are available. They fall into two general classiÞ-
cations: electro-mechanical and electronic. The electro-mechanical type uses induc-
tion disc sensing and is reasonably inexpensive. However, it needs annual or biannual
calibration checks due to its sensitivity to temperature, dust, age, moisture, etc.

The electronic type is a solid-state reverse power relay that provides repetitive accu-
racies without the need for regular recalibration. Whichever type is used, it should
have an integral adjustable time delay to ignore transient conditions caused by light
loading and switching large blocks of load. Single-phase sensing is adequate since
the generator, when acting as a motor, is a balanced load.

d) Synchronizing. Sources are considered synchronized when their sine waves are equal,
i.e., the sources to be paralleled must be equal in the following ways:

1) Phase angle
2) Frequency
3) Voltage
4) Rotation

All four of these conditions should be satisÞed when paralleling engine generator sets.

Figure 5-30 shows Þve voltage sources. No two of them are synchronous.

Paralleling such sources can cause substantial damage to the engine, the generator,
and/or the system. Synchronizing is, therefore, the most critical operation in the sys-
tem. Due to tolerances in equipment, there should be some allowance for differences
in parameters. However, when these differences become too great, the result is out-
of-synchronism paralleling.

To produce minimum disturbances, the differences should be minimized. The Electri-
cal Generating Systems Association (EGSA) states that the maximum allowable dif-
ferences are as follows:

ÑVoltage: 5%
ÑFrequency: 0.5 Hz
ÑPhase Angle: 5¡

The synchronizer should sense the existing difference in voltage, frequency, and phase angle,
and then take corrective action, if necessary, to reduce the differences to the acceptable limits
stated by EGSA.

Electronic governors are used to control the speed of the engine generator set. These gover-
nors are basically analog devices. Thus, the direct input of an analog signal proportional to
the frequency difference will produce the necessary speed adjustment. This eliminates the
need for a motorized potentiometer assembly, which can be a potential source of malfunction.
175



IEEE
Std 602-1996 CHAPTER 5
5.6.10 Control logic power sources

In the design of a control system for paralleling engine generator sets, the choice of power
source is limited to the generator output, the engine starting batteries, or switchgear batteries.

a) DC control power. In an emergency power application, the generators are normally
not running. Consequently, upon an outage of the normal source, the only available
power source is from batteries.

There are good reasons for using the same batteries for control power as are used for
engine cranking. For example, utilization of all engine batteries provides redundant
power sources for the control logic. The minimal control power drain does not nor-
mally require any additional considerations in the sizing of the batteries. The control
circuit burden is typically less than 1% of the engine battery ampere hour rating. In
addition, this drain is only imposed while the system is in operation. When in the
standby mode, the system draws minimal control power for indicating lights. Choos-
ing the engine starting battery as a control power source instead of a separate switch-
gear battery eliminates the need for maintenance and the charging equipment for an
additional set of batteries.

When engine cranking batteries are used, they provide redundancy in control power
availability. An uninterruptible control power source selector device can provide for
drawing control power from any combination of batteries with respect to an individ-
ual batteryÕs ability to supply power. The device must provide positive isolation as
well as prevent a fault in one bank from discharging the other batteries.

Figure 5-30ÑAC sine waves representing differences in phase angle,
 frequency, voltage, and rotation
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b) DC control logic. The dc control logic provides for the starting, stopping, and moni-
toring of the engines. When malfunctions occur, dc control logic removes the faulty
set from service and initiates appropriate action to protect the remaining sets. In addi-
tion, the control logic for multiple generator set systems must be adequate for opera-
tion at the voltage levels it is subject to.

The dc control logic should accept the generator-on-line signals in whatever order they
occur to cause loads to be connected in a predetermined order of priority. The logic
should also accept generator availability signals as determined by the respective gen-
erator voltage and frequency relays to permit the Þrst unit available to be connected to
the bus.

Each system should be furnished with an audible alarm to annunciate a malfunction,
and with a visual alarm to identify the source of malfunction. When a silencing cir-
cuit is used in conjunction with the audible type alarm, it should be reset automati-
cally either upon correction and clearing of the malfunction, or upon the occurrence
of another malfunction.

c) AC control power. AC can be used in the control system only when the functions are
such that they occur while a generator is operational and where load transients will
not affect the operation. For example, it is desirable to use the generator as a power
source for closing the generator main power circuit breaker. Closing this circuit
breaker at ac potentials requires substantially less current than at dc battery poten-
tials. The opening current for this circuit breaker should be drawn from the battery
source so that a generator set can be removed from the line upon the loss of ac gener-
ator output. As shunt tripping requires substantially less current than closing, battery
capacity is generally adequate for tripping purposes, but needs to be calculated for
the anticipated sequence of events representing Òworst case.Ó

5.6.11 Instrumentation

Instrumentation helps to facilitate periodic inspection, preventive maintenance, and calibra-
tion essential to proper system operation and longevity.

Since the relays and controllers in the system are highly accurate (up to ±0.25%), the instru-
ments that measure the performance of these devices should also be accurate. Switchboard-
type 1% accuracy instruments are preferred, as the application is comparable to service
entrance-type applications.

The minimum complement of instruments should include the following: 

a) An ammeter for each generator with a means of switching to measure current in each
line

b) A voltmeter with switching means to measure each line-to-line and line-to-neutral
voltage

c) A frequency meter, preferably having a 55Ð65 Hz scale with division for 1/10 Hz, to
measure engine speed

d) A wattmeter to indicate engine performance, and, optionally, a varmeter to indicate
reactive load sharing 
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The ammeter furnishes data on generator loading and voltage regulator performance and
adjustment. The voltmeter permits adjustment of the voltage regulator for proper operating
voltage. The frequency meter permits adjustment of the governor for proper operating fre-
quency. The wattmeter permits adjustment of the governor for proper load division between
engine generator sets operating in parallel. The wattmeter also permits engine adjustments
based on loading.

5.6.12 Generator power circuit breaker

The generator power circuit breaker serves two functions. First, it provides protection to sep-
arately excited generators against overload and short circuits (self-excited shunt generators
are protected by inherent design). Second, it operates as a switch to make on inrush loads and
break continuous current as well as stalled motor currents. The breaker must be capable of
repetitive operations.

Air circuit breakers and insulated case circuit breakers are commonly used for the generator
circuit breaker.

Figure 5-29 illustrates how the generator power circuit breaker Þts into a typical system. For
more speciÞc information on health care facility essential electrical systems including protec-
tion, coordination, and selectivity, refer to Chapter 3. However, itÕs important here to reiterate
the need for selectivity in essential system overcurrent protective devices. The purpose of the
generator circuit breaker is not to disconnect faulted circuits from the generator. This function
is handled by load-side overcurrent devices that are selectively coordinated with the generator
circuit breaker.

The generator power breaker should be of the Þve-cycle closing type, and include dc shunt
trip, alarm contacts, and interlock contacts for interfacing with the system. Sensing and trip
units for proper coordination of trip curves within the distribution system are required with
the breaker for overcurrent and short circuit protection.

The code requires the overcurrent protective device to be located at the generator, which is
the source of supply for the emergency conductors. For installations where the generator
switchgear is not located immediately adjacent to the generator, separate switching devices
for paralleling should be furnished in the generator switchgear cubicles.

5.7 Utility peak demand reduction controls

The control of utility peak demand within a health care facility is somewhat different from
the usual peak demand control systems employed in most other types of facilities. There are
generally no loads that may be completely shed at the time that coincides with the peak
demand without having a signiÞcant effect on operations. Many other types of facilities are
able to control peak demand by use of a programmable load demand controller that de-ener-
gizes such items as electric space heating, electric water heating, air conditioning chillers and
auxiliaries, blowers, fans and other comfort loads. In health care facilities, utility peak
demand reduction can be achieved by transferring some of the essential electrical system
loads over to the emergency generator set(s).
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5.7.1 Special requirements for health care facility loads

For health care facilities, NFPA 99-1996 has provided an exception to its paragraph 8-2.3.2
as follows:

3-3.2 Exclusive Use for Essential Electrical Systems. The generating equipment used
shall be either reserved exclusively for such service or normally used for other pur-
poses. If normally used for other purposes, two or more sets shall be installed, such
that the demand and all other performance requirements of the Essential Electrical
System shall be met with the largest single generator set out of service.

Exception: A single generator set shall be permitted to operate the Essential Electri-
cal System for (1) peak demand control, (2) internal voltage control, or (3) load relief
for the external utility, provided any such use will not decrease the mean period
between service overhauls to less than three years.

The purpose of this exception, which Þrst appeared in the 1977 edition, is to allow the use of
the engine generator set(s) for the purposes described in the exception.

5.7.2 Type of electrical load billing

Health care facilities are generally served by a utility. Billing by the utility is normally based
on the following:

a) Total consumption of the facility in kilowatt hours.

b) Peak demand charge computed on the highest average power demand recorded dur-
ing the billing period. The utility determines demand charges by measuring the power
consumption during a given interval (usually 15 min). This procedure is repeated for
each succeeding interval during the billing period (usually 1 month) with the demand
charge being based on the highest recorded value during peak time hours. Peak time
hours are deÞned in the utility tariff. The demand indicator indicates the highest
interval (e.g., 15 min) and is manually reset to zero each time the meter is read. For
larger installations, the information may be stored digitally for analysis. In other
cases, it may only store and indicate the highest interval. The consumer is frequently
billed for a percentage of the maximum demand charge (often 90%) for the next 12
months, or for a percentage of the contracted capacity (often 75%), whichever
amount is larger. In addition, other miscellaneous charges such as fuel adjustment
charges, low power factor penalties, etc., may be assessed.

Many utilities may also assess a standby charge. This is intended to compensate the
utility for reserving generating capacity to restore power when the on-site generator
set(s) is not available.

5.7.3 Advantages of utility peak demand reduction

From the type of utility billing as described above, the control of demand can save money for
the customer. If the demand is closely controlled, the user will be able to avoid high demand
charges, which will be used for billing not only for the month in question, but also for the
subsequent 12 months. In addition, contracted capacity charges can be reduced because
smaller demand will be made upon the utilityÕs generating capacity.
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5.7.4 Load demand controllers

Power management is usually accomplished by a microprocessor that receives information
from a kilowatthour meter with a pulse initiator. This information is stored and accumulated
during the demand interval (e.g., 15 min) and the average kilowattage computed. The control-
ler receives these signals continuously, and updates its prediction of peak demand. The con-
troller thus becomes a predictor of when a predetermined peak demand will be reached, and
also when the load will fall to acceptable levels. The controller initiates control of the load
demand control system, so that loads will be transferred to the on-site generating system
when the demand approaches this predetermined level and then restored to the utility as the
load is reduced back to the acceptable level. Therefore, the demand can be reduced without
compromising the routine of the health care facility by using the in-house generating system.

5.7.5 Types of load demand control systems

Two types of load demand control systems are available: operation in parallel with the utility,
and operation independent of the utility. The selection of the system to use is based on the
policies of the utility company. If the utility company will permit parallel operation with its
service, parallel operation is usually the preferred method. However, many utility companies
prohibit this practice, or require protective relaying that may make it impractical for the
health care facility. When this is the case, operation independent of the utility is mandatory.
Obviously, the Þrst step in system selection is to ascertain the practices of the utility involved.

a) Type IÑOperation in Parallel with the Utility.

1) Operation in Parallel with the UtilityÑSemiautomatic. When the load demand
controller senses that the preset peak demand is being approached, the controls
will start the generating set and operate an audible and visual signal to alert the
operator of the condition. The operator will then manually synchronize the out-
put of the generator with the utility source and assume its rated portion of the
load through the systems controls. When the load has fallen to within acceptable
limits, a second set of signals will direct the operator to manually transfer all of
the load back to the utility source, and after the prescribed unloaded running
time, shut down the generator. If during the operation of the system in the load
demand control mode there should be a failure of utility power, the system will
revert to an emergency power system, serving the essential electrical system
through the systemÕs automatic (and manual) transfer switches.

2) Operation in Parallel with the UtilityÑAutomatic. When the load demand con-
troller senses that the preset peak demand is being approached, the controls will
start the generating set, automatically synchronize its output with the utility, and
cause its rated portion of the load to be assumed by the plant. Engine governors
can be controlled to cause engines to assume only that portion of load in excess
of the demand limit or a constant preset kilowatts, whichever is desired. 

Generator excitation can be controlled to cause the generators to operate at a
Þxed power factor. This power factor is set at the job site to the average power
factor present during peaking conditions. Multiple engine generators should be
started in sequence when the peak demand limit is exceeded. When the load has
fallen to within acceptable limits, the load will be automatically retransferred to
the utility, and after the prescribed unloaded running cool down time, the con-
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trols will shut down the machine. Appropriate audible and visual signals should
be provided to indicate the various conditions of the system. If during the opera-
tion of the system in the load demand control mode there should be a failure of
utility power, the system will revert to an emergency power system, serving the
essential electrical system through the systemÕs automatic (and manual) transfer
switches. Figure 5-31 shows how a large emergency power system, consisting of
two on-site generators operating in parallel, might be utilized to operate in paral-
lel with the utility to reduce utility peak demand charges.

b) Type IIÑOperation Independent of the Utility. Unlike the systems employing opera-
tion in parallel with the utility, which requires no interruption of power for its opera-
tion, operation independent of the utility requires an interruption of power to the
various loads. For this reason it is suggested that loads served from the essential elec-
trical system not be selected as those to be served by the system when it operates in
the load demand control mode. Rather, such loads as noncritical electric cooking
equipment; air conditioning chillers, fans, pumps, and cooling towers; electric heat
and loads of a similar nature should be selected. This can be accomplished by provid-
ing a separate panel or panels designated to serve these loads and providing a system
of mechanical key interlocks to allow such loads to be served either from the utility
or from the generator. The system would operate as follows.

1) When the load demand controller senses that the preset peak demand is being
approached, the controls will start the generating set, and operate an audible and
visual signal to alert the operator of the condition. The operator should take the
following steps to transfer the loads to the output of the generator:

i) Trip the overcurrent device(s) serving the load demand control panel(s)
from the utility source.

ii) Remove the key from the key interlock device for the overcurrent device
above, place it in the key interlock device for the overcurrent device(s)
serving the load demand control panel(s) from the generator, and operate
the key.

iii) Close the overcurrent device(s), placing the loads on the output of the gen-
erator. When the load demand controller senses that the load has decreased
to within predetermined limits, a second set of signals will be initiated,
notifying the operator to manually retransfer the loads by reversing the pro-
cedure described above.

2) If during the operation of the system in load demand control mode there should
be a failure of utility power, the system will revert to an emergency power sys-
tem, serving the essential electrical system through the systemÕs automatic (and
manual) transfer switches.

The above system can also be arranged for complete automatic operation. With
increasing use of closed transition transfer, loads can be transferred without power
interruption.  
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5.8 Cogeneration

Up to the present time, cogeneration has been applied infrequently in health care facilities.
However, the combined electrical and heat demand of typical hospitals makes them ideal can-
didates.

Figure 5-31ÑConceptual one-line diagram illustrating the utilization of an
 on-site paralleled emergency generator system for utility peak load demand 

reduction or cogeneration in a health care facility
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A cogeneration system is deÞned as any system where a single source of thermal energy
(fuel) drives two separate processes. An on-site generating system with heat recovery Þts this
deÞnition.

In a conventional engine-driven generator set, considerable energy is dissipated in the form of
heat lost to exhaust and to jacket water. In a cogeneration system, this heat loss is minimized
by systems that convert the otherwise wasted heat energy to usable energy for process sys-
tems requiring steam or heat.

The electrical generating portion of the cogeneration system can operate in either of the two
following ways:

Ñ Isolated from the utility 
Ñ In parallel with the utility

When operating in parallel with the utility, in addition to the standard controls, the design
must incorporate protective relaying, as required in guidelines issued by the local utility.

Figure 5-32 shows a typical cogeneration system operating in parallel with the utility. It is
identical to a utility peak load demand reduction system except that the engine generator sets
would be equipped with a heat recovery system. The recovered heat may be applied to
domestic hot water or to absorption chilling.

A basic design objective of all utility paralleled systems is that there be an immediate separa-
tion of the two electrical power sources whenever transient phenomena, such as transmission
disturbances or reclosing actions, occur on the utility power lines. Immediate separation iso-
lates the small on-site power plant from possible damage.

The same protective relaying that protects the on-site plant from unsatisfactory utility distur-
bances, also serves to prevent backfeed from the on-site system into a dead utility line.

Device 52A in Þgure 5-27 is the circuit breaker that ties the on-site cogeneration bus to the
utility service.

A typical protective relaying scheme is shown for Device 52A. An automatic synchronizer is
connected across Device 52A to ensure proper conditions for paralleling. The synchronizer
should control generator voltage, frequency, and phase angle to match the utility source
parameters.

Protection against malfunction or abnormality when the utility service and generator(s) are
operating in parallel is provided to immediately open Device 52A. Such operation ensures
isolation of the two sources. This is essential to personnel safety. It ensures that the genera-
tor(s) do not backfeed the utility grid or the rest of the building load.

A typical protective relaying arrangement and circuit breaker (Device 52G) for each genera-
tor set is also shown.

An additional accessory to consider for the generator control system is a Var/Power Factor
(Var/pf) controller. A Var/pf controller biases the generator voltage regulator so that a con-
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stant operating power factor is maintained on the generator. Generator voltage can therefore
track the normal excursions of the utility service without kilovoltampere overloading.

The Var/pf controller continuously adjusts generator Þeld excitation to produce a generator
current that varies inversely with system voltage. Because the power factor is set at a constant
0.9 pf, the actual load on the generator in kilovoltampere remains constant. At constant kilo-
voltampere and constant power factor, the real work load on the engine also remains constant,
assuring optimal life for the generator set.

In parallel with utility applications, the speed of the engine does not vary; therefore, the gov-
ernor will not call for changes in fuel setting. A loading control interacts with the governor
through the load sharing lines to cause kilowatt output to go to a preset level. The control
measures the input from the utility source and causes the output of the generator to vary to
maintain constant power import from or export to the utility.

System control layout varies from installation to installation, so that only a general idea of
design can be given here. To ensure that the system meets all specialized design require-
ments, including operating in parallel with the utility, the system designer would work very
closely with the equipment manufacturers and the utility company during the preliminary
design stages for guidance in selecting appropriate controls and relaying to assure proper
coordination.

5.9 Determination of mean period between service overhauls

In order to determine compliance with the exception to 3-3.2.1.5 of NFPA 99-1996, the engi-
neer should establish that the mean period between service overhauls will not be decreased to
less than three years. In order to determine the mean period between service overhauls, the
expected hours of operation of the engine as an emergency power unit, the expected hours of
operation in the peak demand reduction or cogeneration mode, and the manufacturerÕs antici-
pated mean operating hours between major service overhauls must be known. A good rule of
thumb, based on a high quality of maintenance, is shown in table 5-2.

5.10 Elevator emergency power selector systems

The need for limited continuous elevator service in hospitals, nursing homes and related
health care facilities is obvious. For this reason every applicable code and standard requires
that such limited electrical service be maintained. For hospitals, both NFPA 99-1996 and the

Table 5-2ÑMean period between service overhauls

Engine speed Minor overhaula

operating hours

aA minor overhaul is defined as replacement of valves, inserts, valve guides, injection capsules,
rings, and gaskets.

Major overhaul
operating hours

1 800 r/m 6 000 and 12 000 18 000

1 200 r/m 8 000 and 16 000 24 000
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NEC require that elevators be on the equipment system of the essential electrical system, and
both require the following:

Elevator service that will reach every patient ßoor, ground ßoor, and ßoors on which
are located surgical suites and obstetrical delivery suites. This shall include connec-
tions for cab lighting and control and signal systems.

In instances where interruption of power would result in elevators stopping between
ßoors, provide throwover facilities to allow the temporary operation of any elevator
for the release of patients or other persons who may be conÞned between ßoors.

This does not require that all elevators in multi-bank installations be served from the essential
electrical system, but does require that each elevator be capable of being connected to the
system one at a time on a selective basis.

General practice dictates that one elevator, on a selected basis, be connected to the essential
system, with provisions to disconnect this elevator from the system and to connect any other.

The obvious advantage of such a system is to keep the use of the alternate source generator
within reasonable limits without unduly compromising passenger safety or the movement of
patients during an interruption of normal power.

In the design of such systems, several potential problems should be addressed. Solutions to
deal with regenerative power and the problems associated with providing proper controls to
establish sequencing of the elevators when they are receiving power from the generators need
to be considered. Special consideration must be given to elevators utilizing silicon controlled
rectiÞers in lieu of motor generator sets. Elevator manufacturers proposing the use of such
equipment should be consulted during design in order to avoid complications.

5.10.1 Problems associated with regenerative power

The nature of the electrical load imposed by elevators on either the normal or emergency
power supply is very similar to that imposed by any other piece of alternating current motor-
driven equipment of equivalent horsepower, except in one very important respect that is of
major consideration to the electrical engineer. Under certain load conditions, an elevator actu-
ally generates electrical energy that is fed back into the power supply. For example, a fully
loaded elevator moving in the down direction is actually producing energy that ultimately
takes the form of electric power that is also supplied to the elevator. This same situation also
occurs to a lesser degree when an empty elevator is traveling up. This phenomenon produces
two problems that must be dealt with in the design of the emergency power system. The Þrst
of these problems applies only where a relatively small emergency generating set is utilized,
in which case the regenerative power from the elevator can actually cause overspeed of the
emergency generating set and possible speed governor tripping. This problem is solved by
making certain that the total emergency power load that is connected to the emergency gener-
ator is at least twice the size of the elevator load. If the load is distributed in this manner, the
regenerated power from the elevator system is easily absorbed by the other devices that com-
prise the emergency power load. For example, if the total electric load imposed by the eleva-
tors that are required to operate on emergency power is 150 kW, then the total emergency
power load, including these elevators, should not be less than 300 kW.
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The second of these two regenerative problems becomes more evident during the actual
transfer from normal to emergency power, or from emergency to normal. If this transfer is
permitted to take place at a time when the elevator system is regenerating voltage that is out
of phase with the power source to which it is being reconnected, power transients can be
introduced into the supply source which may trip the circuit breakers controlling the power
supply. The solution to this problem requires that the transfer function take place only when
the sources are in phase or the elevators are at rest. Intentional time intervals to permit the
elevators to come to rest before transferring to the alternate power source is one solution.
Operation is normally initiated via control contacts on the transfer switch.

A transfer switch with an Òin-phase monitorÓ is another solution. These devices are capable
of monitoring the phase angles of both power supplies, and signaling for transfer when the
normal power and emergency power are in phase (see Þgure 5-14). The transfer is then made
automatically and the timed intervals as described in the preceding paragraph are not required
when this device is furnished. It is not necessary to have the elevators at rest prior to restoring
the service from emergency to normal power, or when switching to emergency power during
a routine test of the emergency generator set while normal power is available.

A second consideration would be the use of a timed center-off position transfer switch. This
device would normally function with an offtime of 25 cycles to possibly 60 cycles. It may
also be furnished with time delays beyond these values if desired. Utilizing such a device
would allow normal starting current surges for motor applications.

5.10.2 Sequence of elevator operation on emergency power

On normal power supply failure, all elevators will be brought to a stop by the automatic appli-
cation of a brake which brings the car to a rest and holds it in that position. This almost invari-
ably results in ÒtrappingÓ elevator passengers in the stalled car between ßoors. After the
establishment of emergency power and the expiration of the above interval, one elevator in
each group of elevators descends automatically to a lower ßoor, where it parks with its doors
open in an inoperative condition. Each elevator in each group then goes through this same
sequence one at a time until all elevators have returned to the lower ßoor. At this time, one
preselected elevator in each group resumes normal automatic operation. The elevator control
system prevents any more than one elevator in each group from operating at any given time in
order to avoid overloading the emergency power supply source. All elevators will continue to
be illuminated.

When the system is ready to return to normal power service, each elevator in emergency con-
dition will stop at the next available ßoor, where it will park inoperative with its doors open.
At this time, the system can be transferred back to normal power operation and all elevators
can resume normal service to the building. The above operation requires that a signal be pro-
vided to the elevator control equipment indicating that the system is ready to transfer back to
normal power. This signal must be given prior to the time at which the transfer back to
normal power is to occur. If an elevator has been removed from automatic service for inspec-
tion, independent service, Þre service, etc., it does not receive an automatic return signal.

If an elevator failure occurs during the sequential lowering operation that takes place on the
establishment of emergency power, that car is automatically removed from service, and the
next car in order assumes the lowering sequence. If an elevator is in normal service operating
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on emergency power and it becomes inoperative, that car is automatically removed from ser-
vice, and another elevator starts operating from the emergency power supply.

Examples of available options. The following are available as emergency features.

Ñ Automatic car selection, express to lobby. In the event of normal power failure, the
elevators can be arranged to automatically return on emergency power to a pre-pro-
grammed ßoor, one car at a time. Operational features such as independent service
should be overridden allowing the elevator return. After all cars have been returned to
this ßoor, a preselected elevator shall remain on emergency power. Emergency power
should be supplied through the normal machine room feeders. A pair of wires carry-
ing emergency power is supplied to the controller designated by the elevator contrac-
tor in each machine room to supply a signal indicating power failure and activation of
emergency operation. All other controls and provisions for operation of each elevator
on the emergency power supply are generally provided and installed by the elevator
contractor.

Ñ Manual car selection, express to lobby. In the event of normal power failure, the ele-
vators should be controlled by a manual selector switch located in the lobby control
panel. When actuated, this manual selector switch selects which elevator will receive
emergency power. After receiving emergency power, the elevator will automatically
express directly to the ßoor where the selector switch is located. After all elevators
have been returned in this manner, a single elevator may be selected to continuously
operate. Operational features such as independent service are overridden, allowing
the elevator return. Emergency power is supplied through the normal machine room
feeders. A pair of control wires carrying emergency power should be supplied to the
controller designated by the elevator contractor in each machine room to supply a
signal indicating power failure and activation of emergency operation. All other con-
trol and provision for operation of each elevator on the emergency power supply is
generally provided and installed by the elevator contractor.

Ñ Automatic car selection, stop at nearest ßoor. In the event of a normal power failure,
the elevators can be arranged to automatically start on emergency power, travel to the
nearest ßoor and shut down. This is done one car at a time. Operational features such
as independent service must be overridden to allow this operation. After all cars have
been stopped at a ßoor, a preselected elevator remains on emergency power.
Emergency power is supplied through the normal machine room feeders. A pair of
control wires carrying emergency power should be supplied to the controller desig-
nated by the elevator contractor in each machine room to supply a signal indicating
power failure and activation of emergency operation. All other controls and provision
for operation of each elevator on the emergency power supply are generally provided
and installed by the elevator contractor.

Ñ Integral controls. All controls for the elevators, including all of the equipment
required for the automatic power selection, should be provided as an integral part of
the elevator system. Elevator speciÞcations should be checked to see that these fea-
tures are included.

Ñ Independent controls for emergency power transfer. In some cases, primarily in
existing facilities, it may be impractical to incorporate the controls and devices
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required for emergency power transfer into the elevator manufacturerÕs equipment.
Systems are available that provide group mounted automatic transfer switches, con-
trol logic devices and sensing, and a remote selector panel. The operation of the sys-
tem is essentially as described for the integral systems. The system should be
carefully coordinated with the elevator manufacturer to ensure proper operation. One
advantage of the independent system is that it can be designed such that the equip-
ment system automatic transfer switch can be smaller than with integral systems (see
Þgure 5-32).

5.10.3 Summary

In the design of emergency power requirements for elevator systems, the following items
should be considered:

a) Determination of number and location of elevators that will be required to operate on
emergency power.

Figure 5-32ÑElevator emergency power transfer system
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b) Determination of whether regenerated power will be a problem, and if so, determina-
tion of steps required to absorb it.

c) Determination of required control connections between the emergency power system
and the elevator control system for selected transfer scheme.

5.11 Uninterruptible power supply (UPS) systems

UPS systems are highly efÞcient (85Ð92%) power converting devices that provide a regulated
ac voltage at their output terminals regardless of the quality of the source at their input termi-
nals.

In the event of a total power loss at the UPS input, output power is generally provided by
means of a bank of batteries. An inherent, additional beneÞt of the UPS is its ability to Þlter
spikes and power aberrations from the ac source between the input and output terminals. These
power problems could result from natural causes or buffer line disturbances on the utility
power, or they could be caused by disturbances, such as load switching, within the facility
itself.

Uninterruptible power is generally not speciÞed by code requirements for hospitals or health
care facilities. However, UPS systems are increasingly being incorporated into such electrical
designs. Typical applications include backup support for sensitive laboratory and diagnostic
equipment, life-support equipment in intensive care units, data processing systems, and for
illumination in life-support areas.

UPS systems are generally static (power electronic) devices, although there are hybrid sys-
tems available that combine static and mechanical components. It should be noted that static
UPS systems are nonlinear loads that cause harmonic distortions on the distribution system.
A careful evaluation should be made to prevent the distortion from having adverse effects on
other loads and equipment including overheating of the engine generator set(s) [B4]. Accept-
able harmonic distortion should be speciÞed to ensure full warranty.

A static UPS consists of a rectiÞer to convert the input ac power to dc, a bank of batteries, an
inverter to reconstitute the ac sine waves, and a static switch. Refer to Þgure 5-33 for a typical
single-line diagram.

The static switch is part of a bypass system that provides a means to bypass the critical load
back to utility power without interruption in the event of a system short circuit or overload, an
inverter malfunction, or for planned maintenance.

The battery most often used in UPS installations is the lead-calcium cell. It is usually used
due to its low cost, its discharge characteristics, its low hydrogen evolution, and consequently
its low water usage. It is extremely important to be able to predict the number of discharge
cycles and the depth of discharge when specifying batteries for a UPS system. Alternate
batteries that can handle more and deeper discharge include lead-antimony and pure lead
batteries.
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Figure 5-33ÑTypical UPS one line
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The normal UPS conÞguration is called Òreverse transfer.Ó This term is used because the out-
put of the UPS inverter supplies power to the critical load during normal operation. The sys-
tem transfers to the utility only in one of the alternate modes of operation, as previously noted.

UPS systems are frequently fed from the load side of a transfer switch for sustained opera-
tion. Closed transition transfer switches are becoming more frequently recommended as the
transfer device by UPS system manufacturers to reduce stresses caused by the momentary
interruption experienced with open transition switches [B3].

The rectiÞer is supplied from the utility and in turn supplies dc power to the input of the
inverter. In the event of loss of utility power, the inverter receives its power from the battery.
When the input voltage and frequency returns to the predetermined level, the rectiÞer begins
supplying power to the inverter and also begins recharging the discharged battery bank.

Reverse transfer UPSs can supply single-phase or three-phase outputs. Single-phase output
units can have either a single-phase or a three-phase input. Typical single-phase units are
sized to supply a load ranging from 0.5Ð50 kW, and three-phase units from 15Ð600 kW. UPS
manufacturers have the capability of paralleling units for additional capacity. They can also
offer a forward transfer unit in the 0.5Ð10 kW range that prepackages the UPS and batteries
in a common enclosure.

The design of a UPS system involves both electrical and environmental considerations. The
Þrst step is to calculate the UPS module ratings (rectiÞer, battery, inverter, static switch, and
wraparound maintenance bypass switch combination). Determining factors are the present
load, power factor, diversity of application, and future load additions and deletions. An alter-
nate approach would be to size the UPS module to handle the anticipated load and the battery
bank for the present load. Expansion can be achieved by paralleling an additional battery
bank in the future. A common reserve time for the battery bank is 15 min.

The power connections to a UPS involve the battery bank, the input to the rectiÞer, the bypass
circuit, and the output. The output and bypass feeders should be sized to handle the output
capability of the UPS module. The rectiÞer is sized to handle the output of the inverter plus
recharging a discharged bank of batteries. The input feeder and the generator set (when appli-
cable) must be sized larger than the load to handle the additional current. The battery feeder is
determined by the maximum dc discharge current and to limit voltage drop to speciÞed con-
ditions. As the battery begins discharging, the dc current rises as the voltage falls. Maximum
dc current occurs at the point of low dc voltage shutoff. A rule of thumb is to allow a maxi-
mum 2 V drop in the conductors (calculated at maximum dc current).

A separate disconnecting/overcurrent device should be provided for both the input and the
bypass feeders. Additionally, an overcurrent/disconnection device should be incorporated in
the total scheme and located near the battery bank for required protection. In larger UPS
modules, care should be taken to limit the dc voltage to 250 V as required by the NEC. A con-
venient method of achieving this would be to split the battery bank into two equal segments
and connect the two across the center pole of a three-pole battery disconnect switch, as shown
in the single-line diagram.
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Isolation of the UPS module can be incorporated into the design through a maintenance
bypass scheme. This is accomplished by Þrst placing the UPS in a bypass mode, then closing
a maintenance bypass device, and last, opening a nonautomatic circuit breaker or unfused
device at the output of the UPS. The UPS is then completely isolated both from the critical
load and from the building electrical system. This transition is accomplished without an inter-
ruption in the power supply to the critical load.

UPS system manufacturers can supply a remote annunciator panel, when speciÞed, to moni-
tor the status of the UPS system. This feature is good practice and should be located in the
same area as code-required annunciator panels.

A Þnal electrical consideration in the UPS design is the coordination between sizing of the
protective devices at the output of the UPS inverter (usually a circuit breaker) and those on
the load side. Consideration should also be given to the same coordination for the situation
when the UPS is in either its bypass or maintenance bypass modes.

The following are three environmental considerations in the installation of a UPS: 

a) The heat output of the UPS

b) Maximum ambient operating temperature and relative humidity of both the UPS
module and the batteries

c) The hydrogen emission of the batteries

The heat output of the UPS is a measure of the module efÞciency (typically 85Ð92% at full
load). This heat must be removed to prevent exceeding the maximum operating temperature
of both the UPS module and the batteries. Generally, the maximum operating temperature of
the UPS module is considerably higher than a temperature that would adversely affect the
batteries.

Provisions should be made for sufÞcient diffusion and ventilation of hydrogen emitted from
the batteries to prevent the accumulation of an explosive mixture. This means keeping the
hydrogen from reaching a level of 1% by volume of the room. If the battery room is air-con-
ditioned, the exhaust air should not be returned to the buildingÕs air distribution system. The
battery room should have its own exhaust system connected to the outdoors. 

Ideally, the batteries should be located in their own room. If the batteries are not the cabinet-
mounted, valve-regulated type, a substantial screen should partition them off to limit access
only to qualiÞed persons. There are a variety of rack conÞgurations available. Consult the
battery manufacturer and the UPS manufacturer to determine proper space and location
limitations. Consult the building code to determine the seismic zone and specify seismic-
rated battery racks accordingly. An eyewash area should be located in the vicinity of the bat-
tery bank in accordance with the Occupational Safety and Health Administration (OSHA).

UPS systems are state-of-the-art designs to which technical improvements are constantly
being made. An example of this is the use of microprocessor diagnostics that enable the rapid
identiÞcation of equipment problems based on critical point monitoring. This feature is of par-
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ticular beneÞt to the health care industry where up-time of the UPS is important to its proper
operation.

5.12 Maintenance

NFPA 99-1996, generally considered a minimum by authorities having jurisdiction, requires
certain testing and maintenance procedures. Appendix C, included in NFPA 99-1996 for
information purposes only, provides a maintenance guide to assist in the establishment of a
maintenance program.

NEMA, NFPA, and equipment manufacturers have publications prescribing recommended
minimum requirements. Rapid diagnosis of trouble or system failure is made easier by per-
forming the acceptance testing and maintenance procedures established by the equipment
manufacturers.

Unless space is critical, the designer should lay out the generator based on the manufacturerÕs
largest dimension recommendations. Working space for doors, oil drainer, and minor mainte-
nance should be considered.

For new facilities, where testing and maintenance programs have not been previously estab-
lished prior to start-up, a manual should be prepared that includes the following:

a) General description of operation
b) ManufacturerÕs technical manuals
c) Test log
d) Maintenance log
e) Piping diagrams
f) Wiring diagrams
g) Spare parts list
h) Special tools
i) Source of emergency assistance
j) Maintenance schedule

Testing may be automatic or nonautomatic. In either case, personnel are required. Mainte-
nance personnel may grow lax when automatic exercisers are used as they are likely to skip
the witnessing of the test. Many hospitals prefer manual testing since there is always the risk
of a nonscheduled surgery being performed at the time an automatic timer may call for a load
interruption test. For installations with limited personnel capability, a maintenance and test-
ing contract may be desirable.

When transfer switches are installed in remote infrequently accessed locations, it is good prac-
tice to provide an annunciator at the building operatorÕs central control room to permit remote
monitoring and testing. As building automation becomes more popular, the ability to properly
monitor, test, and control the emergency power system should keep in step to improve reliabil-
ity and performance as well as encourage more frequent testing and maintenance.

When the emergency generator set is out of service for maintenance or repair, the essential
loads may be vulnerable in the event a utility power failure should occur. The emergency
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power distribution system designer should make provision in the design of the system so that
a portable generator can be readily connected during these periods. See NEC section 700-
5(b). Nonautomatic push-button operated transfer switches, such as described in 5.3.12, may
help to readily facilitate the connection of a portable generator into the system.

5.13 References 

This chapter shall be used in conjunction with the following publications:

ASME A17.1-1993, Elevators and Escalators.3

EGSA 100B-1992, Performance Standard for Engine Cranking Batteries Used with Engine
Generator Sets.4

EGSA 100C-1992, Performance Standard for Battery Charges for Engine Starting Batteries
(Constant Potential Static Type).

IEEE Std 446-1995, IEEE Recommended Practice for Emergency and Standby Power Sys-
tems for Industrial and Commercial Applications (IEEE Orange Book) (ANSI).5

NEMA ICS 10-1993, Industrial Control and Systems, AC Transfer Switch Equipment.6

NEMA PE5-1985 (R 1993), Utility Battery Chargers (ANSI).

NFPA 20-1996, Installation of Centrifugal Fire Pumps.7

NFPA 70-1996, National Electrical Code¨ (NEC¨).

NFPA 70B-1994, Electrical Equipment Maintenance.

NFPA 70E-1995, Electrical Safety Requirements for Employee Workplaces.

NFPA 72-1996, National Fire Alarm Code.

NFPA 75-1995, Protection of Electronic Computer/Data Processing Equipment.

3ASME publications are available from the American Society of Mechanical Engineers, 22 Law Drive, FairÞeld, NJ
07007. 
4EGSA documents can be obtained from the Electrical Generating Systems Association, 1650 South Dixie Hwy,
FL 5, Boca Raton, FL 33432.
5IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.
6NEMA publications are available from the National Electrical Manufacturers Association, 1300 N. 17th St., Ste.
1847, Rosslyn, VA 22209.
7NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
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Chapter 6
Electrical safety and grounding

6.1 General discussion

6.1.1 Scope

This chapter discusses the basic engineering involved in obtaining electrical safety in health
care facilities through proper design of the electrical distribution system. It also provides a
perspective on the electrical hazards in hospitals so the engineer has the background to design
an electrical system to mitigate these hazards. Factors involved in making design decisions
regarding electrical safety and some of the various options will be discussed.

6.1.2 Introduction

During the period from 1940 to 1970 there were serious problems and accidents in hospitals
that required major additions and changes to the codes and standards for health care facilities.
Many of these changes involved the facilitiesÕ electrical distribution systems and were a
result of the increase in the complexity of procedures, equipment, and instrumentation used.
The design engineer should know and understand the latest codes and standards so that
designs and options regarding electrical safety may be presented to the hospital accurately.

The general level of safety requirements for electrical devices and installations has increased
over the past years. Examples of this are the continuing changes to UL standards, the
National Electrical Code¨ (NEC¨) (NFPA 70-1996)1, and NFPA 99-1996. The NEC or any
other NFPA code or standard can only be enforced if it is adopted as being applicable by an
authority having jurisdiction. Any governmental body or administrative agency may or may
not incorporate NFPA codes or standards into its own health building or construction codes.
Even if the NFPA codes or standards are not incorporated into local codes, it is good practice
to at least review them. Good electrical safety often means going beyond the code as this is
only the minimum requirement. Understanding local standards is mandatory for any designer.

This chapter will concentrate on special requirements of a health care facility over and above
those normally required for a commercial facility. Principal differences are in layout, care of
installation, quality of components, and special devices required.

Since all of the details contained in referenced documents cannot be duplicated in this
chapter, it is highly recommended that these be obtained, studied, and their applicability to a
particular facility determined.

The patients in a hospital are either ill or incapacitated and rely on others for care, and as
such, they are often physically incapable of taking self-protective action. These patients may
be brought in contact with electrical equipment routinely, and this may take place in a wet

1Information on references can be found in 6.9.
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environment or in the presence of ßammable vapors, such as alcohol or ether, plus supple-
mental oxygen. The patient may also be subjected to invasive procedures of various types.

The design shall take into consideration the electrical safety of not only the patient, but also
of the nurse, doctor, and any other health care provider working in the environment. Hazards
can exist not only in the familiar ampere ranges, but also at the milliampere/microampere lev-
els, and short duration short-circuit kiloampere ranges.

Among basic safety features required are insulation, overcurrent protection, adequate
dependable power (especially for life support equipment), reliable grounding, and coordi-
nated protection to guard against shock or burns from leakage and fault currents.

6.2 Physiological parameters

An understanding of some of the physiological parameters involved should give the designer
of hospital care facilities a better understanding of the factors involved in the development of
a safe environment for the patient.

6.2.1 Cell excitability

The individual nerve and muscle cells have a small inside-to-outside potential of the order of
90 mV because of chemical differences. Excitation of the cell for transmission of a nerve
impulse or muscle contraction can be produced by chemical or electrical imbalance from the
normal resting state. The levels involved are nonlinear in amplitude and time so that creation
of perceived shock and contraction is not simple. To a certain extent, this explains the
variances in expressing levels of shock in ranges rather than speciÞc values. There are many
variables of nonlinearities present.

6.2.2 Nerve reaction to electrical stimuli

Nerve reaction to electrical stimuli involves sending a message to the brain that exposure to
an unsafe condition has occurred. A current density at a nerve location will cause stimulation
to one or more nerve cells, and in different areas of the body, may create different sensations.

6.2.3 Muscle reaction to electrical stimuli

A current introduced into the heart through the diffused connection provided by a liquid-
Þlled catheter may cause no cardiac reaction, while the same current could produce a cardiac
reaction if introduced through a very small metal electrode. At low levels, the nonlinearities
become a factor, so that the difference between a constant current source and a constant volt-
age source becomes important. Current density is an extremely important factor.

Faulty equipment that produces improper stimulation of the cardiac muscle can create disor-
ganized contractions called Þbrillation, with little or no pumping of blood. Electrical stimuli
will cause a severe contraction of hand muscles that can create grasping of an energized
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conductive object without the ability to let go. Heavy currents across the chest can cause
contraction of muscles, adversely affecting breathing and possibly causing suffocation.

6.2.4 Tissue reaction to heat

The principle of current ßowing through resistance, thus generating resistant heat, can cause
harmful burning in a tissue. In surgical procedures, this process is beneÞcially used for cut-
ting tissue and coagulation of bleeding sites.

6.2.5 Body/tissue resistance

Body tissue has, in general, a speciÞc resistance that is useful in calculating expected
currents. During deÞbrillation, where massive currents are produced through large electrodes,
good electrical contact with the skin is necessary.

The skin, in general, provides a high-impedance barrier to most sources from which leakage
currents could ßow. Well-prepared contacts for electrocardiographs (EKGs), etc., provide
about 1000 W between electrodes. Dry, calloused skin may have an impedance approaching
1 000 000 W. Wet or saturated body tissue may have considerably less than 1000 W of resis-
tance.

6.3 Shock levels

The susceptibility of humans to electrical current has often been demonstrated in power line
accidents. Burns, ventricular Þbrillation, respiratory paralysis, hemorrhage, and neural
dysfunctions are frequent results of contact by a human body between a power source and
ground. These effects can also be caused in daily work hazards through misuse of electrical
appliances and wiring.

The following values in 6.3.1 through 6.3.4 relate to alternating current sustained by the
human body.

6.3.1 Perception

The lowest levels of current that are perceptible to a person start at about 100 µA through a
very sharp point, resulting in a high current density. A large contact area, such as a bed hand-
rail, may require 1 mA for perception.

6.3.2 Contraction

Arm muscle contraction and pain may develop with 1Ð5 mA, and is assured at 10 mA.

6.3.3 No-let-go

Uncontrolled contraction (no-let-go), can start at levels of 6 mA and higher. Up to 30 mA,
these reactions increase in intensity, and although such currents are usually non-fatal, tempo-
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rary respiratory paralysis can occur. Above 30 mA, the chances of a fatality from a variety of
causes, including ventricular Þbrillation, increase.

For the general patient, the above levels may be lower. The patient may be weak, helpless to
free himself, suffering from a damaged or stressed heart, an infant, in a wet environment, or
experiencing an increased electrical sensitivity as a result of drug therapy.

There is another class of patient for whom the level of dangerous current is appreciably
lower. For these patients, direct electrical pathways to the patientÕs heart may exist through
pacing wires or ßuid-Þlled catheters. Current in the range of 20Ð300 µA at 60 Hz is sufÞcient
to cause ventricular Þbrillation under such circumstances.

6.3.4 Cardiac Þbrillation

Cardiac Þbrillation is a phenomena in which the muscles of the heart contract in a disorga-
nized manner so that little blood is pumped. Cardiac Þbrillation is a complex phenomenon
related to concentration, location, duration of current, and timing in the cardiac cycle. Part of
the complication of determining a threshold level is that the mere physical placement of an
electrode within the heart may cause Þbrillation with no current. Under controlled conditions
when Þbrillation is intentionally produced by direct stimulation, currents of 80 µA and higher
are usually required from constant current sources.

Other clinical parameters that may cause the heart to become susceptible to induced Þbrilla-
tion in the presence of low levels of 60 Hz are the following:

a) Alternating current and electrolyte imbalance
b) Myocardial ischemia
c) Hypothermia
d) Hypoxia
e) The use of drugs such as digitalis, alcohol, or vasodilators

Good engineering design today sets 10 µA at 60 Hz as the maximum allowable leakage
current available from any device having leads that may enter the heart.

6.4 Areas of potentially increasing hazards

Subclauses 6.4.1 through 6.4.15 are arranged in a general order of increasing electrical
hazards. No such arrangement is absolute as practices, usage, and maintenance vary. In addi-
tion, for most areas the true increase from type-to-type is so slight, this order can easily be
changed.

6.4.1 Waiting rooms, ofÞces

Good standard commercial speciÞcations can be followed in these areas.
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6.4.2 Corridors

Corridors historically have been high abuse areas as far as electrical receptacles are
concerned. Therefore, receptacles should be selected to withstand heavy physical abuse.
Oftentimes, corridor receptacles are used for supplying power to cleaning machines, which
are taken into a patient room. Requirements would therefore also include insulated equipment
grounding conductor and metal conduit. Hospital grade receptacles or equivalent are recom-
mended.

6.4.3 Psychiatric patient room

A psychiatric patient room is to be treated as a general care patient room. For the number of
circuits and outlets, see the NEC and NFPA 99-1996. While not common, it is possible to
have a psychiatric intensive care unit (ICU) or coronary care unit (CCU) room, in which case
it would be treated as a critical patient care area as outlined in the aforementioned references.

Insulated equipment grounding conductor and metal conduit, as well as tamperproof recepta-
cles, are mandatory. Hospital grade receptacles are required.

6.4.4 General medical care

A number of circuits and receptacles should conform to the NEC and NFPA 99-1996 (Chap-
ter 3). Insulated equipment grounding conductor and metal conduit are mandatory. It is
required that all receptacles be hospital grade or equivalent.

6.4.5 Critical care patient room

The number of circuits and receptacles should conform to the NEC and NFPA 99-1996. Insu-
lated equipment grounding conductor and metal conduit are mandatory. Emergency power
provisions are also mandatory by these standards. It is required that all receptacles be hospital
grade. While isolated power is not mandatory, it is often used in these areas where invasive
procedures are common. When isolated power is used, the same speciÞcations shall be
followed as when it is used in an anesthetizing location. These speciÞcations can be found in
the NEC or NFPA 99-1996 (Chapter 3).

6.4.6 Recovery rooms

This is a very difÞcult area to categorize since areas under this heading can widely vary in use
and application. Most often it is an intensive nursing area where the patient is held and
observed until he or she recovers from anesthesia. The area should be equipped with insu-
lated equipment grounding conductor, emergency power service, and metal conduit. It is
required that all receptacles be hospital grade or equivalent. If the hospital does not plan to
use the recovery room for patients requiring life support and invasive monitoring, it should be
treated as a critical patient care area. Most hospitals, however, take critical patients directly to
the ICU or CCU rather than hold these patients in the recovery room.
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The codes do not address the recovery room with regard to the number of receptacles and
circuits required for patients.

Consultations with local code authorities and with hospital personnel using this area are
recommended before determining these service requirements.

6.4.7 Wet locations

The use of ground-fault circuit interrupters (GFCIs) is appropriate and required for areas such
as those used for hydrotherapy. Where power interruption caused by the tripping of GFCIs
cannot be tolerated, the use of isolated power is required by the NEC.

A controversy exists as to whether patient dialysis units should be considered wet locations.
It depends upon the design of the unit, the type of equipment, and the intended operation.
Operating or procedures rooms that often have spilled liquids, lots of metallic grounded
objects, and grounded drains need GFCIs or isolated power if interruption of power is not
acceptable. Where ßammable inhalation anesthesia is used, isolated power is required by the
NEC at the time of this writing.

6.4.8 Laboratories

The special precautions for laboratories relate to the type of receptacle to be used. These
should be the best grade available. Where these are mounted in a continuous raceway, it is
very important to use a good grade of receptacle. Extra care is needed in specifying bonding
between receptacle and raceway and various raceway sections in any single location or room.
Insulated equipment grounding conductor is highly recommended and may be required by
local codes.

6.4.9 Outpatient care units with invasive procedures

Follow the same speciÞcations as those for an equivalent area for inpatient units.

6.4.10 Heart catheterization rooms

Follow grounding procedures as outlined in the NEC and NFPA 99-1996. Determine whether
this is a multifunction room with hospital administration, and if it is used as a general anes-
thesia area, follow anesthetizing location speciÞcations as given in the NEC and NFPA 99-
1996. Careful and precise grounding, and hospital grade receptacles are mandatory in this
area. It is recommended that at least one grounding jack be provided since some devices used
for dye injection require a redundant ground.

6.4.11 Operating rooms (ORs) in which only local anesthetic agents are used

There are times when this area would not have to receive complete treatment as an inhalation
anesthetizing location. However, documentation of the intent of use should be obtained from
the hospital administration and careful review with local code authorities should be made. In
many cases the facts will indicate a full treatment as an anesthetizing location.
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6.4.12 Inhalation anesthetizing locations

Follow speciÞcations as they appear in the NEC and NFPA 99-1996 (Chapter 3). Insulated
equipment grounding conductor and hospital grade receptacles are mandatory in these
locations.

6.4.13 Inhalation anesthetizing locations that become wet locations

This covers almost all ORs, with the exception of some highly specialized areas (such as
those exclusively used for ophthalmology). Follow the speciÞcations for ÒWet LocationsÓ
such as shown in the NEC in addition to the speciÞcations for ÒAnesthetizing LocationsÓ in
the NEC and NFPA 99-1996 (Chapter 3). Insulated equipment grounding conductor, hospital
grade receptacles, and metallic conduit are all mandatory. Isolated power may be required in
these areas. Emergency power requirements should be provided as speciÞed in NFPA 99-
1996 (Chapter 8).

6.4.14 Inhalation anesthetizing locations in which invasive thoracle procedures
are performed

These speciÞcations are the same as 6.4.12 or 6.4.13 as appropriate.

6.4.15 Inhalation anesthetizing locations in which ßammable anesthetizing
agents are used

These speciÞcations are the same as 6.4.12, except follow additional requirements as outlined
for ÒHazardous LocationÓ in the NEC and NFPA 99-1996 (Annex 2).

6.5 Fire and explosion hazards

6.5.1 Flammable anesthetizing agents

Many of the requirements for electrical safety were developed to minimize the Þre and explo-
sion hazards when ether and other ßammable agents were used. The use of ßammable anes-
thetics in the OR and the potential problem of explosion required that special electrical
safeguards be developed. Since ßammable gases can be ignited by static electric discharge,
comprehensive methods minimizing the buildup of static charge were developed and used.
These included high-impedance conductive ßoors, conductive footware, clothing for mini-
mum generation of static charge, high-impedance conductivity of elastomeric tubing used
within the anesthesia airway path, and grounding of patient electrical devices and exposed
metal. Isolation transformers were installed and monitored to indicate when the Þrst line-to-
ground fault current would exceed a microampere level or where the arc from the current
could ignite the gas.

Unfortunately, the concentrations of ether used for anesthetizing purposes are those that are
the most explosive. Most explosions have either occurred within the anesthetizing machine or
within the patient. Static discharge, as well as sparks from electrically powered devices,
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introduced in the explosive atmosphere can cause Þres and explosions. Since most ßammable
anesthetizing agents are heavier than air, the area in an anesthetizing area up to the 5 ft
(1.52 m) level shall be treated as a Class I, Group D location as covered by the NEC.

The use of ßammable anesthetizing agents is continually decreasing, and as a result, the
designer must establish the clientÕs intentions in this regard.

Many new ORs are being designed for exclusive use of nonßammable inhalation anesthetiz-
ing agents. The current NEC and NFPA 99-1996 (Annex 2) both require the use of isolated
power in all ORs that use ßammable inhalation anesthetizing agents. The use of isolated
power measurably reduces the risk of electrical shock and completely eliminates the risk of
explosion due to ßammable inhalation anesthetizing agents.

6.5.2 Flammable cleaning and preparation agents

Several agents, such as alcohol, which is used as a cleaning and antiseptic agent, are volatile
and may be ignited, if not properly used, by the spark from electrosurgery devices.

The current, resulting from the high-impedance leakage path produced by splashing or spill-
ing liquids on the equipment or into the electrical receptacles, may cause an alarm of the iso-
lated power system. Carefully followed grounding procedures help to reduce the hazard from
this type of situation. It should be noted that these same spills in the absence of an isolated
system would probably cause a power interruption or, at a minimum, cause higher current to
ßow.

6.5.3 Oxygen-enriched atmosphere

The same Þre hazards from electrical short circuits that cause Þres in electrical devices in
other environments can cause Þres in health care facilities. These may be aggravated by the
fact that the air may be more often enriched with oxygen in a hospital than in other types of
environments.

6.5.4 Conductive ßooring

Conductive ßooring is used to control static electricity in anesthetizing locations where ßam-
mable anesthetic agents are administered. In older ORs, the ßoors are often constructed of
special terrazzo that incorporates carbon to form conductive pathways throughout the ßoor.
The ßoor usually includes a metallic grid so that no point on the ßoor is more than a few
inches from a grounded conductive element.

Some conductive ßoors are made of conductive ceramic tiles. This method results in a ßoor
that is very stable with regard to the resistance but is apt to have tiles break loose when heavy
equipment is rolled over it. The reason for this seems to be that when adhesives are made con-
ductive, they lose those characteristics that contribute to their durability as an adhesive.

Another type of conductive ßoor is sheet vinyl, which is manufactured with a cushioned
backing. It maintains the proper conductivity very well but is prone to be damaged by
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wheeled OR tables and portable x-ray equipment, and it is easily cut when sharp surgical
instruments are dropped on it.

A very common conductive ßoor is made of squares of hard conductive vinyl. These are
placed over a grid of copper tape used to ensure that there is an uninterrupted path of conduc-
tivity between any two points on the ßoor.

The NFPA standard test method calls for a minimum and a maximum resistance between 5 lb
(2.27 kg) circular electrodes, 2-1/2 in (6.35 cm) in diameter and covered with metal foil.

Under current NFPA rules, it is not necessary to have conductive ßoors in nonßammable
anesthetizing locations. Where conductive ßoors exist, it is required that they be tested at
least once per year. There is no upper limit of resistance for conductive ßoors in these non-
ßammable anesthetizing locations and the lower limit is 10 000 W to ensure that the conduc-
tive ßoor does not increase the hazards of electrical shock by offering too low an impedance
to ground.

6.6 Environmental conditions relating to electrical safety

6.6.1 Source of leakage currents

Leakage current comes primarily from capacitive coupling between energized conductors
and grounded objects, and secondarily from high-resistance paths through or along the
surface of insulating materials.

When two conductors in close proximity are energized from the secondary of a distribution
transformer, a small current ßows between them due to the dielectric properties of the
conductor insulation. When these conductors are run in grounded metallic conduit, there will
also be leakage between the ungrounded phase conductor of a grounded system and the
conduit. In an isolated system, neither power conductor is grounded, so there will be leakage
from both power conductors to ground (i.e., to the conduit or grounding conductor). The path
is from one conductor to the conduit and on to the other conductor. Current does not ßow in
the conduit since there is no direct return path to the current source from ground. See tables
6-1 and 6-2.      

Table 6-1ÑTable of leakages contributed by wiring

Materials used Result

TW wire
Metal conduit
Wire pulling compound with 
  ground conductor

3 µA per ft (9.84 µA per 
meter) of wire

XLP wire
Metal conduit
No wire pulling compound 
  with ground conductor

1 µA per ft (3.28 µA per 
meter) of wire
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6.6.2 Limits set by standards

Table 6-3 shows the portable equipment leakage current limits set by NFPA 99-1996 (Chap-
ters 7 and 9). The values are based upon physiological parameters and only after extensive
debate by the technical committees responsible for these particular chapters of NFPA 99-
1996. The present limits for voltage and impedance of the grounding system in patient care
areas are 20 mV and 0.1 W, respectively. These voltage and impedance limits can be found in

Table 6-2ÑTable of leakages contributed by equipment

Device Leakage a 
range in µa

OR table light (single light without track) 75Ð175

OR table light (track-mounted) 300Ð400

Portable OR light 10Ð100

X-ray viewer (single) 50Ð150

Electro-surgery machine 100Ð300

Vacuum pump 50Ð125

Physiological monitor (single-channel) 30Ð200

Physiological monitor (eight-channel) 275Ð350

Heart-lung machine 350Ð450

DeÞbrillator 50Ð125

Portable x-ray (120 V capacitor charge) 30Ð50

Cardiac Þbrillator 15Ð50

Respirator 100Ð150

Cardiac synchronizer 75Ð125

Hyperthermia unit (single patient unit) 125Ð175

aRanges given are from tests of equipment found in the field and in 
good working condition. Older equipment exhibited higher leakage 
currents.

NOTEÑExcessive power cord lengths will add measurably to the total 
leakage of the equipment [i.e., a 60 ft (18.29 m) power cord can add 
from 60 µA to 130 µA of leakage to an electro-surgery machine].
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Chapter 3 of NFPA 99-1996. In general, particularly for the voltage, the actual values mea-
sured at the time of acceptance should be much lower than these. Values approaching these
indicate that something is wrong with the design or the installation.  

6.6.3 Protective measures for leakage current

The grounding system is the primary safeguard for bypassing the leakage and fault currents
to prevent shock from these sources. The green grounding wire is the required ground and by
itself may provide an effective grounding impedance of the order of 0.1Ð0.3 W at the end of a
branch circuit. Metal conduit lowers the effective grounding impedance by providing another
parallel path.

It should be emphasized that when an ungrounded electrical system is used, it does not
diminish the need for an effective, low-resistance grounding system. While the ungrounded
distribution system limits the amount of fault current that ßows in the fault, it does not elimi-
nate the fault current completely. The grounding conductor is an effective shunt for this
current in parallel with the patient and personnel.

Although the magnitude of short-circuit currents is drastically reduced by an ungrounded
system, due to the extra impedance inherent with an isolating transformer, the ungrounded
system response to line-to-line fault is similar to that of a conventionally grounded system, in
that it will activate the overcurrent protective devices and interrupt power to the area. Most
faults that occur within appliances are, however, line-to-ground faults as opposed to line-to-
line faults and it should be noted that a line-to-ground fault on a grounded system will cause
equipment or system power loss compared with an ungrounded system that will continue to
operate safely during a line-to-ground fault.

An ungrounded electrical system may be more expensive than a grounded system to install,
since an isolation transformer and line isolation monitor (LIM) must be provided. The pack-
age convenience of an isolated system in a single enclosure allows its installation in less time
than installing individual components. Periodic tests should be performed on this equipment

Table 6-3ÑMaximum safe current leakage limits

Type of device NFPA 99-1996

Portable equipment (patient use) 300 µA

Portable equipment with non-isolated input patient 
leads

100 µA

Portable equipment with isolated input leads 50 µA

Portable equipment (hospital use, i.e., 
housekeeping, maintenance, etc.)

500 µA
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as well as the isolated power system, and records should be kept of the results of these tests.
Ten minutes per month should be allowed for each ungrounded system within the hospital.
For a conventionally grounded system, maintenance to ensure the integrity of the ground, and
to ensure that the ground-fault protection equipment is satisfactory, is at least as demanding.
The cost of an isolated power system and the LIM must be evaluated against the beneÞts, the
code requirements, and the insurance premium, if it is not present. The isolated system is still
recognized as the safest possible system by the NEC (Article 517) and NFPA 99-1996 even
though it is an optional requirement in the ICU/CCU areas.

Usually modern construction adds one or more parallel, redundant grounding paths to the
green grounding wire in terms of metal conduit, metal piping, and metal structural members.
These paths provide an effective ground impedance at the receptacle in the order of 2 mW to
20 mW. In addition to providing a low impedance, these elements provide a multipath grid for
fault currents so that voltages that do develop within the patient vicinity, even during a severe
fault, seldom cause hazardous conditions. Hazardous conditions generally develop when
device grounding wires or the connection to the distribution grounding system, or both, fail.

GFCIs and isolated distribution systems minimize these hazards. GFCIs should only be
applied where interruption of power is tolerable.

6.6.4 Design factors affecting leakage current

SpeciÞc inductive capacity (SIC) is a term that is used by wire manufacturers to evaluate the
dielectric properties of the insulation characteristics of a particular wire. Dielectric constant
is a term used to deÞne the properties of insulating materials. The two terms, although closely
related, are not exactly the same.

The NEC recommends that the secondary conductors of an isolated power system have an
insulation with a dielectric constant of 3.5 or less. It should be recognized also that most man-
ufacturers will state the SIC number, which is usually higher than the dielectric constant of
the insulation material. Care should be taken to deÞne a particular wire for these low-leakage
applications.

It is important to recognize that for the consideration of leakage currents, the insulation qual-
ity and thickness limit the capacitive coupling between the conductors and ground. Capaci-
tive coupling is determined by the dielectric constant of the insulation, the conductor length,
and the spacing between the conductor and ground. Wire insulation with the lowest dielectric
constant may have other properties that are unacceptable. Polyethylene has a lower dielectric
constant than cross-link polyethylene, but it also has a lower temperature rating.

6.6.5 Neutral-to-ground short circuits

This is a phenomenon that does not cause problems directly with equipment operation. Such
a fault is a common source of ground currents that can produce a serious secondary interfer-
ence with measurements such as electrocardiogram (ECG) and electroencephalogram (EEG).
Most simple circuit testers do not test for this fault.
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Another source that needs review is the grounding method used by x-ray and other heavy-
duty equipment with regard to the neutral. Sometimes these units use the ground as a neutral
return.

6.6.6 Line-to-line faults

Line-to-line faults should be protected by appropriate overcurrent devices coordinated in
such a manner that a minimum portion of the system is affected. This requires careful coordi-
nation of the various devices in series. Careful design, installation, and maintenance practices
are required to minimize nuisance tripping.

Branch circuits need to be planned with regard to occupant usage. The probabilities of a line-
to-line fault in one room unintentionally interrupting the power supply to life support systems
in another room (perhaps not even adjacent to the room with the fault) need to be minimized.

6.6.7 Line-to-ground faults

Line-to-ground faults can cause service interruption problems, the same as line-to-line faults.
In addition, they introduce a current on the grounding system, which can create further prob-
lems. Good electrical plugs, receptacles, device construction, and adequate maintenance
procedures will minimize these faults. Isolated power systems safely provide continuity of
power during a Þrst line-to-ground fault. GFCI short-circuit tripping times must be coordi-
nated with line-side protective device short-circuit interrupting times.

6.6.8 Transformer vault location and electrical disturbances

Since stray magnetic Þelds can cause problems with EEG or ECG laboratory measurements,
precautions should be taken to assure that electrical installations that might create stray
magnetic Þelds are not located adjacent to these measurement areas.

Switching devices may create electrical disturbances affecting electronic diagnostic devices
such as cardiac monitors. A diagnostic device that is rendered incapable of providing the
medical team with timely information or correct data is as great a hazard to the patient as a
Þre or an electrical shock. Radiation from the radio transmission on an adjacent building or
transients from any large motor, switching capacitor, or capacitors combined with motors can
also create problems that must be considered by the design engineer.

6.6.9 Wet locations

On a conventionally grounded system, an electrical shock is always possible when a line
power device is operated in the presence of grounded conductive material and a person can
bridge the gap between the two.

Large metal decks and ßoors covered with water present such a possible hazardous condition.
A water-covered ßoor is potentially more hazardous than a dry metal deck because water can
penetrate shoes and make better electrical connection to the body. In addition, there is always
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the possibility of having water splashed into electrical devices, creating contact with electri-
cal sources.

The location of electrical devices near tubs or pools of water where a patient may be treated
or where patients swim presents the possibility of shock.

Most ORs are considered wet locations since conductive liquids are frequently spilled.

A bed with an incontinent patient could possibly be considered a wet location. There have
been reports of serious shocks when electrical beds had cord controls operated at line voltage.
Using sealed, low-voltage, or pneumatic controls reduces the possibilities of these shocks.

Several precautionary steps need to be taken or considered whenever it is routine to have
concentrations of conductive liquids on the ßoor while patients are present.

The Þrst and most important step is to have equipment made for this type of environment
properly installed, used, and maintained with care. Steps should be taken to provide splash
guards. Metal enclosures containing line-powered equipment should be permanently
grounded with an insulated equipment grounding conductor. Line-powered equipment should
be located as far from the wetted area as is practical. Particular care should be given to the
placing of cord-connected equipment where the cord might fall into a tub, basin, or pool in
which individuals will be working or treated. Electrocutions in home bathrooms have most
often occurred when electrical appliances were placed near the tub and then were touched or
fell into the tub.

Where portable cord-connected, line-operated equipment will be used such as in a hydrother-
apy room, GFCIs can be used to provide protection when accidents do occur. In the OR, the
isolated power system shall be used, because power interruption cannot be tolerated.

At this writing, the NEC requires GFCIs to be installed in any room or area that has a basin
with one or more of the followingÑa toilet, a tub, or a shower. Accidents could occur with
line-powered toothbrushes, shavers, or hair dryers. An alternate to GFCIs would be to elimi-
nate line-powered receptacles.

6.7 Basic safety measures

6.7.1 Insulation

Energized conductors shall be insulated from each other, from ground, from patients, and
from hospital personnel. This insulation is created both by the insulating material used and by
space separation. Primary insulation protection of cardiac catheters can be provided by prop-
erly insulating the exposed end or by making the environment surrounding the catheter as
safe as possible.
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6.7.2 Grounding

Grounding provides a nonhazardous return path for leakage currents that exist and minimizes
the hazard produced when a fault condition develops.

6.7.2.1 System grounding

Grounding in a critical patient care area and in an anesthetizing location is an important
ingredient in safeguarding against shock and electrocution. Proper grounding provides a
means for dissipating static charges and shunting fault currents and/or normal leakage cur-
rents away from patients and attendants.

A good grounding system requires a reference grounding point, usually the grounding bus in
the distribution panel, previously referred to in some documents as an equipotential ground.
All conductive surfaces in the patient vicinity that are likely to be energized are bonded to the
reference grounding point with an effective conductance at least equal to #10 AWG copper
wire. Two typical surfaces are the oxygen outlet and the plumbing Þxture. All receptacle
grounding terminals are grounded to the reference grounding point by means of an insulated
copper conductor. The conductor is insulated for corrosion protection and to prevent arcing
points between the conduit and the conductor in case of a fault.

Equipment grounding provides a low-impedance path to safely conduct fault currents or leak-
age currents back to the source. It also is a means of bonding all conductive surfaces together
such that the potential differences between such surfaces are minimal. Good grounding is
more essential in health care facilities than other occupancies because of the vulnerability of
the patients. Patients, especially those that are under an anesthesia, medication, or who are
very ill, cannot react to, or otherwise protect themselves from electrical shock as can a nor-
mal healthy individual, and these patients are frequently connected to electrical equipment. In
addition, potentials that are normally not hazardous to a clothed, healthy person might be
dangerous in a health care facility. The nature of a patientÕs illness may lower his or her natu-
ral body resistance due to incontinence, perspiration, or open wounds. The process of diag-
nosing a patient can make that patient more vulnerable to electrical shock. The grounding
system in a health care facility is designed to minimize the voltage potentials that can be
created on ground conductor surfaces due to circulating ground currents.

Article 517 of the NEC for the 1971, 1975, and 1978 editions speciÞed and required the use
of equipment grounding with maximum resistances for each branch of such a system. While
these requirements in Article 517 have been considerably reduced in subsequent NEC
editions, equipment grounding in patient care areas still remains more demanding than the
general requirements for grounding found in Article 250 of the NEC. Also, the term equipo-
tential grounding is no longer used in the NEC and NFPA 99. However, the electrical engi-
neer designing a hospital facility should be cautioned not to assume that the elimination of
this term also eliminates all of the special grounding requirements for patient care areas.
Careful study of Article 517 of the current NEC and of NFPA 99 should be made to deter-
mine exactly what special grounding provisions are required in all patient care areas.
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6.7.2.2 Power cord grounding

The green equipment grounding conductor provided in an equipment power cord prevents
static potentials from building up to dangerous values on non-current-carrying parts such as
housings, cases, and boxes of electrical appliances. If these parts are not properly grounded, a
static charge could accumulate to some degree and may reach such a value that it will auto-
matically discharge in the form of an electrostatic spark. Such a static discharge could be a
hazard to the patient and the attendant if it ignited some ßammable gas or material or
provided a shock.

The equipment grounding conductor also provides a path for leakage current and fault
current, which could be conducted to an electrical appliance case. The magnitude of this leak-
age current is dependent on the characteristics of the appliance and the insulation associated
with it. The leakage current could result in potential differences between pieces of equipment
and could ßow through vital organs of a patient if a patient current path was established. One
of these conditions is encountered in cardiac catheterization procedures where small amounts
of current can cause ventricular Þbrillation. An example would be a patient in an electrically
operated bed with the patient having monitoring leads that are not isolated. The grounding
path could be through the patient via the attendant and the cardiac leads. Since the resistance
of the power cord ground conductor is signiÞcantly less than the path through the patient,
almost all of the current will ßow to the grounding conductor.

The resistance of the grounding conductor is of utmost importance. A #10 AWG only repre-
sents 0.0001 W/ft (0.000 328 W/m). In anesthetizing areas, design practice limits the potential
differences between conductor surfaces that could come in contact with the patient to 40 mV. 

6.7.2.3 Grounding jacks

In previous editions of the NEC, provisions for the connection of conductive non-electrical
devices were dictated. These provisions had to be met by supplying each critical patient care
area with a speciÞed type of ground jack. Each OR was required to have a minimum of six
ground jacks. While this is no longer an NEC requirement, many engineers recommend that
at least a single ground jack be provided in each critical care patient area. This ground jack
will provide easy connection to the grounding system for the purpose of redundant grounding
of any particular piece of exceptionally hazardous equipment and will further allow connect-
ing to the ground system for testing purposes. While the cost of a single ground jack, or even
several ground jacks in a room is very low and almost negligible, the beneÞts provided by
having the connection to the ground system conveniently accessible are innumerable. If
ground jacks are speciÞed in the project, it is desirable to specify several ground cords that
can be used with these ground jacks. 

6.7.3 Overcurrent protection

Little difference exists between the overcurrent protection, which shall be provided within
hospital environments, and that which shall be provided for other commercial buildings.
Where isolated power is used, the secondary circuits fed from the isolation transformer
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should be provided with two-pole circuit breakers. Care should be taken to obtain the highest
quality and most reliable equipment available.

6.7.4 Adequacy of power

With electrical devices supporting life there is a strong need to supply a continuous, adequate
amount of power, where and when needed. There is a very reasonable expectation that the
power requirements will increase with time, and this should be a design consideration.

6.7.5 Continuity of power

See Chapter 5.

6.7.6 Isolated power

The ungrounded electrical distribution system has been used in certain areas of the hospital
for many years. It has been used in anesthetizing locations since 1948.

The term isolated system is normally used for an ungrounded electrical distribution system
including (or comprised of) all of the necessary equipment as speciÞed in NFPA 99-1996 and
in the NEC (Article 517). This system includes the shielded isolation transformer, LIM (see
6.7.9), circuit breakers, and the necessary power receptacles and associated grounding equip-
ment. It is the responsibility of the electrical design engineer to specify each of the compo-
nents required to establish the total system.

There was always a possibility of selecting incompatible components, and the labor for
installing individual components was always quite high. Additionally, the integrity of the
total system was difÞcult to ascertain.

In the early 1960s, the isolated system package or panel, as it was then called, began to
appear. Initial units contained the isolation transformer, circuit breakers, and the ground
detector. Later, the LIM replaced the ground detector. In 1971, packages appeared that also
contained power receptacles, ground buses, and grounding jacks. Most present installations
make use of these packaged components. UL standards have been established for these pack-
aged units (UL 1047-1995) and they are available as labeled devices. The use of these pack-
ages assures the design engineer of compatible components and of the lowest possible
installation cost.

Recent code changes as covered in NFPA 99-1996 (Paragraph 12-4.1.2.6) may not require
some inhalation anesthetizing locations to have isolated power.

Prior to 1981, 2 mA of potential current ßow was permitted before the LIM alarm sounded.
The permissible level today is 5 mA.

The isolated power system is also useful where wet conditions exist, and life support equip-
ment must continue to operate in the presence of one fault-to-ground, such as in an open heart
surgery OR. There are other locations in the hospital such as ICU/CCU areas where isolated
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systems are considered optional but should be given consideration. There are some states that
mandate the use of isolated systems in the ICU/CCU areas. It is the responsibility of the elec-
trical design engineer to point out to the hospital where isolated systems must be used and
how the use of these systems might beneÞt the hospital and the patient.

The beneÞts derived from the ungrounded electrical distribution system are as follows:

a) It limits the amount of current that can ßow to ground through any single line-to-
ground fault, which may occur in the system. For all practical purposes, this elimi-
nates the danger of massive electrical shocks (macroshock) to patients or personnel
as a result of this type of fault. It also practically eliminates the possibility of high
energy arcing as a result of this type of fault and thus provides protection against the
accidental ignition of explosive or combustible materials being used in the area. This
feature of the ungrounded electrical distribution system permits typical and practi-
cally sized grounding conductors to effectively protect even those patients who might
be affected by very small amounts of electrical current. Internally isolated patient
monitoring equipment also adds a large factor of safety.

b) In a grounded distribution system, a line-to-ground fault on the system will operate
the overcurrent protective device and interrupt power to the device or the area. In
most cases, this is a highly desirable feature. However, in any hospital area where life
support devices are used, this loss of power may create a life support hazard. The
ungrounded electrical distribution system responds quite differently to a line-to-
ground fault. With this system, the fault does not pose an immediate danger to the
patient or to personnel, and power is not interrupted. Only a visual and audible warn-
ing is issued. In any case, the device in which the fault has occurred will continue to
operate and can be safely used until replacement equipment is available.

Without interrupting power, the LIM of the isolated power system warns of potential failure
of equipment connected to the system, as long as the equipment has ground continuity. When
the alarm sounds, the system is still safer than if a conventional grounded system were used
in the Þrst place. Any current that would ßow would be less than if one of the conductors
were solidly grounded, as is the case with the conventional grounded 120 V electrical system.
The LIM used with the isolated system is the only device connected to the system that contin-
uously monitors (and alarms when necessary) the integrity of the wiring of the room and the
equipment connected to the system.

The alternative is frequent laboratory testing of the equipment but there is no assurance that
the equipment has not become degraded or defective between test periods. The integrity of
the equipment and the integrity of the grounding conductor are especially important for life
support systems.

Periodic LIM readings can provide a continuous record of the system and its operation. The
LIM is a one-time only cost addition as compared to the continuing cost of periodically
checking the system and equipment. With continuous monitoring, the hospital engineering
staff is kept on the alert to keep the equipment in excellent operating condition so that the
LIM does not go into an alarm condition. The isolated power system gives the surgeon, or
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other users of the electrical equipment, macroshock protection, the same as if they were using
double-insulated or battery-operated tools.

It should be emphasized that an ungrounded electrical distribution system usually provides an
early warning that an appliance has a line-to-ground fault. The faults occurring within the
appliances can be the result of slowly degrading insulation or components. When the poten-
tial leakage caused by these conditions increases beyond the limits set for the ungrounded
system, an alarm will sound to trigger preventive maintenance action. This feature is of great
value even to institutions that have sophisticated preventive maintenance programs for their
appliances and equipment. Even though an appliance is checked on a monthly basis, there is
no guarantee that degradation of the unit will not become excessive the day after it has
received its monthly check.

Radiologists and pathologists sometimes used isolated power for computer aided tomography
(C.A.T., or simply, CT) scanners and multichannel analyzers to protect devices from tran-
sients. As patient care areas become populated with computer chips, this may be the trend.
The attenuation of the shielded isolation transformer typically produces as much as 50 dB
reduction (300 to 1 voltage ratio) in the common-mode noise transient.

6.7.7 Three-phase isolated system

In recent years there have been increasing demands for three-phase power within an anesthe-
tizing location. Special three-phase ungrounded isolation systems are available with UL
1047-1995 listing for these locations. It is generally neither advisable nor practical to try to
derive both the three-phase power requirements and the single-phase power requirements
from a single isolation system. It is best to provide a separate isolation system for three-phase
equipment. Typical devices requiring three-phase power in the OR are laminar air ßow
devices, photo coagulating equipment (laser), special positioning, and electrical surgical
tables.

While much of this equipment is also available in single-phase design, some of the devices
are available only in three-phase design, with features not available in the single-phase
machine, which the medical team requires. Once a situation of this type is established, it is
the responsibility of the design engineer to properly specify and design a three-phase isola-
tion circuit that will give the hospital trouble-free service.

The general rules and conditions for the effective three-phase isolation installation are identi-
cal to those for the single-phase isolation system previously described.

6.7.8 Limitations

The isolated distribution system has some limitations as follows:

a) If the ground continuity of the LIM is lost, the total hazard current is not monitored
on the LIM and this could give a false sense of security.
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b) While chances of microshock are reduced with an isolated distribution system, the
line isolation monitorÕs hazard current alarm level of 5 mA (as well as the previous
level of 2 mA) is still too high to completely prevent microshock current levels.
Under some circumstances, a catheterized patient could be subjected to microshock.

c) High hazard current conditions can result in alarms that may be disturbing during
normal operating procedures.

While the LIM will not uncover all of the possible defects of instrumentation connected to
the LIM (such as broken equipment ground wires), it will sound an alarm when hazard cur-
rents above the NEC permitted values are encountered. While some hospital personnel may
consider this alarm a nuisance, the LIM is a means of predicting the amount of hazard current
that could be harmful.

To eliminate some of the so-called Ònuisance alarms,Ó the NEC and NFPA 99-1996 were
changed to permit a 5 mA LIM alarm level rather than the previous 2 mA alarm level. The
5 mA alarm level permits more equipment to be connected to the isolated distribution system
without causing a Ònuisance alarm.Ó However, the 5 mA LIM alarm level does not provide the
same level of protection against shock as does the 2 mA LIM alarm level.

6.7.9 Line isolation monitor (LIM)

The LIM is an impedance measuring device used with isolated power systems that will sound
an audible alarm, and give a visual warning when the line-to-ground impedance of the system
has degraded to the point where current ßow from any of the power conductors to ground
during a ground fault that is in excess of the limits established by the standards.

All LIMs shall provide a meter that will continuously predict how much current will ßow
through a ground fault if it should occur. It should be carefully pointed out to the hospital
staff that the meter does not indicate current that is ßowing, but rather predicts the current
that will ßow if a fault-to-ground occurs.

All LIMs shall provide a means of silencing the audible alarm in the area of use so it does not
distract the attention of the medical staff from the procedure being performed at that particu-
lar time. The standards do allow that any medical procedure being performed at the time the
alarm sounds can be brought to its completion before services must be performed to remove
the fault on the ungrounded system as indicated by the LIM. New procedures should not be
started until the engineering or maintenance department of the hospital facility has located
and corrected the problem and properly documented such action.

The monitor hazard current is the measure of degradation of the isolated system caused by
connecting the LIM to the system. When a 2 mA trip level LIM is connected to a perfectly
ungrounded system, and if the amount of current that will ßow after connection from either
line-to-ground is 25 µA, then it is said that the monitor hazard current is 25 µA. A 5 mA trip
level LIM would have a monitor hazard current of approximately 50 µA.
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LIMs are provided with a means for testing their function. This is accomplished by a test
switch that, when energized, will place a simulated fault or other test on the LIM sufÞcient to
cause it to alarm when operated at Ð15% or +10% of nominal rated voltage. This test veriÞes
the proper function of the LIM and its associated alarms but does not verify the functioning
of the total ungrounded electrical system. After installation, the system can be thoroughly
tested by applying test faults at the outlets. A minimum of one similar annual test should be
performed thereafter. The LIM function should be tested monthly as covered by NFPA 99-
1996. When in the test mode, the ground connection to the LIM is disconnected automati-
cally so as not to cause Òsecond faultÓ on the system and possibly endanger patients or
personnel in the area where the test is being performed. All tests should be performed only
when the system is not otherwise in use.

The LIM function test is not a means of checking the calibration of the LIM. Since most
LIMs are basically complex network analyzers involving solutions of very complex network
equations, it is desirable to have all calibrations performed at the factory where adequate and
proper test equipment is available.

6.7.10 LIM isolation monitor interpretation

In an OR, a LIM reading of 2 mA means that the impedance of one line-to-ground has deteri-
orated to 60 000 W on a 120 V system and the decision probably will be made to continue the
surgical procedure. After the surgical procedure has been completed, the plugged-in equip-
ment should then be examined and the fault should be corrected at the earliest opportunity.

If the indicator on the meter shows full-scale deßection, indicating a severe hazard condition,
it indicates that one of the lines has shorted to ground or it could be caused by a combination
of high-leakage currents of several instruments. The isolated system is approaching a
grounded system. This could create a serious hazard of electric shock to both the patient and
to personnel in the event that a second fault occurs. The Þrst fault should be located and
corrected at least before starting another surgical operation. The full, let-through current of
the circuit breaker could ßow if any contact is made with a live (unshorted) conductor.

Because of the mentioned reasons, the LIM meter should be in a plainly visible placeÑin the
operating theater. Means shall be provided for conveniently silencing the audible alarm.

A similar analogy applies to the 5 mA LIM, with the exception that when the meter reads
5 mA, the impedance of one line-to-ground has deteriorated to 24 000 W on the 120 V
system.

6.8 Design and testing of systems for safety

6.8.1 Identifying particular user needs

It is very important to have a very clear understanding of the expected use of various areas in
a health care facility. Electrical codes, standards, and regulations have different requirements
for the various areas in a health care facility as compared to other types of occupancies. Many
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hospitals frequently have continuing changes in requirements because of staff changes and
because of advances in technology. Since cost is a very important consideration and since
available funds are usually in short supply, it is very difÞcult to provide maximum ßexibility
in every area.

The Þrst step is to review with the administrator, or the owner of the facility, the expected
initial use, and any anticipated modiÞcation in the future. Consideration should be given to
changes in safety requirements as well as to possible changes in applicable codes and stan-
dards.

6.8.2 Adjusting special design features for each area

The second step is to apply the necessary special design features to those areas identiÞed in
6.8.1 as needing such treatment.

6.8.3 Distribution systems

The choice of voltage of the distribution system can affect its safety in terms of continuity of
service. Code changes for requiring ground fault protection on the main service, and reports
of nuisance tripping of ground fault protection, indicate that extra careful selection, design,
installation, testing, and training for maintenance are essential. Voltages and feeder loads
should be carefully selected and analyzed to minimize the possibility of nuisance outages.

6.8.4 Distribution raceway systems

There are a number of options available that have several economic and safety implications.
One consideration is the use of either plastic or rigid metal raceways. The raceways provide
two major functions: physical protection of the power conductors and redundant grounding.
The physical protection becomes of greatest importance in facilities where renovation and
changes are frequent.

The redundancy in grounding provided by metal conduit is twofold. The conduit provides a
redundant path to the ground. In addition, the physical mounting of the conduit to other
conduit, metal studs, other piping, and structural steel members provides a network of redun-
dant grounding paths. These design and inadvertent connections contribute to an effective
low-grounding impedance for current ßow during fault conditions. Using electrical metallic
tubing frequently produces effective grounding impedances in the order of 1Ð10 mW. These
values are low relative to that provided by a #10 AWG wire having 1 mW/ft (3.28 mW/m)
resistance.

This natural redundant grounding gains part of its safety advantage by causing fault currents
to follow several paths and reducing possible hazardous conditions.

6.8.5 Distribution system-grounded and isolated power

The grounded distribution system is the one usually found in most commercial installations
throughout the U.S. The grounded feature aids in tripping overcurrent protection devices
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during line-to-ground fault conditions. When line-to-ground faults include an individual as
part of the circuit, serious shock hazards are possible. Line-to-ground faults also can cause
arcing, which is a hazard where any ßammable gases are present.

The isolated distribution system is covered in 6.7.6.

6.8.6 Field inspection procedure

Isolated power and a hospitalÕs equipment ground system are unique. It is recommended to
have these systems tested and certiÞed before use. This is one way to ensure proper installa-
tion and operation. Manufacturers of isolated power systems are generally equipped to test
the installed equipment. The testing should preferably be done with the electrical contractor
present.

All tests on the isolated system, ground network, and LIM should be in accordance with the
NEC (Article 517) and NFPA 99-1996.

The test and certiÞcation procedure covers the following:

a) Operational check on all equipment

b) Inspection of the complete installation for applicable code conformance

c) In-depth testing of isolated power system

1) Line voltage measurements
2) Line-to-ground impedance measurements
3) LIM calibration

d) Recording of initial system hazard current readings from the LIM for hospital records
(initial hazard current readings represent predicted current leakage with no devices
connected to the isolated system)

e) Testing of the ground network

1) All power receptacle grounds
2) All ground receptacles
3) All permanently exposed building material
4) All permanently installed equipment

f) Complete dissertation on the isolated power system to the hospital personnel
including

1) Basic theoretical concept of beneÞts of isolated power
2) Proper use
3) Proper maintenance procedure

g) Periodic testing and record keeping (a log book with initial hazard current readings is
supplied to the hospital with a letter of certiÞcation, including all recorded test data)
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This chapter shall be used in conjunction with the following publications:

NFPA 70-1996, National Electrical Code¨ (NEC¨).2

NFPA 99-1996, Health Care Facilities.

UL 544-1993, Medical and Dental Equipment.3

UL 1047-1995, Isolated Power Systems Equipment.
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Chapter 7
Lighting

7.1 General discussion

Lighting technologies and design methods, as well as our understanding of visual needs, have
advanced at a pace rivalling that of health care techniques, methods, and understandings.
Good design now recognizes the psychological and physiological impact of lighting upon
humans, and health care lighting schemes must incorporate these demands to be successful.
Such considerations supplement the obvious requirements of the medical and nursing staff
for the fulÞllment of their responsibilities. Moreover, the technologies used in the health care
Þeld have changed, and the addition of such devices as computer screens and patient
monitoring systems create visual demands often akin to those in modern ofÞces. Indeed, the
very diversity of tasks that occur in any given space of a health care facility greatly increases
the complexity of the design process, as the engineer must accurately understand both the
proposed uses of the spaces and the visual requirements for those uses. Users and architects
continue to demand more aesthetic solutions to the challenges presented to the lighting
designer. The electrical engineer designing a hospital therefore seeks to achieve a visual
environment dramatically different from the one of the past.

Modern concepts of lighting are Òtask oriented,Ó that is, lighting should provide precisely the
light that is required to efÞciently perform speciÞc tasks. In other words, the engineer must
provide a lighting system that permits the task to be performed and in which the lighting
quantity and quality are not detrimental factors in the taskÕs successful completion. Most
health care tasks are inherently difÞcult, requiring great accuracy and speed, and are
performed by a variety of people possessing great variations in visual acuity. The task itself
must be evaluated for its requirements of size, shape, color, degree of difÞculty, and the haste
in which the work must be performed.

The fundamental principles of good lighting design described brießy in the Þrst part of this
chapter should serve to provide guidelines and references sufÞcient for the intelligent and
studied application of lighting to the health care environment. Many health care support tasks
such as routine clerical, accounting, and other ofÞce-related tasks, food service, maintenance,
parking, and housekeeping may be treated in the same manner as similar tasks in commercial
and industrial buildings. This chapter will treat only those tasks and situations that are unique
to health care facilities. The unique application of the basic principles to the health care
environment, then, is described in the second part of this chapter. Finally, the lighting system
as a whole must be integrated into the essence of the building, so that the needs for
maintenance, control, and energy efÞciency are met. The entire environment should be
evaluated and planned in concert with the interior designer, the architect, the mechanical
engineer, and the appropriate staff (both medical and building maintenance). The success of
the lighting design cannot be measured in footcandles, but must be measured in the intangi-
bles of comfort, task efÞciency, and overall satisfaction.
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7.2 Lighting design for hospitals

7.2.1 General discussion

Fundamentals of lighting design have been the subject of a number of excellent books. A
complete recap is not the intent here; some knowledge on the part of the user is assumed and
only those aspects of lighting design of special relevance in the health care facility shall be
covered. The engineer is directed to other literature for more comprehensive treatments of all
of the principles of good lighting design. Most notable is the literature published by the
Illuminating Engineering Society of North America (IESNA), and in other IEEE materials.
Publications that deserve particular attention are

Ñ IEEE Std 241-1990 [B4]1

Ñ IESNA Lighting Handbook, 1987 Applications Volume [B5]
Ñ IESNA Lighting Handbook, 1987 Reference Volume [B6]
Ñ Lighting for Health Care Facilities [B8]

In particular, the uniformity of illumination, and the luminous ratios set forth in the IESNA
guidelines should be adhered to in the design.

7.2.2 Quality factors in lighting 

7.2.2.1 GlareÑDirect and reßected

The engineer should provide illumination without annoyance or discomfort from luminaires
or windows that are sources of glare. Reference to visual comfort probability (VCP) data,
available from luminaire manufacturers, is helpful in the selection of luminaires that will not
cause uncomfortable glare. The VCP data is calculated by the manufacturer using empirically
derived data regarding the brightness characteristics of individual Þxtures, room characteris-
tics, and room Þnishes. Note that this data is calculated under ÒnormalÓ ofÞce-type viewing
conditions; in health care facilities it may not be applicable. For instance, the patient is often
on his back looking directly up at a ceiling Þxture.

Windows often present a source of discomfort. The harsh brightness from the outside, when
compared to the indoor levels, can cause eye fatigue. When this ratio of lighting levels
exceeds 8 to 10, fatigue is caused by the irisÕs need to constantly adjust as the person sees
within the room. Also, glare will result from the direct view of the sun, clouds, sky, or bright
buildings. For this reason, windows should have shades, blinds, draperies, low-transmission
glass, or other suitable shielding to control and/or reduce the brightness in the Þeld of view.
Hospital staff should not normally face windows in performing their work. Patient rooms
should be able to be darkened totally for sleep or comfort.

The reßectance of room surfaces is an important factor in the efÞcient utilization of light,
and, therefore, of lighting energy. It is also important to visual comfort because brightness
should be within certain well established limits (ratios) in areas where demanding visual

1The numbers in brackets correspond to those of the bibliography in 7.5.
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tasks are performed. For best utilization of light, the ceiling should be painted white. The
walls, ßoor, and equipment Þnishes should be within the recommended reßectance ranges of
table 7-1.

To get even higher utilization of light, proposals are sometimes made to employ Þnishes on
walls, ßoors, and furniture with reßectances even higher than those in table 7-1. Finishes
signiÞcantly higher or lower in reßectance may cause legitimate complaints about glare, and
may upset the brightness relationships necessary for visual comfort. The lighting engineer
should be sure to consult with those having the responsibility for Þnish speciÞcations. Note
that certain portions of walls or trim surfaces or room appointments may have higher or lower
reßectance than the limits of the ranges of table 7-1 if these areas are thought of as accents
and restricted to no more than 10% of the total visual Þeld.

7.2.2.2 Color quality

Color is a complex subject involving both physical parameters that can be expressed in math-
ematical terms and psychological factors that relate to individual interpretations of color. Cer-
tain colors are warmer (redder) in character while others are considered cooler (or bluer).
Light sources have such characteristics, and their color should be a factor in source selection
in order to compliment a warm, cool, or neutral color scheme. Source colors also help to
create a desired atmosphere (or mood) and to delineate different functions within a given
area. Warmth or coolness in a color scheme and light source may also be a factor in perceived
temperature by occupants of a space, and, therefore, in energy usage.

Certain light sources may have high efÞcacy of light production with fair or poor color
rendition. Others may have excellent color rendition with only moderate efÞcacy. These
factors must be weighed, along with many others, in light source selections for particular
applications. High-pressure sodium sources, even with their high lumen-to-watt ratios, for
instance, would be unacceptable in an exam room where the need to accurately distinguish
color is important.

7.2.2.3 Veiling reßections, distribution, reßections, and shadows

Veiling reßections in tasks reduce visibility by lowering the contrast between details of the
task and its background. They occur when a light Þxture, bright ceiling, or window and the

Table 7-1ÑRecommended surface reßectances

Surface Reßectance equivalent

Ceiling Þnishesa

aReßectance for Þnish only. Overall average reßectance of textured acoustic 
materials may be somewhat lower.

80Ð90

Walls 50Ð70

Furniture and equipment 25Ð45

Floors 15Ð30

Surgical gowns, surgical drapes < 30
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eye of a viewer are at the mirror-angle of reßection with a specular portion of the visual Þeld.
They are often difÞcult to ÒdodgeÓ by shifting the viewing angle when luminaires (or
windows) that produce the effects are of substantial area, large number, and/or wide
distribution.

The most important single tactic for minimizing the veiling reßection effects is geometry. If
the sources that light the task can be positioned out of the mirror-angle of reßection with
respect to the task and the viewerÕs eyes, visibility and comfort will be heightened. This
approach is frequently practical in single-occupancy rooms where the work location is
known. This approach is also possible with built-in workstation lighting, if lights are located
to illuminate the task from both sides. Unfortunately, on many such workstations, the sources
are positioned under a shelf or cabinet directly in front of the task, often the worst possible
location.

In some spaces it is best to position workstations in between rows of ceiling luminaires, with
occupants facing parallel to the rows so that most of the light on the tasks comes from the
sides and not from luminaires on the ceiling immediately in front of the workstation. Certain
lighting distributions may also reduce the effect of veiling reßections such as polarizing light-
ing panels, bat-wing lenses, parabolic louvers, and indirect lighting. Indirect lighting works
best in large rooms with relatively high ceilings. The objectionable veiling effects are least
when the ceiling is uniformly lighted.

Progress has been made in predicting, measuring, and evaluating the effects of veiling reßec-
tions. The term Òequivalent sphere illuminationÓ (ESI) has been coined as an expression of
the relative effectiveness of a particular system to a reference system. At this time there is no
scientiÞc basis for translating speciÞc IESNA illuminance recommendations into ESI. How-
ever, the ESI concept is useful in comparing practical lighting systems for their effectiveness
in reducing veiling reßections.

7.2.2.4 Further considerations

Individual reaction to a space is largely subjective. In recent years, studies of the psychology
of lighting have provided statistically signiÞcant data as to how groups of people would react
to various kinds of lighting. Criteria have been developed that would allow the use of lighting
to create impressions of a ÒpublicÓ or ÒprivateÓ space, for example. These criteria could be
helpful in applying lighting in such areas as entrance lobbies, patient rooms, dining areas,
conference rooms, corridors, and ofÞces. The IESNA Lighting Handbook, 1987 Applications
Volume [B5], discusses this subject in greater detail.

7.3 Hospital lighting applications

7.3.1 General

Given the general guidelines for lighting design previously discussed, it is now in order to
discuss the application of those principles to health care facilities. A space-by-space discus-
sion of lighting application will not be attempted here; rather, the reader is urged to refer to
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the IESNA Lighting Handbook, 1987 Applications Volume [B5] or Chapter 10 of IEEE Std
241-1990 [B4] for this information. This chapter will focus instead on some of the unique
lighting needs of health care facilities.

7.3.2 Examination and patient observation

Patient examination is a critical portion of the health care practice, and facilitating that task is
therefore a primary task of the lighting system in the patient care portions of the facility. The
engineer should make every effort to determine these needs in the various spaces, and to
provide for them in designing a lighting system that is at the same time free from glare,
properly distributed, of adequate illumination levels, with good color rendition, quiet, and
controllable.

In determining lighting levels, care should be taken to remember that examination tasks are
performed by wide varieties of persons with wide varieties of visual ability. The lighting can
be provided by Þxed luminaires, luminaires with adjustable parts, or portable luminaires. The
speciÞc types should be coordinated with the users and the building maintenance department.
Patient and treatment rooms typically require relatively shadowless high-intensity light at the
center of a 2-ft diameter exam area where the peripheral intensity is at least 50% of maximum
intensity. In other words, spaces such as operating rooms, which use surgical lights to focus a
tremendous amount of light onto the patient, should be lit to an ambient level high enough to
produce sufÞcient visual comfort without producing eye fatigue or glare in the eye of the
examiner. Controls should be designed so as to allow varying levels of lighting, if possible.
The placement of Þxed light sources for both examination and general illumination is critical.
Disability glare from specular surfaces may obscure the patient. Indirect Þxtures; large, low-
brightness luminaries; or luminous ceilings are the preferable choices where possible.

Another element important to proper examination is consistency. The ßuorescent luminaires
selected, for instance, should utilize the same lamp throughout the patient care area so that
patient skin tones appear consistent throughout. The lamps should typically be chosen to
achieve a high color rendition in order to make skin-tone perceptions more accurate.
Similarly, in areas using high-intensity exam lights, the color and color rendering of the
lamps for ambient illumination should approximate as closely as possible that of the exam
light. In addition to consistency of colors and color renditions, the engineer should pay
attention to consistency in lighting levels. As already mentioned, too great a discrepancy
between the intensity of an exam light and the roomÕs ambient light can cause problems with
fatigue and glare. Similarly, the balance of the operating suite should also have a moderately
high lighting level that approximates the ambient lighting level in the operating room in order
to allow the surgical teamÕs eyes to become accustomed to these levels. Lighting in patient
corridors should be able to be reduced at night to help the eye of the nurse who views a
patient in his relatively darkened room. Similarly, the lights at the nursesÕ station should be
controllable so that the levels can be reduced at night to reduce the contrast with the corridor.
Finally, any such lighting should provide excellent cutoff features so as not to intrude light
into other darkened areas.
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7.3.3 Psychological factors and patient comfort

7.3.3.1 General

The patient in the health care facility, as well as the patientÕs family and friends, is emotion-
ally vulnerable. Patients are understandably frightened or apprehensive. The engineer should
design a lighting system that helps put patients at ease. Patients are frequently unable to
adjust their position or surroundings to avoid discomfort, and, since the visible world is the
primary outside inßuence on the patient, discomfort in lighting is particularly objectionable.
Strange, uncomfortable, or embarrassing treatments add to the patientÕs trauma and to the
challenge of producing a lighting environment that supports the patientÕs comfort, well-
being, and emotional stability. Indeed, the indications are that the lighting system can not
only minimize the patientÕs discomfort, but also may in some cases help to speed his or her
recovery. The lighting system should intrude as little as possible into the patientÕs conscious-
ness, and ideally, it should help to create an atmosphere (such as that of home in the patient
room) that enables the patient to relax, feel good, and heal.

Human beings require, for most robust health, lighting that is similar to that of the sun
(i.e., having a continuous spectrum and including a small amount of ultraviolet light). The
ultraviolet light helps the body generate vitamin D. Vitamin D helps the body process
calcium into bones and teeth and thus Þghts the degeneration of the skeletal system that
inevitably occurs from non-use. Full-spectrum light also stimulates the hypothalamus and the
adrenal and pineal glands, dilates the blood vessels, helps rid the body of toxins, increases
protein metabolism, and lessens fatigue. Recent medical studies have shown that full-
spectrum lamps can be used successfully to treat seasonal depression and to help soothe
hyperactive children. The engineer should therefore strive to incorporate as much daylight as
possible into the patientÕs life, as well as simulate as much as possible the light of the sun in
the artiÞcial sources that must inevitably be used. Fluorescent lamps speciÞed as having a
color render index (CRI) of at least 80 and a color temperature of 3500 °K or 4100 °K are
preferable in most patient care areas.

7.3.3.2 ÒStress reliefÓ in procedure and treatment rooms

Procedure and treatment areas are the greatest anxiety-producing locations in a health care
facility and their lighting systems must therefore be designed to minimize the patientÕs stress.
Exam lights, for instance, should be out of the patientÕs direct line of sight, and as unobtrusive
as possible, while still performing their intended functions. Many spaces such as diagnostic
imaging rooms do not require direct illumination of the patient at high levels and so may be
lit with indirect cove luminaires and incandescent Þxtures on dimmers to create a more sub-
dued, relaxed environment.

7.3.3.3 Room lighting

The lighting in a patient room is particularly important to the mental well-being of the
patient. This room also is the area where the patient spends most of the time, where
visitations occur, and where the patient needs light for self-grooming. For achieving the most
optimistic, and therefore, healthful attitude, the patientÕs self-view must be as pleasing and
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healthy as possible. The lighting in a patient room must, of course, answer several needs, but
among them is boosting the morale of the patient. So, lighting that makes the skin appear
gray or sallow should not be used. Again, ßuorescent lamps with a high CRI and temperature
should be used for these rooms. The addition of incandescent luminaires further warms the
appearance of the space, as well as helps to achieve the home-like atmosphere so important in
making the patient feel comfortable. Similarly, patients typically feel a lack of control as they
are being treated. Patient control in the variety and level of room lighting can thus be
extremely beneÞcial to their sense of well-being.

7.3.3.4 Corridor lighting

The corridor lighting schemes so much in favor in older hospitalsÑthat is, 2 ´ 4 ßuorescent
Þxtures spaced periodically throughout the corridorsÑcan no longer be recommended as the
method of choice in health care facilities. The regular spacing of overhead Þxtures causes an
unpleasant strobe effect for the patient being wheeled underneath them. Indirect systems or
linear systems along the sides of the corridor are therefore the preferred method, again using
ßuorescent lamps with a CRI of at least 80 and a color temperature of 3500 °K or 4100 °K.
Such a system also helps to create a less institutional look for the facility. See Þgures 7-1
through 7-3.

7.3.3.5 Daylighting

Many codes now require windows in patient rooms. The beneÞts of daylighting to the patient
have been brießy touched upon earlier. Another beneÞt of a window, besides the view it
provides, is a sense of the passing of night and day. This sensation helps the patient maintain
circadian rhythms. Various studies recently have found that sunlight deprivation may disturb
mineral metabolism, as well as blood formation, renal and hepatic function, and sexual
cycles. Sunlight or full-spectrum light may help increase endurance and resistance to disease,
as well as lower blood pressure and improve muscle tone. Adequate sunlight also may help to
alleviate depression in patients. Adequate daylighting has similar effects upon the health care
staff, with the consequent beneÞt to the patient of maintaining a higher standard of care. In
short, the engineer should be careful to work with the architect and owners to ensure an
adequate amount of daylight for the patient.

7.3.4 Housekeeping services

The Þnal ÒtypicalÓ need for lighting in health care facilities that cannot be ignored is the
housekeeping services function. The mandated requirements for housekeeping services in a
health care facility are vastly different from such functions in other facilities; moreover, the
sometimes specialized designs for lighting systems in various treatment rooms must not fail
to also provide sufÞcient lighting for this crucial function.
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Figure 7-1ÑTwo patient corridors, striving for hotel or home Òfeel,Ó
in lieu of institutional look
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Figure 7-2ÑCorridor lighting before remodeling

Figure 7-3ÑCorridor lighting, using linear Þxtures, after remodeling
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The dropping of small objects, the spilling of liquid, and patient-related accidents require
additional light in order to clean hidden ßoor areas around beds and other furniture. Often, it
requires no more than proper switching of groups of lights to provide the proper ambient
light. Such lighting should be controllable by the nurse or other staff personnel as they enter
the room. In patient rooms, direct ßuorescent illumination from the ceiling area outside of the
patientÕs curtain tracks is a possible solution since the angle of the light cast into the bed areas
will improve the seeing of objects beneath furniture and between beds. Finally, the lighting
equipment selected should lend itself to the need for the high level of cleanliness required in
hospitals.

7.4 Considerations in lighting system design

7.4.1 Lighting system design

In designing the lighting system for a health care facility, the engineer must be careful to
avoid working in the proverbial vacuum. The lighting for a health care facility, as crucial as it
is, must be integrated properly into the building as a whole. In particular, the engineer must
consider the impact of light design upon the other trades; for example, the heat generated by
the luminaires must be removed from the space by the air conditioning system. The lighting
design dramatically affects the overall aesthetic appeal of a space and must be coordinated
with the architect and interior designer. The lights and light system voltage must be chosen
with due deliberation in order to achieve both the lighting system objectives and a good, efÞ-
cient, cost-effective electrical distribution system. Finally, the system must be designed with
an eye toward the overall energy usage of the facility and the ease of maintaining it in order to
facilitate the continued proper operation of the system.

7.4.2 Integration with other building systems

As a dynamic, functioning system, lighting must be integrated carefully with the other
systems in the building. The luminaires chosen can substantially increase the cooling load of
a particular space, for instance, and certain luminaires can act as diffusers for mechanical
systems. The physical placement and dimensions of the luminaires can also impact the
routing of ductwork, sprinkler piping, public address speakers, and Þre detection systems,
especially above crowded ceilings. These problems become particularly acute in areas such
as operating rooms, which require very high levels of light (and, therefore, of cooling) as well
as strict environmental requirements mandating more than the usual amount of ductwork and
diffusers. The lighting, too, signiÞcantly affects the aesthetic appeal of a room environment,
and the designs must be coordinated with the architect. All of these considerations must be
negotiated in order that the lighting system be able to perform its proper functions while at
the same time harmoniously interact with the other building systems.

7.4.3 System voltage

Typical interior lighting Þxtures manufactured today require either 120 V or 277 V single-
phase power. Incandescent luminaires typically operate on 120 V, but more and more of the
newer technologies such as compact ßuorescent and low-voltage sources that approximate
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the effects of incandescent luminaires can operate at 277 V. Fluorescent Þxtures can operate
at either 120 V or 277 V. The choice of lighting system voltage, then, hinges partially on the
numbers and types of luminaires required. In a smaller health care facility, especially a hospi-
tal, a 120 V system may be the better choice. Since hospitals require several branches of
power, three of which (normal, critical, and life safety) will contain some amount of lighting,
and power loads that are almost exclusively 120 V, the choice of 277 V to serve the lighting
Þxtures will require a duplication of panels for these systems (see Þgure 7-4). Systems that
operate on 120 V also allow for complete ßexibility in the choice of luminaires. Finally,
ground faults rarely occur on systems of 120 V, but do occur with somewhat more frequency
on 480 V systems. Accordingly, both the building cost and the reliability of the system will be
somewhat enhanced by choosing 120 V as the lighting system voltage.

For medium to large hospitals, 277 V systems may be the preferred choice for system
voltage. The higher system voltage permits the use of smaller conductors, raceways,
transformers, transfer switches, and possibly a reduced number of panelboards, thereby
reducing the electrical room sizes. All of this may offset the costs of providing the extra
switchgear mentioned above. The higher voltage, with the correspondingly lower currents,
similarly results in lower line losses and operating costs. Finally, 480Y/277 V systems can
often be more ßexible in allowing future expansion than can a corresponding 208Y/120 V
system. All of these variables must therefore be taken into account when selecting the
particular system voltage.

7.4.4 Energy

Hospital engineers should be concerned with conservation of energy in the facility. Certain
measures can be taken to reduce the lighting energy consumed without simultaneously reduc-
ing the efÞcacy of the system for its more important visual performance. Of fundamental
importance in the wise use of energy for lighting is careful attention to the design for each
space. The engineer should take care to choose and locate the luminaires as required for
proper performance of the tasks for the space, and not merely to achieve some ÒcorrectÓ foot-
candle level. The engineer should be sure, however, that task and ambient lighting levels are
provided as recommended, and are not over or under lighting a space. The engineer should
also work with the architect and users to ensure the proper location of portable task lighting
in order to supplement the Þxed luminaires.

Another potential for energy savings can be realized through the speciÞcation of light
sources. Newer, more efÞcient sources can be chosen where appropriate in order to maximize
the light produced for the power consumed. These newer sources produce light of various
temperature colors and must be applied judiciously in order that the overall lighting quality is
not needlessly sacriÞced in critical areas. Other limitations of the luminaires may be lack of
dimming capability (compact ßuorescent, except with specialized dimmers), short life (low-
voltage, though their lamp lives are still longer than those of incandescent lamps), long restart
times (metal halide), low power factors (compact ßuorescent), and higher Þrst cost. The
compromises demanded by such limitations are very often worthwhile in terms both of
reduced energy usage and aesthetic appeal when the luminaires are properly applied.
In particular, the compact ßuorescent Þxtures can be used in place of incandescent Þxtures
where dimming is not required,  such as in patient night-lights,  bathroom luminaires, plenum
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lights, and room vestibules. Low-voltage and color-corrected, lower-wattage metal halide and
ÒwhiteÓ high-pressure sodium luminaires can add pleasing effects to lobbies, corridors, cafe-
terias, and other public spaces. Proper use of such luminaires will also lower the amount of
energy lost as waste heat that must then be removed by the air conditioning system, and so,
use of these Þxtures has a two-fold impact on the lowering of energy usage.

Lighting control systems can likewise be speciÞed so as to help reduce use of energy. Switch-
ing of lights, such as the use of proximity switches in equipment rooms, bathrooms, confer-
ence rooms, and ofÞces can help to hold down the wasteful usage of lighting energy. Infrared
or ultrasonic occupancy sensors may be used in selected spaces to respond to movement or
body heat and to ensure that lights turn off when those spaces are unoccupied. Dimmer
switches can also be used, as can separate switching of both ballasts of two-ballast ßuores-
cent Þxtures in ofÞces and exam rooms. Effective use of daylighting in conjunction with
switching can also lower energy usage.

Three other methods for energy savings are often proposed; namely, using energy-saving or
electronic ballasts, using daylight to obviate the need for luminaires, and using reßectors in
ßuorescent luminaires. Electronic ballasts, though they cost somewhat more to purchase
initially, can help reduce energy usage, without decreasing lighting quality. They also allow
the use of daylight compensation, dimming, and lamp lumen depreciation compensation
techniques.

Daylighting can be a practical way of saving energy when appropriate, especially in consider-
ation of the psychological and physiological beneÞts discussed previously. However, the
engineer should take care to evaluate windows on their overall energy implications for both
the lighting and the heating and cooling requirements. That is, energy saved in electric light-
ing should be balanced against heat gains and losses through the windows to determine their
overall impact on energy use.

Polished metal or foil ÒspecularÓ reßectors for ßuorescent luminaires are frequently touted as
a way to get the light of a four-lamp luminaire out of a two-lamp luminaire, thus reducing by
half the energy required. Reßectors actually do little to increase the light output of a compa-
rable new and/or properly maintained Þxture, but rather, help to focus the light. The reßectors
may be used in two waysÑto retroÞt into existing four-lamp luminaires, or purchased new in
lieu of four-lamp luminaires.

Very often, retroÞt luminaires with reßectors are compared to existing luminaires that are old
and dirty. Lighting levels are also often measured at only one locationÑdirectly under the
ÞxtureÑso that the ÒtestÓ results may be deceiving. That is, the light distribution of
luminaires equipped with reßectors differs from those without reßectors, and, so, the overall
lighting uniformity of a retroÞtted system using reßectors may be compromised. Further, no
standards for the manufacture of reßectors exist, nor have reßectors been in service long
enough to accurately determine their life or their ability to withstand cleaning. Finally, the
cost to purchase the reßectors and then to install the reßectors in existing luminaires may be
hard to offset by future energy savings. The reßectors, of course, will be subjected to the
same dirt and lack of cleaning over time as their predecessors, with a corresponding
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degrading of their light output (i.e., the smaller amount of energy used may not produce the
promised equivalent lighting levels).

Several manufacturers produce luminaires with polished metal reßectors. And, some
evidence does suggest that an installation using new ÒreßectorizedÓ luminaires may reduce
lighting energy use by 25% over systems of similar luminaires with more lamps. So, the
additional Þrst cost of the reßectorized luminaires may be offset by future energy savings,
provided their lifetimes are equivalent, and that they are kept properly cleaned and
maintained. Judicious use of reßectors may therefore be appropriate, but the engineer is
urged to carefully specify reßectors to be engineered speciÞcally for the luminaires to be
used, and to carefully examine their photometrics to ensure that the ultimate lighting
performance of the room lighting system is not compromised.

7.4.5 Maintenance

Finally, the engineer designing the health care lighting system must remember that the
system will remain in service for a long time, and that the system design should facilitate its
maintenance. The engineer must take care both to ensure easy access to luminaires, and to
specify ones that will facilitate maintenance. Luminaires with ÒdoorsÓ must be installed so
that the doors can operate properly. Luminaires that are to be installed in drywall ceilings
must be speciÞed to be easily removed. Often, the location of the luminaires in the space is
critical, as for instance in atriums where impossibly long ladders would be required for
access.

The luminaires themselves must be carefully speciÞed to provide optimum reliability,
serviceability, and sanitation. Luminaires are frequently subjected to wash-downs using
corrosive cleaning compounds and agents. Sanitation and the resultant frequent cleaning
require luminaires with no crevices or cracks that may harbor dirt or other unsanitary
miscellany. Lenses, particularly those frequently subject to cleaning or to patient contact,
should be gasketed to prevent entry of cleaning agents or patient care ßuids. Gasketing
should be cleanable; that is, bare, or, if foam type, closed cell foam with a smooth exterior
surface. The Þxtures must be likewise rugged enough to withstand this cleaning, and must be
easily removed and disassembled through plug-in devices to allow for quick and easy relamp-
ing, cleaning, and repair. Ideally, the engineer should examine a sample of each luminaire
speciÞed in order to ensure its meeting the above needs.

The overall lighting system must also be designed with consideration given to future mainte-
nance. Minimizing the number of different lamps for a facility reduces spare parts inventory
and makes spare lamp storage easier. Similarly, minimizing the number of different lamps
makes relamping both easier and more accurately performed in the real world. Consistency in
choice of lamps in a facility offers the additional beneÞt that skin tones appear consistent in
all areas, rather than appearing different in different areas as a result of different speciÞed
lamps. Easily cleanable luminaires are more likely to be cleaned, and easily reparable Þxtures
are more likely to be repaired.

All of this attention to design for maintenance is crucial since lighting systems degrade over
time, and maintenance of the systems is crucial to their continued performance. Facility
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maintenance engineers must make sure that luminaires remain clean and are relamped on a
regular basis in order to ensure the efÞcient, cost-effective performance both of the system
and of the tasks to be performed in the visual environment.

7.4.6 Need for ßexibility

Medical procedures change rapidly, and these changes require not only modiÞcations in
power requirements for a space, but also in illumination of the space. The system should thus
also be chosen to allow for easy future renovation. Adjustable, dimmable, and relocatable
luminaires should be used where possible to help solve this problem. Flexible wiring systems
with easily relocatable luminaires can help make the task of transforming areas from one
function to another much more easily accomplished.
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Chapter 8
Communication and signal systems

8.1 System design considerations

8.1.1 Introduction

Communication and signal systems make possible the efÞcient and timely operations of
health care facilities. The ever-increasing cost of health care, together with the accelerating
levels of technological sophistication of health care equipment, mandates that communica-
tion and signal systems be planned with a thorough understanding of their operational and
engineering requirements, as well as the economics of their implementation.

When designing a health care facility for new construction or remodeling, it is necessary to
consider all systems and to plan accordingly. Each of the major categories of communication
and signal systems, together with their nominal physical plant space and installation require-
ments, are included in this chapter. Although some systems function as integrated systems,
they are often designed as separate entities. Therefore, this chapter treats each system as
separate and distinctive.

8.1.2 Planning

Advanced technologies, a large number of combined system possibilities, and a wide range
of different available functions, make evaluating various systems difÞcult. The efÞciency of a
system is not determined by the number of functions it is capable of; rather, it is determined
by its ability to improve the userÕs daily communication. Functions must be logical and
simple to operate, or they will have only theoretical interest. Before deciding upon a system it
is imperative to address the following points:

a) Analysis. Properly integrated communications in a facility should be one of the key
factors in analyzing and designing spaces, equipment, and personnel requirements
for each health care function. Properly designed total communication systems can
help reduce operating expenses and can increase the effectiveness of staff, both of
which may be translated into improved patient care.

In the earliest planning stages of a project, an analysis of current and future commu-
nication needs is required. In preparing such a plan, the design team should take into
account the current operating techniques of the facility as well as new techniques that
can be applied in the future. They should also consider possible changes in the orga-
nization during the next Þve to ten years. These might include university afÞliation,
mergers, feeder hospitals, extended care facilities, psychiatric facilities, day-care
centers, and other factors and developments that may affect the total plan.

A study of this type involves both the in-house planning teamÑthe administrator, the
medical staff, the nursing staffÑand the design team.
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Factors that should be considered include the movement of supplies; the communica-
tion and trafÞc ßow; the number of inpatients and outpatients handled each day, the
number of patients needing emergency treatment, surgical procedures, and coronary
care, etc.

b) Communication and signal systems program. After the preliminary communication
analysis has been made, a communications program may be developed. This program
will outline the speciÞc communication requirements in the various departments of
the facility and will suggest possible ways of satisfying these communication needs.

To prepare this program, an in-depth study of the internal communication system
should be made by the design team. These people may be staff members of the facil-
ityÕs architectural or engineering organization or may be outside communications
specialists. The results of this study are then translated into a narrative program
matrix, including grid sheets showing total communications.

The planning team should prepare a detailed evaluation of the internal and external
communications network, including trafÞc and feasibility studies for each and every
department. These studies should show how each department communicates, with
whom it communicates, why it communicates, where it communicates, and what is
accomplished by the communication.

c) Economic analysis. Comparative analysis should be made of alternatives, including
cash ßow and life cycle cost analysis.

d) System supplier qualiÞcations. It is recommended that communication and signal
system suppliers be established companies that maintain a staff of competent techni-
cians qualiÞed to assume proper installation of the systems speciÞed, and capable of
providing maintenance and repair for these systems on a contract or job order basis.
The supplier should have the capability of dispatching a maintenance or repair truck
with a qualiÞed repairman to the job site within 4 h of a request for service on the
equipment.

8.1.3 Communication and signal command centers

Critical to the electrical engineerÕs planning and design efforts are command centers within
the health care facility. Command centers may occur at the central operatorÕs (telephone
general operations or combined) location, at every nurseÕs station, in the emergency room,
and in the operating suite. It is imperative that these critical areas be planned in detail to facil-
itate effective staff utilization. Accomplishing this requires a thorough knowledge of the
procedures to be carried out at each locationÑgained through discussions with hospital
staffÑand a thorough knowledge of the equipment available for each systemÑgained
through contact with vendors and through experience. The following checklist includes
equipment that might be found at the key control centers:

a) Central operations center
1) Telephone
2) Physician and staff register annunciator
3) Voice paging system microphone
4) Radio paging system encoder
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5) Fire alarm fan control for smoke control
6) Emergency generator annunciator
7) Fire alarm control and annunciator
8) Medical gas alarm annunciator
9) Emergency elevator control and annunciator
10) Code blue annunciator
11) Patient management computer terminal
12) Blood bank alarm
13) Clock (connected to clock correction system)
14) Radio communication systems
15) Security and administrative communication and alarm systems

b) Telephone operatorÕs position. The telephone operatorÕs position may be located
coincident with the central operations center or adjacent to the hospital main entrance
and lobby.
1) Main attendant console (telephone)
2) Code blue annunciator
3) Clock (connected to clock correction system)

c) Nurse station
1) Telephone
2) Intercom
3) Nurse-call, nurse-assist, and code blue annunciators
4) Medical gas alarm annunciator
5) Patient-management computer terminal
6) Clock (connected to clock correction system)
7) Patient physiological monitors
8) Dictation station nearby
9) Fire alarm annunciator

d) Emergency room control center
1) Telephone
2) Intercom
3) Nurse-call, nurse-assist, and code blue annunciators
4) Emergency medical service communication radio control
5) Patient-management computer terminal
6) Clock (connected to clock correction system)
7) Patient physiological monitors
8) Dictation station nearby

e) Operating suite control center
1) Telephone
2) Intercom
3) Nurse-call, nurse-assist, and code blue annunciators
4) Medical gas alarm annunciator
5) Patient-management computer terminal
6) Clock (connected to clock correction system)
7) Patient physiological monitors
8) Dictation station nearby
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8.1.4 The communication and signal system strata

Communication and signal systems are built of three distinct strata, each of which displays its
own characteristics. Both the longevity and ßexibility of each stratum are key to the proper
design of communication systems.

The Þrst stratum, the simplest to understand, is the support structure for communication
systems. This includes the spaces for equipment and the support (or enclosure) for cable plant
and utilities (power, ventilation, access, etc.) required for a complete, operational system. The
support structure is the longest lived stratum and must accommodate changes to the cable
plant but will be changed itself only at considerable expense. The backbone support structure
(vertical riser) should be expected to last the life of the building.

The middle stratum, much less complex than the communication equipment, is the cable
plant that interconnects the equipment. The cable plant includes cable terminals and wall
jacks. Its components are often divided into two types: backbone (vertical) and station (hori-
zontal) distribution components. The wire plant can be longer lived than the communications
equipment, a characteristic often overlooked during design. Cable plant must accommodate
change and may be extended on a weekly basis, but it should not need changing in the sense
of replacement except near the end of its functional life or when major changes in use occur
in the area it serves.

The last stratum, and the most complex, is the communication equipment itself. This includes
both the apparatus that staff use moment to moment and the control electronics deÞning
system functionality. The equipment stratum is the shortest lived and must possess the most
ßexibility, being required to change its response to input hundreds of times daily, and being
subject to changes and additions many times monthly. The communication equipment listed
in the previous subclause typiÞes that found in a typical health care facility.

8.1.4.1 Support structure

8.1.4.1.1 Communication and signal closets

In a broad sense, closets are part of the support structure for communication systems. Closets
may contain wire, wire terminations, and equipment. They may be arranged in a hierarchy
with satellite closets, main closets, and central or building closets (rooms). Various equip-
ment may be located in cabinets without dedicated closet space.

A single closet may contain equipment and wiring of several communication systems (e.g.,
telephone terminals, nurse-call controller, patient physiological monitor controller, television
system distribution cable, public address system equipment, or data transmission equipment).

A closet or cabinet containing equipment of any kind must be treated differently from those
containing wire and terminals only. Considerations for equipment spaces are noted in
8.1.4.1.2.
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The relative arrangement and particular location of each cabinet, closet, and room containing
communications wire, terminals, or equipment should be treated as if it were a resource for
the building being serviced. These are the backbone of a support structure which, if designed
carefully, will serve several generations of communication equipment over the life of the
building. The criteria below need to be weighted appropriately for each project. Once located
and sized, these spaces should be treated as solid and permanent parts of the ÒstructureÓ of
the building.

a) Location criteria

1) Locate cabinets, closets, and rooms in the area they serve to reduce the total
length of distribution cables and to satisfy maximum distance requirements of
the most restrictive system accommodated.

2) Locate closets such that they do not inhibit future renovations. Suitable locations
are adjacent to major corridors, core areas, shafts, and stairs.

3) Locate closets so that mechanical ducts or pipes are not above or below.

4) Locate riser closets in a ÒstackedÓ arrangement.

5) Locate closets such that each ßoor has separate communications closets and
electrical power closets.

b) Space requirements

1) Allow sufÞcient space to accommodate all communication equipment, wire, and
terminals, keeping in mind any plans for future expansion associated with each
system.

2) Allow sufÞcient space to conform with all codes governing minimum clear-
ances.

3) Allow sufÞcient space to install a new system without removing the existing
one, for each system that may require a high continuity during remodels and
expansions in the future.

c) Interconnections

1) Size the raceway, cable tray, or sleeves serving each closet to accommodate all
systems including expected future systems.

2) Add sufÞcient riser support to replace existing systems without taking them out
of service.

8.1.4.1.2 Equipment spaces

Main (central) equipment spaces should be located where space is less valuable to the opera-
tion of the facility but as close as possible to the center of the facility to minimize cable plant
costs. All communications spaces with equipment must be designed to accommodate each
piece of equipment as suggested in 8.1.4.1.1. Other criteria for equipment space design are as
follows.
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a) Lighting. Provide 50 fc task illumination at maintenance locations. Provide controls
to decrease light levels at maintenance terminal locations. Closets with terminals
should be illuminated also.

b) Water. Avoid pipes that enter this space except as required for Þre-extinguishing
systems and water-cooled air-conditioning units serving that space.

c) Raised ßoor. May be considered in large facilities if required; a height of 12Ð18 in
(30Ð49 cm) is recommended.

d) Floor Þnish. Provide a dust-free Þnish to maintain a clean environment. If the ßoor is
concrete, specify a sealed Þnish to minimize dust.

e) Ventilation. Provide adequate ventilation. Most equipment generates heat and will
malfunction above certain temperature limits.

f) Room Þnish. Avoid spray-on ÞreprooÞng of any exposed structure to maintain a clean
environment. If ÞreprooÞng is required specify a dropped ceiling.

8.1.4.2 Cable plant

Cable plant provides a signal path between user apparatus and central control equipment for
most communication and signal systems. The term covers not only the insulated conductors
themselves, but also wall outlets, wire terminals, and cross-connect frames. Support struc-
tures include the methods and materials used to support and protect the cable plant.

The choice of conductors used for the signal path is usually dictated by the signal characteris-
tics of the communication system under design. Conductor size and number, insulation type
and color, shielding and jacketing are all essentially system-dependent (as is discussed else-
where in this chapter). The choice of methods for support and protection of these conductors
is dependent on system characteristics and local codes. The choice is dependent on the classi-
Þcation of the physical spaces where cable plant will be installed. Three basic methods for
support and protection of communications conductors in health care facilities are addressed
in 8.1.4.2.1Ð8.1.4.2.3.

8.1.4.2.1 Area classiÞcation for cables

Communication cable is classiÞed by the type of space it is installed in. Typical classiÞca-
tions are listed below:

a) Interior spaces
1) Exposed to physical damage
2) In ducts or plenums
3) In noncombustible ceiling blind spaces
4) In concealed spaces
5) In shafts
6) In hoistways

b) Exterior of building
1) Aerially
2) Aerially, over roofs
3) Underground
242



 

IEEE
COMMUNICATION AND SIGNAL SYSTEMS Std 602-1996

       
4) On buildings, exposed to physical damage

c) Both interior and exterior in locations that are hazardous due to the presence of ßam-
mable or explosive materials

Raceways will almost always be required in the following areas:

Ñ Ducts or plenums used for environmental air
Ñ Concealed spaces
Ñ Hoistways
Ñ Shafts
Ñ Hazardous locations
Ñ Underground

Refer to Articles 725, 760, 800, and 820 of the National Electrical Code¨ (NEC¨) (NFPA
70-1996)1 for exceptions to the requirement for raceways. Raceways will be required for
communications systems that are not power-limited and for life safety systems. For commu-
nication circuits that are power-limited, raceways may not be required depending on the
systemÕs use. Refer to the NEC, Article 760.

The communications system should be further classiÞed under one or more of the following
articles of the NEC by system type:

Ñ Article 640: Sound Recording and Similar Equipment
Ñ Article 725: Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-

Limited Circuits
Ñ Article 760: Fire Alarm Systems
Ñ Article 800: Communication Circuits
Ñ Article 810: Radio and Television Equipment
Ñ Article 820: Community Antenna Television and Radio Distribution Systems

Wiring methods for each classiÞcation of communications system are discussed in the appro-
priate article. The engineer must be familiar with these articles and with local interpretation
by code authorities.

Where communications conductors are installed without raceway, they are considered to be
open cabling, and they shall be installed as described in 8.1.4.2.2.

8.1.4.2.2 Open cabling

Open cabling is a wiring method for communications conductors that allows insulated
conductors to be installed without the use of an enclosing raceway. Open cabling may be
installed within a building, aerially between buildings, or underground.

The installation of open cabling shall comply with state and local codes governing these
wiring methods. The decision to use cable-in-raceway versus open cabling shall be made by

1Information on references can be found in 8.21.
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the engineer, and the criteria used in making this decision will usually include installed cost,
system operating requirements, local codes, and the level of system ßexibility desired.

Any communications system under consideration for open wiring should be analyzed from
the following standpoints:

a) Is raceway required to ensure protection of conductors from impact or other physical
damage? These requirements are established by the articles of the NEC listed in
8.1.4.2.1.

b) Is raceway required to provide shielding from electromagnetic interference?

c) Is it more economical to expand or extend the system if raceway is employed?

If the answer to these questions is no, then open cabling should be considered for the system.
This method of cable support will often be less expensive to install and, in the case of acces-
sible interior spaces, easier to maintain and modify.

Open cabling should be installed so as to minimize physical stress on the cables, and mainte-
nance will be much easier if the cables are neatly trained and supported.

Indoors, these goals may be met by supporting the cable from the building structure at regular
intervals. The most common methods for cable support are nylon ties, bridle rings, and cable
tray. Nylon ties are the least expensive method initially, but they become less economical if
frequent cable rerouting is required. Cable tray provides the most accessible and continuous
support but is initially expensive. Outdoors, open cabling will be either direct buried cable,
messenger supported aerially, or supported from the building structure in the same manner as
indoor runs.

Whenever open cabling is used the engineer should be familiar with the speciÞc article of the
NEC covering the communications system. The open cable installation methods allowed by
these articles contain restrictions on adjacencies to power and lighting conductors, vertical
cable runs, penetration of Þre barriers, aerial conductors exposed to lightning, etc.

8.1.4.2.3 Open cabling in plenums

Where open cable wiring methods are selected for installation in air-handling ducts or
plenums, the methods for supporting the cables will be the same as previously discussed, but
the cable insulation materials must be speciÞed to meet special code requirements. Such
cable is frequently referred to as plenum cable.

The installation of open cabling in air-handling plenums must comply with state and local
codes governing this wiring method. The choice between cable-in-raceway and open cabling
should be made by the engineer, and the criteria used in making this choice will most likely
be installed cost and required system reliability.

Limiting the spread of Þre and products of combustion is of great concern in health care
design and requires special attention. Communications cabling is frequently insulated with
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combustible materials, and the cabling usually extends throughout the building, concealed in
hollow spaces, above ceilings, and in return-air plenums.

The NEC addresses this potentially hazardous situation in Article 300, Sections 300-21 and
300-22. Section 300-21 requires the engineer to design electrical installations within Òhollow
spaces, vertical shafts, and ventilation or air-handling ductsÓ so that the possible spread of Þre
or products of combustion will not be substantially increased. This section also requires
approved Þrestops at openings in Þre barriers. Section 300-22 speciÞcally discusses four
different hollow spaces where electrical installations are restricted. The following sentences
paraphrase these code restrictions:

a) Ducts for dust, loose stock, or vapor removal. No wiring of any kind is allowed in
these ducts.

b) Ducts or plenums used for environmental air. Spaces in this category are Òducts or
plenums speciÞcally fabricated to transport environmental air.Ó The code allows
certain types of wiring in raceway to be installed in such ducts, but open wiring is not
permitted.

c) Other space used for environmental air. The NEC clariÞes Òother spaceÓ as Òother
spaces such as spaces over hung ceilings which are used for environmental air
handling purposes.Ó Again, the code allows wiring in certain types of raceway, and in
addition, Òother factory assembled multiconductor control or power cable which is
speciÞcally listed for the use.Ó

d) Air-handling areas beneath raised ßoors, data processing areas. Open wiring is
allowed in such spaces under certain conditions. These conditions are listed in Article
645.

It is important to be familiar with Article 300-22, because it deÞnes potentially hazardous
Òhollow spacesÓ in a clear way, and broadly states what wiring methods, if any, are allowed in
each type of space. However, the engineer should also be familiar with the articles pertaining
to the speciÞc communication system that is to be installed, before reaching a full under-
standing of the NEC wiring requirements for such spaces (see 8.1.4.2.1).

Cable manufacturers can supply single and multiconductor cables that are listed to be applied
under one or more of the articles in the NEC.

8.1.5 Power supply

8.1.5.1 General

All electrical communications and signal systems with local control equipment require at
least one connection to the building power distribution system to obtain operating power. The
manner in which this connection is made in health care facilities is governed by code require-
ments and good design practices. The goal of these requirements and practices is to ensure a
high reliability of communication and signal systems essential to patient safety. The codes
directly applicable to this area are the following:

Ñ The NEC
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Ñ NFPA 99-1996
Ñ NFPA 101-1994

8.1.5.2 Design considerationsÑclinics, outpatient facilities, and medical and
dental ofÞces

The only code requirements established for communication and signal systems in these occu-
pancies govern the Þre alarm system. Where the system is a local energy type, the ac power
source should comply with NFPA 72-1996, which requires two sources of supply and a dedi-
cated circuit for the Þre alarm system. Wiring methods must comply with Article 517 of the
NEC, which in the case of a Þre alarm system are no different than Chapters 1 through 4 of
the NEC.

If a building in these occupancies contains elevator controls, security, radio paging, voice
paging, or visual paging systems, it is good design practice to provide a second source of
supply (battery) for each system.

8.1.5.3 Nursing homes and residential custodial care facilities

Occupancies in these categories must Þrst be examined for code applicability:

Ñ Are patients at any time sustained by electrical life support systems?
Ñ Are patients at any time subjected to surgical procedures requiring general anesthe-

sia?

If the answer to both of these questions is no, and if the occupancy is provided with a 1-1/2 h
alternate power source complying with Section 517-40 of the NEC, then the engineer must
ensure that lighting in communications areas and all alarm systems within the building are
connected to the alternate power source.

Where the answer to either of these questions is yes, the occupancy must be provided with an
essential electrical system, as described by Article 517 of the NEC.

In these occupancies, the life safety branch of the essential electrical system shall provide
power to the following communication and signal systems (and only these systems):

Ñ Fire alarm
Ñ Medical gas alarm
Ñ Communications systems used for issuing instructions during emergency conditions

In addition, the following systems shall be connected to the critical branch

Ñ Elevator communications (sometimes via the telephone system)
Ñ Control systems and alarms required for operation of major apparatus
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Wiring methods for connection to the essential electrical system shall comply with Chapters
1Ð4 of the NEC, except that life safety branch wiring must be kept entirely independent of all
other wiring (see Article 517 of the NEC).

Remaining communications and signaling systems not already mentioned and associated
with patient care should also be connected to the critical branch.

8.1.5.4 Hospitals

The code requirements for connection of ac power to hospital communications and signaling
systems are as follows:

a) Life safety branch (no other systems may be connected)
1) Fire alarm
2) Medical gas alarm
3) Communications systems used for issuing instructions during emergency condi-

tions
4) Elevator communications (sometimes via the telephone system)

b) Critical branch
1) Telephone
2) Nurse-call system
3) Nurse-assist system
4) Code blue system

c) Equipment branch
1) Control systems and alarms required for safe operation of major apparatus
2) Controls for compressed air systems serving medical and surgical functions

Under both the critical branch and equipment branch headings, the code will allow connec-
tion of equipment necessary for effective hospital operation. All communication and signal
systems not already mentioned and associated with patient care should be connected to the
critical branch.

8.1.6 Computer and combination systems

Microcomputer prices are dropping steadily. This fact, coupled with increasing knowledge
and sensitivity in the development and utilization of the required software, promises cost-
effective, Òuser-friendlyÓ solutions to communications problems.

The primary difference between the microcomputer systems and all other systems centers
around the functional ßexibility and adaptability of the system as controlled by the stored
program data processor. Functions; instructions; user terminology, nomenclature, and vocab-
ulary; display formats; message content; and many other variables can be customized for
each installation. State-of-the-art systems allow most of this ßexibility to be placed in the
hands of the user. Capable system suppliers can provide extensive in-service training in sys-
tem operation, set-up, modiÞcation, and testing.
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Microcomputers allow many systems to be combined with such functions as bed status,
dietary programs, automatic paging terminals, patient and staff directories, etc. Although this
combination will work, the overall complexity of the resulting system may render it unusable.
It may be prudent to purchase separate stand-alone systems so that the user may depend upon
several systems (and operators) in a critical emergency.

8.1.7 Future outlook

There is no question that many individual communication functions of present-day systems
will soon be accomplished by integrated systems. The technology of digital computers and
data communication links provides the opportunity for this integration, and the pressure of
health care costs and advanced medical technology provides the incentive. The engineer
should be aware of the direction and intensity of this trend in order to incorporate the greatest
possible support for future system changes.

The cable plant will no longer consist of many different types of cables and outlets, but rather
one or two cable types with common outlets located in almost every room of the facility. The
central control center will no longer contain many different system displays and inputs, but
rather an integrated display of various hospital systems. Every user terminal will contain
some level of processing power, and the quality of the electrical power supplied to these
terminals will be critical. Allowing space for Þber optics, television cable (coax), and data
lines at a central building location is wise since buildings built today will still be standing
when the next generation of communication systems appears. In any case, space must be
allowed for system growth in all riser and distribution networks, since most health care facil-
ities will experience growth, and an on-line system may be switched over to a parallel system.
New systems may be added to existing communication network space. The space allocated to
communications will always pay for itself in future capability in the communication-depen-
dent health care world.

The trend toward centralization and integration of the communications functions will place
increasing importance on the reliability of basic system components, and therefore on the
design, installation, and maintenance of those components.

8.2 Telephone systems

8.2.1 Introduction

A health care facilityÕs telephone system, at its most basic level, is an extension of the global
public switched network. It provides two-way access between the facility and the rest of the
world. But the telephone system can furnish and connect to a wide array of services that
augment the usefulness of the basic telephone.

Telephone services are implemented in several forms. Switching devices range from the elec-
tronic key telephone system (EKTS), through the private branch exchange (PBX) system, to
the central ofÞce. A relatively new category, the hybrid system, is a crossbreed between the
EKTS and the PBX systems. The EKTS, hybrid, and PBX systems usually reside in the facil-
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ity (or on the campus) that they serve. The central ofÞce consists of utility equipment and
usually resides some distance from the facility. The feature list of each system type is long.
Each system type best serves a speciÞc set of criteria.

8.2.2 Design criteria for telephone systems

Many health care institutions use a portion of their resources to market themselves to the
public. A prospective clientÕs Þrst contact with the institution is often by phone. Therefore,
the telephone system must furnish, among other things, an effective channel of communica-
tion from the public to the appropriate hospital staff. Though the general goals of each system
vary for the particular institution, it is important that each of the following goals be examined
for applicability:

a) EfÞcient and gracious handling of incoming calls, especially for Þrst time callers,
information requests, and people in need of medical assistance.

b) Providing easy-to-use patient telephone service. This may involve collecting billing
information for long-distance calls.

c) Providing access for visitors to the public network. This is typically accomplished
through pay telephone stations, but consideration should be given to furnishing free
access for local calls especially near family waiting rooms, etc.

d) Providing an efÞcient communication base for administrative and operations staff.

e) Providing access to the public network for personal use by staff.

8.2.3 System types

8.2.3.1 EKTS

The electronic key telephone system (EKTS) is a direct logical replacement for the outmoded
mechanical key system that was common in many health care facilities. The EKTS serves
from 2 to 80 telephones.

The modern EKTS, unlike its grandfather key system, is a compact, feature-laden telephone
system. It lacks only those services required by larger systems. The EKTS is easy to use and
therefore often serves departments within a larger facility, itself being connected to PBX or
central ofÞce switching equipment. (The former is an off-campus PBX or OPX connection.)

8.2.3.2 Hybrid systems

The hybrid system, between the EKTS and the PBX both in features and size, serves from 20
to 400 telephones.

The hybrid system attempts to maintain the ease of use associated with the EKTS via push-
button access while adding the support required for small PBX systems. Some of these
systems actually have a PBX mode and an EKTS mode, but do not allow both types of
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services at an individual instrument. This combination can be advantageous in regard to a
couple of features listed in 8.2.4.

8.2.3.3 PBX

The private branch exchange (PBX) system includes a broad range of sizes. Depending on
the manufacturer, they may economically serve from 80 to 5000 telephones. This range is
extended to from 20 to 30 000 telephones for exceptional cases. Technically, when a system
approaches 10 000 telephones it is usually a central ofÞce class switch, but when privately
owned it is called a PBX.

PBX systems provide support for inexpensive single-line telephones (instruments with a
basic 12-button keypad) via feature access codes. The disadvantage of feature codes is that a
user without the code cannot access the feature. All state-of-the-art PBX systems support a
proprietary multibutton (sometimes called electronic set) telephone with direct access to
features via the buttons. Electronic sets are typically several times more expensive than
single-line telephones. A PBX system with an appropriate selection of electronic sets and
single-line telephones balances economic and operational requirements.

8.2.3.4 Central ofÞce

Central ofÞce switching serves systems from 1 to 10 000 telephones. Greater numbers are
possible when additional exchange preÞxes (the Þrst three digits of a seven-digit telephone
number) are assigned. In systems this large, utility switching equipment is likely to be on site.

Central ofÞce packages provided by local telephone utilities can be tailored to look like local
PBX systems. The use of modiÞed single-line instruments, which furnish several useful
features internally, ßeshes out the central ofÞce packages. This arrangement leaves the utility
responsible for system maintenance. Central ofÞce switching is a viable option for many
institutions.

8.2.3.5 Instrumentation

Telephones come in many ßavors. The simplest single-line telephone, with its keypad, will
run on most systems, but may not be able to access all of a systemÕs available features.
Buttons, lights, speakers, digital readouts, headphones, computer terminal displays, and slow
scan video are available in varying combinations on the ascending ladder of instrument cost.
Many of the features of a particular instrument are dependent on the equipment it is
connected to. Most instrumentation is proprietary and will operate only with the equipment
for which it was developed. The instrumentation available with a particular system will often
determine its applicability in an installation.

8.2.4 System features

The list of available telephone system features may be 300 items long. The features listed
below are but a small selection, chosen to highlight a few design issues and to help differenti-
ate the system types outlined in 8.2.3.1Ð8.2.3.4.
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8.2.4.1 Speed dialing

Simply dial a code or press a button, then dial a shorthand number to place a commonly made
call. Many instruments will dial Þve or ten common numbers at the touch of a single button.
Most systems offer speed dialing. It saves time, and falls under the general category of efÞ-
ciency (in the utilization of staff time). A host of other features are intended to improve staff
efÞciency. Each must be weighed against the added complexity for the user.

8.2.4.2 Intercom

Telephonic intercom describes the ability to dial a number and ring another person on the
same switching system. Usually the number is short (2, 3, or 4 digits).

Intercom instruments have an item not found on a standard single-line telephone: a speaker
separate from the handset. (In fact, some intercom instruments have no handset.) But a tele-
phone can be equipped with a speaker and made to serve as an intercom station, allowing the
called party to answer without touching his handset (i.e., hands are free).

Most EKTS and PBX systems support speakerphones, which allow intercom conversations,
but with one difference. PBX systems generally do not allow off-hook voice announcements
(enabling an intercom call while the telephone is being used for a telephone conversation).
Many EKTSs and a couple of hybrid systems do allow them. Therefore, the design issue to be
addressed is that of Þnding the telephone system that will meet the requirements for the inter-
com system. See 8.3.

8.2.4.3 System interconnection

From a telephone instrument staff might be able to leave dictation, perform a public address
voice page, or send a code to a pocket pager. Most systems have these capabilities. These
connections add to the telephone switch load, tie up telephones and, if not speciÞcally
controlled, allow universal access to special services. Most telephone systems respond to
these concerns, including the ability to control access to special services.

8.2.4.4 Multiple-attendant answering

In larger facilities multiple-attendant positions might be required to handle incoming calls.
Most systems support multiple-attendant consoles and alternate answering locations, but
some are limited to small numbers, such as 2 or 4. A facilityÕs communication needs should
be reviewed so that speciÞc switches considered for purchase will accommodate these needs
and not present limitations that could make the switches obsolete.

The basic capacity of a PBX system is described in terms of several parameters. The number
of station lines corresponds to the stations required to serve the facility. Attendant consoles
are counted separately from other stations. The number of trunks must support the volume of
calls to and from the public switched network whether local or long-distance calls. Services
like public address paging, radio paging, and dictation have specialized interfaces to the
system.
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8.2.4.5 DID

Direct inward dialing (DID) is a mechanism for calling an individual telephone (or depart-
ment attendant) instead of the main operator. DID is available on PBX systems, on most
hybrid systems, and via central ofÞce switching. This feature can provide the public direct
access to several locations in the facility without having to burden the main operator with
every call.

8.2.4.6 Voice mail

Voice mail resembles a large answering machine, except that it can be accessed remotely (by
both sending and receiving parties). This tool is excellently matched to simple message-
passing between people on different time schedules. Some people love it; however, it should
not be applied in situations in which an urgent message might be slowed, nor should a person
new to the system be automatically connected to voice mail (especially a public call).
Measure the use of each tool against the general goals of the system.

8.2.4.7 SMDR and SMDA

Station message detail recording (SMDR) and station message detail accounting (SMDA)
allow larger systems to track and record telephone use and, alternately, produce cost account-
ing reports reßecting telephone activity. The reports may include sufÞcient detail to allow
assignment of telephone expenses to patient accounts. All system types can support these
features to varying degrees. Generally SMDR and SMDA features are run on an optional
microcomputer connected to the switching equipment. These are management tools that aid
in both monitoring the effectiveness of the system and furnishing a metered service to
patients.

8.2.4.8 Automatic route selection

Supported by PBX systems and by some hybrid systems, automatic route selection uses a
data reserve to select long-distance call routes that minimize long-distance bills. This feature
reßects the need to consider the total system, including utility connections and usage patterns,
when analyzing the economy of various systems.

8.2.4.9 ISDN compatibility

Integrated services digital network (ISDN) is a standard interface description for utility
connections. It is not commonly used now, but is expected to become more popular because it
offers several new features. These include text messages identifying the calling party and
better integration of voice and data services. Nearly every large PBX should now be ISDN-
compatible.

The communication needs of an institution are likely to change. They will likely include a
higher level of data services in the future. The selection criteria of any large PBX should
include provisions for data services and compliance with the latest industry transmission and
signaling standards.
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8.2.4.10 Tandem switching

This is the ability for one PBX to talk with another PBX (usually of the same manufacture) so
that they appear to operate as one switching system. This capability can allow an effective
growth path and can provide an economical solution to cable plant design in large complexes.

8.2.4.11 Remote diagnostics

On many systems, maintenance and programming assistance can be provided by the system
vendor from the vendorÕs site. The alternative to this is the purchase of a maintenance termi-
nal for a PBX. Some systems furnish maintenance operations through an attendant console
terminal. Remote diagnostics are especially effective with mid-sized systems where it may
not be economical to purchase a maintenance terminal. The system selection should include a
review of maintenance and change procedures in light of ease of use. Some systems come
with step-by-step on-screen menus, including all maintenance functions.

The issues of maintenance and reliability blend. Battery backup associated with a telephone
switch is generally an inexpensive (and worthwhile) option since the equipment utilizes the
battery voltage directly.

Other means of increasing reliability include redundant common control, essentially a dupli-
cation of the switch logic circuits. Redundant common control is a pricy option, but it is
found on some large PBX systems and on many central ofÞce class switches.

8.2.5 Telephone cable plant and support structure

A complete system for telephone facilities in a building includes provisions for the entrance
cables, the main terminal and equipment room, the riser cable system, the distribution cable
system for each ßoor, the cable distribution terminals, and the station cabling. Early contact
with the building industry consulting service (BICS) at the local telephone interconnect
company is advantageous to the designer on all buildings regardless of the speciÞc tenants or
type of telephone equipment being proposed.

Subclauses 8.2.5.1Ð8.2.5.6 outline telephone facilities only, as opposed to communication
facilities, which include data, video, and other systems. The space requirements given in
these subclauses apply to telephone facilities only.

8.2.5.1 Service entrance cables

This is the means by which the telephone company cables cross the ownerÕs property and
enter a building. The type and location of the service depends upon telephone company
distribution facilities, local practices, and codes. Service will normally be furnished from
underground cables. In most localities service duct will be provided by the owner. Direct
buried service may be allowed in some areas. The owner must provide the necessary trench
work. Some areas require a utility easement for buried service.
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The number of entrance conduits required should be based on the ultimate number of tele-
phone lines. For most systems, a 4 in (10 cm) conduit for every 150 000 ft2 (1 3935 m2) of
usable ßoor space with a minimum of two conduits is recommended.

In large or specialized installations provisions for Þber optic cables may be appropriate.
These cables are smaller than large twisted pair telephone cables. Fiber cables should be
installed in smaller, dedicated conduits or in innerduct (protective tubes) within larger ducts.
This may lead to service requirements in addition to the conduits noted above.

A means of bonding and grounding cable inside the building is necessary. The openings for
cable entrance should always be kept sealed around installed cable to avoid penetration of
water and gas, and to avoid service interruption from ßooding or equipment damage from
dampness.

Whatever the type of entry, suitable provisions must be made for the appropriate openings
through the building structure (with sleeves or conduit) well in advance of the required
service date. General recommendations regarding conduit entrances are as follows:

a) Use corrosion-resistant material.

b) There should not be more than two 90 degree bends, and large radius bends are
recommended.

c) All ends are to be reamed and bushed, or capped, or both.

d) Sleeves through foundation walls must reach undisturbed earth to prevent shear of
direct buried cables.

e) Minimum depth should be 18 in (46 cm) or deeper as required by local codes.

f) Conduit placed on private property must not be terminated in joint-use manholes with
electrical cables or equipment.

g) Provide means for locating or identifying nonmetallic buried conduits from above the
surface.

Consideration for a dual service entrance provision should be given to hospital facilities.

The local telephone company building industry consultant can be of great assistance in
designing the service entrance. Refer to local telephone company guidelines.

8.2.5.2 Main terminal room

The heart of the buildingÕs communications system is the main terminal room. It is the main
cross-connecting point between the telephone company central ofÞce and the riser cable
system. The entrance cable usually runs directly to this main terminal room after it is brought
into the building.
254



 

IEEE
COMMUNICATION AND SIGNAL SYSTEMS Std 602-1996

   
Conduit should be used from the service entrance to the main terminal. Conduit simpliÞes
future additions and protects the service cable. For some types of cable, codes require metal
conduit.

The terminal room should be accessible to communications personnel at all times. It should
be located as close as possible to the center of the riser-cable distribution facilities. The room
should be well lighted, cooled, ventilated, and equipped with electric outlets. Its ßoor support
must be designed to support heavy terminal equipment. This room should be used only for
communication equipment, and it should be capable of being locked for security reasons.

The main terminal room will contain the utility demarcation point. Telephone utility cables
from the central ofÞce are routed through protective devices and terminated on special jacks
called the network interface. These jacks form the boundary between the utility and the
premises distribution system. Utility cable terminals and cable protectors (surge protection)
are always utility property. Surge protection for data and communications cables may be
required within the premises in addition to the utility surge protection. The terminal room
may also contain utility-owned switching and transmission equipment. The terminal room
contains terminals for the building (or campus) distribution cables, usually labeled the main
distribution frame (MDF). The MDF and distribution cables are usually owner property.

For large installations, ßoor-type main terminals are located in the main terminal room. The
space allocated to this room must be adequate to meet the original telephone service needs of
the occupants and to provide for later installation of additional terminals for growth. Depend-
ing upon communication requirements, batteries may have to be installed in or near the main
terminal room.

In smaller buildings wall-type main terminals are commonly used. Each terminal provides
connections for the desired number of pairs of cable for voice and data equipment.

Switching equipment [i.e., the private branch exchange (PBX)] may be located in the main
terminal room. In this event, the roomÕs environment and electrical services must accommo-
date the PBX. See 8.2.5.6.

8.2.5.3 Riser systems

The riser system is the backbone of the buildingÕs telephone network. It provides facilities for
bringing cables from the main terminal room to the various ßoors of the building.

The riser cables should be fed through riser conduits or sleeves depending upon the relative
location of riser closets. Local codes should be checked to determine the responsibility for
Þre prevention in both used and unused riser facilities.

Telephone cable used for risers is generally multipair #24 AWG copper wire with an overall
sheath. Nominal pair counts of 50, 100, 200, 300, 400 and 600 pairs are available. The riser
cable should be sized to serve the worst-case scenario for growth and change. Usually health
care facilities require less telephones per ßoor area than ofÞce buildings, the exception being
a medical ofÞce ßoor where telephone sets (utilized for intercom services) may appear in
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each exam, conference, and ofÞce space. Generally three pairs of riser cable for each 150 ft2

(13.9 m2) of gross ßoor area will handle telephone requirements for a hospital. (If data termi-
nals are connected via the telephone cable plant, additional riser pairs will be required.) So,
for example, a closet serving 20 000 ft2 (1858 m2) would require a 400-pair riser cable.

Horizontal telephone distribution cable should be four-pair cable, terminated in a standard
wall jack and at station terminals (in the telephone closets). Terminals for 100 pairs of cable
should be allowed for each 3600 ft2 (101.9 m2) of space served by the closet. Our example
closet serving 20 000 ft2 (1858 m2) of ßoor area would contain 600 pairs of station terminals.
Using typical terminal block materials, our example riser terminals, wire management space,
and station terminals require between 1 ft2 (0.9 m2) and 2 ft2 (0.2 m2) of wall space (without
any equipment) for each 100 pairs of station terminals.

8.2.5.4 Apparatus closets

The equipment needed for EKTS services is often housed in the apparatus closets. Locating
apparatus in closets eliminates unsightly wiring and contributes to improved appearance.
When maintenance or changes are required, communication workers may do their work with-
out inconvenience or distraction to personnel. Physical conditions within the building
frequently dictate the number, location, and type of closets. In general one apparatus closet
should be required for each 10 000 ft2 (929 m2) of usable ßoor area. This can vary up to a
maximum of 20 000 ft2 (1858 ft2) of ßoor area, depending upon access and other layout
considerations.

Apparatus closets should be lined with 0.75 in (3 cm) thick Þre-resistant plywood to a height
of 8 ft (2.4 m) for mounting equipment, terminals, and training cable plant. Floor, walls, and
ceiling should be designed in accordance with the Þre codes, and proper lighting with switch-
ing should be installed. Ventilation is required. One dedicated, 20 A, three-wire circuit and at
least two 120 V, duplex receptacles or an electric plug-in strip are required. A #6 AWG
copper wire connected to the building ground is required in all apparatus closets.

When data network equipment will be accommodated in the apparatus closets additional
power and cooling may be required. When designing integrated communication facilities
allow sufÞcient depths for walk-in closets. Note that spaces containing communication
equipment requiring power are often labeled communication equipment rooms (CERs) rather
than apparatus closets.

Closets should be sized to provide wall space (measured horizontally) to support terminals,
riser cable, and miscellaneous equipment. Plan about 3.5 ft (1.1 m) of clear wall for closets
serving up to 10 000 ft2 (929 m2) and 6 ft (1.8 m) of clear wall for closets serving up to
20 000 ft2 (1858 m2). If equipment is expected, the closet should be 3 ft (0.9 m) deep; other-
wise, a 1.5 ft (0.5 m) deep closet is acceptable. Closet doors should open over 80% of the
wall space.
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8.2.5.5 Satellite closets

Satellite closets (or cabinets) usually do not contain electronic and power equipment. Their
primary use is to provide cable terminating facilities; that is, connecting blocks for station
wiring.

Satellite closets are often necessary because of the inadequate space of a single apparatus
closet to meet increasing needs, or to better serve the physical layout and shape of the build-
ing. A length of 2 ft (0.6 m) of wall is required for each 4000 ft2 (371.6 m2) of area served, up
to the size of an apparatus closet (8.2.5.4).

8.2.5.6 Telephone equipment rooms

In many buildings involving large, sophisticated installations, additional ßoor area and
adequate ßoor support are necessary to accommodate the complex switching equipment asso-
ciated with PBX or Centrex telephone services. For early planning purposes, a PBX and main
distribution frame should be allotted the larger of an 8 ft ´ 12 ft (2.4 m ´ 3.7 m) space or
0.2% of the gross ßoor area to be served (including expected future growth). This is in addi-
tion to the space required for apparatus closets and satellite closets. Since PBX and Centrex
services will vary according to the needs of building tenants, each equipment room must be
individually designed. Such rooms should be centrally located, well lighted, and ventilated.
They may require cooling. They should be equipped with power and grounding facilities.
PBX equipment can require as little as a 20 A, single-phase, dedicated circuit or as much as
an 80 A, three-phase connection. Power should be provided from the life safety system if it is
used for emergency communications, or from the critical system if not. SpeciÞc requirements
must be investigated in each case and for each supplier who may furnish a system. The room
should be as clean as possible, and located in an area not subject to dampness or ßood. The
PBX supplier should be contacted for advice on designing individual equipment rooms.

8.2.6 Public telephones

While telephone companies will install pre-manufactured telephone booths at suitable loca-
tions, built-in booths with a wide variety of designs, Þnishes, and colors greatly enhance the
appearance of the building. Telephone companies are prepared to work with the building
designers toward providing facilities that will harmonize with the interior.

Public telephones should be located where they will be readily accessible to the general
public and contractors. In many cases, signs harmonizing with the architectural design of the
building are desirable to call attention to the telephone locations. Accessibility for the handi-
capped is now required when designing public telephone facilities.

There is no simple reliable rule for determining the most suitable number of public tele-
phones that should be provided. For help with this design issue, the telephone companyÕs
public telephone business representatives can be consulted.
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8.3 Intercom systems

8.3.1 Introduction

Intercom systems provide fast, efÞcient, internal, verbal communication within the health
care facility. In addition, loud-speaking intercom systems can provide voice-paging capabili-
ties.

8.3.2 Design criteria for intercom systems

8.3.2.1 General

Statistical investigations made by objective communication consultants have shown that 70%
of communication in health care facilities is internal. Other studies have indicated that a loud-
speaking internal call via an intercom system takes an average of 30 s to complete, whereas
an internal call via a telephone takes 3 min. The internal-external communication ratio may
deviate from facility to facility, but even if the ratio in a speciÞc facility should be much lower
than the average, the need for a separate loud-speaking system for internal communication is
justiÞed by two reasons.

First, using the telephone for internal calls will block external calls, even though voice lines
may be available, since a number of telephones will always be busy on internal calls except
for EKTSs. It is impractical to use the same telephone instrument to consult with someone
else within the facility while using the telephone for an external call.

Second, using a separate loud-speaking intercom system will speed up and improve internal
communication. People communicate with brevity and precision when they are aware that
others may overhear what is being said. The quick and simple operation of an intercom
system stimulates frequent use.

In summary, the installation of a loud-speaking intercom system can improve the overall efÞ-
ciency of a health care facility. It can also provide a backup internal communications system
in case of failure of the basic telephone system.

8.3.2.2 System selection

There are a number of factors that affect the type and size of an intercom system, including
the facilityÕs size, the trafÞc capacity required, and whether the system will be localized by
department or consist of one large hospital-wide intercom system with stations located
throughout the facility.

8.3.2.3 Local intercom systems

Small localized intercom systems can provide paging and hands-free answer-back voice
communications within each department. Local intercom systems are especially suited to
areas where there is a central control point for the department, such as a reception desk. Inter-
com stations can be master stations, which have the capability of calling and receiving calls
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from any station in the system, or staff stations which, depending upon the system, can only
call and receive calls from a limited number of master stations. For example, in a radiology
department a master intercom station could be located at the reception desk with staff stations
located in each x-ray room. The master station can call each staff station, and each staff
station can call the master station, but staff stations cannot call each other.

Local intercom systems are usually installed in radiology departments, laboratory, laundry,
dietary ofÞces, loading docks, surgery suites, physical therapy, and other areas required by
the facility. In patient care areas, an audiovisual nurse-call system can provide intercom capa-
bilities within a department, and both nurse-call and intercom requirements can be provided
by one system. See 8.4.

8.3.2.4 Hospital-wide (multiple master) intercom systems

Depending on the facilityÕs communications requirements there may be several situations in
which one intercom station has to be able to call several others located throughout the facility.
A standard master-staff intercom system cannot easily satisfy this multiple-station calling
requirement, and an all-master intercom system should be installed. In this type of system,
most of the stations are master stations with the capability of calling any other station in the
system and conversing hands-free at both stations. Staff stations, connected to a dedicated
master station, can be utilized in areas that do not require multiple-station-calling capabili-
ties. If the facility has a number of localized intercom requirements with branches to other
departments, it may become more advantageous to install one large intercom system to serve
both localized and facility-wide intercom requirements.

8.3.3 System types and selection

8.3.3.1 Local intercom systems

Local intercom systems usually consist of one central master station with several staff
stations located throughout the department. Ceiling speakers can also be installed to provide
local paging in the corridors and in other spaces where intercom stations are not installed.
Space for a power supply and control equipment will have to be included in the electrical
design.

8.3.3.2 Multiple master intercom systems

These types of systems can be divided into two separate groups: hardwired systems and
microprocessor-controlled systems. Hardwired systems operate like local intercom systems
with the exception that there are more master stations on the system with the capability of
each master station being able to call more than one location.

Microprocessor-controlled systems use a common cabling scheme that reduces the wiring
requirements and costs over a hardwired system. They can also offer various programmable
features including:
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a) Restricted access. Any station can be restricted to operate a limited number of func-
tions, such as paging and group calls, and/or be restricted to call only certain other
stations. Within this second restriction, groups of stations may be restricted from call-
ing other groups of stations.

b) Audio program distribution. Multiple programs such as radio, weather reports, and
taped educational programs can be selected from any station. The audio program is
interrupted whenever the station is being used for incoming or outgoing calls.

c) Camp-on-busy. If the called station is engaged, the caller receives a busy signal, and
the call remains camped on the desired party number for up to 120 s. As soon as the
called station becomes free, the call is automatically set up with normal call tone.

d) Automatic recall. Called station engagedÑlow-priority call. During camp-on-busy,
the caller can request an automatic recall to free his own station for other calls while
waiting for the Þrst station to become free. The Þrst call is then established as soon as
both stations are free.

e) Break-in. Called station engagedÑhigh-priority call. During camp-on-busy, the
caller (A) can break in on the engaged station (B) if the call is urgent. Both parties in
conversation (B and C) will be warned by call tone and will overhear the break-in
call. Caller (A) can withdraw at any time, leaving (B) and (C) in conversation. Caller
(C) can also be asked to withdraw, leaving (A) and (B) in conversation.

f) Break-in immunity. Any station can be modiÞed to have break-in immunity. Such
stations can then not be broken in on. The break-in function can, of course, be
completely removed from the total system, if required.

g) Automatic transfer. Number transfer. Any station number can be transferred to any
other station so that incoming calls are automatically transferred to a location where
the subscriber is temporarily located. The instruction can be given from any station in
the system. Multiple numbers can be transferred to the same station. This feature can
be used for two main purposes:

1) Secretarial transfer. Persons who do not wish to be disturbed for a period, or
who are not present, can ask a colleague or a secretary to take their calls. During
a meeting a secretary can take calls for all members.

2) Follow-me (call forwarding). Persons who visit other ofÞces can route their calls
to any present location. During a meeting all members can route their calls to the
meeting room.

h) Conference. Additional stations can be interconnected for conferencing.

i) Group call. Announcement to a group of stations. A predetermined group of stations
can be called from any station in the system, for giving a one-way message. A group
call has priority over other calls. Several groups can be formed in the system (stan-
dard up to 10), and each station can be a member of several different groups.

j) All call. Group call to all stationsÑemergency call. All stations in the system can be
called for giving a short one-way message. This function can be used for paging
people. However, this is not advisable, especially in larger systems. Why disturb the
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complete organization to get hold of one individual? ÒAll callÓ should only be used
for emergency calls.

k) Call forwarding. Backup station. This function allows selected stations to cause
incoming calls to be automatically directed to a secretaryÕs/assistantÕs station.

l) Single-digit and reduced-digit dialing. This feature allows single-digit or reduced-
digit dialing of the most-called stations, such as the reception desk, or of any
frequently used feature, such as paging system access.

m) Public-address (PA) access. Announcements via PA system. The system can be
linked to a PA system for giving one-way messages.

n) Page reply. Paging a person on the move. A paged person can answer the page from
any intercom station in the system and be connected directly with the person that
originated the page.

o) Stored-voice message. The exchange may be connected to a stored-voice message
system for voice mail on the intercom system. This system allows callers to leave
individual recorded messages both on their own and on other stations to be retrieved
when the called party returns.

p) Other functions. Tailor-made functions. For special projects and larger systems any
function can be deÞned in accordance with speciÞed requirements. Standard features
cover most needs, and are, of course, less expensive to incorporate.

8.3.4 Design considerations for intercom systems

After the engineer has talked with the facility staff and has determined the type and size of
the intercom system that best satisÞes the facilityÕs needs, the system can be designed.

a) Station locations. Master and staff intercom stations can be either desk- or wall-
mounted. These stations should be wall-mounted whenever possible to provide as
much desk space as possible. Avoid locating stations in adjacent rooms in the same
stud cavity to prevent potential feedback problems. Handsets may be required in high
ambient noise areas. Exterior stations should be of weatherproof construction.

b) Station handsets. Optional handsets can be used for stations located in high ambient
noise areas or where conÞdentiality during a conversation needs to be maintained.
Use of a handset should be carefully considered as its use will defeat the primary
advantage of an intercom system to provide quick, hands-free communications.

c) Station grouping in a multiple master intercom system. When stations are combined
together into different paging groups, the groups should be determined during design
so that the system supplier properly installs the system. For example, the intercom
stations in the surgery department should be in a separate paging group from those in
the laboratory to prevent laboratory intercom paging calls from disturbing the surgery
staff.

d) Station identiÞcation. In a multiple master intercom system with stations installed
throughout the facility, a master index of station extension numbers will be required.
One idea is to have the intercom station number the same as the telephone extension
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number in the same room. This would save printing two separate in-house telephone
and intercom directories.

e) Central controller. The central controller should be installed in a communications
closet. See 8.2.5.6. If the intercom system will be used to provide emergency
communications, connect it to the life safety system; otherwise, connect it to the crit-
ical system.

8.4 Nurse-call systems

8.4.1 Introduction

A nurse-call system primarily provides a means for a patient to signal the nursing staff that he
or she requires assistance. In addition to patient-nurse communication, a nurse-call system
can also serve to provide other signaling requirements, such as signaling other departments
that a nurse or other staff member needs additional assistance.

8.4.2 Design criteria for nurse-call systems

8.4.2.1 General

Nurse-call systems are required in hospitals, nursing homes, and psychiatric care facilities by
health facility regulations. Usually these requirements are minimum standards and the facil-
ityÕs own communications requirements will dictate the type of system installed and the loca-
tion of the different components to integrate the nurse-call system throughout the facility.
Nurse-call systems are not required in medical and dental ofÞces, medical clinics, and resi-
dential care facilities (depending on local code requirements); however, some type of signal
system may be desired by the staff for more efÞcient operation. The U.S. Department of
Labor Occupational Safety and Health Administration (OSHA) requires that all nurse-call
equipment be certiÞed by a nationally recognized testing laboratory. One industry standard is
UL 1069-1989. Nurse-call systems are primarily divided into two basic groups: visual
systems, which utilize light and tone signals for annunciation of calls, and audiovisual
systems, which provide voice communication in addition to the light and tone signals. By
utilizing the right components, an audiovisual system can satisfy the interdepartmental inter-
com requirements and provide voice communications with other areas in the facility.

8.4.2.2 Programming

Before an engineer completes the design, he or she should confer with staff members to Þnd
out how the particular department will operate and determine their speciÞc communications
requirements. In order to effectively conference with the staff, the engineer should have a
basic understanding of the different systems available and their limitations so he or she can
help the facility choose the type of system that best meets their needs. For example, one of
the requirements in a radiology department may be to have a signal system from the dressing
room to the x-ray room to indicate when the patient is ready for examination. A visual nurse-
call system would satisfy this requirement; however, if voice communication for each x-ray
room to a central reception desk is also requested, both functions could be served by an
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audiovisual nurse-call system. If each x-ray room needs to be able to call other rooms besides
a central location, a separate intercom system and a visual nurse-call system would have to be
installed because audiovisual nurse-call systems are limited in the number of other locations
each staff station can call.

Some of the basic questions that an engineer needs to answer before designing a nurse-call
system include the following:

a) How large is the department? Will a visual nurse-call system satisfy the requirements
or would an audiovisual system be a better choice?

b) Which rooms or areas need to communicate with each other? Can this communica-
tion be accomplished by telephone or would a loud-speaking intercom system be a
better choice? Do rooms in the department need to be able to talk with each other or
just to a central location? The intercom capabilities of an audiovisual nurse-call
system can satisfy the latter requirement provided each room does not need to talk
with more than one master station. Combined intercom/nurse-call systems can
provide intercom communication to multiple rooms as well as nurse-call annuncia-
tion at the central nurse station. Patient room to patient room intercommunication
may be desirable in intensive care/coronary care units or in birthing rooms where the
nurse is located in the patientÕs room and needs to communicate with other nurses/
staff without leaving the patient.

c) In a hospital, are there any swing rooms that have to be connected to different nursesÕ
stations at different times depending on the bed requirements in each nursing unit?

d) In a hospital or psychiatric care facility, which areas require nurse assist or other
emergency calls and where should these calls be annunciated?

e) In a hospital, are other nursing stations to provide backup help in an emergency or
when the primary nursesÕ station is left unattended?

f) Will the nurseÕs station be staffed all the time to receive incoming nurse calls? If not,
can the incoming calls be automatically forwarded to the nursesÕ location or can the
calls be transmitted to the nurse via a pocket paging system?

8.4.3 System types

8.4.3.1 Visual systems

A visual nurse-call system provides audible signaling and visual annunciation of patient
calls. Two call priority levels are possible: normal calls and emergency calls from toilet emer-
gency stations. Visual systems are used primarily in hospital ancillary areas such as physical
therapy, radiology, hydrotherapy, and emergency departments or other treatment areas where
patients may be left unattended and where voice communication to a central location is not
required by the staff. A visual nurse-call system can be utilized on small nursing units where
a more expensive audiovisual system with intercom capabilities does not provide a distinct
advantage. Visual nurse-call systems can also be utilized in nursing homes and residential
care facilities.
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a) Patient bed station. A patient can originate a call on the system by depressing a call
button on a cord. These calls will continuously illuminate the white section of the
corridor dome light and white section of any associated zone dome lights, illuminate
the patient call light, sound a fast tone at all duty stations, illuminate the patientÕs
room and bed numbers, and sound a fast tone at the master station annunciator. The
call can only be canceled at the originating station.

b) Toilet emergency station. A patient can originate an emergency call on the system by
pulling a cord. Originating a call from these stations will ßash the white section of
the corridor dome light and the white section of any associated zone dome lights,
ßash the patient call light and sound a fast tone at all duty stations, and ßash the
patientÕs room and bed numbers, and sound a fast tone at the master station annunci-
ator.

c) Duty station. These stations provide audible and visual annunciation of calls placed
from any other station in the system, but do not indicate the room number originating
the call. Duty stations are usually located in clean and soiled utility rooms, medica-
tion rooms, and other areas in which staff members are likely to be when not at the
nursesÕ station.

d) Master station annunciator. When a call is placed on the system, the room and bed
number are ßashed or steadily illuminated depending on the priority level of the call.
A call tone is also generated with a distinct difference in signal rates between normal
and emergency calls.

8.4.3.2 Audiovisual systems

An audiovisual nurse-call system provides audible signaling, visual annunciation, patient-to-
staff communication, staff-to-staff communication, and intercommunication between master
station annunciators. An audiovisual system has some distinct advantages over a visual nurse-
call system. Minor patient requests such as ÒWhat time is it?Ó can be answered much more
quickly; also, it is more reassuring for a patient to be able to talk with the nurse at the nursesÕ
station.

Audiovisual systems can be divided into two basic groups: basic hardwired systems and
microprocessor-controlled systems. Microprocessor-controlled systems can provide more
levels of calls on the system, can be programmed for swing room and call transfer, and have
reduced cabling requirements over hardwired systems. Microprocessor-controlled systems
also provide interface to pocket page systems, record system activity, and facilitate day/night
transfer of calls between nursesÕ stations. The overall size of the system, number of swing
rooms, and number of master station annunciators required will determine which system is
the most cost-effective to meet the hospitalÕs needs.

8.4.4 System components

8.4.4.1 Patient bed station

A patient can originate a call on the system by depressing a button on a pillow speaker or
cord set. Most systems have a call selector switch that determines the type of call that is
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placed on the system. For microprocessor-based systems, the level of call can be programmed
at the master station annunciator. The various types of patient calls are as follows:

a) Normal calls illuminate the white section of the corridor dome light and white
section of any associated zone dome lights, illuminate the patient call light, sound a
tone at all duty stations, illuminate the patientÕs room number and bed number, and
sound a slow tone at the master station annunciator. These calls are canceled after
they are answered at the master station.

b) Personal attention calls perform the same functions as a normal call except they are
only cancelable at the patient bed station.

c) Priority calls ßash the corridor dome lights and associated zone dome lights, ßash the
patient call light, sound a fast tone at all duty stations, ßash the patientÕs room and
bed numbers, and sound a fast tone at the master station annunciator. Priority calls
can only be canceled at the patient bed station. Voice communication is established
upon answer of the call at the master station.

As an option, a privacy switch can be provided in the patient bed station that will prevent
conversation within the room from being monitored from the master station. This switch does
not interfere with the placement of a call to the master station, and the master station can still
speak to the bed station. Unless this option is desired by the nursing staff, it is not recom-
mended that it be included because it can create some confusion for the patient if it is inad-
vertently activated. On some microprocessor-based systems the privacy feature is controlled
at the master station annunciator so the patient cannot inadvertently place his or her station
into privacy.

8.4.4.2 Patient station cord set

Several different interchangeable cord sets are available for the patientÕs use to place a call.
The pillow speaker is the most widely used device when television sets are located in each
patient room because it may also contain controls to turn a TV set off and on, change the TV
channel, and regulate the TV volume. Switches can also be provided to control the patient
reading light via a low-voltage relay, and/or select between several different radio stations.
An option on many patient stations is to mute the television or radio audio and transfer the
nurse-call audio to the pillow speaker when the nurse is communicating with the patient
station. This is a desirable feature since it keeps the patient and nurse from having to compete
with the television audio in order to communicate. If patient televisions or radio sources are
not provided, a standard call button and cord set should be used. A few pressure-pad cord sets
should be speciÞed for those patients who are unable to use a push button. Cord sets designed
for use in oxygen atmospheres are also available.

8.4.4.3 Built-in bed controls

The nurse-call system can be interfaced to built-in bed rail controls that allow the patient to
place a call, turn a TV set off and on, change the TV channel, and regulate the TV volume.
Two-way voice communication is carried on over the speaker in the bed rail. An outlet box
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behind the bed has to be provided for the multipin receptacle furnished by the bed manufac-
turer with a raceway to the nurse-call station. Additional backbox space and termination
provisions need to be included at the patient station to terminate the wiring from the multipin
receptacle.

8.4.4.4 Toilet emergency station

These stations usually ßash the white section of the corridor dome lights and associated zone
dome lights, sound a unique tone at all duty stations, illuminate the stationÕs call-placed light
emitting-diode (LED), display the room number and call priority, and sound a rapid tone at
the master station. Voice communications to the master station may be possible via the asso-
ciated patient bed station. Toilet emergency calls can only be canceled at the calling station.
These stations are equipped with a pull cord and are located in toilet, shower, tub, and hydro-
therapy areas. Some of these stations are UL-listed as water-resistant and can be exposed to
water spray in a shower area.

8.4.4.5 Staff station

Calling facilities and two-way voice communication to the master station can be accom-
plished from the staff station on a hardwired system. These calls are annunciated at the
master station the same as normal calls from a patient station, whereas a microprocessor-
based system displays staff calls as a different priority level than other calls. Staff stations can
be located in ofÞces, staff lounges, and other areas that need intercom capabilities to the
nursesÕ station.

8.4.4.6 Duty stations

Calling facilities and two-way voice communication can be accomplished from a duty
station. Calls are annunciated at the master station in the same manner as calls from a staff
station. In addition, the duty station provides audible and visual annunciation of calls placed
from other stations in a particular area of the nursing unit or the entire nursing unit. Normal
and emergency calls are distinguished by a distinct difference in signal rate. Duty stations
should be located in clean and soiled utility rooms, medication rooms, and other areas staff
members are likely to be when not at the nursesÕ station.

8.4.4.7 Master station annunciatorÑBasic hardwired system

The master station annunciator can be used to call or receive calls from patient stations, staff
stations, duty stations, or other master stations. Toilet emergency station calls are also annun-
ciated at the master station.

When a call is placed on the system the room number and bed number are ßashed or steadily
illuminated depending on the priority level of the call. Answering a call is accomplished by
depressing the station button on the master station annunciator corresponding to the calling
station. Two-way voice communication can then take place via the speaker microphone
utilizing the talk-listen bar or via a handset. If calls are not answered immediately, the tone
signal is repeated unless the nurse is in the process of answering other calls.
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If the patient stations are equipped with a call selector switch, switches should also be
provided in the master station to indicate by bed which stations have the call selector
switches placed in the Òpatient priorityÓ and Òpersonal attentionÓ positions.

Zone monitoring and paging of several stations simultaneously can be accomplished from the
master station. When the system is installed patient stations should be grouped separately
from staff and duty stations on the annunciator key bank so staff areas can be paged sepa-
rately from patient areas. Master stations in other areas can be connected together to provide
intercom capabilities between them.

8.4.4.8 Master station annunciatorÑMicroprocessor-controlled system

The master station annunciator can be used to call or receive calls from patient stations, toilet
emergency stations, nurse assist stations, code blue stations, staff stations, duty stations, and
other master stations. When a call is placed on the system, the room number and bed number
are displayed on the master station along with a priority name, letter, or word. When there is
more than one call on the system, the calls are automatically sequenced in order of impor-
tance and time of placement. Answering a call is accomplished by lifting the handset and
either pressing a touch point on the master station or pressing the push-to-talk button. Two-
way voice communication is then established and may continue through the handset or the
speaker/microphone in the master station. If calls are not answered immediately, the tone
signal repeats unless the nurse is already communicating with other stations.

Selective station monitoring or paging of several or all stations simultaneously can be accom-
plished from the master station. When the system is programmed, patient stations should be
grouped separately from staff and duty stations so that staff can be paged separately from
patient areas. Master stations from the same system or other systems can be connected
together to provide intercom capabilities between them. The assignment of stations to zones
for paging or monitoring is totally ßexible and can be programmed on-site.

8.4.4.9 Nurse assist button

These wall-mounted push-button stations should be located in intensive care units (ICUs),
coronary care units (CCUs), surgeries, recovery rooms, and other hospital areas in which the
staff may need to request additional assistance in a hurry. Depending on local codes and the
facilityÕs requirements, it is recommended that this level of call be annunciated differently
than a standard patient or toilet emergency station call. A basic, hardwired, nurse-call system
may require the installation of a separate power supply and annunciators to achieve this dif-
ferentiation. Most microprocessor-controlled nurse-call systems provide at least nine distinct
levels of call and separate power supplies and annunciators are not required. Nurse assist
calls shall be annunciated at the unitÕs nursesÕ station and optionally at adjacent nursesÕ
stations from which additional help can be obtained.
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8.4.4.10 Code blue button

See 8.5.2 for design criteria. These stations may be part of the nurse-call system to initiate the
highest level of call within the hospital to signal the resuscitation team that a patient is in
cardiac or respiratory arrest.

8.4.4.11 Dome lights

Locate dome lights in the corridor above the patient room door or above the patientÕs bed in
recovery and holding areas. These lights indicate which room, or bed, initiated a call and the
level of that call. Dome lights can be multisectioned (maximum of four) with different colors
to indicate different types of calls from each room. For example, a four-section, four-color
dome light on a basic, hardwired, nurse-call system can indicate the following calls from
each room:

A microprocessor-controlled system can provide more levels of indication. For example, a
four-section, four-color dome light on a microprocessor-controlled system can indicate the
following calls from each room:

Call type Priority level Dome light indication

Code blue 1 Flashing red

Nurse assist 2 Flashing white, steady green

Toilet emergency 3 Flashing white

PatientÑPriority 3 Flashing white

PatientÑPersonal attention 4 Steady white

PatientÑNormal call 4 Steady white

Call type Priority level Dome light indication

Code blue 1 Flashing red

Nurse assist 2 Flashing white, steady green

Toilet emergency 3 Flashing white

PatientÑPriority 4 Flashing white

PatientÑPersonal attention 5 Steady white

PatientÑNormal call 6 Steady white

Stat service Ñ Flashing green, ßashing amber

Nurse service Ñ Flashing green

Aide service Ñ Flashing amber

Nurse present Ñ Steady green

Aide present Ñ Steady amber
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These colors may vary depending upon the scheme established in the facility. The same
dome-light color scheme should be utilized throughout the facility.

8.4.4.12 Zone dome lights

Similar in appearance to dome lights, these devices should be located at corridor intersections
to indicate the areas or zone that the call is coming from.

8.4.5 Nurse-call system options

There are several optional features that are available on most nurse-call systems. The options
that are included will depend on how the hospital intends to operate and staff the nursing unit.
Some of the optional features are described in the following list:

a) Nurse service. This feature, which is standard on most microprocessor-controlled
nurse-call systems, allows the nurse at the nursesÕ station to answer a patientÕs call
and if the nature of the call cannot be satisÞed from the nursesÕ station, i.e., the
patient requests a glass of water, then a nurse or aide service reminder can be initiated
at the master station annunciator. Depressing the nurse service button will ßash the
green section of the corridor dome light and ßash the green section of any associated
zone dome lights. Depressing the aide service button will ßash the amber section of
the corridor dome light and ßash the amber section of any associated zone dome
lights. If service is not provided by the circulating nurse or other staff member, and
the nurse service call is not reset at the patient bed station within an adjustable time
period (3Ð10 min) another patient call is automatically initiated. This feature allows
the staff member answering calls to remain at the nursesÕ station while the patientÕs
needs are being satisÞed by others.

b) Staff locator. This feature utilizes buttons in each patient room that are activated
whenever the staff member enters the room. A switch on the master station annuncia-
tor will illuminate the room numbers in which nurses or aides are located. The nurse
at the nursesÕ station can then locate the closest staff member that can respond to a
nurse call from an adjacent room and direct him or her to it. This feature provides for
more efÞcient use of staff members; however, it may not always be desirable because
it requires staff members to check in and out of each room, and patients trying to rest
may be disturbed by calls from the nursesÕ station directing staff members to respond
to calls from another room.

c) Nurse follower. During night and off-peak hours the nurse at the nursesÕ station may
transfer calls to another location in which he or she intends to be. When this feature is
used in conjunction with the staff locator feature, the call-in tones will only be sent
into rooms where staff members are registered. Some nurse-call systems allow the
nurse to answer the call from the patient station. Other systems provide an interface
to the telephone system to permit the staff member to use the patientÕs telephone to
answer a call from another patient. This feature allows the staff more mobility
because they do not have to be at the nursesÕ station to answer nurse calls; however,
transfer of all nurse calls to a patientÕs room may be disturbing to the patient in that
room.
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d) Pocket page interface. A nurse-call system can interface with a pocket page system so
that calls from patients are sent through the pocket page system to the appropriate
staff member. This feature may be fully automatic so that it is transparent to the
patient. This mode of operation is most useful during low staff periods (e.g., night-
time or lunchtime). In the semiautomatic mode of operation, a ward clerk or secretary
answers the patient call and then determines whether or not to send the call over the
pocket page system. In this mode, the calls can be screened, and only those calls
requiring a nurse response are sent to the pagers. Finally, the manual mode of opera-
tion allows an operator to locate a particular nurse by manually dialing his or her
pager number. This approach reduces the noise pollution in a hospital that is gener-
ated by constant overhead audio paging.

e) Call transfer. In some units there may be a requirement for nurse calls to be transmit-
ted to different nursesÕ stations at different times. For example, there may be swing
rooms that can be a part of two adjacent nursing units depending upon the number of
beds required in each unit. Calls from these rooms must be transferred from one
nurseÕs station to another on an individual room basis. Entire groups of rooms may
also be transferred between two nurseÕs stations.

Call transfer may be accomplished several different ways depending upon the sophis-
tication of the nurse-call system. A hardwired basic system requires transfer switches
in each swing room or a bank of transfer relays activated by a switch at the nursesÕ
station. A microprocessor-controlled system can be programmed from the master
station to assign patient rooms to a particular nursesÕ station on an individual room
basis.

8.4.6 Centralized nurse-call system

Some hospitals or nursing homes may want to have all patient calls for the entire facility
answered at a central location, either on a full-time or nighttime basis. When the nurse-call
systems for each nursing unit are interconnected with the other units, the calls from several
systems may be answered at one location. This feature is useful at night when the number of
patient calls is reduced and calls from several systems can be handled by one person. The
staff locator feature is desirable in a centralized nurse-call system so the person answering
calls can locate the staff members closest to the room initiating the call and direct them to the
correct room. Staff members can also be directed to the calling room via a pocket paging
system. See 8.6.4.

8.4.7 Central processor controlled system

The more sophisticated nurse-call systems can provide information storage and retrieval
capabilities that can record patient information and nurse-call system activity. Printers can
also be included with these systems to provide a hard-copy printout of patient data and trafÞc
patterns on each nursing unit that can be used to determine stafÞng requirements.
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8.4.8 Psychiatric nurse-call system

The nurse-call system for psychiatric patient facilities serves a different role than those
installed in a general care nursing area. In a psychiatric unit the nurse-call system usually
serves primarily as an alarm system for staff to request additional assistance in a hurry as well
as providing for standard patient calls.

a) Room entrance station. In a basic psychiatric nurse-call system, room entrance
stations are located in the corridor outside each patient room. These stations contain
one or more keyed switches that can be used to activate or deactivate the patient
station and nurse assist station within the room. When these switches are in the off or
deactivate position the patient cannot initiate nuisance calls on the system. Room
entrance stations can also be used to signal the nurse at the nursesÕ station that a staff
member is about to enter the patientÕs room. The nurse at the nursesÕ station can then
monitor the conversation within the room and send assistance if required.

b) Nurse assist. Some systems originally developed for installation in prisons may
satisfy the nurse assist requirements. These systems utilize a receiver in each room
and an initiation device that the staff members carry with them at all times. If a staff
member requires help, he or she can initiate an alarm by actuating the initiation
device. The signal is picked up by the receiver and the call is annunciated at the
nursesÕ station to indicate the room location. This type of system has some advan-
tages over a standard psychiatric nurse-call system in that staff members always carry
the initiation device with them and it is never deactivated like a Þxed nurse assist
button.

8.4.9 Medical and dental ofÞces and clinics

Variations of a visual nurse-call system can be utilized in clinics and ofÞces to provide a vari-
ety of signals. Some examples include the following:

a) Exam room status system. Multisection-colored dome lights are located above the
corridor door into each exam room with corresponding switches in each room. One
illuminated color may signal that the patient is ready to see the doctor. Another color
may indicate the room is vacant and needs to be prepared for the next patient and/or
another color may be used to signal the room has been prepared and is available for
the next patient. A central annunciator may be located at the reception desk to indi-
cate the status of each exam room. Microprocessor-controlled systems can indicate
where the doctorÕs Ònext patientÓ is located by ßashing the appropriate dome light
and can track patient and staff ßow throughout the ofÞce or clinic.

b) Doctor and dentist ofÞces. Different-colored lights may be used to provide rapid,
discrete interofÞce communication between the doctor and his or her staff. Messages
will vary between ofÞces, but some typical messages are ÒdoctorÕs next patient has
arrived,Ó Òdoctor is wanted on the telephone,Ó Òdoctor would like to see his assistant
or laboratory technician,Ó Òhygienist wants doctor to check patient.Ó
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8.4.10 Assisted-living facilities

Residents in assisted-living facilities may need to summon assistance if they experience a fall
or other emergency. A visual nurse-call system should be installed with emergency stations in
the bathroom and at a central location in the living area. A central annunciator can be located
at the lobby reception desk or other continuously monitored location. One limitation of utiliz-
ing a conventional visual nurse-call system in an assisted living facility is that the residents
are usually mobile (not conÞned to a bed) and may not be able to reach an emergency pull
station if they should have to obtain assistance.

Several available wireless systems can be activated by a transmitter carried by each resident.
Receivers should be located in each living unit and in common areas to provide facility-wide
coverage. Optional features of these types of systems include interconnection with the tele-
phone system to enable direct voice communication to the resident, and/or a computerized
data base to automatically provide the residentÕs name, doctor, and other pertinent informa-
tion at the central monitoring location.

8.4.11 Design considerations for nurse-call systems

After the engineer has talked with the facility staff and has determined what type of nurse-
call system best meets the hospitalÕs needs, he or she begins to lay out the Þnal system.

a) Patient bed stations. Mount these stations in the wall behind the patient bed, in a
patient headwall unit, or in the patientÕs bedside cabinet. The station should be
located to allow the call cord to be draped to the patient bed. Locating the patient
station in the bedside cabinet may not be the best location because this would inhibit
changing the furniture later, and the multipin receptacles required for bedside cabi-
nets with nurse-call stations can be a maintenance problem.

b) Toilet emergency stations. Position these stations so they can be activated by a patient
seated on the toilet and/or by a patient who may have fallen forward on the ßoor. In
combination toilet/shower rooms, one station may be sufÞcient provided it meets the
location requirements described above and the cord is long enough to drape into the
shower to a maximum of 6 in (15 cm) above the ßoor.

c) Staff and duty stations. Sometimes rooms such as staff lounges and utility rooms
serve more than one nursing unit. If so, two or more duty or staff stations should be
installed and connected to the nurse-call system for each unit. Identify each stationÕs
nursing unit.

d) Master station annunciator. These stations can either be wall-mounted or desk-
mounted. It is recommended that visual system master stations be wall-mounted to
provide as much desk space as possible. Audiovisual system master stations should
be desk-mounted to allow some ßexibility in the location of the nurses who are
answering calls. Room numbers on the master station must match the Þnal room
numbers assigned to each room by the facility.

e) Psychiatric patient stations. These stations, installed in ambulatory patient rooms,
must be tamperproof for the patientsÕ safety. Call cords should not be located in
272



IEEE
COMMUNICATION AND SIGNAL SYSTEMS Std 602-1996
patient bedrooms, and tamperproof push buttons should be used in toilets in lieu of
pull cords.

f) Central equipment and power supplies. Nurse-call systems shall be connected to the
critical branch of the emergency distribution system in hospitals or to essential emer-
gency power systems in other health care facilities. Coordinate ventilation, wall
space, and wall depth required for these cabinets.

8.5 Code blue systems

8.5.1 Introduction

Code blue alarms are the highest level of emergency call in a hospital. When a cardiac arrest
or other emergency occurs, the system alerts the person responsible for the delivery of the
crash cart to the point of need and notiÞes the resuscitation team as to the room or area that
initiated the alarm. Different hospitals may call this alarm level something other than code
blue, such as code 199, code 99, Doctor Heart, crash unit, etc.

8.5.2 Design criteria for code blue systems

Hospital regulations require a code blue alarm system. Typically, code blue buttons (or other
initiation devices) are located in intensive care and coronary care patient rooms, emergency
rooms, recovery rooms, labor and birthing rooms, surgery suites, and other areas required by
the hospital. Annunciators should be located at the central control center so the telephone
operator can announce the code blue alarm either via the public address system, by radio
paging, or both. Annunciators may be located at adjacent nursesÕ stations, the anesthesia
ofÞce, and the nurse supervisorÕs ofÞce. In some hospitals the staff members may want the
code blue alarms from the patientÕs room to go to the local nursesÕ station. If the alarm is a
true code call and not a false alarm initiated by a visitor, the nurse at the nursesÕ station can
forward the alarm via the telephone or separate code blue button.

8.5.3 System types and selection

a) Nurse-call system. A separate hardwired visual nurse-call system with code blue
buttons and annunciators can be installed to serve the code blue system requirements.
Microprocessor based nurse-call systems can be interconnected so that a code blue
call on any local system is also automatically displayed at the central control center.
Many microprocessor-controlled code blue systems can supervise the individual code
blue station for electrical shorts or opens in the wiring or burnt out or missing lamps
in the corridor dome lights. A supervised code blue system assures that every code
blue station will operate when required.

b) Telephone system. A code blue call system can be set up as a separate direct line to
the central operator via the hospital telephone system. The major advantage of this
type of installation is that a code blue alarm can be initiated from any telephone
within the hospital. If the particular phone system is equipped with direct access
paging, the code blue alarm can be directly annunciated via the public address
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system, thus bypassing the telephone operator. Code blue pages must have priority
over all other paging calls.

c) Radio paging. Code blue alarms can be transmitted to the resuscitation team
members via the radio paging system, provided the system has the capability of
grouping paging calls together so the proper people are notiÞed with just one call
from the telephone operator. Microprocessor-controlled nurse-call systems can be
interconnected with the radio paging system to automatically initiate code blue calls
to the code team members whenever a code blue call is initiated.

8.5.4 Design considerations for code blue systems

A code blue alarm system should always be designed with system reliability in mind. The
power supply for this system must be connected to the critical branch of the emergency distri-
bution system.

8.6 Paging systems

8.6.1 Introduction

The objective of the paging system is to aid in locating persons who do not have a Þxed loca-
tion within the facility or who are away from their normal workstation. It generally augments
the telephone system, in that it may notify persons who are not at a Þxed telephone number to
contact another person inside or outside the facility. In order to be effective, it should reach
most locations where these people are likely to be.

8.6.2 System types

Paging systems can increase the efÞciency of communications in most health care facilities.
There are three types of systems:

a) Voice paging system. Voice paging [public address (PA)] systems are used to make
general audio announcements. Voice paging systems employ transducers, electronics,
and cable plant to reproduce local audio signals over large ßoor areas. Voice paging
systems serve as a general PA system for a less speciÞc audience, and usually support
a broader range of messages than radio paging systems. Besides voice signals, paging
systems may transmit background music, sound masking noise, security tones, or
recorded Þre alarm system announcements. The voice paging system may be inter-
connected with the building telephone, intercom, or visual annunciator systems as
part of an overall building communication system. Voice paging systems may be
required for issuing instructions in response to emergency conditions including code
blue alarms.

A voice paging system can become a distraction that outweighs the advantages of its
use. This may result from poor design or from abuse. General voice paging should be
directed toward speciÞc audiences with content suitable to concise messages.
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The nature of communications and the audience addressed via the voice paging
system must appropriately reßect the size of the facility and the impact on people
who do not belong in the selected audience. This should not suggest that a lunch
menu announcement is necessarily inappropriate. However, a voice paging system
utilized once each minute distracts a large number of people.

The policy directing the use of a voice paging system must impact the system design.
Multiple zoning can insulate parts of a facility from constant announcements. In
hospitals, for example, a separate zone (or the exclusion of voice paging speakers) is
appropriate for surgery, delivery, recovery, ICU, and other patient rooms. See 8.6.3.

b) Radio paging system. Radio system paging transmits voice or digital messages over a
radio frequency channel and is preferred where cost is not an obstacle. Coded signals
can be used for messages, or one-way or two-way voice transmission can be pro-
vided. Installation costs are low, no corridor wall space is required, and there is mini-
mal disturbance to other personnel. Radio paging is effective in many areas where
visual or voice paging is not practical; for example, it often covers rest rooms, utility
spaces, and nearby outdoor areas with its radio signal. However, equipment is costly
and maintenance costs can be high since pocket-carried receivers are subject to dam-
age. Radio paging can be tied into the telephone system so that paging can be
initiated by staff members other than the telephone operator. See 8.6.4.

c) Flashing annunciator paging. This system provides a silent, visual, coded message
by repeatedly lighting numbers on annunciators located throughout a facility. It is not
recommended because of the excessive number of annunciators required before the
coverage provided is comparable with other types of paging.

8.6.3 Voice paging systems

8.6.3.1 Design criteria for voice paging systems

8.6.3.1.1 General

Audio components (ampliÞers, equalizers, mixers, etc.) are almost all solid-state devices.
Performance is not measured by broadband or hi-Þ principles, but rather in terms of reliabil-
ity, control of signal sources, and correct distribution and syllabic articulation of voice. The
system need not reproduce the entire audible spectrum for satisfactory results, and quite often
compromises with performance are required in order to justify economics.

8.6.3.1.2 Priority

Voice paging systems often feature several audio sources (microphone, tape deck, tone gener-
ator, etc.). Operators generally have manual control of most sources while links from other
communication systems (e.g., telephone and intercom) are automatic.

In both small and large voice paging systems, the relative signal priority determines the
control requirements. A paging system with background music and one paging microphone
location will probably mute the background music when the microphone is activated. When
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several paging sources or a paging source and an emergency signal source are used, a priority
system must be set up to accommodate each sourceÕs level of importance.

The audio volume may be changed to suit varying work conditions, changing personnel,
background noise, etc. Also, it may be changed with each change of source signal. In a
paging system with background music, the listener may want local control of the music
volume but retain full-volume paging signals. The various volume levels should be consistent
with each signalÕs priority.

8.6.3.1.3 Zoning

In large installations, and in small installations where speciÞc activities vary from area to
area, the public address system should be zoned. Each zone may require local volume and
paging controls. Priority controls for both source selection and volume are designed to
accommodate both zone paging and local sources. In some installations, local pages are given
priority and, in others, general pages have priority. Each installation must be programmed
individually.

8.6.3.1.4 Talk-back

Single-zoned systems may include talk-back. Either by push-button control or by automatic
means, talk-back allows the listener to respond to the operator via the PA system. Talk-back
complicates the electronics of a PA system, especially when it is employed in multizoned
systems with several signal sources. An alternate means of listener response (telephone, inter-
com, etc.) usually provides a more efÞcient system in large installations. Talk-back from
speakers in large rooms is usually not very effective unless the person is close to a speaker.
Public areas should not have talk-back.

8.6.3.1.5 Distribution

In music and paging systems, there are several ways to distribute audio signals. The simplest
involves one set of audio lines run to each speaker zone with background music and paging
levels set at the main ampliÞer.

When local control of music volume is desired, the audio lines may be run to a local volume
control equipped with a bypass relay (priority relay). The relay coil is connected to a priority
control pair to bypass the volume control for paging announcements.

8.6.3.1.6 Muting

When two sources, one with priority, are available in a voice paging system, two common
methods can accomplish the required signal level changes. First, the priority signal may be
set to a higher volume than the other signal. This method is limited to circumstances where
the nonpriority signal is at a low volume so the priority signal need not be too loud. Second,
the initiation of the priority signal may mute the nonpriority signal either by relay contacts or
solid-state devices. The same circuit may drive the priority relay at local volume controls.
The second is the standard method used in most PA systems. Some components employ auto-
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matic circuitry that mutes a signal input when an audio signal is detected on a different input
or inputs. Automatic electronic muting often eliminates an objectionable pop caused by relay
contact closures. Electronic muting is the preferred method.

8.6.3.1.7 Volume

The required audio volume determines electronic component ratings. The system should be
louder than the ambient noise. Sound with a signal-to-noise ratio of at least 10 dB with an
appropriate frequency response and distortion below 5% generally provides audible signals.
Room acoustics should be considered. Small rooms with low ceilings consisting of acoustic
tile are usually not a problem. Rooms with acoustically hard surfaces (plaster walls and ceil-
ing, and tile ßoor, for example) have a high reverberation time that will contribute to poor
intelligibility. To accommodate variations in acoustics and ambient sound levels, provide an
audio sound level to average ambient noise level ratio of 20Ð30 dB, and an overall audio sig-
nal distortion of less than 2%.

8.6.3.1.8 Frequency response

Many paging systems, especially those using a telephone system as the audio source, do not
require frequency shaping electronics because the electronics and speaker system will present
the full range of telephone or microphone frequencies to the listener. Where particular rooms
present acoustical problems or where music or a natural sounding voice page is important, an
equalizer might be used.

8.6.3.1.9 Compression

Audio signal volume varies from one source to another (i.e., from one person to another).
Different paging announcers may produce a difference in voice levels greater than 20 dB
depending on their voices and how they use the microphone or telephone. Variations in signal
levels of 20 dB are annoying to many listeners. Audio signal compressors may be employed
to help reduce sound level variations. They are usually used to control microphone and tele-
phone/intercom/paging interface inputs because the volume of these sources varies the great-
est. Pre-recorded music sources, radio receivers, tone generators and noise generators usually
produce a consistent signal/level or have their own compressors (i.e., automatic gain control).
Where paging signals consistently originate from trained operators, compression might not
be required.

8.6.3.1.10 Source

A voice paging system signal is never better than its source. Pre-recorded messages, music
sources, and radio receivers are satisfactory sources; however, the quality of microphone
sources should be considered. The quality of the microphone itself is usually satisfactory, but
the location should be considered. Placing the microphone close to the announcerÕs mouth
(several inches) helps reduce problems of room noise and reverberations. Telephone handsets
and headsets with an interface to the paging system provide both efÞcient operator access and
close microphone use for noisy environments. When an operator must address a microphone
from more than 12 in (30 cm) away, noise and room echo are likely to be problems.
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8.6.3.2 Design considerations for voice paging system

a) Interfacing. Telephone, intercom, and tone generating systems may be connected to
the voice paging system. The priority and zoning of each system must be determined.
A telephone or intercom system may utilize several interconnecting lines to provide
both general and zone paging. Alternately, a telephone paging interface unit is avail-
able that decodes a touch-tone and selects a paging zone. The drawback of this unit is
that the operator must dial the paging system, wait for a paging system tone, and
press the zone code before a page is made. This is one step more than simply dialing
a paging number.

b) Coverage. Generally, voice paging systems utilize a distributed speaker system. A
distributed speaker system (typically recessed ceiling speakers) should provide even
coverage of direct sound at the proper frequencies and at sufÞcient volume to be
heard above the ambient noise. High-volume distributed systems (usually horn-type
speakers) are required in noisy areas. Most applications involve low-level, closely
spaced, recessed, ceiling speakers. Even the best recessed ceiling speakers have a
narrow, high-frequency, dispersion angle. With 9 ft (2.7 m) high ceilings, speaker
spacing of 12Ð16 ft (3.7Ð4.9 m) centers is typical. This spacing may be increased
somewhat for higher ceilings and in narrow corridors. The closer the speakers are, the
more even the sound volume and quality will be.

c) Equipment. Voice paging equipment can Þll a small cabinet or a small room. Its loca-
tion is ßexible but the equipment requires access and cooling or ventilation. Speaker
wiring requires one pair of conductors for a single-zoned page-only system, two pairs
for a single-zoned music/page priority system, and many pairs for a multizoned
multiple-page priority system. Priority logic pairs will often be #22 AWG and audio
signal pairs will be anywhere from #20 AWG to #14 AWG.

d) Installation. Nearly all sound-system components on the market today exhibit low
noise, low distortion, ßat frequency response, and high continuous power ratings. The
performance of sound systems is rarely limited by individual component ratings. The
components must be selected and assembled for the Þnal system functions and
desired performance.

Solid-state audio components are manufactured for speciÞc input and output levels,
so cascading components (for example, a mixer, an equalizer, and a power ampliÞer)
require that the output level of each unit match the input level of the next unit. A
mismatch of audio signal levels will degrade the overall system signal-to-noise ratio
or reduce its maximum output.

Audio signals are generally transmitted at three levels: microphone level, line level
(for lines between various pieces of equipment), and high level (the output of the
power ampliÞers used to distribute audio frequency energy to speakers). The micro-
phone and line level signals are susceptible to pickup of hum, noise, and crosstalk
from higher level lines and power cables. Microphone level lines should never be run
in the same raceway with other audio lines or power cables, and each type of audio
line should be bundled separately in each equipment rack. Microphone and line level
cables should always employ an overall metallic shield within the cable jacket.
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When an audio system includes an equalizer, the frequency response of the system
must be properly measured and corrected to match the desired response curve.
Improper system response may cause a loss of speech intelligibility or make the
system sound unnatural.

Proper use of a voice paging system is as important as its initial installation. People
familiar with the equipment should instruct operating personnel in the systemÕs use.
Often this instruction is speciÞed as part of the system installation.

e) Reliability. Backup inputs (a second microphone or a microphone as backup to a tele-
phone system) and backup electronics (ampliÞers, etc.) may be included in a system
where reliability is a must. Many components permit battery-powered operation. Bat-
tery operation is acceptable for loss of power situations, but the system should be
powered from an emergency ac power system to reduce maintenance requirements.

8.6.4 Radio paging systems

8.6.4.1 Introduction

Radio paging systems transmit messages over a radio frequency channel.

8.6.4.2 Design criteria for radio paging systems

Refer to 8.6.2 item b) for a description of radio paging systems. The following functional fac-
tors should be considered to deÞne radio paging system performance: number of active radio
pager users, average system call rate, desired grade of service, average input waiting time,
and maximum message storage time. The equipment factors discussed in 8.6.4.2.1Ð8.6.4.2.6
should be considered when designing radio paging systems.

8.6.4.2.1 System input or encoder

On-site and off-campus paging systems are often interfaced with one or more of the tele-
phone, intercom, staff register, nurse-call, and code blue systems. Telephone interconnected
systems provide almost unlimited access to the paging system. With voice messages, voice
message storage equipment may be required to increase system voice trafÞc capacity. Display
message systems may also use message storage. This and high-speed message transmission
can provide high system pager capacity. Smith 1980 [B10]2 discussed this difference. Inter-
connection with staff in/out register systems, intercom systems, and nurse-call systems is
unique to each supplier and should be reviewed in detail with their representatives.

An encoder or paging terminal may be any kind of device, manual or automatic, from which
a radio paging message may be originated. The following is a typical list of such devices:

a) Manual desktop (or ßush-mounted) keyboard console. (Frequently located at the tele-
phone operator position, although parallel units may be located at several sites
throughout the facility.)

2The numbers in brackets correspond to those of the bibliography in 8.22.
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b) Telephones. Dial or touch-pad type, and either dedicated or part of the facilityÕs tele-
phone system.

c) Intercom stations.

d) Automatic alarm stations. (Any contact opening or closing device may be utilized to
initiate an emergency or routine radio page message. This includes such functions as
elevator stoppage, security door openings, boiler temperature limit switches, chiller
failure, oxygen low pressure, etc.)

8.6.4.2.2 System type

On-site pagers for the special emergency radio service (SERS), like the systems that control
them, come in many different types. Pagers may be classiÞed by type of modulation (AM or
FM); frequency band (VHF lowband, VHF highband, UHF, and 900 MHz); type of encoding
(two-tone or Þve-tone analog and digital); and type of message capability (tone, voice, LEDs,
LCDs, digital display, and alphanumeric display).

Generally speaking, there has been a gradual shift from inductive loop paging to AM and then
to FM paging technology. Inductive loop paging is a low-frequency radio technique, and its
employment has largely been discontinued in favor of AM and FM radio equipment for rea-
sons of better coverage both within and throughout a hospital complex of buildings. The
recent development of display pocket pager technology has added to the tone-only and tone-
and-voice types of paging systems. The availability of this new technology and additional fre-
quencies in the 900 MHz band increase the variety of systems available for on-site and off-
campus radio paging system implementation.

8.6.4.2.3 Frequency selection

For on-site systems, the frequency selected is largely a matter of determining which available
frequency is the least crowded; although, in an on-site mode, carefully designed systems on
the same frequency can operate without any interference with each other, even when only a
very few miles apart. In SERS, the VHF lowband and UHF bands are the least crowded.
Transmitters for on-site radio paging systems are either AM or FM and set to the FCC
assigned frequency of the system. The FCC has set aside 11 one-way paging frequencies in
the SERS for which all hospitals are eligible. Business frequencies may also be used; these
include four VHF high-band frequencies and nine UHF frequencies for paging only. The
paging-only frequencies in the business service are coordinated by the National Association
of Business and Education Radio (NABER) users. The FCC has also authorized paging
frequencies in the 900 MHz range for which all hospitals are eligible. Frequencies in the
900 MHz range are also coordinated by NABER.

The VHF lowband frequencies and UHF frequencies are generally much less congested than
the VHF highband frequencies and, therefore, represent a better potential for fewer problems
in sharing the frequency. The FCC does not coordinate the SERS frequency assignments and
will authorize whatever is requested. It is suggested that frequency monitoring equipment be
used to monitor the frequency band selected. The equipment may be rented or a contractor
may perform the monitoring and report the resultsÑor if hospitals in the area have formed a
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frequency coordinating committee, the best frequency can be determined by contact with
such organizations. Note also that the 157.450 MHz frequency is limited to 30 W maximum.
On-site radio paging systems, however, particularly for tone-only or display messages,
require much less power than voice or wide area paging, and 30 W may be entirely adequate.
Note that transmitters may only be set up, serviced, and adjusted by persons holding an FCC
commercial license.

8.6.4.2.4 Type of encoding

Again, the gradual shift from two-tone and Þve-tone to digital encoding has paralleled the
growth of radio and electronic technology. Most equipment installed today is either two-tone
or Þve-tone, but new paging systems are more and more likely to use digital encoding. Digital
encoding is extremely fast; that is, approximately 1-1/2 s for the transmission of a battery
saver preamble and alerting signal, and approximately 1/3 s for transmission of the alerting
signal versus as much as 5 s for two-tone systems. In a low trafÞc, small paging system, the
latter would be no problem. But with todayÕs larger systems, high-trafÞc loading dictates that
transmission time be as short as possible. Digital encoding also permits multidigital and
alphanumeric display paging messages, and these too can be transmitted in a total of 2 s or
less. Voice messages generally require at least 5Ð10 s, depending upon the operator. TrafÞc
capabilities in display message systems can be up to ten or more times that of voice systems.
Digital encoding, because of high-speed multiple transmissions and built-in code checking
techniques, reduces ÒfalsingÓ (pager receives a message designated for someone else or pager
receives a false alert tone where no message was transmitted) to an absolute minimum.

8.6.4.2.5 Message type

Radio paging messages may consist of tone(s), light emitting diode (LED) or liquid crystal
display (LCD) signals, voice, vibrations, digital display (one or more) and alphanumeric
display (up to eight or even eighty charactersÑand combinations of all of these). Which one
or ones you select will depend upon how the paging system will be used, the number of pag-
ers (and the need always increases), the expected message trafÞc and your budget. A few
guidelines for each type may be helpful. Tone-only pagers should not be ignored. Staff
members who will receive a minimum number of messages can effectively use a tone-only
pager. For example, one tone would mean Òcall your ofÞce,Ó and another tone might mean
Òreturn to your workstation.Ó A change in the tone may signify the level or urgency. More
sophisticated tone-only pagers may have multiple addresses; that is, one address number for
individual calls and one for a group call and display signals to visually indicate which address
number has been called. Many different message types may be transmitted in this way. Voice
pagers provide unique message content. Although most paging messages contain number
information such as Òcall extension 386,Ó some emergency messages may be difÞcult to
transmit without voice. Display pagers, particularly those with eight or more digits or alpha-
numeric characters, can provide surprising amounts of information, and all display pagers on
the market today have message memory. If a seven-digit telephone number is transmitted, it
will be stored in the pagerÕs memory for recall. This provides high message accuracy and
conÞdence during busy times, and eliminates the need to call the operator for veriÞcation.
Display message systems may need message storage equipment, and messages may be
printed on a logging printer together with the time of transmission and the pager address.
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Vibration alert or ÒwigglerÓ pagers are becoming more widely used because of the silent
alert, and because they are a natural adjunct to the inherently silent nature of the display pag-
ing. Night shift personnel carry such pagers to avoid noise on patient ßoors.

8.6.4.2.6 Pager batteries and chargers

There are two types of batteries: disposable batteries and rechargeable batteries with various
types of chargers.

The decision between the two types is a function of battery life for the design of the pager
selected, the average number of calls per pager per day, average call duration, and the type of
message, (i.e., tone, voice, display, etc.). The longer the expected life, the more practical it is
to use disposable batteries. A pager with a battery life of 1500 h would strongly suggest the
use of disposable batteries. Factors that reduce battery life are average message duration of
10Ð20 s, voice messages, more than eight to ten calls per day, vibration alert, and whether or
not a pager is left on during hours when it is not used. ÒBattery saverÓ circuits are effective in
some pagers, but this beneÞt decreases as more pagers are added to the system. The choice
between disposable batteries and rechargeable batteries should be based on the type of usage
and the economics over a signiÞcant period of time, for example, a week, month, or year.
Convenience and cost must be balanced by the user. The alternative is to charge batteries in a
rack or in individual chargers. This requires someone with the time and expertise to switch
the batteries. In some installations, secure storage of pagers in a rack is combined with the
charging function. A keypad or magnetic card reader provides access to the secured pager
storage rack. This function is sometimes linked to a staff in/out register system.

8.6.4.3 Design considerations for radio paging systems

8.6.4.3.1 Encoder location

Locations of telephones, intercom stations, or automatic alarm station type encoders may be
almost anywhere in a facility. However, FCC regulations require that there be one so-called
control point in every radio paging system from which the entire system is monitored and
controlled. This particular encoder or paging terminal is most commonly located at or imme-
diately adjacent to the telephone operatorÕs position. This location is generally the focal point
for radio paging and other types of message functions and is the recommended site for the
control point.

The control point encoder generally consists of the following: a keyboard to enter the address
of the pocket pager to be paged (may be a telephone dial or standard 12-button keypad or
other button conÞguration), an emergency switch to interrupt a message placed from another
parallel encoder (required by FCC regulations), an emergency message button or capability, a
microphone with hand or foot switch (if voice messages are to be provided), a small loud-
speaker with volume control (part of a frequency monitoring system to allow cooperation in
the use of the FCC assigned transmitting frequency), and an Òin-useÓ or ÒbusyÓ signaling
lamp (illuminates when other encoders or input devices are using the system). Depending
upon the particular brand of encoder selected, a variety of other special control buttons,
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lamps, and displays may also be provided. Parallel encoders (that are not a control point), if
provided, will omit the emergency interrupt switch.

8.6.4.3.2 Base station conÞguration and location

The base station may include a computer or central processor unit; voice or display message
storage capability; an automatic paging terminal; pager address translation circuitry and other
special circuits depending upon the system supplier. The central unit of a radio paging system
contains the control circuitry of the system. All manual or automatic encoders (sometimes
both types) normally terminate at the central unit. Also connecting to the central unit may be
inputs from a telephone system or intercom system and an output to the system transmitter.

The location of a central unit is largely a matter of choice, but it is usually preferable to select
an air-conditioned space that may be key-lock secured. Systems with tape recorder voice
storage capability may require especially clean or dust-free space.

Central units are commonly housed in a 19 in (48 cm) rack mount or other similar conÞgura-
tion. Computer bus technology with a motherboard and plug-in printed circuit boards (PCBs)
are currently state-of-the-art. PCBs are provided for control of sequencing and prioritization
of connected encoders, automatic alarm devices, intercom stations, and telephones if the sys-
tem is interconnected. The motherboard also accepts PCBs with features for speech-enabling
circuitry, display message control, automatic system supervision or diagnostic circuitry, and
interface of staff registration and message management systems. Power requirements are nor-
mally nominal, usually requiring only a 117 Vac, 60 Hz, 20 A circuit. If voice-message stor-
age or automatic paging terminal equipment is included, power requirements may need to be
increased. The engineer should check carefully with the supplier to ascertain exact require-
ments. It is strongly suggested that the selected system includes a battery-backup capability
or be connected to the facilityÕs emergency power system. Radio paging systems with either
multiple dispatch points or with interconnection with the hospitalÕs telephone system will
include a monitoring circuit with output to the control point encoder. This allows the tele-
phone operator to meet the FCC requirement of monitoring all dispatch pointsÕ transmissions
and to be able to interrupt such transmissions for priority page messages or to prevent illegal
transmissions.

8.6.4.3.3 Transmitter location and conÞguration

Transmitters are generally located as close to the antenna as possible to reduce signal losses.
However, consideration is also given to location for easy service access, security, and gener-
ally, air conditioning. Regarding the latter, it is important to consult with the supplierÕs tech-
nical staff or to review technical literature, or both, to determine the requirements. On-site
systems utilizing slotted, radiating coaxial cable for the antenna system may require central
transmitter location to provide equal cable runs to all parts of the building.

A wide range of transmitter conÞgurations are available based on particular supplier require-
ments, range of coverage, type of antenna, and method of signal coverage within the build-
ing(s) and hospital complex. Transmitters are frequently mounted in a 19 in (48 cm) standard
rack with a secured door. Transmitters generally contain the following modules: a power sup-
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ply (connected to the building emergency power system); the transmitter itself, an automatic
carrier-operated relay circuit (inhibits transmission when carrier signal is detected from
another transmitter on the same frequency and assures compliance with the FCC requirement
to cooperate in the use of the assigned frequency); and an automatic station identiÞer (elimi-
nates the need for the telephone operator to transmit the station call letters periodically as
required by the FCC). An automatic station identiÞer (ASI) may transmit either a voice
message or Morse code, the former being more common in new systems. The ASI makes the
identiÞcation at prescribed intervals, but it will not interrupt a transmission to make such an
Òannouncement.Ó While primary power requirements vary depending upon transmitter power,
generally one 117 Vac, 60 Hz, 20 A circuit is adequate.

Improved ÒcoverageÓ of an on-site system is obtained by some suppliers by the use of master
and slave transmitters. This technique accomplishes several things: lower total radiated power
(reduces interference with other possible users on the same frequency and reduces the possi-
bility of interference with sensitive or unshielded biomedical electronic equipment), more
even signal coverage within the building(s), improved coverage of a multiple building com-
plex, and better coverage of below-grade ßoors.

8.6.4.3.4 Antenna systems selection

The conditions governing the installation of an on-site paging system antenna are quite differ-
ent from those applying to a mobile radio system. The main objective is not to cover as large
an area as possible but to ensure full and uniform coverage within the deÞned paging area.

Ideally, signals are dispersed uniformly in all directions and decrease linearly at increasing
distance from the antenna. In practice, however, antenna radiation is not uniform, which is
primarily due to attenuation caused by screening or reßection.

To a certain degree, radio waves are attenuated by all sorts of materials, but antenna radiation
is affected most by metallic objects between the antenna and the receiver, such as in steel-
reinforced concrete buildings. It is obviously undesirable to place the antenna on the roof of
such a structure, in all instances, as the radio waves might have to pass through several
screening ßoors before reaching the receiver. Also, the signal strength is generally at its low-
est directly below the location of most antennas.

When radio waves reach a surface, part of them will pass or be absorbed, while others will be
reßected. When the reßected radiation mixes with the direct radiation, interference will occur,
which may amplify the signal at some places but weaken and perhaps extinguish it at other
places. A special risk of such dead zones is present at elevators or stairwells or between thick
pillars. Dead zones may be eliminated through change of antenna location or type, but may
then arise at other places instead.

The on-site paging receivers are generally designed for best reception of vertically polarized
radiation. The choice of transmitter antenna is inßuenced by many different factors, such as
the size and shape of the area that is to be covered, the construction of the building where the
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paging is to be performed, etc. For these reasons, there are several different types of antennas
in use. The tuned antennas include the following:

a) Ground plane
b) Dipole
c) Aperiodic antennas
d) Twin-lead with folded dipole
e) Radiating coaxial cable

The Þrst two are used as regular directional antennas while the last three are used as extra
antennas. The last three are used to improve the reception at places that are out of reach of the
radiation of the regular antenna.

It should always be observed that the antenna height should be reduced as much as possible
and only cover the required area, thereby reducing the risk of interference with other installa-
tions.

The following general remarks may be of assistance in choosing antenna type and location.

The quarter wavelength ground plane antennas are used where wide and mainly circular cov-
erage is desired. Due to the construction, a free area with a radius of about 10 ft (3 m) around
the antenna is required for the ground plane elements at the place of installation.

If possible, the antenna should be located above nearby steel or concrete structures and above
other antennas that lie within a radius of wavelength. If the antenna is to be installed on a
roof, for example, and there are no obstacles nearby, it is, as a rule, sufÞcient to mount it on a
steel pipe at least 15 ft (4.6 m) high in order to avoid lobe-lift, which will decrease the Þeld
strength at ground level. Ground plane antennas, because of their radiation pattern, are fre-
quently best located close to the edge of the roof.

Antenna(s) must always be mounted a minimum of 15 ft (4.6 m) above the ground or roof.
The horizontal distance between ground plane antennas and building sides must be at least
50 ft (15.2 m), this with a view to prevent both reßection and permanent-wave patterns.

In a large building made of reinforced concrete, for example, it may happen that the signal
from the regular antenna is so strongly attenuated in one or more parts of the building that
reception there becomes unsatisfactory. To improve reception in a single place, a slave trans-
mitter (or multiple slave transmitters) connected to an internally located aperiodic antenna
may be installed at the place in question.

Lightning protection for all antennas should be provided; however, the potential for lightning
damage is one that is often misunderstood. If a radio antenna suffers a direct hit from light-
ning, no built-in protection will save it, nor possibly its transmission line nor base station,
from substantial damage. The 100 000 A current and great surge current encountered in a
direct lightning hit will destroy an antenna used in normal radio installations.
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Antenna design features that offer lightning protection actually minimize damage from
nearby lightning strikes as well as damage and static that can be caused by various other elec-
trostatic charges in the air. Spark gaps and grounded elements within the antennas themselves
are used to provide this important feature.

8.6.4.3.5 Requirements and licensing procedure

In order to operate a radio paging system, the owner/user of the system must obtain a license
for the system and be assigned call letters to identify the station.

An important part of planning a radio paging system involves conforming to the FCC require-
ments regarding radio system control, and obtaining the station license. The following mate-
rial discusses both the FCC requirements and licensing.

Since paging systems utilize radio transmission, these systems will be governed by FCC
Rules and Regulations (see CFR in 8.21). Therefore, an operatorÕs license is necessary to test,
adjust, and maintain a system. A ÒRadio Station AuthorizationÓ is a license issued by the
FCC that authorizes the operation of radio paging systems.

A copy of the appropriate part of the FCC Rules and Regulations should be available at each
control point. Part 90 is contained in Volume V of the FCC Rules and Regulations. A copy of
the applicable FCC Rules and Regulations should be kept on site during radio equipment
operation.

The FCC deÞnes a control point as an operating position under the control and supervision of
the licensee where the person immediately responsible for the operation of the transmitter is
stationed and where monitoring facilities are located. Authority must be obtained from the
FCC for each control point. Every system must have at least one control point.

A dispatch point is any point from which messages may be transmitted under supervision
from a control point. Dispatch points may be installed without authorization.

Each control point must have the following facilities:

a) A visual indication of a Òtransmitter-onÓ conditionÑeither a light or a meter

b) Facilities to permit the operator to turn the transmitter on and off

c) Equipment to permit the operator at the control point to monitor all transmission by
dispatch points under his or her supervision

d) Facilities to permit the operator at the control point to take transmitter control away
from dispatch points (priority or supervisory control)

Any operator must be able to monitor the channel to see if it is clear before transmitting.

These regulations determine, to a great extent, what equipment the facility must have in any
given system. For example, a special requirement in the FCC license to monitor the channel
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prior to transmitting means that the system must have either a receiver/monitor or a method
of indicating detection of the carrier transmission by others on the same frequency, or both.

No Òon-the-airÓ testing may be started until the station license is granted and Form 456 has
been completed and forwarded to the FCC regional ofÞce.

A station log must be maintained in accordance with the part of the FCC Rules under which
the station is licensed. Initial frequency and power measurements must be made and entered
in the station log and signed by a technician or engineer holding a radio-telephone operatorÕs
license.

Paging systems with voice capabilities must be identiÞed with station call letters every
15 min in standard services and every 30 min in the Public Safety and Special Emergency
Radio Services [FCC 90.425(a)]. However, if there are no transmissions over a 30 min
period, the station may be identiÞed at the end of the next transmission. Stations are not
required to go on the air solely for identiÞcation. Morse code station identiÞcation is now
acceptable by the FCC.

When making a change to the system, that is, adding a second control point, the customer
may be required to change his or her license. Any time the user has two (or more) operating
points, neither of which has priority, he or she must obtain authorization from the FCC and
specify the number of control points in the license.

8.7 Physician and staff register systems

8.7.1 Introduction

Physician and staff register systems are information systems used to locate speciÞc doctors,
provide telephone and pager numbers to the operators and others, verify the availability of
needed specialties, and provide meeting reminders. Some systems provide printed patient
lists. Messages received before the physician or staff has arrived are stored and then dis-
played to the intended recipient upon arrival. Since these systems are sometimes used by both
physicians and allied health professionals, they will be referred to generically as staff register
systems.

8.7.2 Design criteria for physician and staff register systems

8.7.2.1 General

Staff register systems are not required by the codes. Hospitals (and occasionally their medical
staffs) purchase systems for a number of reasons. Doctors want a means of advising their own
presence and of knowing which other physicians are in-house. This is due to the frequent
need for consultation between generalists and specialists. By knowing which doctors are in-
house, annoying voice paging is reduced. Some costly legal actions have been lost due to the
inability to locate or verify the presence of a particular specialist who was actually in-house
at the time of critical need.
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The number of functions to be accomplished by a register system depends on several factors:

a) Message trafÞc. With increasing hospital size, message trafÞc becomes a real prob-
lem for the telephone operator. Some facilities try to solve this problem by refusing to
handle messages for physicians when the messages are related to private practice
matters. In the long run, this distinction proves difÞcult to make and often competes
for physicianÕs services. If facility ÒAÓ provides good message service, and facility
ÒBÓ does not, facility ÒBÓ may be at a disadvantage. Some modern register systems
are actually ÒoptionsÓ provided as part of a computerized telephone answering
system. Facility size also creates problems in locating staff members for both emer-
gency and routine messages. The bigger the facility, the more likely it is that people
are going to be away from the ÒassignedÓ workstation. For example, few facilities can
afford to equip every staff member, plus the roster of outside physicians, with pocket
pagers. Overhead loudspeaker paging can become almost continuous background
noise pollution for both patients and staff. The display of staff location information
on video monitors throughout the hospital in key locations can greatly reduce these
problems. Register systems are generally agreed to reduce overhead paging by at
least 80%. The balance of the paging represents information of an emergency or gen-
eral nature not suitable for register system use. Monitors can also display, via special
symbols, the location of a particular member, their pocket pager number, and the
presence and urgency of waiting messages.

b) Number of hospitals in proximity. In larger metropolitan areas, where physicians
often see patients in several hospitals, the location problem for routine, urgent, and
emergency messages becomes critical. Where did Doctor Davis go when he left City
General? Did he go to Einstein or St. AnthonyÕs? Microprocessor-based register sys-
tems can store and display this information quickly and easily. The physician leaving
a facility is given several destination choices as part of the registering out procedure.
The information is stored in the systemÕs memory and can be retrieved by a telephone
operator in seconds.

c) Specialization. If 80 doctors are in the hospital and a particular specialist is needed in
the emergency room, the question becomes, ÒIs there a neurosurgeon in the house?Ó
If so, what is the name of the neurosurgeon and where is he? With a well-designed
register system, these questions can be answered quickly, and the proper person can
be located.

d) In-house staff location. In teaching hospitals, it is often the in-house staff that must
solve the problem of locating and assembling the best team of physicians. This can be
greatly facilitated by a register system that identiÞes who is in the hospital and who is
on call. Some hospitals have display monitors that list outside physicians currently
in-house and staff members separately to simplify this process.

e) Incentive to use. Because the technology now allows innovative solutions to long-
standing problems, needs not previously recognized or addressable can now be satis-
Þed. However, the overriding need is simplicity. If entry/exit stations in particular are
difÞcult to operate, they wonÕt be used. At entry/exit stations, directions and function
labels must be simple, clear, concise, and familiar. Displays must be very readable.
The entry/exit procedure must be quick and easy to remember. The consulting engi-
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neer should ensure that the physicians are directly involved in the selection of the
system. Unless physician acceptance is assured prior to Þnal selection, there is no
guarantee that the system will be well-utilized.

8.7.3 System types and selection

8.7.3.1 General

In its simplest form, the lighted annunciator types of system, with toggle switch by each
name, has been with us for at least 60 years. Annunciator systems continue to be sold and
used effectively by small hospitals, nursing homes, and clinics.

The development of microprocessors, personal computers, and mainframe computers has
allowed for the expansion of the registering in and out concept to extremely sophisticated
systems. A single system can serve thousands of physicians and staff members with special
functions for message management, voice synthesis, internal and external destination infor-
mation, location of staff by title or specialty, radio paging, telephone interconnection, multi-
ple video monitor display or staff registration information, displays of code blue or disaster
alerts, staff proÞles [listing telephone number(s), pocket pager number, date/time last in hos-
pital], system diagnostics, message printers that may include a list of the doctorÕs patients and
those of his group, logging printers, etc.

8.7.3.2 Lighted annunciator panels

Lighted annunciator panels are recommended for small facilities. A basic system will consist
of a minimum of two panels, one usually in front of the telephone operator position and the
other at the doctorÕs entrance point. Both panels have a switch opposite each backlighted
name slot. A staff member or doctor indicates their presence by turning on the switch oppo-
site their name. This in turn lights the appropriate name in each panel. Many of these systems
have a light ßashing circuit activated at the telephone operator position that advises the enter-
ing or exiting physician of a message waiting. Often, a private telephone or two-station inter-
com system is provided to obtain messages from the operator.

The installation requires a minimum of a pair of wires for each name to be annunciated.
Therefore, a panel for 50 persons requires a minimum of 100 wires and 200 terminations. The
disadvantage of lighted annunciator panels appears when more names must be added and/or
the system must be expanded to add or relocate entry/exit stations. For example, adding one
doctorÕs name (assuming space is available on the panel) requires moving every name in the
alphabet beyond the initial letter in the name to be added. If changes occur regularlyÑand
they tend toÑthis can be a time-consuming process, multiplied by the number of panels in
the system. Adding stations requires more wire, conduit space, and multiple terminations.
Moving a station is the biggest problem because of the electrical conduit and cabling, all of
which may have to be replaced or extended via a large junction box with terminal strips.
Large systems require a cable bundle with a diameter as large as 6 in (15 cm). Lighted annun-
ciator panels are simple to use and are generally reliable. However, they donÕt offer the users
much incentive to register in and out, and it is expensive to display the data in more than a
limited number of locations in rather close proximity. Relocating a medium-sized (200 name)
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panel, with its corresponding raceway, wire, and labor needs, can be as costly as an entire
modern microprocessor-based system.

8.7.3.3 Keypad or coded button-operated register systems

This type of system began replacing annunciator panel systems 30 years ago. The stations
became much smaller since the annunciator panel with names is eliminated at both the entry/
exit station and the switchboard.

In use, the staff member enters an assigned multidigit registration number in the keypad. The
entered digits are displayed via LEDs in a display window for veriÞcation. Then, an in or out
button (sometimes within the keypad and sometimes separate) is pushed to complete the reg-
istration. If a message is waiting, a message light will illuminate, and the user can then call
the operator with the provided handset. A message cancel button is sometimes provided. Due
to wiring simplicity, multiple entry/exit stations can easily be installed at various entrances
and other key locations.

8.7.3.4 Microprocessor voice synthesizer systems

A number of voice synthesizer systems are on the market, all of which are quite similar in
their functions. A staff member registers into the system from either a dial or touchtone type
telephone. First, a multidigit system access number is dialed; access is indicated by a connec-
tion tone. Then, the assigned staff memberÕs number is dialed into the system. The voice syn-
thesizer in the system responds by repeating the digits dialed and then saying the words ÒinÓ
or Òout,Ó depending upon the current status of the staff member. The staff member then dials,
for example, the number four to register ÒinÓ (GHI) or six (MNO) to register Òout.Ó Messages
stored in the system can be tagged with the extension number of internal departments trying
to reach the registering staff member. Depending upon various option selections, these
Òextension callingÓ messages may be entered either from the operator position or from any
telephone within the hospital. Special number codes are utilized to accomplish these func-
tions. Voice synthesizers can include a number of canned messages, such as Òcall lab,Ó Òcall
ofÞceÓ, and Òcall records.Ó Video display monitors may be added wherever desired in the hos-
pital and will display staff membersÕ names, pocket pager numbers, location in the hospital,
alternate covering physician number, specialty codes, and message insertion and retrieval
from outside telephones. An option is available from some suppliers for dedicated telephone
ÒterminalsÓ that do not require the initial dialing of an access number to use the system.

Components of these systems are as follows:

a) A telephone operator 12-button keypad with video monitor
b) Video display monitors throughout the hospital
c) A microprocessor controller
d) Entry/exit stations that might consist of dedicated telephones, Telco network tele-

phones, and/or hospital telephones
e) FCC approved telephone interconnect device
f) System cabling (generally two twisted pairs)
g) Message printer option
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8.7.3.5 Microcomputer system

Microcomputer-controlled registry systems are now available from Þve or six suppliers.
These systems provide all of the functional capability of prior systems plus new and useful
functions relating to management of the message-processing function at the telephone opera-
tor position, and related record keeping and staff services. Functions, instructions, user termi-
nology, nomenclature and vocabulary, display formats, message content, and many other
variables can be customized for each installation. The better systems allow most of this ßexi-
bility to be in the hands of the hospital user. Suppliers provide in-service training in system
operation, set-up modiÞcation, and testing.

A printer for messages received at registration, and a logging printer with its system data
activity printing capability for legal records free the telephone operators from the enormous
chore of logging all page and message information. Some systems can display special alert
messages on all video monitors, such as disaster alerts and code blue information. Messages
for staff members may be personal (ÒYour garage called: your car is ready.Ó), departmental
(Department/Pediatrics meets 9:00 A.M., Nov. 14, Conference Room ÒAÓ), or general (ÒCME
Program, June 4th, routine, doctorÕs dining roomÓ).

Physician information available to the PBX operator position in regard to each physician can
vary from the pager number and several telephone numbers, to a full proÞle of demographic
data that includes ofÞce addresses, backup doctor, mode of payment accepted, whether
board-certiÞed, etc.

8.7.4 Design considerations for physician and staff register systems

a) Entry/exit stations. Entry/exit stations should be located at major physician entrances
and should include video monitors listing in-house doctors. The intent is to provide
entry/exit station users with a practical, useful, and compelling incentive to use the
station. Well-designed systems provide personal, general, departmental, and emer-
gency messages. Hospitals with such systems report high utilization.

b) Central control equipment. Control cabinets and power supplies need the same type
of environment as other communication control equipment. Operator consoles are
located by the telephone operator. Well-designed systems use off-the-shelf video and
radio frequency (RF) monitors or both. The microcomputer selected should be a
well-known national brand with a trackable service history.

c) Cable plant. Installation of these systems normally requires no more than two twisted
pairs of #22 AWG or pencil-sized shielded cable for connection of entry/exit stations
to the computer, and coaxial cable for the monitors. Battery backup for the central
processing unit (CPU) is required in regions where momentary power losses are com-
mon. Computers are susceptible to spike or surge damage to chips and other circuitry.
It is recommended that quality surge protector units be purchased to protect all
locally powered components.

d) Software considerations. Good programming is required to provide simple user-
friendly displays and instructions. For a staff registration system, this is essential for
personal comfort in operating the system. If any portion seems awkward, it will be
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difÞcult to use, inßexible, and staff members will avoid it. The development of qual-
ity software programs requires several years or more of intensive work with custom-
ers. A supplier with an excellent track record should be chosen. Start-up of the
system requires input of all the roster data plus the pre-established message content
and other user variables. The system supplier should be required to teach the operat-
ing personnel not only how to run the system, but how to change all the variables,
modify the data base, and furnish technical support.

8.8 Dictation systems

8.8.1 Introduction

Dictation systems are recording systems used for storing voice signals (dictation) for tran-
scription. They are used by medical staff for the production of patientsÕ medical records and
for administrative functions.

8.8.2 Design criteria for dictation systems

8.8.2.1 General

Health care facilities are required by federal and state laws to maintain a medical record for
every individual who is evaluated or treated in a facility. Individuals write more slowly than
they speak and memory retention decreases over time; consequently, producing medical
records from dictation systems, which are based on spoken records, is more efÞcient and
more accurate than producing them from medical staff notes.

Systems should be selected based on performance, which is measured by turn-around time of
important dictation, ease with which the system is used (i.e., ease of training), and depend-
ability as well as overall throughput. System selection criteria is discussed in 8.8.2.2Ð8.8.2.7.

8.8.2.2 System capacity

An effective dictation system eliminates bottlenecks. The system capacity should be deter-
mined by a survey of the dictating load, with consideration being given to the number of per-
sons dictating, amount of dictation, and dictating habits. All systems should allow dictation
positions and recording machines to be economically added as system usage expands. While
the same amount of dictating may be done, more recording capacity will be necessary where
dictation cannot be scheduled or occurs during limited peak periods.

8.8.2.3 Recording machines

Cassette, microcassette, loop, and digital recording devices are employed in dictation sys-
tems. The details of the recording devices are less critical than in the past due to an increased
effectiveness of digital management systems. There is one caveat. Portable dictation stations
often add ßexibility to the overall system. Thus the central equipment must have an effective
means of reading (and handling) cassette tapes generated by portable devices.
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8.8.2.4 Record keeping

Most dictation systems used in health care facilities are computer-based equipment. The label
Òdigital dictation systemÓ is appropriate. These microprocessor-based systems keep records
for each dictation. The information may include location of priority dictation; length of dicta-
tion recorded with system totals; production history of each transcriptionist; doctorsÕ code,
patientsÕ code, and length and type of each dictation. The particular information recorded var-
ies from system to system and can be tailored to each installation. In high-volume installa-
tions, this record-keeping capability is necessary.

8.8.2.5 Supervision

The supervisor helps both dictation authors and transcriptionists. The supervisor should have
control over each recorded dictation and over related information and should have access to
intercom or telephone sets (for speaking with authors and transcriptionists). The supervisorÕs
console often includes a VDT, printer, keyboard, and central processor.

8.8.2.6 Transcription

Transcription controls include recorder transport functions and controls for tone, speed, and
intercom (for speaking with the supervisor). TranscriptionistsÕ terminals are typically
equipped with a word processing system.

8.8.2.7 Dictation station comfort

A good dictation station makes it easy for an author to record, review, and edit his notes. Each
dictation station (or telephone handset) should have controls (or codes) for rewinding, fast
forwarding, quick reviewing, full playback, editing, and signaling the operator. Automatic
start/stop controls make the system more efÞcient by eliminating pauses in the dictation.
Comfort can affect the efÞciency of dictation systems. User-friendly terminals include fea-
tures like signal muting during fast forward and reverse, automatic gain control, and clear
indication of system functions.

8.8.3 System types and selection

a) Portable. A small dictation system may consist of portable tape machines and tape
players equipped as transcription terminals. Recorded tapes are carried from the dic-
tation author to transcriptionist.

b) Central systemÑindependent. A central dictation system allows dictation at any time
at various points convenient to the medical staff. Dictation and relevant data is trans-
mitted to a central location for storage until material can be transcribed. An indepen-
dent system requires a separate cable plant and dedicated dictating sets. These sets
are similar to a desk telephone, with push buttons to record, playback, rewind, etc.
Dedicated dictation sets are designed speciÞcally for their task and will be labeled
accordingly. This can help reduce training time and improve ease of use [over tele-
phone system accessÑsee item c)].
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c) Central systemÑtelephone access. Used with telephone systems, a central dictation
system receives dictation via the telephone system through telephone instruments.
Central recording is connected to the telephone system via a trunk line. The author
can record, listen to playback, etc. Note that these dictation codes must be learned or
posted (and interpreted) to effectively use the telephone instrument. Interconnection
to the telephone system has the advantage of greater system ßexibility and wider sys-
tem access [than dedicated dictation setsÑsee item b)]. Telephone system intercon-
nection can allow off-site access.

d) Digital dictation systems. Most dictation systems supplied to health care facilities
provide close integration of record keeping and transcription control. Any dictation
piece can be accessed in any order. It can be identiÞed by doctorÕs name, dictation
type (priority), patient number, time entered, etc.

8.8.4 Design considerations for dictation systems

a) Dictation stations. The effectiveness of a dictation system will depend on both the
ßexibility of the system and on the way the staff uses the system. Simple systems,
effective training programs, and operator assistance help improve performance. Pre-
recorded instructions, available each time a system is used, will be useful where staff
may work at several facilities and might need a reminder of operating codes each
time they relocate.

Locate stations for convenience and so staff wishing to dictate can do so with access
to all relevant source material. This includes charting areas at nursing stations, oper-
ating and delivery suites, control areas, radiology reading rooms, and pathology anal-
ysis areas.

b) Portable recorders. Portable recorders must be compatible with central system tran-
scription machines.

c) Wiring. When the recording machines and supervisorsÕ console are in separate
rooms, cables are required to connect them. When the dictation system operates
through the telephone system, cable is required from the console and recorders to the
telephone switch or main distribution frame (MDF).

d) Power source. Although not directly tied to patient safety, dictation systems are nec-
essary for efÞcient facility operation. In many facilities, the dictation system is pro-
tected by an uninterruptible power supply (UPS) system to reduce the economic
impact of short power ßuctuations, which could interrupt dictation in progress. UPS
sizes for this application typically vary from 1.5Ð3 kVA.
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8.9 Patient physiological monitoring systems

8.9.1 Introduction

A patient monitoring system generally provides numeric and waveform displays of one or
more physiological parameters at the bedside and at a remote location. The system makes it
possible to provide continual monitoring of several patients from a central location for sur-
veillance and recording, increasing the quality and quantity of the information and thus
improving the care giverÕs ability to deliver appropriate care. These systems are typically pro-
vided in the ICU, CCU, recovery room [post-anesthesia care unit (PACU)], short-stay sur-
gery, and neonatal intensive care unit (NICU). Fetal monitors are typically installed in labor
and delivery suites. Some systems include telemetry for ambulatory patients.

The patient monitoring system consists of bedside monitors, a central station, optional remote
monitors, patient computer systems, and the interconnection hardware. Bedside monitors
acquire, process, and display patient parameters, such as the electrocardiograph (ECG); pulse
rate; respiration waveform and rate; blood pressure waveform(s) with systolic, diastolic, and
mean values; temperature; and oxygen saturation. They provide alarms for out-of-bounds
parameter values and may provide data storage and vital sign trend analysis. There are a vari-
ety of signals, such as the small, millivolt level ECG obtained through skin electrodes and the
transduced blood pressure (from a strain gauge excited by the monitor). The monitor may
also accept manually entered data obtained intermittently from other sources (e.g., cardiac
output). The bedside instrumentation may be a single device, but frequently is a collection of
devices. The monitor may be modular with some parameter modules inserted into the main-
frame as needed. The signal conditioning input device may be a separate, smaller unit con-
nected to the monitor with an umbilical cable, permitting it to be located close to the patient
or on the bed, with only one cable from the bed to the monitor.

The central station provides remote waveform displays, digital values (e.g., heart rate) and
alarms for several patients. Continuous waveform recording onto a paper strip can be initiated
manually and short recordings of ECG and perhaps other parameters are initiated by certain
alarm conditions. Many systems incorporate special- or general-purpose computer systems
for signal analysis, display, and report generation. These additional displays and printers may
be located at the central station while the computers may be remotely located. Signal trans-
mission in currently marketed systems is often digital.

The interconnection cabling can be a multiconductor for analog or digital signals or coaxial
for data or display. It connects the bedside instrumentation with the central station display,
the central-station special-purpose computer, or a network, depending upon the complexity of
the system. All of the elements of the system are interconnected, often by more than one sig-
nal cable and a separate power cable. There may be additional connections to other central
stations, to special-purpose computers (e.g., for arrythmia analysis of the ECG), to remote
displays, or to a patient data management network.
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8.9.2 Design criteria for patient physiological monitoring systems

8.9.2.1 General

Patient physiological monitoring systems as deÞned here include connection by cable or
telemetry to a central station and perhaps to additional instrumentation. Local bedside patient
monitors without connection to a central station may be found in a number of places in the
hospital, such as the emergency department, recovery room (PACU), delivery room, operat-
ing rooms, short stay surgery, and NICU. The bedside instrumentation may be connected at
the bedside to recorders or to other devices.

8.9.2.2 Telemetry systems

A telemetry system may be utilized for ambulatory patients. This type of system includes a
portable transmitter carried by the patient with antennas located throughout the area. A
receiver at the nursesÕ station processes the signal and displays the patientÕs heart rate.

If the hospital considers telemetry, the system supplier will generally make on-site Þeld
strength measurements to ensure adequate signal coverage. Each installation must be treated
on an individual basis as each hospital has speciÞc details of construction, placement of
walls, and location of electrical equipment along with other factors that can affect telemetry
signal reception.

8.9.2.3 Computers

Special-purpose computers are often a part of patient monitoring systems. Arrhythmia moni-
toring systems store a patientÕs heart rate on a hard disk and this information is continuously
updated and analyzed to detect abnormal changes in rhythm and heart beat parameters.
Future upgrades or replacement systems in larger or more sophisticated institutions will
include signal processing and interconnection to other systems. Adequate cooling, emergency
power, separation of circuits from sources of electrical noise, and grounding should be care-
fully considered. Signal junction boxes and conduit are often dictated by the particular sys-
tem and the location of the various components. Consultation with system suppliers is
recommended.

8.9.3 Design considerations for patient physiological monitoring systems

8.9.3.1 General

Technology is introduced and will be replaced several times during the life of the physical
plant. The number of circuits, location of receptacles, layout of signal conduits and raceways,
size of conduit and junction boxes and their location can make a signiÞcant impact upon the
initial installation and an even greater impact upon the future installations of monitoring sys-
tems. The design should include reasonable estimation of future electrical requirements and,
if possible, should minimize the downtime associated with replacement of the system or its
components.
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Although the power requirements and cabling sizes are reduced with modern digital systems,
the number of components and interconnections may be increased. Access to junction boxes
and the various components of the monitoring system is important for installation and main-
tenance. Hospital power systems are noisy, and separate circuits for the monitoring system
are considered good practice.

8.9.3.2 Location of equipment

Patient-monitoring central stations are usually located at the nursesÕ stations of the units
where central monitoring systems are installed. The central monitors and recorders are
usually located on or above the counter within easy view for continual monitoring. Larger
systems with several monitors may be built into custom casework.

Bedside monitors can be located on small tables, on mobile instrument carts for freedom of
movement to any desired location, or, ideally, on wall-mount brackets to keep the bedside
area as free of equipment as possible. Depending on the number of patients to be monitored
by the central station, the system control equipment may be located at the central station or in
a separate equipment closet.

Remote monitors may be wall- or ceiling-mounted at any strategic location in the room or in
medical staff ßow patterns, such as hallways, where monitoring of patient parameters is
desired. These allow observation of the patient parameters while staff members are away
from the central station.

8.9.3.3 Space requirements

A countertop or other suitable structure to support the equipment at the central station must
be provided. A minimum depth of 6 in (15 cm) from the rear of the instruments to the back of
the enclosure is required for ventilation and cable access. Ventilation requirements should be
discussed with equipment manufacturers. The structure should consist of a surface above and
behind the monitoring equipment for protection of the cables and equipment. Custom-built
enclosures are often available from the system supplier. Space for the system control equip-
ment and arrhythmia monitoring computer, if required, must be provided either at the central
station or in a separate equipment closet. For larger systems (34-bed unit) up to 80 ft2

(7.4 m2) of wall space with plywood backing and cooling capacity of 10 000 Btu/h may be
required.

8.9.3.4 Installation requirements

Physical space, power, and cooling requirements must be obtained from the system supplier
for each speciÞc installation. Interconnection requirements for the patient-monitoring system,
including sizes and types of raceways, cables, and terminating junction boxes at the bed loca-
tions and central station, should also be obtained from the system supplier. For most applica-
tions, a 2-gang-deep outlet box at each patient bed location with a single-gang coverplate
should be adequate. Verify with the system supplier whether the coverplates are furnished
with the system. Depending on the speciÞc-system requirements, a 0.75Ð1.25 in (1.9Ð3.2 cm)
raceway from the monitor outlet at each patient bed location to the system control equipment
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location should be installed. If the control equipment is located in a separate equipment closet
or room, additional raceways are required from the control equipment to the central monitor
station. Patient monitoring cables may also be run in a cable tray system. To avoid electrical
interference, the cables should be located at least 1 ft (0.3 m) away from power lines, air-
conditioning units, diathermy units, elevators, etc. The cables should be installed during the
construction project prior to the installation of the Þnished ceilings. For retroÞt installations,
surface-mounted raceways may be utilized for the interconnecting cabling. If the bedside
monitors are to be installed on wall-mounted brackets, adequate backing must be installed in
the wall to support the load.

For telemetry systems, signal transmission cabling from antennas and possibly power for
remote ampliÞers may require conduit for protection, ease of installation, and future changes
or for code compliance.

Coordination of the installation is of utmost importance as several different specialties are
involved in or affected by the installation of the monitoring system.

8.9.3.5 Power requirements

Each patient bed location should be provided with a hospital grade emergency power recepta-
cle located within 3 ft (0.9 m) of the monitoring equipment. In critical care areas, the recepta-
cle for the patient-monitoring equipment should be connected to the critical branch
emergency circuit dedicated to the bed location. Depending on the size of the system, four to
ten emergency duplex receptacles connected to the critical branch of the emergency power
system should be provided for the control equipment. It is recommended by some system
manufacturers that conditioned power be provided at this location. For computerized arrhyth-
mia systems it may be desirable to provide uninterruptible power for the central control
equipment. Multiple emergency receptacles are required at the central station sufÞcient for
the number of monitors and recorders to be installed at this location.

8.10 Emergency medical service communications

8.10.1 Introduction

Emergency medical service (EMS) is a system of trained personnel, transportation equip-
ment, and communications equipment that provides pre-hospital medical care to patients at a
remote accident scene and during transport to the hospital. Emergency transportation
includes ambulances, helicopters, and Þxed-wing aircraft. The communications equipment
can provide continuous voice communications and cardiac telemetering between the patientÕs
site and the hospital emergency room. The communications equipment may also be used to
coordinate the hospitalÕs participation in regional emergencies. The design, operation, and
control of EMS communication systems is usually set by state authorities. Special UHF
frequencies are set aside by the FCC Rules and Regulations, Section 90.53.
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8.10.2 Design criteria for emergency medical service communications

Whenever a health care facility is equipped for emergency care, the engineer should investi-
gate his responsibilities in installation of the EMS communications equipment. Close coordi-
nation with the equipment supplier is required.

8.10.3 Design considerations for emergency medical service communications

8.10.3.1 General

There are many different systems available to provide EMS communications, and the equip-
ment locations and power requirements can vary widely from what is described here. The
engineer should carefully investigate the system requirements for each design and ensure the
reliability of the power supply to this important system.

8.10.3.2 Emergency room control center

The console contains the radio transmitter and receiver equipment, as well as equipment to
display the physiological monitoring signals and to route the voice communications to tele-
phone lines.

8.10.3.3 Raceway for antenna conductors

The EMS antennas will normally be located on the roof of the health care facility and the
engineer must provide a raceway from the transmitter and receiver to the antennas. The engi-
neer should verify the maximum length of these cables for the system installed.

8.11 Clocks

8.11.1 Introduction

Clocks are required to provide accurate and reliable time indication for legal records, medical
procedures, and efÞcient and safe operation of health care facilities. Clock systems with auto-
matic hourly and 12 h time supervision and regulation features provide accurate and reliable
synchronized time indication. Individual non-self-regulating (non-system) type clocks will
usually provide reliable individual time indication.

8.11.2 Design criteria for clocks

Clocks are required by health facility regulations.

8.11.2.1 Clock locations

Clocks should be provided in lobbies, waiting rooms, cafeterias, staff lounges, ofÞces, central
control centers, and elsewhere where time indication is appropriate. Clocks with a sweep sec-
ond hand shall be located in nursesÕ stations, recovery rooms, scrub sinks, birthing rooms,
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emergency treatment rooms, intensive care rooms, coronary care rooms, operating rooms,
and nurseries. Elapsed time clocks may be required in emergency, surgery, and delivery
suites, depending on staff requirements.

8.11.2.2 Individual clocks

Individual non-self-regulating (non-system) type clocks will usually furnish reliable individ-
ual time indication; however, they have the inherent disadvantage of nonsynchronization and
they must be individually hand-set twice a year for daylight savings time changes as well as
following power outages. They are recommended only for public areas, ofÞces, and general-
care patient rooms. There are two types of individually powered clocks: one type plugs into a
120 V, 60 Hz receptacle and the other type is battery-operated. Battery-operated clock prices
are decreasing, and this fact, coupled with mobility, accuracy, and long battery life, makes
battery-operated clocks acceptable. The disadvantages are the cost of replacing the batteries
and their not being designed for heavy-duty cleaning. Many battery-operated clocks are pro-
vided with a quartz crystal regulated motor to provide higher accuracy and longer battery life.

8.11.2.3 Elapsed-time clocks

Recently, digital direct-read displays have become popular, but often these are too small for
across-the-room reading. If the readout is large enough [1 in (2.5 cm) is acceptable; 2 in
(5 cm) is recommended], digital direct-read displays are preferred over analog dial clocks in
the operating and delivery rooms. Digital direct-read clocks are manufactured to utilize two
types of displays: LED and LCD. The LCD has the advantage of being more legible from an
angle view, but can only be manufactured up to 2 in (5 cm). The LED can be manufactured to
virtually any size [2Ð4 in (5Ð10 cm) is typical], but is not easily readable from an angle view.
The time clock should have the capability of immediate automatic time correction in the
event of power interruption. The elapsed-time clock is controlled from a control panel, with
settings for start, stop, and reset from zero or resumption. It is desirable to have both upcount
and downcount timer capability with audible signal option at the end of downcount.

8.11.2.4 Clock systemsÑgeneral

The centrally controlled clock system approach provides the advantages of synchronized,
accurate time indication throughout the building and allows quick resetting of all clocks for
daylight savings time changes or after a power failure.

Clock systems can also be a source of control signals for time-of-day control of building sys-
tems, such as heating, ventilating, and air-conditioning (HVAC) and exterior lighting. The
clock system control unit serves the function of a number of individual time clocks in this
mode. Where employee shift changes are supervised by attendance recorders, the recorders
may be connected to the clock system to provide accurate operation at the recorders. Time
stamps may also be connected to the clock system.
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8.11.2.5 Clock systemÑwired

There are three types of direct-wired systems: minute-impulse, synchronous, and binary
coded decimal (BCD). Minute-impulse systems are obsolete. Wired synchronous systems
require three conductors to be run from the master controller to all of the secondary clocks,
with the clocks wired in parallel. The three conductors are labeled clock power, correction,
and common; and system voltage is either 120 V, 60 Hz or 24 V, 60 Hz. BCD systems trans-
mit a digital signal to synchronize digital clocks and computer systems via an RS-232 port
connection.

8.11.2.6 Clock systemÑcarrier current

This system requires connection only to a suitable 120 V, 60 Hz electric circuit, usually the
nearest unswitched duplex receptacle circuit. Automatic individual self-correction is pro-
vided by carrier current transmitted over the building secondary electrical distribution sys-
tem. The costs of carrier frequency signal generator equipment makes its use economical
only for medium to large facilities and remodels. Sometimes the carrier current causes inter-
ference with other systems. For systems having over 100 clocks, where either a wired syn-
chronous or carrier current system is acceptable, the engineer could show the wired type on
the drawings and provide the nonwired type as an alternate. For systems of over 100 clocks,
the carrier current type system is recommended.

8.11.3 Design considerations for clocks

8.11.3.1 Size and mounting

Clocks are available in a wide variety of sizes, face styles, enclosure styles, and mounting
methods. The clocks are most commonly mounted on the wall in a semi-ßush or surface-
mounted conÞguration. In either case a ßush outlet box is supplied with the clock to support
the clock and to accommodate a concealed attachment plug and receptacle to allow quick dis-
connection of the clock wiring. The plug and receptacle are three-wire grounding type for
carrier current systems, but direct-wired system clocks require four-wire grounding type
plugs and receptacles.

Clock sizes are determined by maximum viewing distances and relations to architectural
designs. Minimum recommended sizes are listed in table 8-1.

Table 8-1ÑClock sizes

Viewing distance
ft (m)

Clock diameter
in (cm)

100 (30) 12 (30)

150 (46) 15 (38)
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8.11.3.2 Clock system control unit

The clock system control unit contains the time base for the clock system. The time base is
usually a quartz crystal oscillator, which is either synchronized with the 60 Hz power line, or
is a completely independent, temperature-compensated oscillator. The signal from the oscil-
lator is used to drive either a master synchronous motor or a microprocessor-based computer.
In the mechanical-motor-type units, which are no longer manufactured but found in many
existing hospitals, the system control signals are regulated by the rotation of the motor. The
microprocessor-based units generate control signals using solid-state counting and signal
generation circuits.

One of the main functions of the master control unit is correction of secondary clocks that are
displaying the incorrect time due to power failure or changing to or from daylight savings
time. Synchronous wired and carrier-frequency-type systems will provide up to 59 min slow
and 55 s fast correction at the end of each hour, and will fully correct the clocks within 12 h.

The master time control unit should be provided with a standby feature to ensure retention of
the master time during power outages. This device may be either a spring motor or internal
battery and should be capable of retaining the master time for a minimum of 12 h.

8.11.3.3 Cable plant

The synchronizing signals originated by the master control unit are conducted to the second-
ary clocks either by direct (dedicated) wiring or by carrier current signals over the 120 V,
60 Hz building secondary electrical distribution system. If a carrier current system is
selected, the engineer should investigate possible interference with medical instruments and
monitors caused by the high-frequency carrier current signal. Medical instruments may also
backfeed a frequency on the power distribution system, causing the secondary clocks to mal-
function; therefore, highly sensitive receivers should be used.

8.12 Fire alarm systems

8.12.1 Introduction

Fire alarm systems for health care facilities ideally should provide early detection; accurate
location of the alarm origin; Þre department notiÞcation; and automatic control of the HVAC
systems; elevators and other building systems necessary to make the building safer for its
occupants. The engineer must ensure that the Þre alarm system is designed to initiate a
planned response by the staff and the Þre brigade without disturbing patients unnecessarily.
The Þre must be placed under control quickly, because evacuation of seriously ill patients is
not always possible.

8.12.2 Design criteria for Þre alarm systems

Fire alarm systems are required by life safety regulations. The engineer should meet with the
local Þre marshal to determine the legal Þre alarm requirements. Although beyond the scope
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of this standard, building codes require compartmentalization, ÞreprooÞng, and sprinklering
as essential to adequate Þre protection in health care facilities. The electrical engineer is not
charged with the responsibility for designing architectural, structural, and Þre suppression
systems, but he must integrate the Þre alarm system design with the overall Þre protection
plan.

Three building codes generally are used on a wide basis:

Ñ Uniform Building Codeª. Used by most cities west of the Mississippi.

Ñ Basic National Building Code [B2]. Used by many jurisdictions east of the Missis-
sippi River.

Ñ Southern Building Code [B11]. This covers most areas in the southeast.

The basic standards of the Þre alarm industry are National Fire Protection Association
(NFPA), UnderwritersÕ Laboratories (UL), and Factory Mutual (FM). UL and FM standards
are equipment testing standards that are used to determine if equipment meets the functional
and operational requirements of the appropriate NFPA standards, and to determine that the
equipment does not present a safety hazard if properly installed and maintained.

The following standards provide appropriate guidelines for the application, installation,
maintenance, and use of Þre-protective signal systems:

Ñ NFPA 72-1996
Ñ NFPA 90A-1996
Ñ NFPA 101-1994
Ñ ASME A17.1-1993
Ñ CABO/ANSI A117.1-1992

In addition to codes, the following factors should be considered when designing Þre alarm
systems:

a) A high percentage of patients in acute care hospitals are not ambulatory. Almost all
patients will require staff assistance for relocation or evacuation.

b) Most hospital patients are in a weakened condition, and many have some cardio-
pulmonary deÞciency. Therefore, the effect of smoke inhalation can be devastating in
terms of loss of life.

c) Panic or stress resulting from a poor Þre management plan can cause shock, heart
attack, and strokeÑparticularly in the critical patient.

d) Heat from the Þre or even the absence of environmental systems can jeopardize the
sick patientÕs life. Extremes of temperature are particularly threatening to the criti-
cally ill or postoperative patient.

e) Ambulatory patients may be sedated and may not be able to evacuate or relocate
themselves.
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f) The high incidence of plastics, volatile liquids, and other combustibles in a hospital
present a unique hazardÑthat of supporting combustion and often producing toxic
gases.

g) At any given time, a signiÞcant percentage of patients cannot be relocated or evacu-
ated, because they are undergoing surgery or some other invasive procedure. For
example, a 300-bed hospital can have as many as 30 such patients during a typical
morning.

h) The presence of data processing, biomedical, radiological, and other electrical and
electronic equipment presents a two-fold problem. First, these items, because of their
high use of electricity and combustibles, increase the chances of Þre. Second, when a
Þre starts, the loss of critical, sophisticated, and expensive equipment can be a major
Þnancial loss.

i) Health care facilities have a high incidence of low property damage Þres that
nevertheless result in loss of lives.

j) About half of all hospital Þres begin in service areas such as kitchens, general stor-
age, maintenance areas, etc. Fires in patient care areas are most likely to occur in
patient rooms.

k) Finally, the Americans With Disabilities Act of 1991 (ADA) contains requirements
for device location and alarm intensity (audible and visual).

8.12.3 System types and selection

8.12.3.1 Hardwired

A hardwired Þre alarm system consists of a single control panel from which radiate all the
buildingÕs initiation and control circuits. Each initiation circuit may be one-pair of conductors
(single-loop circuit) terminating in an end-of-line resistor, or two pairs of conductors in sepa-
rate conduits from the control panel, i.e, a reversible or double-loop circuit. Each initiation
circuit may contain one or more initiation devices, activation of any one of which will initiate
an alarm from that ÒzoneÓ (or area) circuit. A typical installation of such a system will
include one or more Þre alarm zones, each with a one-pair detector circuit and a one-pair cir-
cuit for each pull-station, duct smoke detector, ßow switch, and tamper switch. Control cir-
cuits do not need to be zoned, and may be wired to the limits of the system. (See 8.12.4.13.)

Such systems may use mechanical (relay) or solid-state components (older systems in exist-
ing buildings), or microprocessors. Microprocessor controls allow for the use of addressable
initiation devices, so that a large number of such devices may be wired to the same circuit,
and activation of any device will result in alarm from that device in lieu of from that circuit as
with traditional non-addressable type systems.

In selecting a microprocessor-based system versus a hardwired solid-state system, the engi-
neer must carefully consider the economics in wiring and precision in alarm location an
addressable system offers, as opposed to the extra costs of the addressable initiating devices.
Very often, a simple, solid-state, hardwired system is the most cost-effective system.
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8.12.3.2 Multiplex

When Þre alarm systems are combined with emergency communication and other non-Þre-
related systems, the number of conductors needed to interconnect all the system components
is greatly increased. This has resulted in sharply escalating installation costs. Multiplex sys-
tems offer a means of reducing the installation costs, though some of the savings are offset by
increased equipment complexity and cost.

Multiplex systems use microprocessor technology to poll various groupings of initiation cir-
cuits. Instead of requiring a set of conductors for each alarm initiation circuit, a multiplex
system requires a single set of conductors to a remote data gathering panel, which, in turn,
serves a number of its own alarm initiation circuits regardless of the number of circuits or ris-
ers in the data gathering panels zone(s). In addition to reducing the number of conductors
required, a multiplex system also simpliÞes the method of wiring. Instead of requiring, for
the purpose of supervision, that all the wiring for a single zone be installed in one continuous
loop without any parallel branching, a multiplex system can be installed using parallel
branching at any convenient location. This is made possible because NFPA codes only permit
the use of active multiplex systems which report continually the status of each device on a
zone within prescribed time intervals, eliminating the need for the conventional method of
continuous supervision. Refer to NFPA 72-1996 for requirements.

Because many initiating devices in a multiplex system share a common transmission path and
each device transmits its status sequentially, it is not always possible for a change of status
indication to be received immediately at the control panel. Codes permit a delay from the
time a Þre is sensed by an initiating device until it is displayed at the control panel. Since
requirements can vary with each application, the acceptability of the system delay time
should be determined before a particular system is speciÞed or accepted.

Because multiplex systems offer the advantages of lower installation costs, a greater variety
of features, and computer compatibility, they are being used extensively in all types of build-
ings and should be given consideration in systems with more than 15 zones.

8.12.3.3 Combination systems

Codes now permit Þre alarm systems to be combined with other systems not related to Þre
emergencies. These include security, building management, and combination communica-
tions/Þre alarm systems. When these systems are used, Þre alarm signals must be clearly rec-
ognizable and must take precedence over any other signal, even though the nonÞre alarm
signal is initiated Þrst. The nonÞre alarm functions of the system cannot degrade the integrity
of the Þrst alarm functions. Circuits and components that are common to Þre alarm and non-
Þre alarm functions shall be installed and supervised in accordance with Þre alarm system
standards. Combination systems must be listed by a nationally recognized testing laboratory
for Þre alarm use. When combination systems can meet the above requirements, signiÞcant
cost savings can be realized when the systems are installed. Because of the importance of the
Þre alarm system for life safety and property protection, combination systems should be
installed and serviced by trained Þre alarm personnel.
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8.12.4 Design considerations for Þre alarm systems

8.12.4.1 General

Both manual and automatic Þre alarm initiation should be used in health care facilities. The
complete system should consist of ceiling or spot-type smoke detectors, duct-type smoke
detectors, manual stations, and sprinkler water ßow switches. Heat detectors are used selec-
tively in place of smoke detectors where conditions may tend to cause a false alarm from
smoke detectors.

8.12.4.2 Smoke detectors

In terms of sensitivity and number of devices, the smoke detector is the Þrst line of defense in
a health care facility. Ceiling detectors should be provided in corridors, and spaced no more
than 30 ft (9.1 m) apart or more than 15 ft (4.6 m) from any wall. Various building and NFPA
codes govern spacing at doors and dead ends. Corridor detectors serve two purposes. They
control the operation of cross-corridor smoke doors, and they provide hospital-wide cover-
age, detecting smoke from adjacent spaces. Since Þre and health codes ensure that no area
will be far from a corridor, all spaces are near a detector. In addition to corridors, smoke
detectors should be used in high Þre risk areas where false alarms are not likely, in areas
requiring very early detection such as medical records, electrical rooms, and computer rooms,
and in areas without sprinkler heads. As mentioned before, health care facilities should be
sprinklered, but sometimes sprinklering areas such as ICUs, electrical rooms, or radiology
rooms may be unwise, as an accidental discharge may jeopardize patient safety or expensive
equipment. In these areas, the engineer should consider using a smoke-detector-operated pre-
action sprinkler system. Similarly, provisions in ASME A17.1-1993 require that power to ele-
vator equipment must be disconnected before the application of water to an elevator equip-
ment room. In this case again, a smoke- or heat-detector-operated pre-action sprinkler system
should be used.

The Uniform Building Codeª (1994, Section 308.10) requires a smoke detector in each
patient sleeping room of hospitals and nursing homes with annunciation at the local nurse
station. Other codes often permit smoke detectors in patient rooms, at smoke barrier doors,
and at horizontal exits to be used in lieu of corridor detectors on patient sleeping room ßoors.
When door closers are required, smoke detectors can be provided as a part of a combination
holder/closer.

Suppliers of photoelectric-type and ionization-type smoke detectors have long debated the
advantages and disadvantages of their detectors for health care facilities. Accepted wisdom
has been that hot, invisible products of combustion are detected faster by ionization detectors,
and cold, visible smoke from a slow, smoldering Þre is detected better by photoelectric detec-
tors. Photoelectric-detector suppliers argue that Þres likely to occur in hospitals are of the
slow, smoldering type. They also contend that photoelectric detectors are best in large build-
ings where smoke cools when it must travel great distances before detection. It is accepted in
the industry that false alarms from ionization detectors are more likely to occur from cooking
fumes, ozone produced by electrical arcing, steam, and engine exhaust. UL 268-1989 now
requires all detectors to pass the same Þre tests including the slow, smoldering Þre test origi-
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nally used only to test photoelectric detectors. This has improved the performance of the ion-
ization detectors, but for some models it has made the detector even more sensitive and
subject to more false alarms. Suppliers of ionization detectors argue that quick-burning Þres
are more dangerous and do not produce the visible products of combustion needed for photo-
electric-detector operation, making their ionization detector the logical choice. Combination
photoelectric/ionization detectors are available. The speciÞer should make the choice based
on the above factors, local and state requirements, and the requirements of the particular
facility. Detectors selected for use in health care facilities should be listed under UL 268-
1989.

8.12.4.3 Door closers

The use of closers on patient room doors is a controversial issue. The Basic National Building
Code [B2] now allows their use in order to meet the requirements for detectors in the patient
room, though the issue continues to be debated (see the Basic National Building Code,
1610.6.1). The use of closers almost demands that holders be provided, because nurses can-
not function with all patient room doors closed at all times. If closers are required, detector
control of closers can be handled in a number of ways:

a) The smoke detector can be installed as an integral part of the holder/closer. This loca-
tion permits detection of smoke in both the room and the corridor, but its position
makes for poor detection in either case.

b) A smoke detector can be installed in the patient room. If a Þre starts in the room, the
door closes and a general Þre alarm is initiated, but without annunciation (usually at
the nursesÕ station or over the door) the location of the Þre cannot be quickly deter-
mined and the patient can be asphyxiated before the Þre is discovered. This repre-
sents a sacriÞce of the patient to impede smoke spread to the corridor. Individual
annunciation of each patient room is an alternative and can be provided by address-
able-type devices.

c) Holders can be operated from corridor smoke detectors by zone or by individual
detectors. Another alternative is to close all patient doors in the building for any gen-
eral alarm. However, if all doors are closed, a problem with evacuation and relocation
of patients is also created.

Because all of the above methods are unsatisfactory, door closers are not recommended for
patient rooms, unless in a jurisdiction requiring them under the Basic National Building Code
[B2]. Patient room detectors offer an additional measure of protection at increased cost. Cor-
ridor detectors, Þre-rated trash cans, noncombustible mattresses and Þxtures, and vigilant
supervision by the nursing staff may provide adequate protection against the patient room
Þre.

8.12.4.4 Heat detectors

Heat detectors should only be used in lieu of smoke detectors in places likely to provide false
alarms due to the normal occurrence of combustion products. The designer should keep in
mind that sprinkler heads operate only a little slower than heat detectors and, in addition to
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extinguishment, provide alarm initiation and general location annunciation through ßow
switches. The only advantage added by the heat detector is that it can provide better annunci-
ation. Heat detectors, ßame detectors, and other special detectors are not used extensively in
fully sprinklered facilities.

8.12.4.5 Sprinkler system water ßow switch

In a fully sprinklered facility, the next line of protection is provided by sprinkler water ßow
switches. The importance of ßow switches comes from the fact that virtually every space in
the building has a heat-actuated sprinkler head. The only difÞculty in using the sprinkler sys-
tem to initiate an alarm, is in providing accurate location annunciation. For several reasons,
sprinkler zones may not always coincide with Þre alarm or building zones and smoke and Þre
compartments. Often, sprinkler systems are hydraulically calculated by the Þre protection
contractor and zoning becomes a matter of optimum water ßow and lowest cost, rather than
building geography. If sprinkler zones and other zones do not coincide, the engineer should
ensure that

a) The sprinkler zone on the annunciator coincides with locations of the heads moni-
tored by the ßow switchÑnot the location of the ßow switch itself. Sometimes, the
sprinkler ßow switch and the sprinkler heads it monitors are not located in the same
area.

b) The limits of the sprinkler zone are properly identiÞed. In all cases, coordination is
required among subcontractors to ensure the proper location of annunciation for
alarms initiated by the sprinkler system.

8.12.4.6 Duct detectors and fan shutdown

Air-conditioning and ventilating systems can potentially transmit smoke, toxic gases, and Þre
from one building compartment to the other. They may also provide oxygen to sustain com-
bustion. For this reason, duct smoke detectors are generally installed in HVAC ducts to auto-
matically initiate the exhaust of smoke-laden air or to shut down air-handling equipment and
to provide an additional measure of detection. Duct detectors are required in supply and
return plenums of air-handling units 2000 ft3/min (566.4 m3/min) capacity or larger but can
be omitted in systems of less than 15 000 ft3/min (4248 m3/min) capacity under certain con-
ditions. The primary purpose of duct detectors is to ensure that smoke-Þlled air is not recircu-
lated by air-handling equipment. These detectors should also be tied into the Þre alarm
system to initiate a general alarm. A large amount of smoke is generally required to activate a
duct detector, because the smoke-Þlled air entering the duct from the Þre area is mixed with,
and diluted by, large volumes of clean air entering the duct from other areas. To provide
appropriate warning, then, duct detectors should be used in addition to a complete area-
smoke-detection system, never in lieu of it. Duct detectors should be installed in the return
duct at a location before the return air is exhausted from the building or mixed with outside
air. Duct detectors in the main supply duct should be installed downstream from the last Þlter
(to detect smoke from a Þlter Þre) and upstream from humidiÞers (to prevent false alarms).
Some local or state authorities require additional detectors in the duct system to detect smoke
before it is diluted. Additional supply duct detectors provide little or no additional protection
and are not recommended. Additional detectors in the return ducts can provide additional
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protection when installed at dampers or other strategic locations to detect smoke near the
source before the air is diluted by air from collateral ducts. Although providing an additional
measure of protection, the additional detectors are not usually worth the additional invest-
mentÑparticularly in a fully sprinklered building or in a building with area smoke detectors
mounted on 30 ft (9.1 m) centers in the corridors. Most codes dealing with duct detectors in
the duct system (not at air units) are not speciÞc and only imply intent. Therefore, local inter-
pretations vary widely.

All detectors (both duct and area) in a system should shut down all fans and close all dampers
in the affected zone. That is, facility-wide fan system shutdown is not recommended. HVAC
systems not only provide heating and cooling, which are especially important to critical
patients, but also humidiÞcation and proper air balance, which are crucial to infection control.
Moreover, parts of the facility not directly affected by the Þre must continue to function nor-
mally as patients are relocated and efforts are made to control the Þre. The simplest and a reli-
able mechanism for this purpose is a pneumatic/electric valve used to close pneumatic smoke
dampers. The control panel includes wiring and modules to initiate control functions, and this
shuts down the fans and closes the smoke dampers. When the fans shut down, they de-ener-
gize the pneumatic electric (PE) valve and the dampers close. If the dampers are electric, wir-
ing must be provided from the fan to each damper.

8.12.4.7 Smoke evacuation systems

Smoke evacuation systems are becoming increasingly popular in commercial and institu-
tional buildings. These systems use return and exhaust fans to evacuate smoke-Þlled air with
the outside air dampers fully open to provide makeup air. Such systems are not usually appro-
priate for health-care facilities (unless required by state or local codes) for the following
reasons:

a) Patients may be subjected to sudden, signiÞcant changes in temperature from the
outside air. As mentioned earlier, the lives of critically ill patients may depend upon
favorable environmental conditions.

b) Extremely cold, outside air can freeze coils in the duct systemÑespecially cooling
coils unless the cooling coils utilize a glycol mixture.

c) Smoke evacuation systems tend to complicate the HVAC control system.

d) Additional generator capacity may be required to serve the fan loads.

Should such a system be required, warnings about subjecting patients to cold outside air and
the potential for freezing the coils should be included on the smoke evacuation control panel.

8.12.4.8 Manual pull station

Manual pull stations provide the Þnal measure of protection in a Þre detection system. In
addition to those placed at exits and in corridors as required by codes, manual stations should
be provided at all nursesÕ stations. Usually, the nurse will see Þre or smoke in the patient care
area, or become aware through a call over the nurse-call system. Since the staff must assist
patient evacuation, there is no time to walk to an exit door in order to initiate an alarm.
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In addition to exits and nursesÕ stations, pull stations should be installed so that horizontal
travel distance to a pull station is never more than 200 ft (61 m). Breakglass stations (stations
with a glass restraining rod), double-action stations, or covers over stations may be used in
public areas as a deterrent to false alarms. Recent requirements for the handicapped prohibit
mounting manual stations out of the reach of children.

8.12.4.9 Alarm signals

When a Þre activates the detection system, it will initiate alarms, both audible and visual.
Visual systems consist of ßashing ÒÞreÓ lights, and ßashing exit signs (CABO/ANSI A117.1-
1992). Audible alarm signals can be chimes, small bells, or electronically generated sounds
such as the slow whoop. The slow whoop is not recommended for health care facilities
because it can frighten patients. Since the Þre alarm signal is primarily used to initiate a
planned response by the staff, the alarm must be heard in all parts of the building, including
mechanical rooms. The requirement might mean the use of different types of audible signal
devices in different locations (for example, chimes in nursesÕ stations, horns in mechanical
rooms). However, some authorities require the alarm sound to be the same throughout the
system. The engineer should also consider that horns in mechanical areas adjacent to patient
care areas may alarm patients unnecessarily. With more reliance being placed on automatic
detectors instead of manual stations, the trend in recent years has been away from coded Þre
alarm systems. Automatic detectors were traditionally coded by zone using transmitters
located in the system control panel. Manual stations usually generated a coded signal
mechanically utilizing a coding mechanism located within the station. Coded systems require
more maintenance than noncoded systems and are more expensive. Some Þre alarm engi-
neers and facility personnel still feel a coded system can save additional seconds in respond-
ing to a Þre because a coded alarm system permits the Þre brigade to dispatch immediately to
the affected area without waiting for a call from the telephone operator or for paged instruc-
tions. All things considered, however, the coded system is not recommended for most health
care facilities, particularly if there are more than 10 Þre alarm zones. Current microprocessor-
board systems are capable of generating codes, but these systems should be used with general
alarms, and voice paging to locate alarms. Instead of relying on coded signals to inform the
Þre brigade of the Þre location, these systems generally use a continuously monitored annun-
ciator. The annunciator station has access to telephone, paging, or other communication sys-
tems to inform the Þre brigade and others of the Þre location. Normally, persons responsible
for evacuation of patients and in-house Þre suppression can be notiÞed within seconds after
an alarm is received. Note that both alarm device location, and alarm device requirements
(sound pressure, visual intensity) must be in accordance with standards in the Americans
With Disabilities Act [B1].

Presignal, zoned voice alarm, and other systems which do not provide facility-wide general
alarm signals are not recommended for health care facilities. These systems may be consid-
ered for the campus-type facility where there is no chance of a Þre spreading from building to
building. Facility-wide alarm signals may also be undesirable in the extremely large facility
where the number of occupants makes the building-wide evacuation or relocation of patients,
visitors, and staff undesirable or the sheer number of automatic devices makes the incidence
of false alarms high. The decision to go with something less than a facility-wide general
alarm is one that must be taken up with inspection authorities and accreditation agencies.
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Presignal systems are no longer common, but voice alarm systems that automatically direct
prerecorded messages to selective parts of the building are becoming increasingly popularÑ
especially in high-rise buildings. Most building codes require voice alarm systems for high-
rise business and residential occupancies, but do not require them for high-rise institutional
occupancies. The voice alarm is intended to relocate or evacuate occupants of a large building
one, two, or three ßoors at a timeÑthus avoiding a panic situation in crowded stairwells. In
order to facilitate fast response by a Þre brigade, a software-coded voice-splicing system can
be utilized. The system will automatically provide discreet location information via the sys-
tem speakers (i.e., ÒDr. Firestone: Respond to the fourth ßoor, east wing.Ó). A voice alarm
system also assumes that the buildingÕs occupants can respond to voice instructions under
their own power, which is not true for health care facilities. Since patients must rely on staff
help to relocate or evacuate, voice alarm systems are not always recommended for health care
facilities that have an adequately trained staff and a well-maintained paging system. If the
paging system is used to broadcast instructions during a Þre situation the engineer should ver-
ify that paging speakers are located in all areas of the facility.

8.12.4.10 Elevator control

Standards for elevator installations in multistory buildings that require that the elevator
controller be interlocked with the Þre alarm system to provide elevator recall. Although these
standards intend for the elevator to be controlled by elevator lobby smoke detectors, many
authorities require elevator recall to be initiated by any general Þre alarm. As stated before,
health care facility Þres are unique in many ways. The Þre brigade attempts to control the Þre
while relocating patients to safe areas of the hospital. Although a Þre may be burning in one
wing of the hospital, operation of the hospital must continue in other areas. Elevators can be
very useful in relocating patients and dealing with other emergencies. So, the automatic
controlling of elevators from the Þre alarm control panel on any general Þre alarm is not
recommended, but may be required by code.

Requirements for a vertical Þre alarm zone, incorporating all of the upper (second ßoor and
above) ßoor lobby smoke detectors for a particular elevator bank are frequently encountered.
With all lobby detectors on a single initiating circuit, elevator recall can be indicated on the
Þre alarm annunciator. However, the ßoor of the Þre would not be known unless adjacent
smoke detectors sense the Þre and make the proper annunciation. Therefore, the vertical zone
is not recommended unless other detectors connected to the ßoor zone are installed in the
vicinity of the elevator lobby to provide ßoor annunciation. An alternative to the vertical zone
would be to use lobby detectors with auxiliary relay contacts and to place each lobby detector
on the same zone with other detectors on that ßoor. Each lobby detectorÕs auxiliary relay con-
tact would be used for elevator recall. These contacts are connected in parallel with two wires
connected to the elevator bank control circuit.

Elevator control systems should be designed so that smoke detected on any upper ßoor will
cause the elevator control circuit to go into the recall mode. All elevators in the elevator bank
return to the ground ßoor and cease operation with the doors open. The elevators can only be
returned to operation by means of a ÞremanÕs key. If an elevator is on an upper ßoor when the
sequence begins, its door closes and will not be permitted to open until the elevator reaches
the ground ßoor. The car will also stop on the second ßoor if a Þrst ßoor lobby detector
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senses smoke. The system will stop the car on the third ßoor if the Þrst and second ßoor
lobby detectors sense smoke, and so forth.

8.12.4.11 Emergency communication systems

Emergency communications systems can be useful in high-rise health care facilities. These
systems usually consist of a central control station, usually located on the ground ßoor, porta-
ble telephones, and strategically located telephone jacks for ÞremenÕs use in stairways, at exit
doors, at sprinkler system valves, and at hose connections. In addition, a corridor and lobby
paging system is used for transmitting ÒliveÓ or prerecorded messages to the building occu-
pants. These systems are generally required by building codes for high-rise residential and
business occupancies. Although they are not always adopted for institutional occupancies,
state authorities frequently require them. These systems can be a valuable tool for ÞreÞghters
if the ÞreÞghters desire to use them and are properly trained in their operation.

8.12.4.12 Annunciation

A zoned, backlighted, graphic, or VDT annunciator should be installed where it can be moni-
tored 24 h/day. This location will usually be the telephone operator location, a nursesÕ station,
or a security ofÞce. This location should have access to a telephone and a paging microphone.
Duct detectors for each fan system, each manual station, and each sprinkler water ßow switch
should be separately zoned and annunciated by a separate light on the annunciator. Smoke
detectors should have a light for each building zone as a minimum. Graphic annunciators are
preferred if the graphics are prepared with sufÞcient detail and areas of the facility are prop-
erly labeled. Graphic annunciators can be confusing if sufÞcient detail is not included or if
the person doing the monitoring is unfamiliar with the facility layout. Graphic annunciators
tend to be more expensive than backlighted annunciators and are difÞcult and expensive to
modify when expanding the facility or changing the Þre alarm system. If zones are properly
labeled, backlit annunciators are adequate for most health care facilities.

8.12.4.13 System integrity

Applicable codes address protection and supervision requirements, so they will not be
discussed in this standard in detail. It should sufÞce to say that all alarm-initiating and alarm-
indicating circuits must be supervised to detect a single ground or open fault in the circuit
wiring that would interfere with normal operation. Most hardwired Þre alarm systems used
today utilize single-loop circuits (previously known as Class B circuits) that may not be capa-
ble of initiating or sounding an alarm when the initiating or indicating circuit is in a ÒtroubleÓ
condition. Double-loop circuits (previously known as Class A circuits) are designed to deliver
alarms even with a single grounded or open conductor and are therefore recommended. This
is generally accomplished by using special zone modules in the control panel and looping the
circuit conductors back to the control panel instead of terminating it with an end-of-line resis-
tor after the last device.

Health care facilities generally have a large number of area type smoke detectors on ceil-
ingsÑespecially in corridors. Single-loop initiating circuits go into trouble (from an open cir-
cuit) when a smoke detector is removed and may not be able to initiate a Þre alarm signal.
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This is of particular signiÞcance if initiating circuits combine several types of devices, such
as smoke detectors, pull stations, and ßow switches. In a large hospital, there is high probabil-
ity that at any given time a detector will be out for repair or a circuit will be in a trouble
alarm. Combining devices can mean that all alarm-initiating devices in a particular building
zone may be incapable of initiating a Þre alarm signal when that zone is in trouble. It is
recommended that each type of device within each building zone be placed on a separate ini-
tiating circuit, so a trouble condition on one circuit will not affect the operation of other types
of devices in that part of the building. If devices are to be combined, it is recommended that
double-loop circuits be installed.

It is recommended that different types of devices within each building zone and each sprin-
kler system valve status switch be placed on individually supervised circuits with individual
location annunciation. This will increase the speed with which the staff can respond to a trou-
ble condition.

If an annunciator is required to be installed by the authority having jurisdiction, the annunci-
ator must be fully supervised. Supplementary annunciators are not required to be supervised.

8.12.4.14 Power supply

Fire codes require that all Þre alarm systems have a primary power supply and a trouble sig-
nal power supply (usually taken from a different phase of the power system from the primary
power supply using two single-pole circuit breakers). If systems are used to automatically
notify the Þre department, a secondary power supply shall be provided and sized to operate
under normal load for 60 h. Codes for health care facilities require the Þre alarm system to be
connected to the life safety branch of the emergency system, which is supplied by the primary
and secondary power sources. When this is done, batteries are not generally required. Since
there is some controversy concerning the need for batteries with generators, the designer
should check with the authority having jurisdiction. If batteries are required, they must have 4
h capacity.

8.13 Security systems

8.13.1 Introduction

Electrical and electronic devices that provide monitoring and security detection are used pri-
marily to supplement passive physical and staff monitoring provisions. Intrusion devices are
used to monitor the security of property within the facility in areas where high risk of theft is
probable, as well as to protect from staff leaving through unmonitored exits. Current codes do
not require security systems, but they may be justiÞed for personal safety of staff, patients,
and public (in parking garages for instance) and to reduce property loss.

8.13.2 Design criteria for security systems

The following devices are elements that may be combined into a hospital facility security
system:
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a) Metal-detection system. These systems are intended to prevent inadvertent or pre-
meditated loss of valuable hardware, instrumentation, movable equipment, etc.,
which may be intermixed with soiled linen or with refuse that is being removed from
a facility. These systems use metal detection, x-ray, or other detection systems at all
loading (discharge) platforms to screen all carts or material-handling equipment leav-
ing the facility.

b) Intrusion-detection system. This equipment should be considered for pharmacy dis-
pensing areas, drug vaults, narcotic cabinets, radiology, silver recovery, bulk storage
rooms, gas storage rooms, cashiers, emergency exits, and medical records. Movable
protection devices can be any number and kind of security sensors that are removed
from their circuit during times the protected area is occupied. This is done so that
they do not constantly signal the presence of authorized personnel working in the
area. Such devices may include switches on doors, relay contacts of motion detectors,
capacitance detectors, photoelectric beams, or pressure mats, etc. Intrusion detectors
should have the following features:

1) An internal, automatic-charging dc standby power supply with primary ac
power operation.

2) A remote, key-operated activation/deactivation switch installed outside pro-
tected areas adjacent to the room entrance door frame.

3) An integral capability for the attachment of wiring for remote alarm and intru-
sion indicator equipment (visual or audio) to provide annunciation at a security
ofÞce or central control center.

Where security systems affect personnel safety or protect valuable items or
information, the engineer should specify a supervised security system. The elec-
tronics of these systems indicate trouble when shorts or open wires develop.

c) Closed-circuit television system. Television systems are used for monitoring and con-
trolling access points to facilities. Security guards monitoring television systems may
have an opportunity to locate or identify intruders and prevent violent or destructive
activities. Television cameras are located in high-trafÞc areas, such as main lobbies
where door switches are useless. They are commonly used in waiting areas, cashiersÕ
counters, at loading docks, and in parking areas. Television security electronics usu-
ally provide remote control of cameras and switching control of video signals. Refer
to 8.15 for design criteria.

8.13.3 Security sensor devices

A security sensor is any detection device ranging from a simple door switch to a sophisticated
solid-state motion detector. Examples of security sensors are as follows:

a) Mechanical switches. These switches, generally with spring-loaded levers or plung-
ers, operate when a door, window, or cabinet cover is removed or opened.

b) Magnetic switches. These switches supervise the position of movable openings, such
as doors and windows. A magnet on the movable portion operates a switch on the
Þxed or frame portion.
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c) Balanced magnetic switches. These switches utilize a bias magnet inside the switch
housing on the Þxed frame together with a standard magnet on the movable portion
of an opening. They will respond to an excessive magnetic Þeld imposed on them, as
well as to a reduced Þeld. They are most difÞcult to compromise with an external
magnet, and are therefore more tamperproof than standard magnetic switches.

d) Foil (tape) and screens. Foil is a thin strip of low ductility tin-lead material adhered to
a glass surface to detect breakage. Cracking or breakage of the glass interrupts the
circuit current ßowing through the foil. Screens are grids built with wooden dowels
containing a groove in which a Þne hard-drawn copper wire is embedded. The grids
are used as an electrical barrier over openings. If a dowel is broken, the wire breaks,
interrupting the circuit current in the same manner as foil.

e) Pressure mats. When stepped upon, these devices close an electrical contact. They
make an excellent intrusion-detection device since they can be concealed under car-
peting or scatter rugs. They are stable, reliable devices and, when used properly, have
an extremely low false-alarm rate. They have single-pole, single-throw (SPST)
switching action, providing only a cross (short) on the protection circuit.

f) Beams. These devices are beams of light (usually infrared or solid-state) to a con-
stantly energized photocell. When the beam is interrupted, the receiver de-energizes,
causing an alarm.

g) Audio detection. Sensitive microphones may be installed in an area to detect sounds
of intrusion. Sounds that are picked up are ampliÞed and operate an alarm relay if
they are loud enough and are repetitive beyond a preset count. Audio detection oper-
ates best in quiet areas, such as vaults.

h) Ultrasonic. This system Þlls an area with high-pitched sound waves (above human
hearing) and detects the disturbance of the sound pattern when motion occurs in the
area.

i) Infrared body-heat detection. This motion detection system is basically optical since
the detector ÒseesÓ a moving human source of infrared energy (98 °F) against a back-
ground at room temperature (usually around 72 °F).

8.14 Facility monitoring

8.14.1 Introduction

Health care facilities contain complex systems critical to patient care that must be monitored.
Current codes require many of the following monitoring systems.

8.14.2 Medical gas alarms

NFPA 99-1996 requires hospitals to monitor the operation and condition of the source of sup-
ply, the reserve (if any), and the pressure in the main line of their nonßammable medical gas
distribution systems.
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The gases covered by this standard include, but are not limited to, oxygen, nitrous oxide,
medical compressed air, carbon dioxide, helium, nitrogen, and mixtures of such gases. The
alarm system is required to detect two classes of system problems: abnormal line pressures
(high or low) and low gas supply.

Alarm equipment, such as alarm panels and actuating switches, is normally supplied as part
of the medical gas distribution system (piping, manifolds, gas columns, etc.). The engineer
should closely coordinate his or her work with the speciÞer and the supplier of the gas distri-
bution equipment. The engineerÕs areas of responsibility normally include the following:

Ñ Alarm system ac power
Ñ Alarm panel locations
Ñ Interconnecting alarm signal wiring

The NEC requires the ac power source for the gas alarm system to be the life safety branch of
the hospital electrical system.

All medical gas alarm systems are required to include two master alarm signal panels, which
will display alarms related to the source of gas supply for the entire system. One master panel
shall be located in the ofÞce or principal working area of the individual responsible for the
maintenance of the medical gas system such as the maintenance supervisor or hospital engi-
neer. The second panel shall be located to ensure continuous surveillance, at the telephone
switchboard, the security ofÞce, or at another suitable location. The intent of these require-
ments is to ensure continuous, responsible surveillance of the medical gas system, since the
life of the hospitalÕs patients may well depend on continuous delivery of the medical gases.

In larger hospitals, where medical gases are distributed to widely separated areas, area alarm
panels are required. NFPA 99-1996 speciÞcally lists the following areas where medical gas
may be supplied, and where area alarm systems must likewise be installed:

Ñ Anesthetizing locations
Ñ Vital life support areas
Ñ Critical care areas
Ñ Intensive care areas
Ñ Post-anesthesia recovery
Ñ Coronary care units
Ñ Operating and delivery rooms

The area alarm panel shall be installed at the nursesÕ station or other suitable location near the
point of use that will provide responsible surveillance.

The engineer must make provisions for the signal wiring between the alarm panels and the
actuating (pressure sensing) switches. The switch locations will be determined by the sup-
plier of the gas distribution equipment. The engineerÕs responsibility will normally be limited
to providing support and protection for the signal wiring in the form of raceways and cable
trays.
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NFPA 99-1996 contains these additional provisions, which should be noted by the engineer:

Ñ Air compressors and vacuum pumps shall not be installed in rooms or enclosures
used for the storage of gas cylinders.

Ñ Electrical equipment and Þxtures located in cylinder storage areas shall be located at
least 5 ft (1.5 m) above the ßoor, to avoid damage from the cylinders.

8.14.3 Refrigeration alarms

8.14.3.1 Introduction

Hospitals frequently contain refrigeration equipment such as blood bank refrigeration, donor
organ refrigeration, pharmacy refrigeration, laboratory refrigeration, kitchen refrigeration,
kitchen freezer, and/or morgue refrigeration.

As effective operation of the hospital depends partly on the continuous and proper operation
of these refrigerators, the installation of refrigerator alarms helps to ensure proper operation.
The alarms provide an indication of loss of power, and indications for improper internal tem-
peratures.

8.14.3.2 Design considerations for refrigeration alarms

Alarm equipment locations and power requirements should be obtained from the refrigera-
tion equipment supplier. Each type of refrigeration equipment normally comes with its own
alarm system. The master monitor station and its associated temperature sensor are normally
located at the refrigeration enclosure, while remote monitors are normally located where con-
tinuous surveillance is available. The engineer should provide raceway for the multiconductor
cable between the master and remote monitor stations. The NEC requires that power for these
alarm systems should be derived from a life safety circuit.

8.14.4 Emergency generator monitoring

NFPA 99-1996 requires an emergency generator monitoring system. The generator annuncia-
tor shall be located at the central control center. See 5.4.5 for design criteria.

8.14.5 Energy monitoring and control systems

8.14.5.1 Introduction

Energy monitoring and control systems (EMCSs) may be used as part of an energy conserva-
tion program. Such systems, in addition to saving energy, may

Ñ Protect and limit damage to equipment.
Ñ Allow malfunctions to be corrected with minimal service interruption.
Ñ Operate equipment only when necessary, thus extending equipment life.
Ñ Cut down on the number of operating personnel required.
Ñ Improve maintenance management.
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Ñ Combine with other systems to perform other related functions, such as Þre alarm
annunciation, security, life safety, and other real-time event-initiated functions.

Various levels of control are available as follows:

a) Basic local controls. These are equipment control systems supplied/recommended by
the equipment system supplier. These systems turn equipment on or off depending on
sensor-activated (temperature, humidity, pressure) messages. A larger, more sophisti-
cated EMCS should incorporate local controls into its system.

b) Single building system. A microcomputer controls the independent local controls of
several pieces of equipment in one building. In the event of a failure of the microcom-
puter, the local controls operate the equipment.

c) Distributed processing control systems. These systems employ a minicomputer that
controls numerous limited-area systems or the single building system, or both. Mass
storage of information is used to keep records and to support a sophisticated software
system. In the event of minicomputer failure, the basic local controls will operate the
equipment.

8.14.5.2 Design considerations for energy monitoring and control systems

Refer to IEEE Std 241-1990 for the design of EMCSs.

8.15 Television systems

8.15.1 Introduction

In its most general form, a health care television system is utilized to transmit visual and,
when desired, audio data over cable circuits, rather than via antennas. In addition to the cable
plant and receivers, a health care television system will usually include a master antenna or a
connection to a local cable franchise to obtain commercial entertainment programming, or
both. Portable video cameras and video tape recorders are occasionally used as program
sources. This subclause describes a fairly simple master antenna television (MATV) system,
which would be installed in a nursing home or small hospital.

Television systems in larger clinics and hospitals become more complex with the addition of
specialized closed-circuit television (CCTV) systems. Such systems may include a central
control and equipment room, production studio, Þxed video cameras, or a satellite earth sta-
tion.

Health care applications of television systems may be categorized as follows:

a) Entertainment and education programming. This system distributes entertainment
programming from a number of sources to patient rooms and visitor areas. A second-
ary function is the distribution of educational programming to patients and staff.
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b) Interdepartmental communication. There are a number of specialized CCTV systems
in this category that provide two-way, audiovisual communication between physi-
cians and support departments, such as pathology and radiology.

c) Patient monitoring. This category also includes several specialized CCTV systems.
Such systems provide visual contact with patients in ICUs, emergency treatment
rooms, and in certain areas of radiation therapy units.

d) Security monitoring. A CCTV system, with Þxed video cameras and a central moni-
toring point with continuous surveillance, augments security systems.

8.15.2 Design criteria for television systems

8.15.2.1 General

No current codes require television systems. Rapid changes are taking place throughout the
entire Þeld of television that are affecting its use in health care facilities. A vast number of
new program services are becoming available, not only to the general public, but also to spe-
cial groups through the new technical facilities, such as satellite earth stations, microwave
interconnections, and improved videotape distribution. Viewing is shifting to new program
sources and to pay TV.

8.15.2.2 Entertainment and education programming

Television systems consisting of a TV signal distribution system are recommended in virtu-
ally all health care facilities. The usual programs from local broadcast systems are available.

8.15.2.3 Controlled viewing

Some form of directed programming, sometimes referred to as addressable terminals, is
essential to the needs of health care facilities. The concept of individually addressable televi-
sion receiving sets clearly matches the need to limit the viewing. The question is cost and the
maturity of the design. The health care facility should use the channel blanking feature of the
TV receivers that provide manual means to control the reception of up to 36 channels with a
system of 54Ð300 MHz bandwidth. The active channels on television receivers can be
selected at the lower front panel. This method can provide a simple and inexpensive manual
selection of the channels allowed for reception at any receiver. The disadvantage is that a
member of the facilityÕs staff must go to each patient room to make the manual selection,
which can be time-consuming in a 300-patient-room facility.

8.15.2.4 Computer-directed programming

This system provides a central control panel where one can direct programming to each tele-
vision set in the health care facility. In addition, the system can keep track of time used and
provide a printout for billing information. Patients can be billed for full-length movies and
patient education programs. Computer-directed programming should be purchased when it is
cost-effective. This means that it will pay for itself within three years from manpower savings
and from new revenue from movies and patient education. This will happen when the designs
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have matured and the system costs have decreased. However, the engineer should consider
speciÞcation of TV sets for near-term use, which incorporate compatibility with computer-
ized-directed programming.

8.15.2.5 Television sets and recorders

a) Color television systems. Use color television systems only for broadcast systems, for
hospital surgery, or where the need for color has been justiÞed.

b) Television projection systems. Television projection systems are used for large group
viewing for staff education. The lighting should be of a type that is adjustable. These
systems will accept signals from MATV antennas or from a connected closed-circuit
system.

c) Recording equipment. Use video tapes where instant playbacks are desired, for fur-
ther studies, or permanent records. Use broadcast-type cameras or high-quality two-
to-one ratio interlaced cameras to send signals to video tape recorders.

8.15.2.6 Medical staff education

The health care facilityÕs size and teaching requirements will determine the criteria for educa-
tional television. Pictures of surgical procedures have long been an important educational tool
among surgeons. In recent years live television has been a feature of national or regional
meetings, by which means a large audience, usually situated in a hotel lecture room or other
meeting hall, can watch a surgical procedure being carried out at a remote hospital. Modern
television techniques such as split-screen, instant replay, slow motion, and added animation,
enhance the educational value of these showings. With the advent of lower-priced equipment,
surgical television is beginning to take a more prominent place as an intramural or institu-
tional educational instrument. With standard equipment, operative procedures can be trans-
mitted live or shown as taped Þlms in the hospital auditorium, classroom, and at department
meetings. Cineradiography done during surgical procedures can be shown in continuity with
the operative Þlm. Tapes of such procedures, combining views of the operation, the patho-
logic section, intraoperative x-rays, and noncommitant commentary of the surgeon, and his or
her team and consultants comprise a record unsurpassed by any other medium. Appropriately
edited, this type of audio-video record may form the basis of a teaching library, especially
valuable in instances of rare or unusual cases, and possibly in medicolegal situations.

8.15.2.7 Pathology consultation

A two-way audio-video system between the frozen-section laboratory and the operating room
can enable the surgeon to communicate directly with the pathologist and permit examination
of a microscopic slide in consultation with the pathologist by video without leaving the oper-
ating table. It also provides the pathologist with a view of the pathologic lesion in situ without
entry into the operating room. A television camera may be mounted in or on the surgical light
for this purpose. With a camera situated over the cutting table, the surgeon can direct the
pathologist or technician as to precisely how to section a specimen, if necessary, without
leaving the operating room. In general, a two-way audio-video system between operating
room and the frozen-section laboratory should eliminate the need to bring the pathologist into
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the operating room; it should permit the surgeon, by simply viewing the video screens in the
operating room, to supervise the sectioning of a specimen and to peer into the microscope
without leaving the operating room.

a) Radiology consultation. As an aid to diagnosis, an audio-video hook-up between the
operating room and the x-ray department permits x-rays to be viewed on the televi-
sion screen in the operating room. This method holds several distinct advantages over
the present practice of locating the Þlms, carrying them into the operating room,
sorting out the most appropriate Þlms to mount on the view box, and risking such
annoyances as not getting a good view from the operating table, mounting the wrong
Þlms, possibly contaminating clean objects by inadvertent contact, and misplacing
Þlms in transit between the operating room and the x-ray department. Where ßuoros-
copy x-ray equipment containing a video camera is employed in surgical procedures,
the x-ray image may be displayed on a monitor in the radiology department for inter-
pretation.

b) Staff bulletin board. The hospital should Þrst evaluate the doctorÕs register system as
these systems overlap. The videotext concept should be considered, by which liter-
ally hundreds of pages of printed or graphic information could be called up individu-
ally at many receivers.

8.15.2.8 Patient monitoring

a) Intensive care unit (ICU). Hospital regulations require that each ICU patient be visi-
ble from a nursing station; however, it is possible to meet this regulation and still not
have a clinically useful view of the patient. Although one can argue that there is very
little useful information derived from a televised view of the patient, as compared to
information provided by the physiological monitors, many nurses feel more comfort-
able with closed-circuit television. The video picture of the patient is a reminder that
the patient is a human being, and it can be particularly useful in large units. When
provided, the general room illumination should be adjustable with a dimmer control
switch to enable the lighting level to be reduced at night for patient comfort.

b) Radiation therapy. Some radiation therapy procedures require the use of heavy
shielding between the patient and the equipment operator. At the same time, it is
important to position the patient precisely with respect to the radiation beam, and to
ensure that the patient does not move during the exposure. This problem is often
resolved with a monochrome CCTV system, installed to give the equipment operator
a clear view of the patient and the beam reference marks. The video camera should be
furnished with a zoom lens and with resolution adequate to allow precise determina-
tion of the patientÕs position. The video cable should be installed between the camera
and the monitor to preserve the shielding performance of the radiation shielding.

8.15.2.9 Satellite receiving station

A satellite station may be used to generate revenue from satellite receiver programming. For
example, movies could be shown to patients for a fee.
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8.15.2.10 Security

The criteria for security surveillance by camera is determined by the size of the facility. See
8.13.

8.15.3 Design considerations for television systems

8.15.3.1 Cable plant

Basic community antenna television (CATV) design concepts are recommended for the tele-
vision distribution system as distinguished from the somewhat simpler concepts sometimes
used in small master antenna television (MATV) systems. The added costs of the CATV
methods are insigniÞcantly small because materials cost 20% more, but labor costs are less
for a 10% net additional cost. The advantages are that the system can be extended or other-
wise added to without redesign and with only a minimum disruption of the plant or its opera-
tion. Leakage of signals (in or about) is minimized and interaction between receiving sets is
minimal.

The signal distribution system should consist of a cable network with 0.412 in (1.046 cm)
trunk/feeder cable providing the main signal path. At appropriate intervals, the cable will
have directional taps spliced in to provide a tap-off point for the drop cables, which are the
Þnal link to the television receiver. A distribution ampliÞer may be necessary to distribute the
signals at the proper level. Each directional tap will require two 0.412 in (1.046 cm) connec-
tors. The number of outlets of each tap will be determined by the location in the building.
Also, the attenuation of the tap is determined by the signal level at the tap location.

The type of ampliÞer will be determined by the signal level that can be delivered to the cen-
tral control and equipment room.

8.15.3.2 Master antenna

The engineer should make a list of signals to be received, and design accordingly. The type of
antenna required is determined by the frequencies covered and their signal strength. Several
antennas may be needed to cover all required frequencies.

a) Location and orientation. The exact location and orientation of antennas are deter-
mined by a signal strength survey.

b) Lightning protection. Follow requirements for lightning protection given in the NEC,
Article 810, and in NFPA 780-1995. Where lightning protection must be installed,
use surge arresters and ground them effectively.

8.15.3.3 AmpliÞers

Use preampliÞers and ampliÞers as follows:

a) PreampliÞers. Use preampliÞers when incoming signals are too weak to be accepted
by the ampliÞer.
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b) AmpliÞers. Use ampliÞers for signal ampliÞcation as required to overcome distribu-
tion system losses and provide suitable output. A broadband ampliÞer may be suit-
able if it can cover all incoming channels and maintain adequate signal level inputs to
the distribution system; otherwise, single channel ampliÞers for each input may be
necessary.

8.15.3.4 CCTV camera selection

A modern camera is a small, compact unit with a minimum number of circuits and comprises
a self-contained, one-package system providing the following features as appropriate:

a) Interlace. Interlace describes the condition where the lines in the second of two suc-
cessive Þelds in a picture tube are spaced between the lines in the Þrst Þeld. Use this
action where Þne details are read. Use interlace wherever a system supplies standard
TV receivers (antenna systems).

b) Random interlace. Use a random interlace camera (self-contained unit) where lines in
successive Þelds may or may not be spaced between each other. Use the camera in all
applications where detailed observation is not required or where videotape recorders
will not be used.

c) Picture details. Picture details (resolution) are expressed in Òlines.Ó Commercial tele-
vision in the U.S. uses a 525-line system, in which distinguishable details are based
on 525 horizontal scans of each picture. This is the minimum amount of resolution to
be provided. Provide more resolution only where required for acceptable viewing,
such as the necessity of 800 lines for surgical observation.

8.15.3.5 Camera mounting

Use indoor and outdoor mountings as follows:

a) Indoor. Use an air-cooled housing where temperatures exceed those of camera speci-
Þcations. In studios, the heat from the stage lighting makes air conditioning neces-
sary. Use explosion-proof housings for viewing hazardous areas. Use pan and tilt
mounts (manual or remote) when cameras view more than one area. Use standard tri-
pods on cameras for portable use.

b) Outdoor. Always use a weatherproof housing. Never face cameras toward the sun at
any time of the day. Avoid picking up reßections from glass or water, if possible.

8.15.3.6 Subject viewing

Locate a camera so that desired areas, objects, or subjects receive the maximum beneÞts from
available lighting.

a) Lens selection. Choose a lens that Þts the scene. A Þxed lens limits the Þeld of view
to one scene. Lens turrets have the advantage of handling three or four lenses with
varying focal lengths (normal view, wide angle, and varying degrees of telephoto). A
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zoom lens permits varying the focal length without loss of subject viewing during the
change.

b) Operation. Cameras that are easily accessible may be controlled manually. The more
expensive remote control should be provided where local operation is not feasible.
Remote control should be located and coordinated with other operating devices
involved in the application being viewed on an adjacent monitor.

c) Video switching. Provide video switching where more than one camera must be
viewed on a monitor.

8.15.3.7 Subject lighting

Distinguishable details depend on scene contrasts, camera resolution, and monitor revolving
powers. Consider ultra-low lux cameras for outside security to avoid over-lighting the area
solely for the camera. Consider the use of infrared lighting and cameras for certain security
uses.

a) Required lighting levels. Use the same light levels needed by the human eye for clear
visibility. Minimum lighting incident on the scene should be at least 20 fc (215 lx).

b) Additional lighting. Plan lighting so that a minimum number of Òhot spotsÓ are seen
from camera locations. Illuminate the complete scene for viewing.

c) Automatic iris. An automatic iris is necessary on the camera to control the amount of
light focused on the picture tube or vidicon. It automatically compensates the camera
gain for illumination increases from 10Ð10 000 fc (107Ð107 600 lx).

8.15.3.8 Monitor selection

Monitors should have the same resolution and type of interlace as cameras. Locate monitors
for minimum light reßections on tube faces. Avoid vertical mountings. Use circular polarized
face plates where ambient lighting is high. For distances between monitors and viewers, see
table 8-2. Use multiple monitors for large group viewing.

8.15.3.9 Studio

The studio layout should be arranged for efÞciency and storage considerations. The studio
should be large enough to show a patient in bed. The design should consider acoustical crite-
ria. Lighting should include track lights and some ßoor pedestals, which will ßexibly provide
key, Þll, and backlighting for various sets. Selective dimming will be needed on certain cir-
cuits. Special cooling will be required.

8.15.3.10 Chapel

If the camera in the chapel is to be used several times a week it should be permanently
mounted with a remotely controlled zoom lens on the camera. If the camera is used in the
chapel only once per week it should be easily detachable from its wall mounting so that it can
be used the rest of the week in other places.
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8.15.3.11 Operating room

In recent years, the camera on a ßoor-standing boom and the hand-held camera have been
replaced by more appropriate installations. The television camera may be mounted on an
extension arm attached to the stem of the surgical light and outÞtted with sterilizable detach-
able handles. Some manufacturers of surgical lights provide a model with a television camera
mounted in the center pod of the light.

Another approach for surgical suites of any size is a portable unit consisting of a console that
contains a videotape recorder and a viewing screen on which is mounted an adjustable boom
to hold the television camera. The camera should be remotely controllable for pan, tilt, and
zoom.

8.15.3.12 Satellite receiving station

The satellite receiving station can be located either at ground level or on the building roof
with a clear view of the satellite arc. Cable trays or ducts are required from central control to
the roof and to a convenient outside location at ground level. If roof mounting is selected,
structural reinforcement will be necessary because it weighs about one ton.

8.16 Sound reinforcement systems

8.16.1 Introduction

Sound reinforcement systems are electronic systems, providing sound pickup, processing,
ampliÞcation, and reproduction, intended to reinforce an acoustic sound source within the
room or space where the source is located. Many sound reinforcement systems also repro-
duce recorded material associated with slide or movie projection.

8.16.2 Design criteria for sound reinforcement systems

A system is required to improve signal intelligibility where distances, obstructions, or acous-
tical conditions limit the intelligibility of an acoustic source (e.g., speaker or performer). The

Table 8-2ÑRecommended minimum monitor sizes

Number of 
viewers

Distance
ft (m)

Monitor size
in (cm)

1 10 (3.0) 8 (203)

2 15 (4.6) 14 (356)

3 20 (6.1) 17 (432)

4 30 (9.1) 21 (533)

5 35 (10.7) 24Ð27 (610Ð686)
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sound system must maintain adequate direct sound-to-reverberant Þeld ratio (for clarity) and
improve the signal-to-noise ratio (i.e., increase volume). A good sound system should provide
natural sound that seems to originate at the acoustic source.

Sound reinforcement systems are often required in auditoriums, meeting rooms, lecture
rooms, and chapels. In special cases, a large space might be used for several purposes and a
sound system would be required, e.g., in a cafeteria or large lobby.

8.16.3 Design considerations for sound reinforcement systems

Sound reinforcement systems consist of one or more microphones, a mixer, processing elec-
tronics, audio ampliÞer(s), and one or more loudspeakers. The proper operation of a sound
system depends primarily on the location and speciÞcations of the microphones and loud-
speakers within the reinforced space.

8.16.3.1 Room acoustics

Small auditoriums and lecture rooms designed with acoustics in mind often do not require
sound systems except to reproduce recorded material. Highly reverberant rooms and larger
rooms will employ a sound system to improve intelligibility. Most gathering spaces beneÞt
from a reinforcement system that aids the occasional quiet speaker and helps lecturers with
noisy audiences. The usefulness of any sound reinforcement system, and whether it is
needed, depends on the space where the system is installed.

Room Þnishes vary in the amount of sound energy they absorb. Hard surfaces, such as con-
crete, plaster and tile, reßect the majority of sound energy that reaches them. Soft surfaces,
such as carpet, acoustic tile, and batt insulation behind a porous covering, absorb a large por-
tion of the sound energy that reaches them. Sound energy in rooms with mostly hard surfaces
will dissipate more slowly than sound energy in rooms with soft surfaces. Thus, rooms with
low sound absorption have longer reverberation times.

The optimum reverberation time of a room varies with its size and its use. Optimum reverber-
ation time is close to 1 s in lecture rooms and meeting rooms. Auditorium reverberation times
may vary from 1-3/10 s to 1-9/10 s, depending on the primary use. Some auditoriums are
equipped with movable curtains or absorptive panels so the reverberation time may be varied
for different uses. SpeciÞc room conditions are a function of the architectural design.

The design (or existing conditions) of a project may result in a reverberation time longer or
shorter than optimum for the projectÕs intended use. Sometimes corrections to the room
acoustics are an appropriate way to solve this problem, but often the sound system must be
designed to accommodate imperfect conditions.

8.16.3.2 Loudspeaker location

When an ampliÞed sound reaches a listener within 30Ð40 ms of the original sound, the
sounds appear to blend and reinforce each other. Sound waves in air travel at about 1120 ft/s
(341 m/s). Therefore, the best location for a central loudspeaker cluster is above the acoustic
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source (lecturer, etc.) such that the sound path to a listener from the acoustic source and from
the loudspeaker cluster differ by less than 30 ft (9.1 m). This condition should be optimized
for every listening location in the room.

The best reinforced sound is reproduced at one location. When a listener receives sound from
two sources, interference patterns result, reducing its clarity. A typical auditorium stage with
a loudspeaker on either side is the classic example of poor sound system design.

Sound energy should always be directed at an audience. When misdirected, it serves to
increase the reverberant Þeld or accentuate an echo in the space, thus reducing the audio
intelligibility.

8.16.3.3 Centralized, distributed, and precedence systems

A centralized system reproduces sound at one location; a distributed system reproduces
sound at several locations; and a precedence system utilizes a central system and a distributed
system in combination. Properly employed, a precedence system seems like a central system
to the listener. This is accomplished by delaying the signal to the distributed loudspeakers via
a time delay unit and separate ampliÞers.

Centralized systems are used in spaces where sound may be directed (line of sight) to the
audience from one location. Distributed systems are used in spaces with low ceilings or
where the ÒfrontÓ may change. Precedence systems are used in situations where the stage (or
front) is permanent but a central loudspeaker cannot reach the whole audience due to either
low ceilings or obstructions. Centralized and distributed systems are used more often than
precedence systems.

8.16.3.4 Volume

Sound reinforcement systems must maintain sufÞcient volume to provide a satisfactory sig-
nal-to-noise ratio at each listener location. The ampliÞer power and loudspeaker ratings may
be chosen to provide nearly any volume level desired, but the overall system gain will be lim-
ited by the system feedback point. The maximum system gain will be determined by the
number of open microphones, their relative location to loudspeakers, the distance from the
source to the microphone, the distance from the loudspeaker to the farthest listener, and the
room acoustics.

Usually, the sound reinforcement system will be designed to handle much louder signals than
the maximum system gain allows. This permits the presentation of movie soundtracks and
other prerecorded information at higher levels than that used for sound reinforcement.

8.16.3.5 Mixers

The types of control used in an auditorium system usually depend on its size and complexity
as well as its use. The simplest installation, such as a lecture room with one microphone, uses
a preset mixer. It may be adjusted slightly for each lecturer but generally remains at the same
setting throughout any given lecture. When several microphones are used, such as at a panel
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discussion in an auditorium, the relative level of each microphone can be preset, but then the
system gain must be low since all microphones remain open. In situations like this, an auto-
matic microphone mixer may be employed.

Automatic and preset mixers must be adjusted differently for each event, so the equipment
rack should be readily accessible to the reinforced space. Controls for projector and auxiliary
inputs should be provided at the mixer location.

8.16.3.6 Audio signal processing

Several electronic processing techniques are used to improve the sound quality of reinforce-
ment systems. One or more of the following items are often employed:

a) Frequency shaping. An equalizer may be utilized to correct for microphone, loud-
speaker, and room frequency responses. Historically, a real-time frequency response
curve was adjusted to within 3 dB of a ßat response from 125 Hz to 1000 Hz or
2000 Hz with a 6 dB per octave roll-off below 125 Hz and a 3 dB per octave roll-off
above 1000 Hz or 2000 Hz. The high-frequency knee at 2000 Hz was usually used for
voice reinforcing systems and the knee at 1000 Hz was used for systems where music
will be reproduced by the system. The technology for testing sound systems was
greatly improved by the introduction of time delay spectrometry (TDS) testing tech-
niques. TDS technology allows a sound technician to measure the direct sound Þeld
energy produced by loudspeakers. Using this testing method, the direct sound Þeld
frequency response is adjusted for a ßat response between 250 Hz and 10 000 Hz.
TDS methods allow the sound technician to verify the total system polarity. The sys-
tem should be connected so that a positive pressure at the microphone produces a
positive pressure at the loudspeaker. These frequency response curves are subject to
variations for speciÞc jobs, especially for unusual room acoustics. Both real-time and
TDS methods can help provide a natural and highly intelligible sound signal but TDS
methods give the sound technician a better tool to troubleshoot problems. TDS test-
ing methods are preferred to real-time methods for all larger sound reinforcement
systems.

b) Automatic microphone mixing. The maximum acoustic gain of a reinforcement sys-
tem is limited by the number of open microphones. Installations using several micro-
phones often require an automatic mixer. An automatic mixer opens a microphone
line when a sound source excites the microphone. Many automatic mixers reduce the
overall system gain when several microphone lines are open. Automatic mixers help
maximize gain while preventing feedback.

8.16.3.7 Equipment

There are many loudspeaker types available for smaller rooms and distributed sound systems.
Each type is suited to a speciÞc application and may perform poorly in other applications. In
larger rooms, where long throws are required, a large cone driver in a horn or utility enclo-
sure is used for low frequencies and a driver and horn (or several horns) are used for high fre-
quencies. The physical dimensions of horns are determined by frequency and distribution
characteristics that are selected to accommodate the shape of the space served. SufÞcient
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mounting space must be allowed for the central loudspeaker or loudspeaker cluster. In
extreme cases, long throw horns may be over 4 ft (1.2 m) long, and each cluster may contain
several horns.

Cardioid (directional) microphones and omnidirectional microphones are both used in rein-
forcement systems. Cardioid microphones are preferred by many performers and production
groups for the control they provide. Omnidirectional microphones have a smoother off-axis
frequency response and are easier to equalize in permanent installations. They are preferred
for most lecture and auditorium reinforcement systems. Dynamic (nonpowered) microphones
are preferred since they simplify system installation.

Wiring for a reinforcement system involves separate cables to each microphone input, cables
to projector and auxiliary inputs, cabling to and from a control console when required, and
wiring to loudspeakers. Power is required at the control console, equipment rack, and projec-
tor locations. Wires for the inputs to the sound system are small gauge, but several pairs of
#12 AWG or #10 AWG wire may be used to drive a large loudspeaker cluster.

8.16.3.8 Installation

The installation practices are crucial to good sound reinforcement system performance. All of
the concerns listed in item d) of 8.6.3.2 are applicable to sound reinforcement systems. In
addition, the following items are potential problems:

a) Loudspeaker distribution. The distribution of a low-frequency speaker (a cone driver
in an enclosure) is typically 120° or more and its direction is not critical; however,
each high-frequency driver-horn combination is manufactured with a speciÞc distri-
bution pattern and must be properly directed toward the audience if it is to serve its
purpose. Typical distribution patterns include 90° by 40°, 60° by 40°, and 40° by 20°.
Every listener in a space should be included within the distribution pattern of one
horn, and the patterns should overlap about 20% horizontally and 10% vertically to
provide even, high-frequency coverage.

b) Loudspeaker weight. A loudspeaker cluster for a large auditorium may be very heavy.
A check with the structural consultant regarding cluster support is recommended.
Secure but adjustable mounting should provide for each high-frequency horn and
low-frequency driver.

8.17 Data processing systems

8.17.1 Introduction

The use of computers in medicine is growing. In the past few years, there has been a prolifer-
ation of highly sophisticated microprocessors and microcomputers enabling a wide array of
patient care applications to be developed for the health care industry. Furthermore, micropro-
cessor circuitry and microcomputers are now frequently incorporated into much of the new
medical equipment.
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Computers are being used for patient information management as well as accounting and
inventory purposes. These systems may be connected to each other in an integrated fashion
while vital patient care information is delivered to nursing areas on terminals or networked-
microcomputers. For instance, a growing number of hospitals have a computer-aided labora-
tory information system that transmits laboratory data to appropriate nursing stations as it
automatically enters charges for the procedures or tests to the accounting system.

Some hospitals have started taking advantage of the new electronic Þling technology that
enables a hospital to store a vast amount of patient records, such as medical charts and diag-
nosis reports, on a compact disk. This technology allows medical staff to gain access to elec-
tronic images of these reports on networked-microcomputers at the patient areas or off-site
clinics.

The graphical user interface approach is utilized by software developers to make data pro-
cessing systems more user-friendly by reducing the number of commands a user has to mas-
ter in order to use the system effectively.

In a limited number of hospitals, computers are being used in the care of patients. Some of
the patient care applications are found in situations such as anesthesia, in the treatment of
patients in need of blood and liquids, and for patients with a variety of metabolic and endo-
crine disorders. Computerized diagnoses of electrocardiographs, electroencephalographs, and
other graphic or numeric readouts are also in use.

For purposes of planning, it is prudent to assume that sooner or later computer terminals or
networked-microcomputers will be installed in most every area of the health care facility.

8.17.2 Design considerations for data processing systems

Cable plant capabilities for present and future data processing facilities shall be provided to
all central control stations, nursing stations, patient rooms, laboratories, administrative areas,
and departmental ofÞces.

Whether a particular piece of data processing equipment will cause interference with nearby
medical equipment is, of course, a critical consideration.

In planning for a microcomputer-based network, the selection of hardware (such as the type
of cabling, the server required, network interface cards, etc.) and software (the network oper-
ating system, application programs, etc.) should be dictated by the characteristics of the vari-
ous departments in terms of reliability requirement, response time, and location.

The selection of speciÞc data system equipment is beyond the scope of this recommended
practice, but various design considerations speciÞc to data system support are outlined in the
succeeding subclauses of 8.17.
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8.17.3 Data facilities

There are many parallels between data systems and telephone systems, but data systems are
associated with greater complexities in system design.

A data system may consist of terminal equipment, local distribution cable, transmission
equipment, long-distance transmission facilities, central communication systems, and data
center equipment. It might be a collection of computing machines linked to shared resources
without any central equipment. It might be a ßoppy storage disk carried between two per-
sonal computers. Although the expansion of telephone facilities to carry data is often very
economical, it is absolutely necessary to review the ownerÕs plans before making any
assumptions about equipment locations or wiring topology of a data network.

Data networks serve user terminals. The terminals may be workstations, personal computers,
video display unit (VDU) or video display terminal (VDT) (character or graphics terminals),
printers, teleprinters, or facsimile machines.

Terminals may be linked to central systems via dedicated conductors or via transmission
equipment. They may reside on a wide area network (often connected with telephone lines)
or on a local area network (LAN). Switched networks and various network bridges and mail
systems support more complex interconnections.

Data transmission equipment is much like computer equipment. It is electronic in nature and
requires varying degrees of power service continuity depending on the type of trafÞc (infor-
mation) carried. Data switching equipment has similar parallels to PBX equipment.

Data centers (i.e., computer rooms) contain both the central communications equipment and
data storage and processing equipment. They are usually associated with a concentration of
data cable and exhibit several special design requirements.

8.17.3.1 Data terminals

Most data terminals are based on cathode ray tube (CRT) technology. With a basic terminal or
VDU, a screen is usually associated with a keyboard and connected to a CPU. Personal com-
puters and workstations tied to a network may be used as terminals to access remote comput-
ing power. Terminals, personal computers, and workstations vary over a wide range of sizes.
Their power requirements range from 40 W to several thousand watts, most often in the range
of 100Ð300 W. Lighting for comfort at a VDT terminal requires careful engineering. A well-
shielded or indirect system with a moderate illumination level, between 20Ð50 fc (200Ð500
lx) is typically employed. Refer to IESNA RP-1-1993 for additional design information.

8.17.3.2 Cable systems and support structures

Data terminals are connected via a communication cable. This cable may be a twisted pair
cable (sometimes identical to telephone cable), a shielded twisted pair cable, coaxial cable, or
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Þber optic (glass or plastic) cable. The cable may run to a computer room or to equipment in
a nearby closet. Refer to [B3] for additional information.

Cable systems for LANs may have a topology distinct from the telephone system. The classes
of cable system topologies include bus, star, ring, and branching tree. These topologies
resemble their names. A bus connects points along a line. A star connects points to a central
location. A ring connects points on a loop. And a branching tree is a complex (maybe hierar-
chical) system of interconnection. Logical transmission may be different from the physical
topology; for example, a logical ring may be wired as a star (back to a central closet).

It is often advantageous to enforce a star topology for terminal wiring. It allows changes to
the interconnections via physical cable changes at a central closet location. With appropriate
data network equipment, a star topology can limit signal loss to a single terminal when an
individual cable is damaged or disconnected.

Once the topology of data wiring is deÞned, its support structure may be designed using the
same distribution systems used for telephone wiring. Some particular concerns, beyond those
for telephone wiring follow:

a) Coaxial, Þber optic and, to a lesser extent, shielded cable require greater care than
telephone cable. The minimum bending radius of these cables is larger than tele-
phone cable.

b) Space required for terminations, especially at outlet boxes, must be carefully consid-
ered for each type of cable.

c) Data cables are generally a larger diameter than telephone cables.

d) Data cables generally have more stringent distance limitations than telephone cables.

e) Data cables are more susceptible to interference than analog voice (telephone) cables.

The backbone or riser cable for data systems may take on any of several forms. The simplest
approach is to route individual terminal cables to one location in a building. On the other
hand, it is not unusual to collect the signals from several data sources at a closet and route a
single cable to the central building location. This is accomplished by various data transmis-
sion and network equipment. In this case the backbone or riser cables may be lighter than the
sum of the terminal cables they serve; the riser cables are usually coaxial or Þber optic cables.

Data cable is often terminated with modular terminal systems allowing quick cross connects.
Typically data terminals require more physical space per cable than telephone cable termi-
nals, which are quite compact. Data terminals are sensitive to moisture and dirt. Data connec-
tions must be clean and tight due to the nature of data signals. Typical terminal space
dimensions may be misleading. Each project must be analyzed separately to deÞne terminal
space requirements.
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8.17.3.3 Data transmission and network equipment

Data equipment locations will depend on distance limitations and the economics of the par-
ticular data system utilized. In many cases, some of the data equipment will reside in appara-
tus closets or communication equipment rooms (CERs) and terminal rooms associated with
the telephone system.

This equipment requires ventilation or cooling, power (with consideration for continuity) and
illumination between 30 and 70 fc (322 and 753 lx). The illumination is for changes and
maintenance; the equipment usually operates unattended.

Data equipment is often assembled on a rack with modular cable terminations, and consider-
ation must be given to access and ßoor space. It is usually appropriate to maintain data equip-
ment adjacent to telephone facilities, but to designate separate telephone and data spaces
within terminal rooms and CERs.

8.17.3.4 Data center installations

Data centers, otherwise known as data processing centers, computer centers, or computer
rooms, are the hub of various data storage and processing systems. It is unusual to Þnd a self-
contained computer room.

Three classes of outside connections occur: First, to data terminals residing in the same build-
ing or on the same campus as the data center; second, to widely dispersed terminals via the
public telecommunication network; and third, to other users via point-to-point radio (micro-
wave or satellite) links. These classes of connections are associated with different approaches
to data cable access. The Þrst case requires terminations for data terminal wiring in the build-
ing. This is usually a large bundle of small cables routed to racks in the computer room. The
second case requires a cable path from the computer room to the main distribution frame or
utility network interface for access to the public network. The cable is usually a large multi-
pair cable routed to terminals allowing for cross-connect to the data communications equip-
ment. In a large facility, public network access may be via a Þber optic cable. Typical data
centers utilize a mix of classes of connections.

Data equipment size and installation requirements will vary considerably, depending on the
userÕs communication service needs. It is not unusual to have area requirements as small as
200 ft2 or as large as tens of thousands of square feet. The speciÞcs should be obtained from
the user and the prospective equipment manufacturers, taking into consideration potential
growth. Without speciÞc data, the following typical installation requirements should be used
to design facilities of any size:

a) Average live load of communication equipment is approximately 70 lb/ft2.

b) Ceiling height above the Þnished ßoor is 8 ft (2.4 m) minimum.

c) Lighting level of 70 fc (750 lx) at 30 in (76 cm) above the Þnished ßoor. A more spe-
ciÞc lighting approach is appropriate with lower levels with well-shielded Þxtures at
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terminals, and high levels at tape and disk drives. Dual switching with careful zoning
will allow for ßexible lighting response for computer equipment moves.

d) Aisle space and equipment conÞguration is dependent on the physical restrictions of
the building, as well as interconnect cable, maintenance, supervision, and manufac-
turing requirements.

Most systems today have been designed for power and signal cables to enter from below.
Hence, raised ßooring should be installed over the structural ßoor, creating a space to be used
as a cable raceway. In addition, the raised ßoor can be used as an air plenum, which will pro-
vide the necessary conditioned air directly to the equipment air intake louvers. The raised
ßoor shall have an adequate number of ßoor registers or perforated panels, or both, to provide
the required air ßow. Cutout trims should be provided to protect against cutting of cables.
Ramps should be provided to facilitate movement of equipment and test gear. The height of a
raised ßoor is dependent on available head room, number of planned cables, and pressure
restrictions affecting air conditioning. For various requirements regarding the placement of
wire/cable in underßoor plenum spaces the NEC, NFPA 75-1995, and local codes should be
consulted.

Consideration should be given to acoustical treatment in equipment operating areas. Non-
combustible acoustical ceiling tiles, ßame-retardant carpets, wall coverings, curtains, etc.,
provide for noise reduction and absorption. Proper design and equipment placement can
reduce mechanical equipment noise. Duct lining, resilient equipment mounting, location of
air handler unit, and size of dampers are some considerations.

Conditioned air should be supplied, which will limit the ambient temperature and humidity to
within the limits speciÞed by the equipment manufacturer. Much equipment today can oper-
ate without any degradation in performance at temperature levels in excess of 78 °F. For
energy conservation purposes, where super-cooling is not required, the ambient should be
maintained at human comfort levels. An adequately Þltered backup ventilation system should
be provided to limit the temperature rise to 10 °F above the outside ambient in case of main
air-conditioning outage. Thermal shock, direct distribution of conditioned air to critical
equipment, humidity control, and redundancy all are factors for the mechanical designer to
consider.

Typical power requirements for a data facility are 25 W/ft2 for communication and computer
equipment, 2.0 W/ft2 for lighting, and 15 W/ft2 for the HVAC system. Service is normally
208Y/120 V, ac, three-phase, four-wire, 60 Hz. On some large computing equipment 400 Hz
is required and power is furnished via a frequency converter. Steady-state voltage require-
ments are typically +10%, Ð8% with a frequency variation of 1/2%. The duration and rate-of-
change of any variation must be taken into account. Generally, a 20% transient, lasting longer
than 30 ms, or a voltage outage, lasting longer than 15 ms, may cause errors, loss of informa-
tion, shutdowns, or equipment damage. Equipment tolerances can be exceeded by numerous
events, including utility or building power system faults, large switched loads, local utilities
network switching, lightning, reclosing operations, planned brownouts, or unplanned black-
outs. This can occur several hundred times a year. The user has several systems available to
protect his facility against voltage variation or outages or both. Constant voltage transform-
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ers, the mechanical inertia motor-generator set, power conditioning systems, and UPS
systems are some types of equipment available to improve voltage regulation.

The system chosen shall be dependent on the type of operation, economics, and conse-
quences that can develop if unregulated voltage is provided. The utilization of UPS systems
for critical computer systems is increasing. Refer to 5.11 and to [B4] for additional informa-
tion.

Grounding for communication equipment must be provided. An independent ground riser
from the buildingÕs earth electrode network shall terminate on an isolated ground bus and be
sized on at least 2 kcmil per linear foot of cable run. Single-point grounding or multipoint
grounding, or both, may be used depending on the communications equipmentÕs frequency
characteristics. Refer to FIPS Pub 94-1983 for additional information.

In some installations, the impedance of the ground system and its association with power sys-
tem grounding may affect data system performance, especially data transmission equipment.
System suppliers usually have documentation on speciÞc system grounding requirements.

8.18 Telewriter and facsimile systems

8.18.1 Introduction

Telewriter equipment allows transmission of handwriting to remote stations, where it appears
exactly as written. Facsimile equipment offers a more powerful system for transmission of
any Þxed graphic material, including printed material and pictures. Both telewriter and fac-
simile systems are being replaced by computer-based networks.

8.18.2 Design criteria for telewriter and facsimile systems

Within hospitals, telewriter terminals are used to transmit three basic types of data: requests
for information, reports, and authorizations. The terminals are commonly placed at the
following locations:

Ñ NursesÕ stations
Ñ Pharmacy
Ñ Dietary ofÞce
Ñ Medical records
Ñ Laboratories
Ñ Admitting ofÞce
Ñ Business ofÞces; administration ofÞces
Ñ Maintenance

A second category of use for telewriter equipment is communications for the deaf. A tele-
writer terminal may be connected to a telephone so as to answer an incoming call and provide
two-way written communications with any caller equipped with similar equipment.
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Facsimile equipment is used both for interdepartmental communications and for communica-
tions between hospitals. The most common interdepartmental application is the daily trans-
mission of patient drug requirements from the nursesÕ stations to the pharmacy. Facsimile
communication makes the best use of staff time in this situation, since the equipment operates
unattended and is much quicker than batch orders conveyed by messenger. When the facsim-
ile equipment is selected for this application, the hospital should also consider placing termi-
nals in the dietary ofÞce and laboratory areas.

Where a hospital is a member of a hospital association, facsimile communication may be
used to transmit inventory and administrative data between hospitals.

8.18.3 Design considerations for telewriter and facsimile systems

The selection and location of equipment will normally be accomplished by the architect or
system supplier. The engineer should obtain the list of terminal locations with a notation as to
whether the terminal is a sender, receiver, or both. At each location, a power receptacle
should be provided. Dedicated telephone type cabling is required between each terminal.

8.19 Pneumatic tube systems

8.19.1 Introduction

The system consists of an interconnecting tubular network through which small-sized con-
tainers travel. The container movement is powered by compressed air. These containers, or
carriers, as they are referred to, can be dispatched and received at different stations in the sys-
tem automatically or semi-automatically. The system can thus transport material between
points that are horizontally or vertically remote. The carriers are designed to transport items
such as paperwork, pharmaceuticals and medical supplies, small tools, IV bottles or bags,
production parts, sealed food items, etc. The main advantage of the pneumatic tube system is
that it provides fully automated small-piece distribution for least cost when compared to
other systems. It is the lowest-cost fully automated material-handling device available to a
large facility that can travel vertically or horizontally and provide the fastest delivery time.

8.19.2 Design criteria for pneumatic tube systems

The system conÞguration including piping layout and equipment locations is usually
designed by the system supplier or architect. The electrical engineer must verify equipment
locations and provide power connections. Control wiring between stations is usually in the
system supplier contract.

8.19.3 Design considerations for pneumatic tube systems

The engineer should verify the requirements of the system to be installed. The following are
general guidelines for power requirements:

a) Stations. Stations require a 115 V ac power source from a dedicated circuit breaker.
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b) Diverters. Diverters require a 115 V ac power source from a dedicated circuit breaker.

c) Blowers. Blowers require a three-phase, 208 V ac or 480 V ac circuit for 2Ð15 hp to
the motor starter and connection from the starter to the motor. A manual disconnect is
recommended within sight of the blower. The starter requires a 115 V ac coil, which
is connected to the blower control panel.

d) Computer control terminal. The computer control terminal requires a 115 V ac power
source from a dedicated circuit breaker.

8.20 Disaster alarm systems

8.20.1 Introduction

A disaster alarm system alerts the central control center as to the status of disasters, either
natural or man-made. Signals must be coordinated with local civil defense and disaster area
authorities, and design must follow their system.

8.20.2 Design criteria for disaster alarm systems

Disaster alarm systems, such as civil defense alerts and weather alerts, are required in health
care facilities by civil authorities. The engineer should check local requirements.

8.20.3 Design considerations for disaster alarm systems

a) Actuating devices. Actuation can be local or remote. Data can be furnished directly or
via telephone, radio, or microwave channels. The number of channels and their cod-
ing should meet the requirements of civil defense and local disaster area authorities.
Signals are originated by remote control from the ofÞces of civil authorities, or by
local push buttons. Each coded channel requires a signal canceling button with a pilot
light.

b) Annunciator. The annunciator shall be located at the central control center. Annuncia-
tor panels should have a circuit supervisory feature to indicate alarm, operational
faults, trouble buzzers, silencing switches, and pilot lights. Test buttons are necessary
to verify readiness of equipment and for use in training drills.

8.21 References

This chapter shall be used in conjunction with the following publications:

ASME A17.1-1993, Safety Code for Elevators and Escalators.3

3ASME publications are available from the American Society of Mechanical Engineers, 22 Law Drive, FairÞeld, NJ

07007.
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CABO/ANSI A117.1-1992, Accessible and Usable Buildings and Facilities.4

CFR (Code of Federal Regulations), Title 47: Telecommunications, published by the OfÞce
of the Federal Register (FCC Rules and Regulations are contained within this document).5

FIPS Pub 94-1983, Guidelines on Electrical Power for ADP Installations.6

IEEE Std 241-1990, IEEE Recommended Practice for Electric Power Systems in Commer-
cial Buildings (IEEE Gray Book) (ANSI).7

IESNA RP-1-1993, Recommended Practice for OfÞce Lighting.8

NFPA 70-1996, National Electrical Code¨ (NEC¨).9

NFPA 72-1996, National Fire Alarm Code.

NFPA 75-1995, Protection of Electronic Computer/Data Processing Equipment.

NFPA 90A-1996, Installation of Air Conditioning and Ventilating Systems.

NFPA 99-1996, Health Care Facilities.

NFPA 101-1994, Life Safety Code¨.

NFPA 780-1995, Lightning Protection Code.

UL 268-1989, Smoke Detectors for Fire Protective Signaling Systems.10

UL 1069-1989, Hospital Signaling and Nurse Call Equipment.

Uniform Building Codeª, 1994.11

4This publication is available from the Building OfÞcials and Code Administrators International, Inc. (BOCA), 4051
W. Flossmoor Rd., Country Club Hills, IL 60478.
5CFR publications are available from the Superintendent of Documents, U.S. Government Printing OfÞce, P.O. Box
37082, Washington, DC 20013-7082.
6FIPS publications are available from the National Technical Information Service (NTIS), U. S. Dept. of Commerce,
5285 Port Royal Rd., SpringÞeld, VA 22161.
7IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.
8IESNA publications are available from the Illuminating Engineering Society of North America, 120 Wall Street,
FL 17, New York, NY 10005-4001.
9NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch
Park, P.O. Box 9101, Quincy, MA 02269-9101.
10UL publications are available from Underwriters Laboratories, Inc., 333 PÞngsten Road, Northbrook, IL 60062-
2096.
11This publication is available from the International Conference of Building OfÞcials (ICBO), South Workman Mill
Rd., Whittier, CA 90601.
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Chapter 9
Medical equipment and instrumentation

9.1 Introduction

In a modern hospital, the selection and purchase of equipment and the care and maintenance
of that equipment are important tasks facing the administration and maintenance staff. In order
to make proper use of todayÕs hospital equipment, all aspects of the purchase, installation, and
maintenance of the equipment should be considered. All of these items have costs associated
with them, some of which may not be apparent at Þrst glance. The purchasing process should
follow a set pattern, such as described in 9.1.1 through 9.1.3.

9.1.1 Need

The department head or staff member in charge of the project or task should request purchase
of a new piece of equipment after investigation into its use in the hospital. Criteria for request-
ing the purchase may include

a) The purchaseÕs ability to enhance the state of the art.
b) Its ability to produce speciÞed results.
c) Its ability to reduce costs and/or save time.
d) The length of time before the purchase is outmoded.
e) Whether it will help patient care, or be used for diagnostic procedures.

Additionally, lease vs. purchase of the equipment should be considered.

9.1.2 Cost

In analyzing costs, the project manager should determine

a) Whether the desired equipment needs to have more than one supplier or manufacturer.
b) Whether the equipment cost has been checked from all suppliers.
c) Whether the cost can be capitalized, and over what period of time. Budget constraints

need to be considered.

9.1.3 Space requirements

In analyzing the space requirements for the purchase, the following should be considered:

a) Does the institution have available space for the new piece of equipment?

b) If new space is required, or if the area needs remodeling, will the cost of this work be
prohibitive?

c) Are all of the required utilities available at the location?

d) Is there a clear path wide enough and high enough to actually get each piece of equip-
ment into the desired location? 
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e) Will any existing structures need to be removed and replaced or repaired after bring-
ing in the piece of equipment?

9.1.4 Utilities

Along with space requirements detailed in 9.1.3, the next most important factor to consider is
whether utilities are needed to operate the equipment.

Equipment may require hot water or cold water, or both; other requirements may be air, gas,
steam, exhaust ducts, special vents, and electrical service. Electrical service and availability
should be checked for the following:

a) Voltage (special voltages)
b) Capacity (amperes)
c) Hertz (frequency)
d) Protection
e) Control
f) Heating or cooling
g) Humidity range
h) Special construction or systems needed to provide for proper and useful operation

(such as RFI shielding, EMI shielding, special communication systems, etc.)

9.1.5 Quality of utilities required

Some modern equipment requires that the utilities be within a particular operating range for
the equipment to function properly. In water supplies this would be seen as domestic water vs.
hot water, or chilled water, or Þltered water, or deionized water. In air systems, the require-
ments will appear as the need for cooling year-round, the need for a speciÞc humidity range,
and possibly even a need for a low-temperature range.

Electrical needs will be found depending on the equipment as both the quality of power
provided and criteria for the characteristics of the power supply system. Since much of mod-
ern medical equipment is computer-based or computer-controlled, electrical disturbances play
a large part in proper operation. Likewise, for equipment that requires a large-ampacity, short-
duration power input, the impedance of the power supply system becomes important.

One standard of power quality is the Computer and Business Equipment ManufacturerÕs
Association (CBEMA) curve. This curve represents the envelope of voltage disturbances
within which typical equipment can function. The ability to function is based on the following
characteristics of the power supply built into the equipment:

a) Noise Þltering
b) Stored energy
c) Energy surge absorption ability
d) Voltage regulation characteristics

One Þnal consideration is what the equipment is doing to the power supply voltage waveform
and to the current waveform. Current technology sometimes chops the voltage waveform to
regulate the power to the equipment. This produces a nonsinusoidal waveform on the power
supply system. Whenever the power supply waveform is nonsinusoidal, the waveform can be
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divided into its fundamental frequency and the harmonic frequencies of the fundamental.
These harmonics appear as current and impact the total system through heating losses, and
possible resonance when connected to capacitive loads on the power supply line. Resonance
can cause very high voltages on the supply line.

9.1.6 DeÞnitions

9.1.6.1 dc offset: Found when the ac voltage waveform is elevated above ground by some
constant voltage.

9.1.6.2 failures: Periods when the voltage drops to near zero for a prolonged period. Failures
can be either momentary or outages. These two failures are differentiated by how long the
voltage is unavailable.

9.1.6.3 glitch: When either a dc offset or a failure causes the reversal on 1s and 0s in
computer memory or data path. A glitch is the result of a condition, rather than a condition.
As computers run faster and faster, the occurrences of glitches become more frequent.

9.1.6.4 oscillation: The variation, usually with time, of the magnitude of a quantity with
respect to a speciÞed reference when the magnitude is alternately greater and smaller than the
reference.

9.1.6.5 sag: The cycle-to-cycle decrease in the voltage. Sags occur at steady-state time
intervals.

9.1.6.6 spikes: An impulse that is imposed on the waveform. These usually have a duration of
less than 100 µs.

9.1.6.7 surge: The cycle-to-cycle rise in voltage. Surges also occur at steady-state time
intervals.

9.2 Equipment selection

9.2.1 Pre-purchase evaluation form

Many hospitals use a pre-evaluation form before purchase to ensure that equipment will meet
all of the institutionÕs requirements.

9.2.2 Example of pre-purchase evaluation form

New equipment pre-purchase evaluation form. This form is to be completed by the manufac-
turer and returned to the Director of Purchasing with manuals and attachments as indicated
below. This form should be completed by an employee of the manufacturer with sufÞcient
technical information or knowledge to provide answers to the items below. If the manufacturer
is uncertain about speciÞc portions, it is suggested he send available material promptly so fur-
ther communication, if needed, will not be delayed. Refer questions to the Director of Pur-
chasing and/or to_______________________.
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Information detailing speciÞc hospital requirements is outlined in the speciÞcation require-
ments. Additional copies of this form are available on request from the Director of Purchasing.

1.   

2. Listings:

3. Line-operated equipment, including battery chargers:   

4. Battery-operated equipment:   

To: Date

Item: Project #

Is unit listing with UL?   Yes [ ] No [ ]

If Yes, please specify UL listing #

Is equipment listed with other certifying agencies? 

Please give speciÞc standards/listing #

Line voltage limits for stable operation: Frequency limits:

From: To: V ac From: To: Hz

Phase: Normal operating current: A

Surge current: A

What are the power quality requirements: high voltage, low (sag) voltage, and voltage transients 
(including duration)?

What anomalies will the equipment impose on the power supply line?

What is the requirement for supply line impedance?

How will safety and/or operation be affected if the voltage goes outside the range of 108Ð132 V?

Type of batteries or packs:

Number per unit:

Recharge time (where applicable):

Discharge time (under speciÞed load):

Can unit be line-operated when batteries are fully discharged? Yes [ ] No [ ]

Will batteries charge while unit is line-operated? Yes [ ] No [ ]
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5. Power cord:

6. Power switch and overcurrent interrupters:

7. Mechanical design for physical protection:  

 

Required minimum is an 18 gauge, three-conductor industrial or hospital grade cord at least 10 ft 
with a NEMA locking-type or hospital grade NEMA type 5-15 or 5-20 plug.

Does your power cord meet these requirements? Yes [ ] No [ ] 

If No, specify differences and indicate cost of modiÞcation in Section 13.

Type of power:

Switch (i.e., toggle, slide, etc.):

Type of overcurrent protection:

Ampacity:

Single pole  [ ] 

Double pole [ ] 

Three pole   [ ] 

Is power switch clearly labeled? Yes [ ] No [ ] 

Is power switch in line of sight from operator position? Yes [ ] No [ ] 

Enclosure:   Surface [ ] Recessed class [ ] 

Shall protect all line (hot conductors) to all parts of unit. Shall be easily accessible. If fuse, the rating 
and type shall be marked beside the holder and a clearly marked spare shall be provided. If overcur-
rent protection does not conform to these speciÞcations, see Section 13.

Unprotected openings on exposed horizontal surfaces are not allowed.

Other openings shall be guarded against spillage.

Small appliances used in patientÕs bed shall be immersible in conductive ßuid without macroshock 
hazard. If design does not conform to these speciÞcations, see Section 13.
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8. Environmental and interface characteristics:   

9. Provide the following manuals and technical information:

Temperature limits for operation: From     To      °F

For storage: From To     °F

Humidity limits for operation: From     To % RH

For storage: From    To    % RH

Maximum allowable storage time: Sensitive to RF interference? Yes [ ] No [ ] 

Known to generate RF interference? Yes [ ] No [ ] 

Sensitive to power line transient? Yes [ ] No[ ] 

Known to generate power line transient? Yes [ ] No [ ] 

Sensitive to power line harmonic distortion? Yes [ ] No [ ] 

Known to generate power line harmonic distortion? Yes [ ] No [ ] 

Known to require other utilities? Yes [ ] No [ ] 

Are exposed metal surfaces ungrounded? Yes [ ] No[ ] 

If answer is Yes to any of these questions, give details on separate page.

SpeciÞc sterilizing procedures to be used? Yes [ ] No [ ] 

Type of labeling for O2 and ßammable location:

Quantity of radiation emission:

Type of shielding:

Site planning/installation drawings

OperatorÕs manual

Wiring diagrams

Schematic circuit diagram

Parts list

Statement of known potential hazards

Block diagrams

Preventive maintenance program

Operational tests

Performance speciÞcations

User performance test

Service manual

One set to be provided with this form. One additional set upon delivery.
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10. Warranty/guaranty:   

11. Service and training information:      

12. Leakage/risk currents:

Warranty will start after delivery and initial installation (if applicable).

If modiÞcations are made to conform to our speciÞcations, will warranty be violated? Yes [ ] No [ ]

Length of warranty:

Estimated response time for service calls from time of notice: hours

Is local service available? Yes [ ] No [ ]

Give location and working hours of nearest service facility:

A replacement unit is available in:   hours

Are training programs available for service personnel? Yes [ ] No [ ] 

Are training programs available for users? Yes [ ] No [ ] 

(Give location, schedule, cost and instructorÕs qualiÞcations for both types of training programs on a 
separate sheet.)

ManufacturerÕs repair depot location: 

Acceptable limits

Measurement 
site

Device for 
patients with 
intracardiac 
leads

General patient 
devices

Nonpatient 
devices

Typical device 
values indicate 
worst leakage 
current

Patient leads or 
attachments to 
ground

10 µA 50 µA Not applicable

With 120 V 
applied to patient 
leads

20 µA Not applicable Not applicable

Worst case to 
ground

100 µA 500 µA 500 µA
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13. ModiÞcations/comments:

14. This form is to be completed and signed by the manufacturerÕs product manager or
equivalent.

9.3 Equipment and area served

9.3.1 Patient care

9.3.1.1 Patient-connected measurement, monitoring, and data acquisition
equipment

Management of patients has been signiÞcantly aided by measurement, monitoring, and data
acquisition systems. These devices are located in coronary care and progressive care units,
operating rooms, intensive care units (ICUs), and general care areas. Coronary care is a self-
descriptive term for areas devoted to patients with heart problems. As recovery takes place,
limited movement becomes beneÞcial, and the patients progress to a progressive care unit.
Here, monitoring takes place with individually-carried telemetry units. ICUs are for patients
requiring very special attention, such as recovery from surgery. These areas frequently employ
extensive measuring and data acquisition equipment.

Please list description and cost quotations for any modiÞcations, accessories, or other items neces-
sary to fulÞll the requirements stated. Cost of upgrading unit will weigh heavily on our decision to 
purchase.

1.

2.

3.

4.

Completed by:

Name

Address

Address

Signature

Title

Date

Telephone number

Facsimile number
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Proper care requires information about heart and lung performance, the medication provided,
and any notes made by the nursing staff. There are myriad other observations and actions to be
taken with all types of patients. This subclause covers that class of equipment generally known
as patient monitoring equipment and the type of equipment usually found in coronary care
units (CCUs), progressive care units, operating rooms, and ICUs.

Figures 9-1 through 9-4 illustrate patient monitoring systems. This equipment collects and
displays information on heart and lung performance. Heart rates; systolic, diastolic, and mean
pressures; cardiac outputs; respiratory wave forms; and rates and temperatures are measured
and displayed. Because of the large amount of information gathered, computer systems are
sometimes employed to help in the assimilation of the information.    

Alarms may be provided at the bedside instruments for parameters deviating below or above
certain set points. Additionally, computers can be programmed to analyze cardiac arrhyth-
mias, the term given to signiÞcant random abnormalities of the heart waveform. Trends of
events can be stored and recalled for later observation. Figures 9-5 and 9-6 illustrate instru-
ments in operating and intensive care areas. The parameters are typically the same as for the
CCUs but it is more likely that measurements will be made from transducers or electrodes

Figure 9-1ÑPatient monitoring system, central station
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Figure 9-2ÑPatient monitoring system, bedside station
 with paper tape recorder

Figure 9-3ÑPatient monitoring system, bedside station
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Figure 9-4ÑPatient monitoring systemÑtable or console, mounted

Figure 9-5ÑInstruments in operating and intensive care areas
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placed inside the heart chambers. Because of patient status, more capability is provided in
such instrumentation and it typically contains additional controls, features, precision, and
accuracy. Extensive use of computer systems is made during catheterization procedures. Cath-
eterization is the process of collecting data from inside the heart chambers for the purpose of
determining the details of heart performance and whether surgery can be effective in correct-
ing deÞciencies with blood ßow or other heart abnormalities. Figure 9-7 shows such a system.
     

As heart patients regain their strength, many are allowed considerable freedom in their daily
activities, but they still require close monitoring. Such patients are found in progressive care
units. These units employ telemetry systems for monitoring heart rates and waveforms as
the patients are allowed to walk within a prescribed area. Figure 9-8 shows this type of
equipment.

9.3.1.2 How the equipment works

In the general sense, all of the equipment can be described by the aid of the block diagram in
Þgure 9-9. A transducer, either on the surface of or inside the body, picks up the signal of inter-
est. These signals range from a few microvolts to several millivolts, depending upon the
parameter of interest. Bandwidths range from dc to approximately 100 Hz. The output of the
transducer is converted to an electrical signal that undergoes certain processing that depends
upon the end purpose of the data. Typically, Þltering will be employed for the purpose of

Figure 9-6ÑInstruments in operating and intensive care areas
 and catheterization labs
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removing as much noise and patient-induced artifact as possible. There will be processing for
indicating deviations from either high- or low-alarm settings, waveform presentation, and ana-
log-to-digital conversion for the computer data management systems.

Patients are relatively large-volume, complicated, electrical sources. The instruments
connected to these patients should be able to provide acceptable information in the presence of
large amounts of electrical noise and deliberately induced signals that have been applied for
other reasons. Examples of large noise sources are electrosurgery, deÞbrillation, and pace-
makers. The spectrum covers amplitudes from a few microamperes to several amperes,
frequencies from a few cycles per second to many megahertz, and voltages ranging to a few
kilovolts. The patient is a convenient pickup for 60 Hz and electromagnetic signals. Patient
and electrode impedances are complex resistive-capacitative combinations that make the
generation of unwanted signals an easy matter.

DeÞbrillators apply large energies, ranging up to 400 J, for the purpose of converting a Þbril-
lating heart to normal sinus rhythm. A Þbrillating heart beats in a random manner, such that
the net blood ßow is close to zero. Normal sinus rhythm is the rhythm of a heart that is pump-
ing adequately. The deÞbrillation pulse can have durations ranging from about 3Ð30 ms, and
the voltages reaching electrodes attached to the patient can range as high as a few kilovolts,

Figure 9-7ÑCatheterization computer system
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Figure 9-8ÑProgressive care unit

Figure 9-9ÑPatient measurement system
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differential or common mode. Thus, adequate protection should be afforded to the monitors
connected to the patients. The monitorÕs output may be disturbed by the large amount of
energy applied but the monitor should recover quickly and not be damaged.

Pacemakers apply currents of a typically rectangular shape to the heart for the purpose of com-
pensation for a chronic abnormality. Electrodes are embedded inside the heart and stimulated
by means of pulses ranging from a fraction of a milliampere to a few milliamperes, and with
durations ranging from a few tenths of a millisecond to 2 ms. Equipment used in determining
and displaying heart rate is used to display these pulses in order to determine if the heart has
responded properly to the stimulus but, at the same time, must not count these pulses in case
the patientÕs heart should fail to function. Alarm circuits should be able to discriminate
between the absence of a heart beat and the presence of the artiÞcial stimulus. Since the arti-
Þcial stimulus is orders of magnitude greater than the few millivolts of electrocardiograph
signal, the design task is formidable. Typically, some compromise will be reached and infor-
mation is provided to the user with respect to the care that will be exercised when pacemakers
are involved.

Electrosurgical devices are cutting tools employing large magnitudes of high-frequency
current. Kilovolts, amperes, and megahertz signals are involved. The equipment tied to the
patient should not be damaged by such signals and, in the case of surgery, useful data is
expected in the presence of these large disturbances.

9.3.1.3 Patient safety

Some knowledge of electrical safety considerations may be helpful when designing hospital
installations. Patient safety is viewed in terms of the small amount of 60 Hz currents that, if
allowed to ßow through the heart, could induce Þbrillation [B1], [B6].1 This is the same
condition that can occur when a person comes close to electrocution by touching a high-volt-
age power line. In the broad sense, patient safety also includes protection from erroneous data
due to electrical noise. The lack of information due to noise conditions or the generation of
erroneous data can make diagnosis difÞcult or impossible under critical conditions and poten-
tially puts the patient into jeopardy. Electromagnetic interference has been reported as causing
deÞbrillators, pacemakers, and ventilators to malfunction [B3], [B4], [B5]. It can also add
noise that will either obscure data or make it difÞcult to interpret. High-density currents ßow-
ing through electrode or transducer sites may also injure the patient by causing serious burns.

9.3.1.4 The microshock hazard

Figure 9-10 illustrates the conditions that could arise due to the ßow of 60 Hz leakage currents
as a function of poor input isolation of the measuring equipment or poor grounding of the
primary circuits. A fault in the ground line will allow leakage current to ßow through the path
indicated. One such path encompasses electrodes or transducers placed inside the heart. If the
input circuits of the instruments involved are adequately isolated, the current that ßows can be
kept to a very low value under the worst possible caseÑfull line voltage being the direct
source, for example. The exact distribution of 60 Hz currents that will cause Þbrillation with

1The numbers in brackets correspond to those of the bibliography in 9.5. 
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a high degree of predictability has not been determined. However, the results of various exper-
iments have resulted in an upper limit of 20 µA, 60 Hz being considered as the threshold for
Þbrillation. UL 544-19932, CSA Std C22.2, and ANSI/AAMI ES1-1993 all require a 20  µA
limitation for input circuit isolation for the condition of the direct application of 120 V.

2Information on references can be found in 9.4.

Figure 9-10ÑPath of leakage current with defective grounding wire
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These documents also require that the chassis leakage current in Þgure 9-10 be held to
100 µA or less. This limitation essentially eliminates a shock being felt by personnel caring
for the patient and is a reasonable compromise between safety and the extra cost of providing
unnecessarily low chassis leakage currents. Figure 9-11 illustrates a commonly used method
of isolation.

9.3.1.5 60 Hz noise

Figure 9-12 indicates how stray currents coupled to the body generate common mode voltages
that must be accommodated by the measuring instruments. Such devices must be able to effec-
tively attenuate these signals by 100 dB or more. Levels of 10 V may exist on the body, and yet
should not interfere with measurements of signals in the millivolt region.

Figure 9-11ÑHigh-frequency isolation transformers

Figure 9-12Ñ60 Hz interference causes
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Figure 9-13 illustrates the generation of differential voltages from 60 Hz electromagnetic
signals. Since these signals are differential and in the passband of much of the measuring
equipment, they need to be eliminated or reduced at their source. The patient environment
should be one that will restrict the electromagnetic Þeld to low levels. There will typically be
an unavoidable area in the electrode system used for measuring heart rate and any signals
picked up by this loop will be ampliÞed as a normal signal.

9.3.1.6 Burns

High-density currents ßowing through electrode sites can generate burns. The usual source of
the energy involved is the electrosurgery equipment. Figure 9-14 illustrates the problem and
shows that poor contact of the return electrode of the electrosurgical unit may cause the
currents to seek an easier path to ground. This route might be through other electrode sites.

Figure 9-13ÑGeneration of differential voltages from 60 Hz
electromagnetic signals

Figure 9-14ÑElectrosurgical current in a complete circuit
358



 

IEEE
MEDICAL EQUIPMENT AND INSTRUMENTATION Std 602-1996

           
9.3.1.7 Electromagnetic noise

Electromagnetic interference may be caused by signals coupled to the patient from power
lines and high-frequency generators such as radio and TV stations. This noise covers the spec-
trum from a few hertz to several gigahertz. Electrosurgical units, FM, AM, and TV transmit-
ters, radar and communication equipment, computer systems, and electrosurgical units place
noises on the power line that may be sinusoidal, pulse, impulse, as well as other types. The
voltages can range from a few microvolts per meter to volts per meter for noise transmitted
through the air.

Hundreds of volts to low kilovolts for sharp pulses may exist on power lines.

Transmitted interference should be handled by the measuring device involved and requires
extensive detail in the design of input Þlters, shielding, and the bypassing of nonlinear
elements. Chassis leakage current limitations prevent discriminating against arbitrary
amounts of line interference by the use of power line Þlters. Filter sections tied to ground
are generally not usable because they quickly cause the chassis leakage currents to exceed
100 µA. Series inductive elements in conjunction with stray capacities followed by attention
to design detail are the methods employed to attenuate the effects of line noise. Hospital
power circuits need to be carefully designed in order to avoid patient care area circuits
having to accommodate the return currents of noise-producing equipment such as elevators,
computers, pumps, and the like.

9.3.1.8 Environmental considerations

Although much of this equipment resides in a fairly benign environment, it may be used in a
wide variety of situations. Thus, the equipment will need to operate in the following typical
environments:

Ñ Temperature: 15Ð45 °C
Ñ Shock: 30 G
Ñ Vibration: 15Ð30 G
Ñ Condensation: none
Ñ Humidity: 45 °C, 90% relative humidity
Ñ Line voltage: 115 V ± 10%, typically 

However, many areas of the country are now faced with potential brownout conditions and
much equipment is designed to operate satisfactorily down to a 90 V line. Further, many
hospitals routinely test their emergency generators. Depending upon how carefully such
systems are energized when testing, transients may be placed upon the line that can reach levels
of 200 V and more for durations of several milliseconds. The equipment involved is expected
to survive such transients without any damage or permanent loss of data.

9.3.1.9 Design and installation recommendations

Planning will be a key factor in determining the effectiveness of the unit. Typically, this will
include decisions as to size and location of the unit, choice of equipment, Þnancing, selection
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of the staff, training, maintenance, and service. Although it is essential to consider all factors,
this subclause will concentrate on the physical considerations of the unit.

Figure 9-15 illustrates a possible layout. It shows a nursesÕ central station, private rooms with
individual bedside monitoring, and a progressive care unit with telemetry. Each hospital will
have its own requirements. The operating room and intensive care areas have not been
included. However, similar considerations apply. For an intensive care area, nearly all of the
equipment will be bedside mounted and may have signals routed to a central station. Operating
room equipment may be centrally located, analogous to a central station, or it could be mounted
near the anesthesiologist, or close to the operating room table. The instruments may be in racks,
consoles, or individually stacked on bench tops. During the initial planning phases, it will be
necessary to work with the hospital and the equipment suppliers in order to Þx the locations of
the equipment, consider the power needs, evaluate potential noise sources, and consider which
members of the hospital staff will be using the equipment and what access they should have,
including visibility and ease of use of the controls. The cabling should be designed with respect
to length, the type needed from the point of view of signal transmission, access to ceiling
mounts, and any interconnecting hardware. During the planning phase, performance charac-
teristics of different types of equipment can be matched against the desired operation in order
to facilitate selection. Prior to the order being placed, the hospital representative, architect, and
manufacturerÕs representative should meet to discuss the locations of the equipment, the power
needs, and the conduit requirements. It is best to appoint a coordinator so that all involved with
the installation will be kept appraised of current requirements and any changes.

During construction or renovation, the hospital and manufacturing representatives should tour
the proposed equipment site in order to review equipment locations, mounting of hardware,
power requirements, conduits, and the overall equipment concepts. Prior to installation of the

Figure 9-15ÑFloor plan showing telemetry system areas
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actual electronic equipment, the hospital and manufacturer may wish the cables, wall mounts,
shelves, central junction boxes, and ceiling mounts supplied in order that they might be more
easily mounted before Þnal construction has been completed.

Figure 9-16 provides an example of the considerations involved and shows the need to
consider conduit length and sizes. It is preferable to have installed a conduit that may be a bit
larger than needed than to Þnd that the one in place is too small to accommodate the wires that
have to be pulled.

It will be necessary to make drawings of each and every detail of the installation in order to
avoid the errors and oversights that can only be remedied by added work and extra expense.
Large installations can involve 200Ð300 separate pieces of equipment and miles of conduit
and cable. From a mechanical safety point of view, adequate support should be provided for
wall-mounted bedside installations and operating room or central station ceiling-mounted
installations. Typically, the test conditions are four times the load weight for 1 min.

A good installation will require a considerable amount of attention to detail. Some suggestions
follow:

a) Bedside. A typical bedside conÞguration is shown in Þgure 9-17. For beds where
blood pressures will be directly monitored, include transducer mounting poles, etc.   

Figure 9-16ÑTypical conduit routing

CAUTION
If wall mounts are used to support the monitors, they shall be capable of supporting four times the 
speciÞed weight capacity after they have been properly installed. When plaster walls are used, it is 
recommended that steel or plywood plates (as shown in Þgure 9-18) be employed to distribute the 
load over a larger section of wall. Expansion bolts are not considered adequate or safe.
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b) Central station. Central station consoles can range from simple tables on which the
equipment sits, to a custom-built enclosure. Regardless of the central station console
chosen, the following minimum features need to be provided:

1) AC power connectors approximately every 10 in (25.4 cm) along the consoleÕs
length

2) Cable protecting conduits from central station console to central station junction
box

3) A horizontal surface for mounting monitoring equipment (for special consoles,
consult the supplier during planning stages)

4) A surface above and behind the monitoring equipment, to protect the equipment

5) Access to rear of monitoring equipment at the central station location without
the need to move equipment

6) Adequate ventilation (cooling) for the monitoring instruments

Figure 9-17ÑTypical bedside conÞguration
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c) Remote areas. Recent trends in equipping intensive care facilities indicate that remote
displays at strategic locations, based upon the medical staff ßow patterns, are desir-
able. It allows observation of the entire unit while staff members are away from the
central station. Whenever displays in these areas are considered, adequate mounting
facilities and power and signal distribution, which are the responsibilities of the
hospital, should be considered as well. Note that memory oscilloscopes normally
require coaxial cables for signal interconnection to the central station.

d) Telemetry system. If the hospital considers telemetry, it may be necessary for the
manufacturer to make on-site Þeld strength measurements to ensure adequate signal
coverage. Because each hospital has speciÞc details of construction, such as place-
ment of walls, location of electrical equipment, etc., that can affect telemetry signal
reception, each installation should be treated on an individual basis.

e) Computers. Hospitals using computer systems should make adequate signal and
power arrangements during the initial stages of planning. Recommendations for
computer installations vary with speciÞc situations. Consult the equipment supplier as
soon as possible in the planning stages of these installations. Figure 9-19 illustrates
one type of computer system.

Note that computer system installations normally require special signal junction
boxes and larger than normal diameter or additional conduits. In addition, power
requirements for computer-based systems are generally higher and provisions for

Figure 9-18ÑExamples of wall reinforcing
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increased power capacity should be incorporated into the hospital ac supply lines to
the proposed computer/patient monitoring areas.

f) AC power. A separately protected, common power source of 115 V, 60 Hz should be
provided for the system, properly tied to the hospitalÕs emergency power system. Each
bed should have an individually protected, 20 A, three-wire grounded NEMA-type
outlet. Thus, the system remains operative if a failure occurs at one bedside. Power
wiring should never be run in the same conduit nor closely parallel to signal wiring
from monitoring instruments.

1) Voltage requirements. Most patient monitoring equipment operates from single-
phase 120 V (or 230 V in locations outside of the U.S.) ac, 50Ð60 Hz. Line volt-
age may vary as much as 10% (e.g., 108Ð132 V or 207Ð253 V) without affecting
operation or accuracy of the instrument. Variations greater than 10% may have
to be corrected by a regulating transformer or other means.

2) Bedside power. Required power level for each bedside is generally 90Ð200 VA.

The following recommendations for bedside stations apply:

Ñ Use only hospital grade acceptable power connectors.

Ñ Use a minimum of two duplex outlets on each side of the patientÕs bed.
The outlets should be connected to and protected by breakers in accor-
dance with the National Electric Code¨ (NEC¨) (NFPA 70-1996).

Ñ Use a minimum of 825 VA for each pair of outlets.

Figure 9-19ÑComputer system
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Ñ Provide power outlets within a few feet of the junction boxes and equip-
ment support locations.

Ñ Provide a grounding system in accordance with NFPA 99-1996 and the
NEC.

Ñ Provide an exposed terminal connected directly to the patient common
reference bus for testing purposes. These should be within 5 ft (1.52 m) of
each bed and each may serve more than one bed.

Ñ Design the system layout to keep power cables to a minimum length as this
contributes both to physical and electrical safety.

Ñ Provide for adequate ventilation in areas where the patient monitoring
equipment is to be installed.

3) Central station. The required power level for the central station is about 80 VA
for systems of eight or fewer beds. For each eight-bed system add 100 VA.

g) Conduit and junction boxes (if needed). Elements essential to most ICU installations
are the bedside junction boxes, the signal cable conduit or carrier, and the central
station junction box.

1) Bedside junction boxes. For a new or existing hospital building: NEMA electri-
cal box with plaster ring for standard 1-1/2 in (3.18 cm) conduit. The junction
box can be either ßush- or wall-mounted. One of these junction boxes should be
mounted at each bedside station in the ICU area.

2) Central station junction box. The central station junction boxes provide versatil-
ity for an eight-patient ICU area. These boxes will accept conduit and raceway
adapters for hidden or surface-mounted building cable carriers. Note that central
station junction boxes can be shipped to the building site before the monitoring
equipment, if desired by the hospital contractor.

3) Patient signal wiring from instruments. Hidden 1-1/2 in (3.18 cm) diameter
conduit between ßush-mounted bedside and central station junction boxes is
recommended for maximum cable protection and attractiveness of completed
installation.

h) Mounts. Use of a wall mount, ceiling mount, or shelf to mount the bedside modules
keeps the area immediately adjacent to the bed free from monitoring equipment, an
important consideration when patients are in need of constant attention. The mount-
ing brackets can be installed when the cables are being installed or at the same time
as the central station, remote, and bedside junction boxes are being installed. Steel or
plywood plates should be included in the wall sufÞcient to distribute equipment
support forces over a large section of the wall as required by speciÞc construction. In
an arrangement using two wall mounts, the mounting holes between units should be
14 in (35.56 cm) apart, center-to-center. When not mounted directly on the wall
surface, it is recommended that the bracket(s) be mounted on a suitably large, 3/4 in
(1.91 cm) thick plywood sheet prior to wall mounting to make it easier to properly
space and align brackets. Typically, two half-modules, shelf, and bracket weigh
approximately 30 lb (13.6 kg), so appropriate fasteners should be used. See Þgures
9-20 and 9-21 for illustrations of mounts.    
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Figure 9-20ÑCeiling mount supports for steel joist ceiling construction
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Figure 9-21ÑCeiling mount supports for concrete slab ceiling construction
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9.3.1.10 AC power and grounding

All equipment should be on a separate grounding system not used by other hospital equipment.
Particular attention should be paid to x-ray equipment. X-ray equipment shall not use grounds
and power lines for the patient monitoring equipment being described. It is recommended that
a grounding system in accordance with NFPA 99-1996 be used. Figure 9-22 illustrates one
example of grounding and ac power wiring. Care should be taken to ensure that there is no
ground potential differences between grounded surfaces in the patient care area.

9.3.1.11 Central station

Central stations may be fairly simple groupings of equipment or they can be quite complex
involving 20Ð30 pieces of equipment or more. Thus, careful attention should be paid to the
conÞguration and power and cooling requirements. To protect the hospital personnel and the
patient, it is recommended that each instrument cabinet be grounded. This will typically be
done through the three-wire power cord connected to a properly installed electrical system.

Figure 9-22ÑHeavy copper bus grounding system
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9.3.1.12 Checks

It is sometimes helpful to work against a checklist in order to avoid overlooking major items.
Following is one set of suggested checklists that might prove helpful.

Prior to installation:

a) Have conference with hospital personnel.

b) Have conference with hospital architect.

c) Note the type of patient monitors at bedside and remote areas.

d) Note the type of central station monitors/alarms.

e) Is the architect aware of the number of conduit runs required?

f) Is the architect aware of recommended conduit size?

g) Is the architect aware that no other wires should be run in same conduit with ICU
signal cables?

h) Is the architect aware that ac power, diathermy cables, etc., should be run far enough
away from ICU to prevent interference?

i) Is the architect aware that proper conduit junction boxes are included?

j) Is the architect aware that builder supplies and installs bedside and remote junction
boxes?

k) Is the architect aware that manufacturer supplies bedside and remote junction box face
plates, if required?

l) Is the architect aware that manufacturer will supply central station junction box, if
needed, that is to be installed by the builder?

m) Is the architect aware that individual three-wire ac outlets are recommended for each
bedside instrument and each central station monitor?

n) Have cables been identiÞed by bed number and ordered (with noted variations, if any)
after cable lengths from point-to-point have been carefully measured? Order 10%
longer length to prevent getting a cable too short to do the job.

o) ConÞrm the day scheduled for cable and patient monitoring equipment installation
with person assigned.

p) Does the project coordinator has a move-in day assigned for the CCU/ICU
equipment?

NOTEÑGo over checklist and correspondence again; the effot will be worthwhile. Oversights will
cause delays, and delays often run up the cost in an exponential manner.

9.3.1.13 Architect checklist prior to installation

a) Does the builder know the number, location, and size of conduit runs?
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b) Does the builder know the location, voltage, and number of ac power outlets?

c) Does the builder know the location and number of each type of system junction box,
if used?

d) Is the builder/electrician aware that ICU system conduit and junction boxes, if needed,
must be installed?

e) Is the builder/electrician aware that only patient monitor signal cables can be run in
monitoring conduits, and that ac power, diathermy cables, etc., should not be run
parallel along with ICU monitoring conduits in order to prevent interference?

f) Is the builder/electrician aware of correct conduit junction boxes, if used?

g) Is the builder aware that the manufacturer will apply bedside junction box face plates,
if used?

h) Is the builder aware that the manufacturer will supply central station junction box, if
used?

i) Is the electrician aware of recommended electrical requirements and location of each
outlet in ICU, that is grounding system requirements, patient safe environment, etc.?

j) Is the electrician aware of any recommended equipotential test binding post require-
ments at each patient bedside?

k) Is the builder aware of mounting requirements of brackets and shelves if these are to
be used?

9.3.1.14 Other important notes

Select a site for the equipment not directly adjacent to the emergency generator power plant,
main power service entrance, diathermy machines, and units containing large motors. These
will commonly produce extremely large amounts of electromagnetic interference and the
problem of obtaining high-quality data rises exponentially with closer distances to such
sources. Keep high-current feeder lines away from patient areas.

Although much of the electronic equipment used will be capable of operating over wide
temperature extremes, it will be better to design the environment such that temperature varia-
tions from day to night can be minimized. This will reduce the probability of condensation
forming that may interfere with the operation of some units. Also, any corrosive problems due
to moisture buildup will be minimized.

Isolated power centers are not required for electrical patient safety. However, local codes or
other hospital considerations may dictate their installation. If such power centers are to be
used, or if their use is anticipated at a future date, allowance should be made during the initial
construction or renovation. Wire lengths need to be considered as well as location. In order to
minimize leakage currents, some have recommended that polyethylene insulated wire be used
when isolated power centers are involved. This wire has less capacity per foot and leakage cur-
rents will be lower. Isolated power centers have received much discussion with regard to costs
and beneÞts relative to patient safety. Proper equipment maintenance should not be over-
looked. Thus, a minimal clearance is needed for cooling and for access to the sides and rear for
maintenance.
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9.3.1.15 Summary

Equipment used in CCUs, progressing care units, ICUs, and operating rooms has proved to be
of material beneÞt in aiding the hospital staff to care for patients. The installation procedures
recommended should be helpful in not compromising the usefulness of this equipment. The
following reminders may be helpful:

a) Generators of electromagnetic and electrostatic noise should not be located near
patient areas.

b) The high-current buses that supply the hospitals or large pieces of machinery should
not be run through the walls, in ceilings, or under the ßoors of patient care areas, and
should be as far from these areas as practicable.

c) Room environments should be designed to avoid temperature extremes.

d) Wall and ceiling mounts should receive special attention with respect to their load-car-
rying capacity.

e) Power and signal wires should be separated as far as possible.

f) Minimal clearance should be maintained around the equipment from a cooling and
serviceability point of view.

g) Equipotential grounding systems should be used with impedances as low as practica-
ble in order to minimize noise voltages building up and coupling into signal circuits.
This refers to both the resistive and inductive property of the ground system.

h) The necessary amount of time should be provided for consideration of all of the
details of the planning process. Problems discovered later are often rectiÞed by spend-
ing additional sums.

i) Coordination should occur such that the builder, manufacturer, architect, and hospital
administration know at all times what is taking place.

9.3.2 Pediatric and neonatal

9.3.2.1 General

The OB/GYN department in a hospital serves that branch of medicine that deals with the
diseases and the normal processes of women, especially in the Þelds of the reproductive
organs and childbearing. The department usually has space provisions for patient rooms,
labor rooms, examination areas, delivery suites, and nursery, including a neonatal (newborn)
section.

During the past decade, the delivery suite and its associated labor room and nursery area have
been disappearing from local neighborhood hospitals.

Maternity centers have been established in central area hospitals in most major U.S. cities.
The neonatal area is a principal element of all these centers.
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9.3.2.2 Basic equipment in the neonatal area

a) Incubator. Most incubators have two functions: reverse isolation and heat balance.
Some are designed only to maintain the infantÕs temperature (e.g., radiant warmers).
It is important for nursery personnel to bear in mind that the isolation function of the
usual incubator is only to protect the infant from airborne infections, because his
inspired air has been Þltered. An infected infant in such an incubator discharges his
unÞltered expired air into the nursery, and other infants are not isolated from him
unless they are also in an isolation-type incubator. Incubators that have been carefully
checked and that are free from Þre and electrical hazards should be available for any
infant who needs supplemental heat. There should always be a standby heat incubator
or radiant warmer and bassinet for unexpected deliveries or problems. Additional
humidity or an oxygen-enriched environment can either be provided by the incubator
or, when radiant warmers are used, delivered to the infant by means of a hood.

The incubator contains a small blower, an air Þltration system, a heating rod device,
and a water port for humidity control.

1) Typical electrical parameters
i) Voltage: 120 V
ii) Frequency: 60 Hz
iii) Amperes: 2Ð5 maximum

2) Sources of electrical problems
i) Plug and cord
ii) Corrosion of heating device

b) The patient monitor. The typical patient monitor used in the neonatal nursery (or
similar unit in an ICU or CCU unit) will provide measurements for the following
parameters:

1) The ECG or EKG electrocardiogram (see Þgure 9-23) is a graphic recording or
display of the time-variant voltages produced by the myocardium during the car-
diac cycle. The P, QRS, and T waves reßect the rhythmic electrical depolariza-
tion and repolarization of the myocardium associated with the contractions of
the atria and ventricles. The ECG is used clinically in diagnosing various
diseases and conditions associated with the heart. It also serves as a timing refer-
ence for other measurements.

2) Respiration. Breaths/min in the range of 0Ð80.

3) Blood pressure. Utilizing a pressure transducer, a carrier ampliÞer, and a display
utilizing two meters showing the systolic and diastolic pressure in mm/Hg.

4) Temperature is recorded from the skin, the rectum, and the ambient area.
Normal temperature ranges are as follows:

i) Oral (mouth): 98.6 °F (37 °C)

ii) Rectal: Usually 1 ° higher than the oral reading

iii) Skin temperature: 70 °F (21 °C)

4) Electrical parameters:

i) Voltage: 120 V
ii) Frequency: 60 Hz
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iii) Watts: 100Ð200 W

4) Sources of electrical problems:

i) Radio frequency interference
ii) Patient electrodes (chest, ear, and nose clips); there can be 12 electrodes
iii) Stylus wears out; driven by servomotor
iv) Voltage ßuctuations from outside sources
v) Incorrect grounding

6) Design and installation recommendations:

i) Locate receptacles and patient input outlets as close to patient as possible.

ii) Emergency power is essential (an alternate source with adequate capacity
should be provided from an independent branch for emergency use and
routine maintenance).

iii) Electrical circuits for bedside (or crib and incubator) patient monitors and
central station monitors to be on same phase leg.

iv) All receptacles should be hospital grade or equivalent.

9.3.3 Surgery

The surgical suite, whether in a small community hospital or in a major general or teaching
hospital, is usually the most complicated in the facility in regard to electrical systems, equip-
ment, patient safety considerations, and, of course, in communications.

The electrical equipment utilized in the surgical suite shall be designed for ultimate patient
and staff safe use as well as for the surgical procedure in which it is involved. The electrical
circuiting for the area shall be designed for the load served as well as for patient safety. See
Chapter 6 for further details on the correct use of isolated power, equipotential grounding, and
other special requirements.

Figure 9-23ÑElectrocardiogram in detail
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9.3.4 Dialysis

The introduction of maintenance dialysis for the treatment of renal disease with uremia is
generally acknowledged as one of the most important advances in medical treatment in the last
25 years. This procedure is used to prolong the life of thousands of patients awaiting kidney
transplants, and it also extends the active life of the kidney patient.

The electrical systems within the dialysis suite shall be designed with patient safety as the
foremost consideration as well as feeding the equipment utilized. The area is always suspect to
moisture from patient waste, the dialysate ßuid, and other ßuids with a salt base. All electrical
equipment needs to be grounded, and it is advisable to provide an equipotential grounding
system in the suite.

All receptacles should be ground-fault interrupter-type and hospital grade or equivalent. The
dialysis machine should be fed from its own independent circuit; this will provide the highest
probability that a nuisance trip on another piece of equipment will not interrupt the patient
treatment. Due to the length of time a dialysis patient spends on the machine, consideration
should be given to electric supply system outage frequency and to the need for emergency
power.

9.3.5 Radiology

9.3.5.1 Introduction

Radiology equipment refers to a wide range of diagnostic and exploratory systems. What
began as a simple process using Þlm and x-ray radiation exposures is now a real-time, com-
puter-based industry. The uses of radiology equipment are many, ranging from simple x-ray
Þlms that locate broken bones to computer aided tomography units that provide digitally-
enhanced section views through the patient. Likewise, as the number of different units has
grown, the areas in a medical facility where they might be found has also grown. The prob-
lems that were once centralized in one location are now scattered throughout practically every
area of a medical facility. Due to this scattering of units, the once simple solutions to x-ray unit
power distribution may no longer be as economically feasible. This requires detailed study in
each instance of not only the speciÞc equipment, but also the speciÞc electrical power distri-
bution system.

9.3.5.2 Theory

9.3.5.2.1 X-rays and their production

The term radiograph requires deÞnition. It is a visible photographic recordÑan x-ray
pictureÑproduced by the passage of x-rays through an object or body and then recorded on a
special Þlm. In medicine, it enables the radiologist to study the inner structures of the human
body as an aid to diagnosis. How a radiograph is producedÑwhat physical and chemical reac-
tions take placeÑis the subject of this subclause.

The Þrst question that naturally arises is: What are x-rays, and how do they behave? They have
two aspects of behaviorÑas rays and as particles. A ray can be deÞned as a beam of light or
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radiant energy. (Energy simply means the capacity for performing work.) Light or radiant
energy travels as a wave motion and hence one measurable characteristic is its wavelength.

To understand the concept of waves and wavelength, think of the disturbance created in a quiet
pond when a pebble is tossed into it. As the pebble strikes the water, some of its energy pro-
duces waves that travel outward in ever-widening circles. Although the water is in motion, it
does not travel forward progressively. This can be seen by the motion of a ßoating chip of
wood, or of a leaf that rises and falls with the waves but does not progress from its original
location. The energy of the waves proceeds outward from the center. The wavelength of the
water waves is the distance from crest-to-crest or trough-to-trough. In any system of waves,
the distance between two successive corresponding locations in the moving energy pattern is
the wavelength.

Light, radio waves, x-rays, and so forth are energy waves of electric and magnetic inßuence.
They are appropriately called electromagnetic waves and travel at tremendous speedÑabout 3
´ 108 m/s (186 000 mi/s). All these forms of electromagnetic radiation are grouped according
to their wavelengths in what is called the electromagnetic spectrum. The following examples
will provide some comparison of waves and wavelength.

The length of 60 Hz ac waves is about the distance as from coast to coast of the U.S. The
wavelength of short radio waves is about 2 m. Medical x-raysÑonly about 1/10 000 the
wavelength of visible lightÑhave a wavelength of about one billionth of an inch. The useful
range in medical radiography comprises wavelengths approximately 0.01Ð0.05 nm.3

As mentioned earlier, x-rays also act as if they consisted of small, separate bundles of energy
called quanta (singular: quantum), or photons. Under certain circumstances the action of a
beam of x-rays can be better understood if it is considered not as a succession of waves, but
rather as a shower of particles. This does not imply that a beam of radiation changes erratically
from particles to waves and back again. Instead, the aspect that is most apparent depends upon
the way the radiation is being used, or on the method being used to detect or record it.

The two natures of x-rays are inseparable. For instance, to know the energy in a single quan-
tum (i.e., in one of the small separate bundles of energy), it is necessary to know the wave-
length of the radiation. But wavelength is a wave characteristic and must be determined from
a consideration of the wavelike nature of radiation.

The experimental facts that prove radiation to be both wavelike and particle-like are well
established. Radiation has a dual nature, not in the sense that it behaves unpredictably, but in
the sense that one aspect will predominate under one set of circumstances, the other aspect
under another.

Fundamentally, x-rays obey all the laws of light, but among their special properties certain
ones are of interest to the x-ray technician, as follows:

3The wavelength of visible light at the center of the visible spectrum is about 5.5 ´ 10Ð5 cm, while the x-rays used for
radiographÑthose in the center of the medical x-ray spectrumÑhave a wavelength of approximately 5.5 ´ 10Ð9 cm.
Therefore, the wavelength of the x-rays is only about 1/10 000 that of visible light.
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a) Their extremely short wavelength enables them to penetrate materials that absorb or
reßect visible light.

b) They cause certain substances to ßuoresce; that is, to emit radiation in the longer
wavelengths, i.e., visible and ultraviolet radiation.

c) They affect photographic Þlm, producing a record made visible by development.

d) They cause biologic changes (somatic and genetic), a fact that permits their use in
therapy but also necessitates caution in using x-radiation.

These special properties have application in medical and industrial radiography, therapy, and
research.

9.3.5.2.2 The x-ray tube

X-rays are created when fast-moving electrons (minute particles, each bearing a negative elec-
trical charge) collide with matter in any form, with the result being x-radiation. The most
efÞcient means of generating x-rays is an x-ray tube. This is an electronic device that is con-
siderably larger but actually less intricate than the electronic tubes in a radio. In an x-ray tube,
x-rays are produced by directing a stream of electrons at high velocity against a metal target.
In striking the atoms of the target, electrons are stopped. Most of their energy is transformed
into heat, but a small proportion (about 1%) is transformed into x-rays.

The simplest form of x-ray tube is a sealed glass envelope (from which the air has been
pumped) containing two important parts: the anode and the cathode. The anode is usually
formed of copper and extends from one end of the tube to the center. A block of tungsten about
1/2 in square is set in the anode face at the center of the tube. This is called the target. Tungsten
has been found to be the most efÞcient target material for two reasons: Þrst, its high melting
point withstands the extreme heat to which it is subjected, and second, it has a high atomic
number, making it a more efÞcient producer of x-radiation than materials of lower atomic
number. The small area of the target that the electrons strike is called the focal spot; it is the
source of the x-rays. There are two types of anodeÑthe stationary and the rotatingÑmore will
be said about them presently.

The cathode contains a tungsten wire (Þlament) wound in the form of a spiral about 1/8 in
diameter and 1/2 in long; it is set in a cup-shaped holder (called the focusing cup) an inch or
so away from the anode. The support for the focusing cup extends outside the tube so that
appropriate electrical connections can be made.

The cathode Þlament is heated to a glow (incandescence) in just the same way as the Þlament
is in an ordinary light bulb. However, the Þlament is not heated to produce light, but rather to
act as a source of electrons that are emitted from the hot wire. The cathode is so designed and
located within the tube that the electrons form a stream, beamed in the right direction, and of
the exact size and shape to produce the desired focal spot on the target of the anode.

When a very high potential (thousands of volts) is applied to these two x-ray tube components
(the cathode and the anode), the available electrons are attracted to the anode in such a manner
that they strike the focal spot with tremendous force. The higher the potential (voltage) the
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greater the speed of these electrons. This results in x-rays that are of shorter wavelength and
greater penetrating power and intensity.

As has been mentioned, the focal spot is the area of the target that is bombarded by the elec-
trons from the cathode. The shape and size of the focusing cup of the cathode, the length and
diameter of the coil (Þlament), and the dimensions of the focusing cup in which the coil rests
all determine the size and shape of the focal spot.

Heat as well as x-rays are generated by the impact of the electrons. Only a small part
(about 1%) of the energy resulting from this impact is emitted from the focal spot in the form
of x-rays. Most of the energy is wasted by heating the target. This heat should be conducted
away from the focal spot as efÞciently as possible. Otherwise, the metal would melt and the
tube would be destroyed. Tube manufacturers use a variety of methods for carrying the heat
away from the focal spot. The simplest method is to back up the target with a good heat-
conducting metal, such as copper, and to extend the copper outside the glass bulb to a Þn
radiator. In some tubes, water or oil is pumped through internal holes in the copper so as to
dissipate the heat more effectively.

The size of the focal spot has a very important effect upon the quality of the x-ray image. The
smaller the focal spot, the better the detail of the image. But because a large spot can tolerate
more heat than a small one, some method of obtaining a practical size of focal spot that would
provide good image detail had to be found. These methods are: utilizing the line-focus princi-
ple and rotating the anode.

The line-focus principle refers to the fact that the electron stream is focused in a narrow
rectangle on the anode target. The target face is made at an angle of about 20° to the cathode.
When the rectangular focal spot is viewed from belowÑin the position of the ÞlmÑit appears
more nearly a small square. Thus, the effective area of the focal spot is only a fraction of its
actual area. By using the x-rays that emerge at this angle, radiographic deÞnition is improved
while the heat capacity of the anode is increased because the electron stream is spread over a
greater area. 4

To increase further the capacity of the anode to withstand heat, the rotating-anode tube was
developed. As the name implies, the disk-shaped anode rotates on an axis through the center of
the tube during the period of operation. The Þlament is so arranged as to direct the electron
stream against the beveled area of the tungsten disk. Thus, the position of the focal spot (the
area of the target the electrons strike) remains Þxed in space while the circular anode rotates
rapidly during the exposure, continually providing a cooler surface for reception of electron
stream. In this way the heat is distributed over the area of a broad ring, and for the same expo-
sure conditions, the focal spot area can be made one-sixth or less that required in stationary-
anode tubes.

Some tubes contain two separate Þlaments and focusing cups that provide focal spots of
different size and capacity.

4In designating tube size, manufacturers use a dimension that is the effective focus size. That is, a so-called 1.0 mm
tube has a projected focus of 1 by 1 mm.
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Manufacturers furnish charts will all types of x-ray tubes to indicate the limits of safe opera-
tionÑthe maximum factors of kilovoltage, milliamperage, and time that can safely be used for
a single exposure. Some manufacturers also give cooling charts that indicate how rapidly
exposures may be repeated. Thus, a tube can always be operated within its rated capacity.

9.3.5.2.3 Operation of the x-ray tube

The electrical apparatus that permits the control and operation of the tube consists of a number
of basic components, as follows: 

a) A high-voltage transformer
b) An autotransformer
c) A rectiÞer
d) A power supply for the Þlament of the x-ray tube
e) A choke coil to adjust the current supply to the Þlament

The circuits involving the x-ray tube, rectiÞer, and high-voltage transformer are arranged so
that high-positive voltage is applied at the anode end of the tube, with the high-negative volt-
age applied at the cathode. The electrons from the hot cathode Þlament are negative charges
and thus are attracted with great force to the positive anode. This high voltage is usually
expressed in terms of peak kilovolts (1 kV = 1000 V).

It is well to understand that kilovoltage has nothing to do with the manner of electrons that
compose the stream ßowing from cathode to anode. Kilovoltage controls the speed of each
electron, which in turn has very important effects upon the x-rays produced at the focal spot.

The number of electrons is controlled by the temperature (the degree of incandescence) of
the cathode Þlament. This control is accomplished by adjusting the Þlament current through
its own low-voltage electric circuit. The hotter the Þlament, the more electrons that are
emitted and become available to form the electron streamÑthat is, the x-ray tube current. In
the x-ray tube the number of electrons ßowing per second is measured in milliamperes (1
mA = 0.001 A). The quantity of x-rays produced at a particular kilovoltage depends upon
this number. For example, when the number of electrons per second doubles, the current
(milliamperage) doubles, and the x-rays produced double in number. Note that setting the x-
ray machine for a speciÞc milliamperage actually means adjusting the Þlament temperature
to yield the current ßow (milliamperage) indicated.

Perhaps it will be easier to understand what takes place inside an x-ray tube if its operation is
compared to that of a conveyer system at a sand pit. Suppose that above one end of the
conveyer belt there is a hopper full of sand that runs out the bottom through an adjustable
opening onto the moving belt. Assume that the grains of sand are the electrons. The number of
grains available to be carried away each second by the belt depends on the size of the outlet
opening of the hopper, which can be compared to the degree of incandescence of the cathode
Þlament. The moving belt will carry away all of the sand just as the kilovoltage will move all
of the electrons available at the Þlament that comprise the electron stream.
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Now, suppose the belt is speeded up. This is like increasing the kilovoltage. The number of
grains of sand (electrons) traveling per second remains unchanged. Only so many get through
the opening (the cathode incandescence) regardless of the belt speed (kilovoltage). Those that
are available just travel faster. Again, suppose that the hopper hole is opened wider (Þlament
incandescence is increased). More grains of sand (electrons) per second fall on the belt. The
belt carries a bigger loadÑmore grains per second (greater milliamperage)Ñbut the belt
speed (kilovoltage) is the same. As the effects of milliamperage and kilovoltage are discussed
in the following subclauses, it may be helpful to refer again to this ÒconveyerÓ discussion. This
should help to explain how these two factors affect the x-ray beam.

9.3.5.2.4 The x-ray beam and image formation

What happens when the x-ray beam leaves the focal spot?

Most diagrams of the x-ray tube show x-rays as forming a neat triangular pattern as they are
produced at the focal spot. This serves a good purpose in emphasizing the action of x-radiation
outside the tube. However, the radiation does not behave in that way. Actually, x-rays are like
visible light in that they radiate from the source in straight lines in all directions unless they are
stopped by an absorber. For that reason, the x-ray tube is enclosed in a metal housing that
stops most of the x-radiation; only the useful rays are permitted to have the tube through a
window or port. These useful rays are called the primary beam. That pencil of radiation at the
geometric center of the primary beam is called the central ray.

A high voltage is applied to the x-ray tube in order to produce x-rays. The electrical apparatus
is such that the kilovoltage can be changed over a rather wide range, usually 30Ð100 kV or
more. When the lower range of kilovoltages is used, the x-rays have a longer wavelength and
are easily absorbed. They are termed soft x-rays. Radiation produced in the higher kilovoltage
range has greater energy and a shorter wavelength. Such x-rays are much more penetrating
and are called hard. It should be understood that the x-ray beam consists of rays of different
wavelengths and penetrating power.

9.3.5.2.4.1 X-ray absorption

In listing the important properties of x-rays, it was noted that they are able to penetrate matter.
That generality must be qualiÞed, because not all the x-rays that enter an object penetrate it.
Some are absorbed. Those that do get through form the image, or shadow, as it is frequently
called.

The extent to which x-rays are absorbed by a material depends on the following three factors: 

a) The wavelength of the x-rays
b) The composition of the object in the path of the x-ray beam
c) The thickness and density of the object

The long wavelength x-raysÑi.e., those produced at lower kilovoltagesÑare easily absorbed.
The shorter wavelength x-raysÑi.e., those produced in the higher kilovoltage rangeÑpene-
trate materials more readily.
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How does the composition of the object have a bearing on x-ray absorption? This depends on
the atomic number of the material. For example, a sheet of aluminum, being of lower atomic
number than copper, absorbs a lesser amount of x-rays than does a sheet of copper of the same
area and weight. Lead (of still greater atomic number) is a great absorber of x-rays. For this
reason it is used in the tube housing and for protective devices, for instance, in the walls of the
x-ray room and in the special gloves and aprons used during ßuoroscopy.

The relation of x-ray absorption to thickness is simple; a thick piece of any material absorbs
more x-radiation than a thin piece of the same material. The density of a material has a similar
effect. For instance, an inch of water will absorb more x-rays than an inch of ice.

In considering the medical uses of x-rays, it is important to understand that the human body is
a complex structure made up not only of different thicknesses but of different materials. These
absorb x-rays in different degrees. Thus, bone absorbs more x-rays than ßesh does; ßesh, more
than air (in the lungs, for instance). Furthermore, diseased structures often absorb x-rays
differently than do normal ßesh and bones. The age of a patient also has a bearing on absorp-
tion. For example, in the elderly, the bones have less calcium content and hence less x-ray
absorption than do the bones of younger people.

The relationship among x-ray intensities in different parts of the image is deÞned as subject
contrast. Subject contrast depends upon the nature of the subject, the radiation quality used,
and the intensity and distribution of the scattered radiation, but it is independent of time,
milliamperage, and distance, and of the characteristics or treatment of the Þlm used.

9.3.5.2.4.2 Factors affecting the image

The image can be affected by three factors: milliamperage, distance, and kilovoltage.

a) Effect of milliamperage. Increasing the milliamperage increases the quantity of x-
rays, and decreasing the milliamperage decreases the quantity. All the x-ray intensities
of this leg pattern, or the brightness of the image, will increase as the amount (quan-
tity) of x-radiation from the focal spot increases. Therefore, this brightness can be
readily controlled by changing the milliamperage. However, it should be understood
that the various x-ray intensities will continue to bear the same relation to each other.

b) Effect of distance. Again, the x-ray intensities of the pattern can be altered uniformly
by an entirely different, nonelectrical meansÑby moving the tube from or toward the
object. In other words, the distance of the tube from the object has an effect on the
intensity of the image. Thus, as the distance from the object to the source of radiation
is decreased, the x-ray intensity at the object increases; as the distance is increased,
the radiation intensity at the object decreases. This all results from the fact that both x-
rays and light travel in diverging straight lines.

A change in distance is very similar to a change in milliamperage in its effect upon
the overall intensity of the image. The amount by which the overall image intensity is
changed when milliamperage or distance is changed is a matter of simple arithmetic.

c) Effect of kilovoltage. A change in kilovoltage causes a number of effects. The Þrst to
be considered here is the fact that a change in kilovoltage results in a change in the
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penetrating power of the x-rays. Another fundamental rule of all x-ray technique is
that increasing kilovoltage reduces subject contrast; decreasing kilovoltage increases
subject contrast.

A second effect of increase in kilovoltage is that not only are new, more penetrating
x-rays produced, but so are more of the less penetrating rays, which were also
produced at the lower kilovoltage. This occurs with no change in tube current.

The combination of these two effects of increase in kilovoltage is to modify the
pattern so that a pronounced increase in overall intensity of the pattern would have
been noted, in addition to the differences in intensity having been leveled out.

d) Summary. From the discussion thus far, the following conclusions can be drawn:
Overall intensity of the image can be controlled by the three factorsÑmilliamperage,
distance, and kilovoltage. When millamperage or distance is used as a factor for
control of intensity, subject contrast is not affected. However, when kilovoltage is
used as a control of intensity, a change of subject contrast always occurs in conjunc-
tion with the change in intensity.

9.3.5.2.4.3 Heel effect

For simplicityÕs sake, it has been assumed that the intensity of radiation over the entire area
covered by the primary beam is constant. This is not quite correct. Actually, there is a variation
in intensity due to the angle at which the x-rays are emitted from the focal spot. This is called
the heel effect. The following is a description of this effect and the way in which it may be
used to advantage.

This so-called heel effect is the variation in intensity of the x-ray output with the angle of x-ray
emission from the focal spot. The intensity of the beam diminishes fairly rapidly from the
central ray toward the anode side and increases slightly toward the cathode side. This phenom-
enon can be made good use of in obtaining balanced densities in radiographs of heavier parts
of the body. To do so, arrange the patient relative to the tube so that the long axis of the tube
is parallel to that of the body part, with the anode toward the more easily penetrated area. For
example, in radiography of the thoracic vertebrae, the neck should receive the less intense rays
from the anode portion of the beam, while the heavier chest area should be exposed by the
more intense rays from the cathode portion of the beam.

The heel effect is less noticeable in closely coned projections where the x-ray beam is fairly
restricted. Where a long area, such as the thoracic vertebrae must be included, it is important.

9.3.5.2.4.4 Geometry of image formation

The purpose of radiography is to obtain as accurate an image as possible. Two factors that
contribute to this accuracy are the sharpness and size of the shadow. A demonstration that can
be made with light bulbs will make clear how these factors are applied in radiography.

Get a small, clear lamp, such as is used in a nightlight. Set it up about 3 ft from a wall, turn it
on, and place your hand an inch or two from the wall. Notice that the shadow produced by this
small light source is nearly the same size as your hand, and that the edges are quite sharp. Now
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move your hand away from the wallÑtoward the lightÑand watch how the shadow grows
larger, and fuzzier along the edges. Next, substitute a large, frosted bulb and notice that the
edge of the shadow is a little fuzzy even when your hand is close to the wall. The unsharpness
is caused by the larger light source. Again, move your hand toward the lamp and see how the
shadow enlarges and the unsharpness increases.

So it is with x-rays. The smaller the source of radiation (focal spot) and the nearer the object
is to the recording plane (Þlm), the sharper and more accurate the image. Conversely, the
larger the source of radiation and the farther the object is from the recording plane, the greater
the unsharpness and magniÞcation. In addition, not only the shadow of the edge of the object
but all of the shadows of the structures within it are involved in radiography, because x-rays
penetrate the object whereas light does not. The same laws apply to the shadows of the internal
structures as apply to the edges. If one of these structures is farther away from the recording
plane than another, the structure farther away will be magniÞed more, which will result in
unequal magniÞcation. This variation from the actual proportions of the object is known as
distortion. (Distortion and magniÞcation are not necessarily bad things. Sometimes this is
deliberately done in order to permit diagnosis of an otherwise obscured part.)

All the foregoing may be summed up in Þve rules for accurate image formation:

a) The x-rays should proceed from as small a focal spot as other considerations will
allow.

b) The distance between the tube and the object to be examined should always be as
great as is practical. At maximum distances, radiographic deÞnition is improved and
the image is more nearly the actual size of the object.

c) The Þlm should be as close as possible to the object being radiographed.

d) Generally speaking, the central ray should be as nearly perpendicular to the Þlm as
possible to record adjacent structures in their true spatial relationships.

e) As far as is practical, the plane of interest should be parallel to the Þlm.

9.3.5.2.4.5 Scattered radiation

In discussing x-ray absorption and shadow formation, when x-rays strike an object, some rays
pass through and some are absorbed. In other words, it is implied that all of the rays that come
out of the object have come straight from the focal spot (primary beam) and have traveled
through the part to form a well-deÞned, clear-cut image, and that all of the rays that did not
penetrate were absorbed and could be forgotten. Unfortunately, this is not the case. Some of
the radiation is scattered in all directions by the atoms of the object struck, very much as light
is dispersed by a fog. The secondary rays thus produced are known as scattered radiation or
scattered x-rays.

Because of this scattering, the object is a source of photographically-effective but unwanted
radiation. It is unwanted because it does not contribute to the information of the useful image.
On the contrary, it produces an overall exposure superimposed on the useful image. The effect
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of this overlying uniform intensity is to reduce contrast, and hence to decrease the visibility of
gradations in the image when viewed on the ßuoroscope or recorded on Þlm.

Other sources of scattered radiation are materials beyond the image planeÑthe table top, for
instance. Radiation arising from such sources may be scattered back to the image.

9.3.5.2.4.6 Recurring scattered radiation 

Obviously, it is advisable to minimize scattered radiation. Back-scatter is readily controlled by
placing a sheet of lead immediately behind the Þlm. Another important way to reduce scat-
tered radiation is to conÞne the primary beam to a size and shape that will just cover the region
to be x-rayed. This is done by attaching to the x-ray tube a cone or aperture diaphragm.

Cones are metal tubes of various shapes and sizesÑsome provide circular Þelds and others,
rectangular. Aperture diaphragms consist of sheets of lead with circular, rectangular, or square
openings. When these are properly used, the part of the object not x-rayed does not contribute
appreciably to scattered radiation. Hence, an overall improvement in image quality is
obtained. It is important to know what area a diaphragm or a cone of given size will encom-
pass at a certain distance. If the cone is too large, it serves no purpose. Some manufacturers
specify the projected diameter of their cones at given focus-Þlm distances. For cones that do
not carry this information, it can also be determined with test Þlms and the results then marked
on the cones.

Another way to determine the projected Þeld is to use the following formula:

(A ´ B)/C = X

where

A is the distance from focal spot to Þlm plane
B is the aperture of diaphragm or diameter of cone
C is the distance from focal spot to diaphragm or lower rim of cone
X is the diameter of projected Þeld at Þlm plane

As an example, the focus-Þlm distance A is 36 in; the diameter of the cone B is 4 in; the
distance from focal spot to lower edge of cone C is 12 in. What amount of Þlm X would be
encompassed by the x-ray beam? Using the formula above, we have:

(36 ´ 4)/12 = 12 in, diameter of projected Þeld

It should be remembered that the smallest cone that will provide adequate coverage should
always be used, and that care should be exercised in centering the tube so that cutoff of the
image will not occur.

Thick, heavy parts of the body, such as the abdomen, produce a much higher proportion of
scattered radiation than does a thin part, such as the hand. Therefore, when radiographing the
heavier body parts, an additional means of controlling scattered radiation is necessary. A
383



IEEE
Std 602-1996 CHAPTER 9
device called a grid is introduced. This apparatus is composed of alternating strips of lead and
radiotransparent material, such as wood or aluminum, so arranged that when the focal spot is
centered over the grid, the plane of each lead strip is in line with the primary beam. The lead
strips absorb a considerable amount of the oblique scattered radiation (that is, the rays not
traveling in the direction of the primary beam). The radiotransparent strips allow most of the
primary rays to pass through to the Þlm.

The relation of the depth to the width of the radiotransparent strips represents the grid ratio. To
illustrate, if the depth of the transparent strip is eight times its width, the grid ratio is eight to
one (8:1); if the depth is six times the width, the ratio is 6:1, etc. The greater the ratio, the more
efÞciently will the grid absorb scattered radiation.

When a stationary grid is used, the shadows of the lead strips are superimposed on the useful
image. This can be tolerated when a grid with very thin, uniformly spaced strips is used. The
very Þne lines are not objectionable in the image. To eliminate the grid pattern, however, it is
merely necessary to move the grid at right angles to the strips during the exposure; in this way
the grid lines are blurred and not distinguishable. A device comprising a grid and the mecha-
nism for moving it is called a Potter-Bucky diaphragm, or sometimes simply a Bucky. The
grid absorbs a large part of the secondary radiation and even some of the primary radiation. It
is obvious, therefore, that the exposure needs to be increased to compensate for this loss. The
necessary increase in exposure should be determined by trial with the particular equipment. It
depends on the grid ratio; the more efÞcient the grid in absorbing scattered radiation, the
greater the exposure increase must be. As a guide for experimenting, a factor of three is
suggested.

Regardless of the efÞciency of the grid in removing scattered radiation, a cone diaphragm
should always be used with the Bucky to restrict the primary beam properly. Here again, it is
well to realize that with this combination, care should be exercised in aligning the tube so that
image cutoff will not occur.

In passing, the use of Þlters must be mentioned. Filters are thin sheets of metal (generally
aluminum) inserted at the tube portal to absorb the longer wavelength rays that do not contrib-
ute to the image. This is a safety device for protection of the patient.

9.3.5.2.4.7 X-ray generating apparatus

To complete the discussion of the production of x-rays, a brief description of the generating
apparatus is needed. As has been mentioned, the principal devices, aside from the x-ray tube,
are an autotransformer, a high-voltage transformer, a rectiÞer circuit and valve tubes (when
necessary), and a low-voltage transformer for the Þlament of the x-ray tube.

a) Transformer. A transformer is a device used to transfer ac electrical energy from one
circuit to another and from one voltage level to another. In the simplest form it
consists of two coils of insulated wire wound on an iron core without having any
electrical connection between them. The coil connected to the source of power is
called the primary winding, the other the secondary winding. Voltage is induced in
the secondary when energy is applied to the primary. The voltages in the two coils are
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directly proportional to the number of turns of wire in each, assuming a theoretical
100% efÞciency. For example, if the primary has relatively few turns, say 100, and
the secondary has many, say 100 000, the voltage in the secondary is 1000 times
higher than that in the primary. Since the voltage is increased, this type of transformer
is called a step-up transformer. At the same time, the current in the coils is decreased
in the same proportion as the voltage is increased. In the example given, the current
in the secondary is only 1/1000 of that in the primary. A transformer of this type is
used to supply the high voltage to the x-ray tube.

b) Action of ac. Voltage can be described in the form of a graph that represents the action
of an imaginary voltmeterÑif such a very fast-acting one could be builtÑconnected
to the transformer terminals. When 60-cycle ac is used, the needle of the volt-
meter would move from zero to a maximum (peak or crest) and back to zero again in
1/120 s. It would immediately start off in the opposite or inverse direction, reach a
peak, and return to zero in another 1/120 s. This action is called a full cycle and
requires 1/60 s. Sixty of these cycles are accomplished in 1 s, hence, the term 60 Hz
ac. For x-ray purposes, the tube voltage is almost always expressed in terms of the
peak or crest value (which is abbreviated krp). The x-ray tube receives a series of volt-
age pulses, one for each useful peak, and therefore produces x-rays in pulses or bursts.

c) Autotransformer. The usual line voltage supplied for x-ray equipment is 220 V ac. X-
ray techniques, however, require a wide variety of kilovoltages. Therefore, the line
voltage is adjusted by a special type of transformerÑan autotransformerÑso that the
primary of the high-voltage transformer has a variable and predetermined supply.
The result then, is that the high voltage to the x-ray tube can be preselected at the
autotransformer before the x-ray exposure is actually made. The device is called an
autotransformer because the primary and secondary are combined in one winding.

d) Low-voltage transformer for Þlament. Some means needs to be furnished not only to
light the Þlament of the x-ray tube but to control the degree of incandescence. The
requirements for this are a few amperes at 4Ð12 V that are provided by a step-down or
low-voltage transformer. The secondary winding of the step-down transformer
is heavily insulated from the primary and the iron core so that the high voltage to the
x-ray tube shall not get back into the supply lines of the x-ray machine.

e) Tracing the generator circuit. There are a number of auxiliary devices that go to
complete the x-ray generating apparatus, such as meters, fuses, and circuit breakers.
Tracing the circuit will help to make clear the action of the various parts of the appa-
ratus. Fuses are placed in the incoming line as in all electrical apparatus. The current
passes through the switch to the autotransformer. A line voltage compensator at 3 A
can be adjusted so that the correct input voltage is applied to the autotransformer. A
prereading (ac) voltmeter in the autotransformer circuit indicates the voltage applied
to the primary of the high-voltage transformer by means of the variable control. A cir-
cuit breaker acts when the high-voltage transformer is overloaded. A switch with auto-
matic timer is closed to make the x-ray exposure. The high-voltage x-ray tube current
is indicated by the mA.

The low-voltage transformer for the Þlament of the x-ray tube is supplied from a
Þxed position on the autotransformer. An ammeter permits the proper setting of the
Þlament voltage control for the transformer. The secondary of the Þlament trans-
former is connected directly to the tube Þlament in the cathode of the x-ray tube. The
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terminals of the secondary of the high-voltage transformer are connected in various
ways to the x-ray tube, depending on the rectiÞcation method.

Modern equipment is so constructed that all parts exposed to high voltage are espe-
cially insulated. This includes the high-voltage transformer, the rectiÞer system,
valve-tube and x-ray tube Þlament transformers, cables, and the x-ray tube.

f) Power requirements. X-ray machines produce momentary high-power factor loads of
20Ð160 kVA. The momentary load usually has a duration of less than 2 s, but 6 s or
7 s exposures are not uncommon. In order to perform properly, x-ray machines oper-
ate within a certain voltage range, which is sometimes called the absolute line voltage
span. Within this range, voltage regulation can not exceed a certain value (usually in
the 3Ð10% range). A typical 95 kVA (480 V nominal) unit will have a steady-state
voltage requirement of from 360 V to 507 V. During the x-ray exposure, the voltage
should not dip more than 6%, and under no circumstances may it dip below 360 V.
Some x-ray machines have undervoltage relays that will automatically cut them off if
voltage swings outside of the prescribed tolerance. In other instances, the x-ray unit
may remain on-line, but yield exposures of poor quality.

X-ray manufacturers normally specify minimum feeder sizes for given increments of
feeder length. They will also specify minimum transformer sizes and minimum cir-
cuit impedance. Because of the high-power factor (usually about 95%), x-ray
machines do not create great voltage drops across inductive reactances such as do
transformer and generator windings. However, the resistance of the supply circuit
will bear heavily on the total voltage drop. Because of the high-power factor, genera-
tor loads create heavy real power requirements on standby generators. Because of the
high real power requirements for x-ray machines, x-ray exposures can cause slowing
of standby generators, reducing the frequency of the supply. Reduced frequency can
be a problem for x-ray generators, because some units operate on a resonance princi-
ple. Sophisticated x-ray machines, such as computer aided tomography (C.A.T., or
simply, CT) scanners, and special procedures equipment with microprocessors, can
require surge suppressors or other power conditioners. However, the designer should
always consult the vendor before applying a power conditioner.

g) Radiography equipmentÑpower distribution and grounding

1) System capacity (voltage sags)

2) System impedance. The constraining factor for most radiographic equipment is
the impedance of the supply system, not the current capacity. Radiographic units
do not draw their normal discharge current for long periods. However, when they
Þre, they need to have the voltage and current available in order to properly excite
the x-ray tube. A power supply impedance that is too high will have an I2R loss
(heating loss) in the system, which will reduce the voltage available during Þring
the tube.

h) High-speed CT scanner

1) Power distribution and grounding

i) Transients and duration acceptable

ii) Supply line variations
386



IEEE
MEDICAL EQUIPMENT AND INSTRUMENTATION Std 602-1996
iii) Emergency power

4) Power conditioning

5) Air conditioning

i) Conventional CT scanner

1) Power distribution and grounding

i) Transients and duration acceptable

ii) Supply line variations

iii) Emergency power
4) Power conditioning
5) Air conditioning needs (minimal)

j) MRI scanner

1) Power distribution and grounding
i) Transients and duration acceptable
ii) Supply line variations
iii) Emergency power

4) Power conditioning (sometime supplied with system)
5) Air conditioning
6) Cryogen and venting requirements
7) RF Þltering, shielding, and waveguides
8) Magnetic shielding requirements
9) Patient comfort considerations

i) Communication to the scanner operator
ii) Music system for patient listening

k) PET (positron emission) scanner

1) Power distribution and grounding
i) Transients and duration acceptable
ii) Supply line variations

3) Power conditioning (sometimes supplied with system)
4) Air conditioning
5) Communication system to radio-pharmacy

9.3.6 Physical therapy

9.3.6.1 General

The physical therapy department is usually the prime element of the rehabilitation wing of a
hospital. The department provides for the patient who has suffered injury to his motor system,
or who has had a major or minor stroke affecting use of arms or legs, requiring the re-educat-
ing of affected muscles or systems. The department also retrains patients in speech therapy for
those patients who have had damage in that communication sense.
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9.3.6.2 Basic equipment in the physical therapy department

9.3.6.2.1 Partial immersion baths

a) Whirlpool bath

This bath is given in a metal tub Þlled with water that is kept in constant agitation. It
thus provides both water temperature control plus the mechanical effects of water in
motion.

The water is kept in agitation by an ejector, a turbine, or compressed air. The bath
provides heat, gentle massage, debridement (the excision of contused and devitalized
tissue from the surface of the wound), relief from pain, and muscle relaxation. It also
permits active or assistive exercise of the part that is immersed in the tub.

The tubÕs temperature is maintained by a thermostat. Typical temperature settings are
90Ð100 °F for the entire body, 100Ð102 °F for the legs, and 105 °F for the upper
extremities. Often, temperature settings of 110Ð115 °F are used for therapeutic
effects. When the patient has impaired circulation, temperature should not exceed
105 °F. Treatment usually is of 20 min duration.

Whirlpool baths are employed in the treatment of chronic traumatic disorders, inßam-
matory conditions, joint stiffness, pain, adhesions, neuritis, tenosynovitis, sprains,
strains, and painful stumps following amputations. Adding a small amount of sodium
sulfathiazole to the water hastens the healing of infections. The bath may be used
preceding, or instead of, massage or other mechanical applications to injured
extremities.

b) Contrast baths

Contrast baths involve sudden, alternate immersions of upper or lower extremities in
hot and then cold water. They increase circulation because of the contraction and
relaxation of the blood vessels as a result of the alternating temperature extremes.
One bath container is Þlled with water at a temperature of 100Ð110 °F, and the other
holds water of 50Ð65 °F.

The body part being treated is immersed in the baths in a deÞnite, systematic manner.
While authorities differ slightly on the actual length of time a limb should be
immersed in each tub, there is still fair general agreement. A typical contact sequence
might be as follows:

Ñ Hot for 4Ð10 min, cold for 1Ð2 min
Ñ Hot for 4 min, cold for 1 min
Ñ Hot for 4 min, cold for 1 min
Ñ Hot for 4 min, cold for 1 min
Ñ Hot for 5 min

Treatment always begins and ends with immersion in hot water.

Contrast baths are therapeutically effective for headaches, arthritis, fractures, periph-
eral vascular disease, and as a precedent to massage and exercise in cases of sprains
and contusions. When treating patients with peripheral vascular disease, care should
be taken to avoid great extremes of temperature.
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In addition to the above, there are a variety of other partial immersion or localized baths.
These are as follows: The hot full wetpack, in which the patient is wrapped from neck to feet
in a sheet that has been immersed in water of about 80Ð90 °F and wrung out; cold, hot or
neutral baths for the extremities, which vary by temperature; douches and showers, in which
streams of water at controlled pressure and temperature are directed at the surface of the body;
ablutions, or sponge baths; leg, foot, arm, and hand baths, which require immersion of the
involved body part in small baths of controlled temperature; half-baths, in which the patient
sits, the water level being at about the level of the navel; affusions, where the water is poured
on the patient from a basin or a pitcher at approximately 60Ð80 °F of temperature; sitz baths,
in which the torso, but not the extremities, is immersed in water; Hauffe baths, which provide
a constantly increasing water temperature; and a number of other kinds. The particular form of
a bath employed depends upon the disorder being treated, the body part or parts involved, the
patientÕs physical condition, and the purposes of the hydrotherapy.

9.3.6.2.2 Full immersion baths

a) Hubbard tank. The Hubbard tank is a full-body therapeutic pool with a water temper-
ature of 98Ð104 °F. The water is usually agitated and aerated, providing both heat and
gentle massage. The patient lies on a canvas plinth and is lifted to and from the pool
by means of electrically-driven overhead cranes. Some tanks have a grating on the
ßoor which permits the able patient to stand. Partial weight-bearing and ambulation
can be initiated in the pool, which may be prescribed when gait exercises are indi-
cated, but the stress of weight is contraindicated.

The Hubbard tank is useful where the patientÕs disease or disability is manifest in
many joints, such as in chronic arthritis, or in burn cases when debridement and
active exercise are desirable.

Exercise in water is indicated for the following conditions: spastic paralysis, as in
paraplegia; marked muscle weakness with the possibility of increasing strength
through voluntary motion, such as in partial peripheral nerve lesions (for example,
polyneuritis); poliomyelitis; following amputation when muscle strengthening and
stretching of contractures in the involved extremity are indicated; chronic arthritis;
following joint injuries; for mobilization in the aftercare of plastic and joint opera-
tions and tendon transplants; after abdominal fascial transplants; in certain cases of
cerebral palsy; extensive skin burns; muscular incoordination; some neurologic
disorders; and disorders requiring metabolic stimulation.

Water activities are contraindicated for cases of acute joint inßammation or other
acute infections, febrile disease, acute neuritis, active pulmonary tuberculosis, and
the acute stage of poliomyelitis.

b) Other types. Other types of full immersion hot baths include: Full-body hot baths,
with water temperature at 96Ð105 °F, used for brief periods of time in treating chronic,
rheumatic joint manifestations, and for the relief of muscle spasm and colic; chemical
baths, usually involving the introduction of carbon dioxide gas into the water for ther-
apy with patients suffering from chronic heart disease; oxygen baths, which pump
oxygen into water of about 90Ð95 °F, used for hypertensive and advanced cardiac
disease cases; brine or salt baths, using sodium chloride, primarily for treatment in
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cases of osteomyelitis, fractures, dislocations, arthritis, myositis, Þbrositosis, gout,
and chronic sciatica; foam baths; and sponge baths.

9.3.6.2.3 Electrical parameters

Ñ Voltage: smaller units: 120 V, one-phase; larger units: 208/220 V, one-phase or three-
phase 

Ñ Frequency: 60 Hz 
Ñ Amperes: Varies 

9.3.6.2.4 Sources of electrical problems

Ñ Improper grounding
Ñ Corrosion of electrical components
Ñ Portable electrical cords

9.3.6.2.5 Design and installation recommendations

a) Receptacles (or outlets) should be as close to units as possible. Provide rough-in as
per manufacturerÕs recommendation.

b) All circuits to be ground fault protected.

c) Ground all equipment and adjacent metallic surfaces.

d) For all large tanks and spas, furnish and install outlet in ceiling for patient lift.

9.3.7 Neurophysiological department

9.3.7.1 General

The neurophysiological department in the medium or larger medical center deals primarily in
established knowledge and in new research in the Þeld of brain physiology. The department
deals in the areas of brain disorders and in such diverse activities and states of the nervous
system as waking, sleeping, dreaming, consciousness, speech, learning, and memory. The
electroencephalogram (EEG) is the primary tool utilized by the neurophysiologist and sur-
geon. The electrical activity of the brain is used to determine brain death in accident cases, and
in certain circumstances can be used as an electrical parameter check in organ transplants.

9.3.7.2 Basic equipment in the neurophysiological department

9.3.7.2.1 Electroencephalogram (EEG) measurements

Electroencephalography is the measurement of the electrical activity of the brain. Since clini-
cal EEG measurements are obtained from electrodes placed on the surface of the scalp, these
waveforms represent a very gross type of summation of potentials that originate from an
extremely large number of neurons in the vicinity of the electrodes.
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The electrical patterns obtained from the scalp are the result of the graded potentials on the
dendrites or neurons in the cerebral cortex and other parts of the brain, as they are inßuenced
by the Þring of other neurons that impinge on these dendrites.

EEG potentials have random-appearing waveforms with peak-to-peak amplitudes ranging
from less than 10 µV to over 100 µV. Required bandwidth for adequately handling the EEG
signal is from below 1 Hz to over 100 Hz.

For clinical measurements, surface or subdermal needle electrodes are used. The ground
reference electrode is often a metal clip on the earlobe. A suitable electrolyte paste or jelly is
used in conjunction with the electrodes to enhance coupling of the ionic potentials to the input
of the measuring device. To reduce interference and minimize the effect of electrode move-
ment, the resistance of the path through the scalp between electrodes should be kept as low as
possible. Generally this resistance ranges from a few thousand ohms to nearly 100 kW,
depending on the type of electrodes used.

Placement of electrodes on the scalp is commonly dictated by the requirements of the
measurement to be made. In clinical practice, a standard pattern called the Ò10 to 20 Electrode
Placement SystemÓ is generally used. This system, devised by a committee of the Interna-
tional Federation of Societies for Electroencephalography, is so named because electrode
spacing is based on intervals of 10Ð20% of the distance between speciÞed points on the scale.

In addition to the electrodes, the measurement of the EEG requires a readout or recording
device and sufÞcient ampliÞcation to drive the readout device from the millivolt-level signals
obtained from the electrodes. Most clinical electroencephalographs provide the capability of
simultaneous recording EEG signals from several regions of the brain. For each signal, a com-
plete channel of instrumentation is required. Thus, electroencephalographs having as many as
16 channels are available.

Because of the low-level input signals, the electroencephalograph should have high-quality
differential ampliÞers with good common-mode rejection. The differential preampliÞer is
generally followed by a power ampliÞer to drive the pen mechanism for each channel. In
nearly all clinical instruments, the ampliÞers are ac coupled with low-frequency cutoff below
1 Hz and a bandwidth extending to somewhere between 50 Hz and 100 Hz. Stable dc ampliÞ-
ers can be used, but possible variations in the dc electrode potentials are often bothersome.
Most modern electroencephalographs include adjustable upper- and lower-frequency limits to
allow the operator to select a bandwidth suitable for the conditions of the measurement. In
addition, some instruments include a Þxed 60 Hz rejection Þlter to reduce power line interfer-
ence.

In order to reduce the effect of electrode resistance changes, the input impedance of the EEG
ampliÞer should be as high as possible. For this reason, most modern electroencephalographs
have input impedances greater than 10 MW.

Perhaps the most distinguishing feature of an electroencephalograph is the rather elaborate
lead selector panel, which in most cases permits any two electrodes to be connected to any
channel of the instrument. Either a bank of rotary switches or a panel of push buttons is used.
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The switch panel also permits one of several calibration signals to be applied to any desired
channel for calibration of the entire instrument. The calibration signal is usually an offset of a
known number of microvolts, which, because of capacitive coupling, results in a step followed
by an exponential return to baseline.

The readout in a clinical electroencephalograph is a multichannel pen recorder with a pen for
each channel. The standard chart speed is 30 mm/s, but most electroencephalographs also
provide a speed of 60 mm/s for improved detail of higher-frequency signals. Some have a third
speed of 15 mm/s to conserve paper during setup time. An oscilloscope readout for the EEG is
also possible, but it does not provide a permanent record. In some cases, particularly in
research applications, the oscilloscope is used in conjunction with the pen recorder to edit the
signal until a particular feature or characteristic of the waveform is observed. In this way, only
the portions of interest are recorded. Many electroencephalographs also have provisions for
interfacing with an analog tape recorder to permit recording and playback of the EEG signal.

9.3.7.2.2 Electrical parameters

Ñ Voltage: 120 V
Ñ Frequency: 60 Hz
Ñ Amperes: One 20 A circuit

9.3.7.2.3 Sources of electrical problems

Ñ Radio frequency interference
Ñ Patient lead connections
Ñ Multichannel pen recorder with chart speed of 30 mm/s
Ñ Interconnections to VDT or analog-type recorder

9.3.7.2.4 Design and installation recommendations

a) Circuit feeding unit should be clear of any other loads.
b) A Þltered circuit may be desirable.
c) All ßuorescent Þxtures in the immediate area may be required to be equipped with

RFI Þlters and low-leakage ballasts.
d) The room housing the unit may require shielding in walls.

9.3.8 Pulmonary function laboratory (ICU/neonatal)

9.3.8.1 General

The practice of rhythmically inßating the lungs by artiÞcial means has been found to be of
great value in the treatment of respiratory failure, the causes of which can be induced by many
conditions and/or injuries. Since it is not practical to do this by hand for any length of time,
there are machines that have been designed for the purpose. This does not include machines
that exert negative pressure externally on the chest, as they are not used much these days. Only
intermittent positive pressure machines will be described. The enormous number of such
machines available indicates that there are few that suit every possible purpose. There are
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even fewer that are satisfactory for the special problems presented by infants or for adults with
small chest cavities.

9.3.8.2 Equipment

a) Ventilator. A ventilator for an ICU should be able to ventilate any patient from birth
to adult size, and should be able to work equally well in the presence of normal lungs
or highly abnormal ones. HumidiÞcation is essential, but apparatus dead space
should be kept to a minimum. The dead space in some humidiÞers is far too large for
use with infants. It must also be remembered that water overload in infants is a real
hazard. Accurate control of inspired oxygen concentration is important, because there
is evidence to suggest that high oxygen concentrations, combined with pressure on
the lungs, may contribute to death from Òventilator lungÓ (a condition characterized
by decreasing compliance of the lungs, visible as increasing opacity on x-rays, asso-
ciated with small translucent areas, and an air bronchogram-microscopy will show
hyaline membranes in the alveoli).

Since ICUs tend to be places of stress for both patients and nursing staff, it is helpful
if a ventilator is fairly quiet in operationÑon the other hand, an alteration in noise
may serve as an alarm to warn of machine failure. Ease of sterilization is important,
as patients on ventilators are very susceptible to infection.

To summarize, some desirable features of a ventilator for use in this type of unit are:

Ñ Ability to deliver accurately a tidal volume of 15Ð1000 ml
Ñ Ability to deliver this volume against high resistance and/or low compliance
Ñ Ability to deliver low ßow rates
Ñ Rate control from 15/min to 40/min
Ñ Accurate control of inspired oxygen concentration
Ñ A variable inspiratory-expiratory ratio (I:E ratio)
Ñ Good humidiÞcation for all tidal volumes
Ñ Ease of sterilization
Ñ Quietness of operation
Ñ Ability to apply a variable expiratory resistance

The type or types of machine chosen for an individual unit depend on personal pref-
erence and also on the conditions treated. Some units may prefer to have all of one
typeÑthis certainly ensures that the staff becomes familiar with its operation. It is
preferable to have two or three different types, to cope with various problems. A
greater variety could become unwieldy.

b) Monitoring of ventilation. It is essential to have some method of ensuring adequate
ventilation of the patient at all times. For this purpose several devices are used. Most
machines incorporate a pressure manometer that reads airway pressure at the mouth,
or at the machine; this is connected to the patient by a wide-bore tubing of low resis-
tance. Due to resistance in the airways, the pressure in the alveoli may be very differ-
ent from that at the mouth. Many machines have a blow-off valve preset at, for
example, 70 mmHg, to protect the lungs from excessive pressure.
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Chapter 10
Health care renovations

10.1 General discussion

The one constant in a hospital is changeÑchange in personnel, change in technology, change
in treatment methods, and change in space demands. Unfortunately, most codes and the
design standards written for health care professionals often neglect the upgrade and renova-
tion of existing facilities that are necessary to meet these changing needs. This neglect stems
in part from a number of factors that seriously complicate renovation projects and that often
render the projects works more of art than of science. A functioning hospital is a facility that
is extremely sensitive to disruptions of any sort. Renovations are therefore especially tricky,
as they often disrupt not only the immediate area but also other areas.

These renovation difÞculties are usually exacerbated by changing code requirements. Indeed,
recognizing the growing need for direction, codes are beginning to speciÞcally address
renovation in a number of instances. Several model building codes contain provisions for
bringing the entire facility up to current codes in the event of renovation above a certain
percentage of facility ßoor space. NFPA 99-19961 includes sections dealing with both new
and renovated buildings. Other codes provide installation guidelines for performing certain
portions of a renovation. Engineers should in all cases familiarize themselves with the codes
that pertain to the particular renovation, noting carefully the provisions therein for renovation
projects.

More problems develop from a lack of drawings that accurately reßect existing conditions,
physical structures that may not accommodate building systems (such as air conditioning sys-
tems and sprinklers), and a lack of space for electrical equipment above ceilings. Figure 10-1
illustrates examples of some of the renovation problems in typical existing conditions. All of
these problems become even more difÞcult in the current environment of health care cost-
containment and the resulting construction budget constraints. Indeed, the successful renova-
tion of any health care space requires a delicate balance of all of these various elements and a
tremendous amount of cooperation between all of the involved parties. 

Despite their inherent difÞculties, renovation projects are becoming more and more common,
and, therefore, are more and more deserving of speciÞc attention. Recent reports show that
hospitals now overwhelmingly choose renovation projects over new construction for modern-
izing their facilities, or for providing new services. The U.S. Commerce DepartmentÕs 1990
Industrial Outlook Handbook [B1]2, for instance, indicated that during 1990, 70% of health
care construction spending was for additions and modernization, while the remaining 30% was
spent for new construction. The U.S. Commerce Department has predicted this trend to
continue through the decade.

1Information on references can be found in 10.8.
2The numbers in brackets correspond to those of the bibliography in 10.9.
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Figure 10-1ÑExisting conditions
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Moreover, during recent years, many hospital infrastructures have been neglected as hospitals
have spent their resources expanding their facilities. Many of these facilities now contain util-
ity systems that have reached their limits in terms of both age and capacity. Health Facilities
Management [B5] reports that hospital buildings and equipment are aging faster than those of
other industries. They report that the average age of hospitalsÕ physical plants are more than
40% older than the average age of Standard & PoorÕs industrial ÞrmsÕ physical plants. More-
over, rural hospitals average 24% older than the average age for all hospitals, and 70% older
than the typical Standard & PoorÕs industrial Þrm.

This infrastructure neglect has involved

a) Additional connections/increases in demand with no concurrent addition to system
capacity.

b) Deferral of needed maintenance.

c) Successive remodeling/revisions to areas and systems without the beneÞt of a
comprehensive facility design.

d) Failure to replace outdated systems.

e) A tendency to minimize capital costs at the expense of increased operating costs.

Hospital industry experts predict that hospitals will begin to be forced to upgrade and
modernize their infrastructures whether or not they continue to grow. Indeed, a small
proposed expansion often precipitates a comprehensive upgrade of one or more systems.

This chapter seeks to deal as comprehensively as possible with the issues involved in the
renovation process for health care facilities. As renovations come in inÞnite shapes and sizes,
no such treatment can cover every case. The authors have assumed a good working knowl-
edge of the proper design for health care facilities, and have here tried to formulate a set of
guidelines that will assist the engineer engaged in a renovation to ask the questions that are
appropriate for such an endeavor.

10.2 Coordination

10.2.1 Coordination with users

In addition to the more detailed technical issues discussed below, a renovation project
requires, most of all, coordination. The most important people in this process are the users of
the space to be renovated, of the adjacent spaces, and/or of otherwise affected spaces. Such
interruptions may be caused by 

a) Temporarily (or accidentally) shutting down existing services.
b) The need to relocate personnel; by the disruption of trafÞc ßows.
c) The affecting of sterile environments; by noise and vibration.
d) The need to haul debris out of the affected space or new materials into the project site.

The engineering, maintenance, and planning departments of the hospital can often assist in
the coordination efforts with the various users.
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A common design practice from the past, for instance, was the subfeeding of several panels
from the same riser (see Þgure 10-2). Such a situation inevitably causes problems when a
shutdown of one ßoor results in the shutdown of other ßoors. Similarly, risers through ßoors,
both of power and of communications systems, should be accounted for in the design of a
project, and either built around or relocated. The engineer should carefully locate all such
risers affecting other areas and coordinate their Þnal disposition with both the architect and
the various ownersÕ parties. Often, feeders for a particular renovation project will need to run
through other occupied spaces, perhaps even patient care areas.

Figure 10-2ÑSubfeeding of several panels from the same riser
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All such work should be coordinated in detail with the users of those spaces to minimize
disruptions, and with the other trades (for cutting and patching, for instance). Much work
may be performed after hours to minimize disruptions. Note, however, that requiring a
contractor to perform such work outside normal business hours in order to accommodate
users will inevitably result in overtime premiums. The operational beneÞts of such work
should be carefully evaluated in light of these costs, and the options should be reviewed with
all parties.

One approach to some of these problems that is often found extremely useful is the early
demolition of the space to be renovated. The careful demolition will uncover unexpected
difÞculties and will allow the design to incorporate the solutions into the Þnal plans. Such an
approach can be especially useful, as even the most careful design cannot account for all of
the peculiarities of a given area, nor for all of the conduits that pass through the proposed
renovation space. Early demolition will ultimately save headaches, money, and often time.
The problem with such an approach, of course, is the increased disruption and the loss of
revenue from the additional time the space is not useful.

Another user very concerned with renovation projects is the hospital engineer. This individual
is responsible for the continued proper operation and maintenance of the system after it is
placed into operation, and the engineer designing a renovation will do well to coordinate with
the hospital engineer. Indeed, in designing a renovation project, the electrical engineer should
become something of a spokesperson for the hospital engineer; i.e., the engineerÕs mission is
partly to educate all parties, thus resulting in an intelligent allocation of resources. Designs
should be carefully thought out, and well integrated with the balance of the existing system,
rather than being just another patch in a quilt of overlapping, disjointed designs.

10.2.2 Coordination with other trades

Equally as important as coordination with the user is coordination of the electrical work with
the other building trades. Such coordination can take many forms. Many older buildings,
designed using air induction unit ventilating systems, suffer from a lack of above-ceiling
space. Column spacing may be irregular, and various structures will further constrict above-
ceiling space. The building may include Òchoke points,Ó or situations such as deep beams
around the shafts in the core, which render a design impracticable or impossible.

Construction crews inevitably encounter situations in which the duct work conßicts with the
cable tray, which conßicts with the sprinkler piping, which conßicts with the electrical feed-
ers, and so on. Similarly, the other trades will have risers of their own that must be relocated
or built around. Therefore, any renovation design should be carefully coordinated with the
designers of the other trades to eliminate or to deal with all such areas of conßict. Compro-
mises are often necessary and may include reduced ceiling heights, surface-mounted luminar-
ies, or the rerouting of lines. Each proposed compromise should be carefully considered in
terms of cost, future ßexibility, integrity of design, and aesthetics. The engineer should there-
fore communicate the implications of each such accommodation to all involved parties
during the design of the project.

Similarly, work between the trades should be sequenced so as to minimize disruptions, and to
maximize ease of installation. This work sequence needs to be carefully considered during
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the design phase of a project to minimize delays and rework. Such care will, in turn, result in
a better job at a lower cost and/or earlier completion.

A Þnal area of coordination with other trades is the speciÞcation of equipment. Very often, the
existing electrical system will contain only 240 V three-phase power, or 120/240 V single-
phase power. In such cases, the engineer should coordinate the speciÞcation of any equipment
outside of the electrical division speciÞcation with the available electrical characteristics. Sim-
ilarly, older systems can be noisy (i.e., prone to spikes and surges as a result of a motor start-
ing, or of x-ray loads), overloaded, divided incorrectly in terms of the essential loads, or
poorly grounded, all of which should be considered in the speciÞcation of other equipment.
Such requirements and the condition of existing equipment need to be discussed among all
users, vendors, and other designers.

10.2.3 Coordination with code ofÞcials

The third major group that ought to be consulted in a renovation project is the various code
ofÞcials that have jurisdiction over the project. When a speciÞc project requires, for instance,
implementation of a system in phases, the inspectors and codes administrators should
become part of the design process to ensure that all of the various phases can be accom-
plished safely, and with as little difÞculty as possible. Some renovations and upgrades are
performed largely to meet updated codes and to placate the various inspectors, and thus their
input is essential.

Some particular installations may not be able to meet the letter of the code as a result of exist-
ing conditions. A good example of this problem is the need to locate electrical equipment
under existing waste risers that cannot be moved. In such a situation, the ofÞcials may allow
drip-pans to be built under and around the pipes to protect the equipment. In all such situations
where the letter of the code cannot be met, it is crucial to work with the senior code authorities
to deÞne an installation that is safe, that meets the needs of the owner, and that meets the intent
of the codes. Design professionals need to recognize that such compromises and judgements
make them particularly vulnerable to liability claims should something go wrong. Clear, writ-
ten conÞrmations from the owner and from code ofÞcials are imperative. Finally, the design
should, if possible, incorporate provisions that allow full compliance at a later time.

Similarly, many older systems do not particularly lend themselves to renovation based upon
current codes. The most notable example of such a situation is that of a hospital with only one
grouping of essential loads (or one grouping per area), i.e., those areas not served by life
safety, critical, and equipment branches. Older hospitals tend to have been provided with one
emergency panelboard that now serves a variety of loads, both essential and nonessential.
Very often, trying to correct such an installation in a particular area being renovated to
comply in all respects with current codes is virtually impossible without a full-scale upgrad-
ing of the entire systemÑa solution that can be extremely costly, inconvenient, and of
marginal value. Indeed, such an upgrade can often be more disruptive than helpful in advanc-
ing overall system reliability.

In such regulatory compliance cases, the engineer and owners should carefully study the facil-
ity for overall safety and reliability of service to patients. A comprehensive plan should be care-
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fully formulated, so that individual renovation projects, as they occur, may be designed in
accordance with the general trend toward overall facility code compliance. Each step in this
procedure should be carefully coordinated with the authorities having jurisdiction, for each
installation will necessarily be a compromise approach. If properly planned and implemented,
the sum of the compromises should provide a system of overall reliability and safety, and one
that largely complies with the letter, as well as the spirit, of applicable codes and standards.

10.2.4 Coordination with existing physical conditions

The Þnal, most obvious problem that makes renovations difÞcult is the set of physical limita-
tions of the space to be renovated. The building structure usually severely limits the above-
ceiling space, making coordination with the other trades especially difÞcult, and especially
important. The routing of conduits and feeders through existing spaces can be equally difÞ-
cult. The engineer should be careful in such cases to consider the types of conduits speciÞed,
as electrical metallic tubing (EMT) with set-screw Þttings may be much more practical to
install than intermediate metallic conduit (IMC) or rigid conduit that requires threaded
connections. Frequently, abandoned chases, chimneys, or laundry chutes can be convenient
avenues to spaces requiring renovation. More often, however, the feeders should be routed
through occupied spaces; all options must be carefully investigated, discussed with all of the
interested parties, and designed with sensitivity to their requirements. Similarly, existing
switchgear may not be able to accept new breakers or switches. The system may not contain
adequate spares/spaces, or may not have sufÞcient capacity to accept additional loading. In
such cases, not only the branch circuit wiring but also the distribution system itself must be
renovated, as discussed in 10.3. If the power source is upgraded, the available fault current
may be increased beyond the short-circuit rating of the equipment.

10.3 Safety and reliability of existing systems

For a health care facility, the twin issues of personnel safety and system reliability are inextri-
cably wound together, as very often a patientÕs life might depend upon the reliability of the
building electrical system. Changes in current codes, such as the division of essential loads,
largely represent a response to these concerns. Any construction involved in the renovation of
a health care facility should be performed in strict accordance with all current codes to ensure
a facility without inherent risks to its future occupants (however, see 10.2.3). Similarly, the
designer should take care to correct any safety defects that may be uncovered in the course of
the renovation.

One obvious safety issue in the renovation of an existing facility is the age of the various
system components. For instance, older conductors represent a potential hazard both to indi-
viduals contacting them and to those depending upon them for continued operation of utiliza-
tion equipment. The engineer needs to examine the existing site to determine if existing
switchgear, panelboards, and/or feeders may be reused by splicing into existing conductors;
however, it is a practice that should be avoided. Similarly, component capacities and coordi-
nation characteristics should be veriÞed for proper operation of the proposed system. Feeders
and large branch circuit conductors should be tested, and connections should be checked with
temperature detectors.
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The prudent engineer will also spend time examining the site for other electrical hazards.
Some such hazards include the following:

a) Branch circuit neutral wire shared by circuits from two panels
b) Circuit breakers that are double-lugged
c) Bare neutral feeder conductors
d) Missing junction-box covers
e) Poor splices
f) Wires not properly protected by overcurrent devices
g) Medium-voltage cables glowing with corona-halos

This list is not intended to be exhaustive; it merely reßects some of the more interesting situ-
ations experienced by the authors of this chapter. All such problems should be identiÞed and
corrected as quickly as possible. Where large nonlinear loads are being added to existing
systems, the neutral conductors may not be of sufÞcient size.

10.4 Updating power distribution systems

10.4.1 General discussion

Current trends in hospital equipment, and in its power consumption, are moving in two oppo-
site directionsÑwhile users are using more and more equipment, thus increasing demands of
the electrical system, technology is allowing for equipment to accomplish the same tasks with
less and less power. TodayÕs chillers, for instance, use fewer kilowatts per ton than those
chillers of 10 years ago. The net overall affect of a renovation, though, tends to be an increase
in electrical loads. Accordingly, a hospital addition will clearly add load to the electrical
system, and a hospital renovation will impose a new use proÞle onto the existing electrical
system. The decision of whether to add on, rework, or simply reuse, should be carefully
considered in terms of its impact on the balance of the existing system.

The engineer planning a modiÞcation to an existing electrical system needs to carefully eval-
uate the system conÞguration of the essential systems, and whether it has the three separate
essential system branches required by the National Electrical Code¨ (NEC¨) (NFPA 70-
1996). If not, the engineer must determine

a) Whether such a division should be imposed on the system.

b) The types of loads.

c) How the loads will cycle on and off, and how that use-proÞle will affect the balance
of the system.

In addition, the engineer should assess the current-carrying capacity of elements to be reused,
all the way to the service entrance switchboard, and should obtain actual Þeld-measured load-
ing information for these devices. With this information, the engineer can deÞne the steps
necessary to graft the proposed system onto the existing system without signiÞcant disruption.
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10.4.2 Essential system plant

Of critical importance to the proper operation of a health care facility is its standby genera-
tion system. Chapter 5 should be consulted for guidelines for the proper design of such a
system. However, several modiÞcations may be made relatively easily to an existing system
to enhance overall plant reliability and to respond to new demands imposed by proposed load
additions/modiÞcations. A frequently encountered problem is the need for additional capacity
in the generator plant. Past studies done by the American Hospital Association indicate that
overloading the generator is one of the principal reasons for failure of the emergency power
system during an emergency. A system currently employing two or more generators is
already using some sort of paralleling, lead-lag, or other load-sharing scheme, and should be
relatively easy to modify. A one-generator system, though, may be more difÞcult to modify.
This problem too, can be attacked from a number of different directions.

The simplest approach to solving generator loading problems is the replacement of the
existing generator with a larger unit. This approach, though, is limited in that it may force
replacement of the distribution equipment that was presumably sized to service the smaller
generator. Moreover, reliance upon a single generator is never as reliable as serving the same
system from two or more units. Finally, such replacement of an existing generator will be
tantamount to discarding the balance of the older generatorÕs remaining useful life. Accord-
ingly, addition of a second generator to the existing plant is usually the preferred approach.

A simple and relatively low-cost method for adding this additional generator is to add a
single-engine generator set and associated transfer switch(es) remote from the existing gener-
ators(s), but near to the end-use loads, and dedicated to serving those loads. Locating the new
generator close to the new loads will reduce initial costs by eliminating load feeders.
However, fueling the new generator from the existing bulk storage fuel tank could be expen-
sive and/or difÞcult, depending on the site layout. Second, the remote generator makes main-
tenance, operation, and testing more time-consuming than for a centrally located common
plant. A third disadvantage is the lack of redundancy that could be realized when paralleling
or interconnecting two or more generator sets. Finally, the building cost for the new generator
space (if the generator is located indoors), the noise, the exhaust, the accessibility to the unit,
and the unitÕs heat rejection should be all be considered before selecting this option.

A second approach to adding a generator onto an existing plant is to introduce it in a primary-
secondary set-up. For example, if the existing system uses a 350 kW generator to serve
300 kW of essential loads (see Þgure 10-3), and if plans call for the addition of 100 kW of
essential load, the existing generator could be supplemented by a 500 kW unit and transfer
mechanism (see Þgure 10-4). In this approach, the 500 kW generator normally carries all of
the load, with the older 350 kW unit acting as a standby.   Then, should the 500 kW generator
fail, the standby unit will come on line, shed the 100 kW of load, and carry the balance. Such
an approach should also involve a redistribution of the essential loads so that all critical/life
safety loads are not ÒdumpedÓ when the smaller generator dumps a portion of the load. This
scheme offers a comparable cost to the replacement of an older generator by a larger genera-
tor; dramatically improves system reliability; offers capacity for future expansion; and uses,
rather than discards, the capacity of the existing generator.      
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Figure 10-3ÑHypothetical system before renovation

Figure 10-4ÑHypothetical system after renovation
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A Þnal approach to adding a generator, and one virtually necessitated by a system of three or
more generators, is to add a new generator and parallel it with the existing generator system.
This arrangement provides the ultimate in reliability for essential system loads. In this
scheme, some lower priority loads can be shed to balance load on the remaining generator(s).
The disadvantages of paralleling generators are the cost of the system; the physical limita-
tions of generator room expansion; the ability of the fuel, cooling, and exhaust systems to
handle the additional generator; and the new short-circuit duty on the switchboard that may
impact the overcurrent devices.

10.4.3 Proper division of loads

10.4.3.1 Essential distribution system

When renovating a hospital the engineer should determine if the existing essential electrical
distribution system meets the requirements of the currently enforced edition of the NFPA
codes (the NEC, NFPA 99-1996, and NFPA 101-1994), as discussed previously. If the system
is deÞcient, and the renovations affect a signiÞcant portion of the building, plans for system
upgrade should be formulated. If, however, the renovation affects only a small portion of the
facility, the authorities having jurisdiction may be willing to issue a variance for the design.

One approach to the renovation of an essential system that utilizes only one emergency
branch is, in some ways, less complicated than renovating a multiple-branch system. The
most widely adopted codes (the NEC, NFPA 99-1996, and NFPA 101-1994) require that a
minimum of two branches be added (note that for essential systems with a load of only
150 kVA, only one switch is required). The addition of branches to the existing system can
help to facilitate construction phasing. If the existing distribution and branch circuit panel-
boards on the load side of the existing distribution equipment are properly subdivided, the
existing distribution feeders can be rerouted and served from the new automatic transfer
switches, creating the three distinct branches. However, if the load-side distribution and
branch circuit panels serve a conglomeration of loads from each type of essential system
load, three branches, consisting of transfer mechanisms and distribution apparatus, should be
added. In essence, this approach provides an additional, properly designed infrastructure for
the eventual support of the entire facility. This approach allows the future transfer of loads
from the existing system to the new system as renovation projects occur.

Renovating essential systems with multiple branches, each serving a variety of essential
system loads, potentially makes the construction phasing of the project much more compli-
cated. The most effective solution in most cases is to create three entirely new branches, and
to phase the renovations as described above. Alternatively, the existing branches could be
designated to each serve a different one of the essential system loads. Then, as renovations
proceed, the loads for those renovations can be strictly divided among the various branches
until all of the facility loads are properly divided.

10.4.3.2 Area renovation

Presumably, the engineer undertaking the renovation of a particular area will be working in
accordance with a cohesive system renovation/expansion vision as discussed above.
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However, in rare cases such an approach may not be possible, and existing system infrastruc-
ture may not allow proper division of loads. In this event, the renovation design can reuse
existing system components, relying on upstream modiÞcations to provide suitable reliability
of service to the renovated project. Alternatively, essential loads for the area to be renovated
may be properly divided onto a set of panels that, in turn, are served from the one branch of
the existing system, relying on future system renovations to properly reconnect these loads.
Such an approach should only be used, though, as a last resort and after careful consultation
with appropriate authorities.

10.4.4 Dealing with nonstandard voltages

When renovating existing facilities, the engineer may encounter nonstandard voltages. A
relatively common nonstandard system found in existing facilities is 240 V (ground delta) or
120/240 V (open delta). Today it is common to install 120/208 V, three-phase, four-wire
(grounded wye) systems in lieu of 240 V systems. Therefore, when renovating a health care
facility, the engineer may encounter an existing piece of equipment rated for 240 V that must
be served by a 120/208 V, three-phase, four-wire panel. The opposite situation may occur
where a new piece of equipment rated for 208 V must be served by a 240 V or 120/240 V
panel (replacing the old 240 V equipment, with attendant gains in efÞciency and reliability,
may also be an option). In both cases, buck-boost transformers may be used to step the volt-
age up or down as needed.

In many instances, existing 120/240 V panels serve only single-phase loads, and may be
reconnected to a 120/208 V system. If several such panels are reconnected, the engineer
should be careful to coordinate the phases the loads are reconnected to, or the phases may
become highly unbalanced. Finally, other transformers may be used to serve loads of various
voltages. Transformers of 480Ð240 V are available, as are 240Ð208 V transformers. Also, the
transformers may be connected reversed, or 208Ð240 V, if required for selective loads.

10.4.5 Grounding

10.4.5.1 Introduction

The engineer should also carefully examine the existing grounding system. Elements to be
checked (depending upon the particular renovation) include the system ground, the emergency
generator neutral, the ground-bus bond between critical and normal branch circuit panels, and
whether branch circuits serving patient care areas contain a green grounding conductor. A
properly grounded system is important not only to patient and staff safety, but also to effective
operation of todayÕs electronic equipment.

10.4.5.2 System grounding

To determine if the system ground at the main switchboard is adequate, the designer should
test the impedance of the ground path using a method equivalent to the ÒBiddleÓ test (see
IEEE Std 142-1991). The impedance of the ground path should not exceed 10 W; 5 W or less
are preferable for larger systems. If the impedance exceeds 10 W, additional ground rods may
have to be driven to lower the impedance. Similarly, secondary grounds for transformers
serving areas to be renovated should be checked, as should continuity of grounding conduc-
tors and bonding jumpers from the grounding electrode to the last existing panel to be reused.
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10.4.5.3 Area renovation

When renovating patient care areas, the engineer should determine if the receptacles and
Þxed electrical equipment serving the area are grounded by an insulated copper conductor in
a metallic conduit. In older installations, the raceway was commonly used as the bonding
connection. Affected branch circuits must be rewired from the panel with a circuit containing
an equipment grounding conductor. The engineer should also verify that the ground bus of
the critical branch circuit panel and the ground bus of the normal branch circuit panel are
properly bonded together with an insulated copper conductor #10 AWG or larger, as now
required by the NEC.

10.4.6 Impact of changes on integrity of system

Obviously, any modiÞcation to an existing electrical system will have repercussions that
extend far beyond the area being renovated. In particular, the engineer should check the time-
current characteristics of devices to be added against those of existing devices. This crucial
element of renovation design is often overlooked, but should be carefully considered so as not
to compromise system selection coordination. Similarly, addition of motor loads to an exist-
ing system may put short-circuited currents onto a system incapable of withstanding these
stresses. Transformer replacement will affect the maximum available fault currents to por-
tions of the system. Other electrical characteristics, such as loads cycling on and off, loads
generating harmonics that disrupt other devices elsewhere on the system, and transformer
inrushes, all may result in further changes in the Þnal system design. Accordingly the engi-
neer needs to consider carefully the impact the loads and system design will impose upon the
existing system, and take the necessary steps to mitigate those effects. The engineer should
conduct a complete short-circuit and protective device coordination analysis to determine
required protective device upgrades, and system withstand capabilities.

10.4.7 Operating room electrical systems

Operating rooms (ORs) are areas of much concern in the renovation process as a result of
several factors. First, the overriding concern is for the patientÕs safety during the treatment.
Second, the declining use of ßammable anesthetics and changing code regulations regarding
isolated power in ORs continue to cause much confusion. Finally, ORs are not immune to the
proliferation of technology, and speciÞcally, to technology that requires an outlet. A perfect
example of this sort is the addition of a three-phase laser to an existing operating room now
served by a single-phase isolation system.

Chapter 6 describes the reasons that an isolated power system is recommended in ORs,
despite the recent dropping of the requirement for such systems by the NEC. Isolated power
systems are still highly recommended (and required by some local codes), and the engineer
considering the renovation of an OR will do well to consider the advantages of such a system
carefully. Such consideration becomes especially important when new equipment and
services are introduced into an existing OR. Generally speaking, if a particular OR already
contains an isolated power system, any addition to that roomÕs electrical system should derive
from that isolated power system. If the existing system is at capacity, a second system,
complete with its own alarms, can be added to accommodate the new requirements. The
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second system could serve several rooms, as in the case of a three-phase system serving
lasers in two or three rooms. In this case, each room served should have remote annunciators
located in each room, and all devices should be carefully labelled in the room to indicate the
correct panel. On balance, then, using isolated power systems in ORs that are to be renovated
is strongly recommended, and maintaining the use of isolated power in a room already con-
taining an isolated power system is even more strongly recommended.

A Þnal question often encountered in the renovation of an operating room or suite is that of
receptacles to be used. At one time, ORs were equipped with NEMA locking-type receptacles
under the theory that if a careless person were to trip over a cord, it should stay plugged in.
Less and less equipment is now being made (or purchased) with plugs to Þt these receptacles.
Straight-blade receptacles are becoming more and more prevalent under the theory that the
clumsy person is better off unplugging the cord, rather than ripping the device out of the
patient. The engineer planning an OR renovation should be careful to coordinate the recepta-
cle type with the needs of the staff.

10.5 Lighting renovated spaces

Properly lighting a hospital renovation project poses several unique challenges. The original
lighting design relied on older technologies and on older standards that used footcandles as the
sole design criterion to achieve its lighted environment. The aesthetic sought was probably the
institutional-look seen in so many older hospitals, rather than todayÕs more home-like
approach. Applying current technologies and current methods for design of lighting and its
control, however, can be especially difÞcult as a result of the physical limitations noted earlier.
Proper amounts of daylight may be difÞcult to achieve through existing window openings.
Most of the principles of good lighting for hospitals found in Chapter 7 can be achieved
through careful coordination with the users, the architect, and the other trades.

The patient room is central to a hospital, and its design serves to highlight some of the
creativity that should be used in renovation design. A patient room may be occupied by vari-
ous people performing various sorts of tasks as described in Chapter 7. Older designs did not
necessarily cater to all of these needs, but instead tried to achieve a certain footcandle level.
In attempting to achieve the lighting required for all of the required functions, the engineer
should incorporate the design principles and new technologies of Chapter 7 while adapting to
the existing conditions. In patient rooms the problems of space above the ceiling are minimal,
as most of the task-speciÞc lighting for the space can be mounted on the walls (i.e., over-bed
lights and nightlights), or may be table lamps speciÞc for visitors, or may be located so that
they are in some far away corner (such as down-lights for visitors), so as not to interfere with
the other trades. Such a combination of methods and Þxtures not only provides task-speciÞc
light for each of the individual room functions, but also does so in a manner that avoids some
of the potential coordination problems.

Of course, the engineer should take care not to Òover-engineerÓ the space (i.e., to not provide
such a profusion of varied lights and switches that operation becomes similar to operating a
747 airplane).
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Another portion of the hospital with challenges unique to renovation are laboratories. In the
past, laboratories were planned by the architect and lighted to the proper footcandle level by
the engineer. Newer technologies and methods emphasizing the proper lighting at the task
surface can both hinder and help the engineer. The new technologies include the use of lamps
with proper color rendering indices and color temperatures making the visual tasks required
in the laboratory easier to achieve. However, the physical limitations of the space, as well as
the fume hood and other duct work of the mechanical engineer, can make the proper arrange-
ment of luminaires installed overhead within the ceiling extremely difÞcult to achieve. In
such cases, the laboratory arrangements may be rearranged to best accommodate both the
above conditions as well as the userÕs trafÞc and use patterns. Permanently installed or porta-
ble task-lighting may be used to provide the higher levels required for certain tasks. Again,
each of these options should be carefully coordinated with the various parties to the project.

Another lighting application that causes problems in renovations are the corridors and the
nursesÕ stations. Corridors typically have the worst space congestion above the ceiling,
making wall-sconce, linear surface-mounted sources, or down-lights in sofÞts especially
useful. Figure 10-5 illustrates one potential solution. The space above ceilings in corridors,
and over and around the nursesÕ stations, is usually Þlled with equipment, making lighting
particularly difÞcult. In addition, nursesÕ stations are being equipped more and more with
video display terminals (VDTs) and with monitoring screens that increase the lighting and
glare problems associated with these areas. Dropped areas at the perimeters of the stations
afford good opportunities for Þxture placement, as well as help to emphasize the nursesÕ
station as a separate space within the larger space. EfÞcient use of task and undercounter
lighting may also be useful in these spaces.

Figure 10-5ÑAlternate corridor lighting design
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In each of the cases mentioned, the engineer should Þrst carefully assess the lighting require-
ments of the space to be renovated, and then the existing conditions that will affect the light-
ing design. Then the engineer should design the lighting system in accordance with the
principles in Chapter 7, while coordinating carefully with the architect, the other trades, and
the staff to ensure the proper installation.

10.6 Working with existing communications systems

10.6.1 Fire alarm systems

Fire alarm systems seem to cause more problems in the renovation of a health care facility
than any other system. They are crucial to the safety of building occupants, yet they seem to
have an aura of mystery surrounding them. The Þre alarm system is also highly integrated
into the building as a whole.

Fire alarm technology and codes have both changed signiÞcantly and quickly, so that older
buildings now tend to have some sort of combination of systems of different vintages some-
how rigged together into a single precarious system. Maintenance is inevitably laborious and
expensive, and failures of these systems are common.

Most older facilities were built with mechanically-coded systems. Such systems typically
consist of pull-station risers located near exits with a coded pull-station at each level. Detectors
(where present) are typically circuited by ßoor and zone to a central junction-box at a riser
emanating from the control panel. Coders for the detector circuits, as well as power supplies
and drivers for diagnostic and control functions, are located in the control panel. Alarm bell
circuits rise up from the control panel through the building, often sharing conduit risers with
the pull-stations. Annunciators tended to be back-lit panels, usually located in a telephone
operatorÕs room, maintenance shops, or the main entrance. Many older systems do not have
visual Þre alarm devices, and most do not have ßashing exit signs as is now required by the
Americans with Disabilities Act.

With the introduction of solid-state electronics some years ago, the mechanical systems
began to be phased out and electronically-coded systems began to take their place. In facili-
ties having the older mechanical systems, the newer systems were often piggy-backed onto
the existing system, usually through a single mechanical coder. Such combining of systems
often causes resetting problems, as well as problems with alarm location.

Manufacturers have recently begun introducing a new generation of Þre alarm systems using
microprocessor technology (see Chapter 8). These systems typically are noncoded, with visual
annunciation via ßashing lights and exit lights, and audio annunciation via march-time chimes
or bells with voice indications of zone of alarm. Such systems may be either hard-wired or
multiplexed, and are much more ßexible than the older systems. Despite these improvements,
however, interfacing these systems with older systems still causes problems that are similar to
those mentioned in the preceding paragraph.

The engineer facing the project of renovation of a hospital space will do well to devote
considerable time to the Þre alarm system. Very often, it is deceptive to consider the needs of
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the space to be renovated alone; the Þre alarm system should be considered as a whole.
Patchwork solutions for deÞned spaces tend to exacerbate existing system problems. Where
older systems are present, devices may not be available that will work with the system.
Control panels are often extended to the point of capacity, rendering the addition of devices
required by current codes impossible. Required control functions may be impossible to
achieve. Risers may be old, unreliable, or located in the wrong places.

The engineer planning a space renovation should Þrst deÞne the Þre alarm requirements for
the proposed project. The engineer should then become intimate with the existing system, and
accurately assess its capacity to support the required functions without major modiÞcations.
Any deÞciency that requires an upgrade to support the proposed renovation needs to be care-
fully coordinated with the regulatory ofÞcials. Very often, a lack in the existing system will
precipitate an upgrade of the entire system. Engineers should be careful that in adding onto an
existing system, their addition is not merely a patchwork addition, but a functional, reliable
design that does not cause additional problems to the hospital staff. Similarly, when renova-
tion of an area of the facility requires reworking portions of the existing system, the entire
system in that area should be replaced (i.e., old and new system functions should not be mixed
in one area).

Two approaches are possible in the replacement of an existing Þre alarm system. First, the
system can be replaced in total, and all facets can be brought up to code throughout the facil-
ity. While this is logically the simpler approach, it can be logistically the most difÞcult, as
operations in every space will be disrupted by the work. Cost is a further disadvantage of this
approach.

The second, less drastic, approach is to merely replace the central equipment (and that of the
space to be renovated) with the new microprocessor-based generation of equipment. This
equipment will then tie into the existing system, and allow for future expansion of the system
using the inherent ßexibility of this type of system. This approach, while attractive from both
the cost and disruption standpoints, may still pose many operational problems. In essence, it is
repeating the piggy-backing of systems, with all of the attendant problems. Having different
areas of the hospital on different Þre alarm systems, tied together tenuously at best, can cause
severe problems. One compromise solution to this problem is to completely replace the exist-
ing control boards with the new system, and terminate all of the old risers directly into the new
system. This approach will not solve all of the reliability problems of the remote devices, nor
will it immediately solve all of the code-violation problems, but it will be fairly inexpensive,
and will solve, to a great extent, the problem of tying several generations of alarm control
systems together. All aspects of the Þre alarm system must be carefully coordinated with the
facility administration, engineering, and Þre and security departments, as well as regulatory
agents.

Very often, a renovation project can reuse existing central equipment, adding or reusing exist-
ing devices, control sequences, and zoning. In such cases, however, the engineer should be
careful to check the capacities of door holder circuits and audio, visual, and audio/visual
circuits that are to be reused or extended. Alarm system zoning also needs to be reviewed and
modiÞed as required.
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10.6.2 Sound/paging systems

Often overlooked, the public address (PA) systems in health care facilities deserve special
attention in the renovation of an existing space. As technology drives Þre alarm systems in the
direction of noncoded voice systems, the PA system becomes a central element in the Þre
safety systems of the facility; therefore, it must be of supreme reliability. ÒCode blueÓ
functions are often performed over the PA system, so patientsÕ lives are often at stake. Yet in
the face of these emerging demands for system performance, ampliÞers are often overloaded,
circuits are tapped into unknown points, volume is gradually lost by continuing additions,
wiring is strung above ceilings instead of in conduits or trays, and speaker placement and
settings are random at best.

In planning the renovation of a particular space within a facility, then, the prudent engineer
should closely examine both the central system and the circuits in that space, if possible. Load
readings at the ampliÞers should be recorded to ensure that the addition of the proposed
speakers can be accommodated. As much as possible, the existing circuits that will be used
should be traced, and their capacity assessed, as well as their condition. If possible, the vendor
who supplied the system should be consulted in assessing the systemÕs capacity to support the
proposed renovation. Within the renovated space, the cabling should be run in conduits or in
cable trays provided for the purpose. Speaker placement should be planned carefully to
provide the required personnel (Þre response teams or Òcode blueÓ teams, for instance) the
ability to hear any announcements. If the system is integrated with the telephone system and
provided by the telephone vendor, the design should be coordinated with the vendor. The
potential to ÒquietÓ the hospital ambiance by using alternates, such as radio pagers, or local
area paging in lieu of overhead paging, should also be explored.

Very often, a close examination of the overhead paging system will lead to the realization that
it is inadequate. In that event, new ampliÞers or speaker circuits may need to be provided as
part of the project. It is better to discover such a problem while planning the renovation,
rather than blowing an ampliÞer when the project is complete.

10.6.3 Nurse-call systems

Nurse-call systems tend to be easier to deal with in renovating a space than the previous
systems, as they tend to be much more localized. Again, because of the rapid changes in tech-
nologies and manufacturers, obtaining replacement parts for an existing system may be
extremely difÞcult. Sometimes the maintenance personnel of a hospital may have some extra
parts in stock, or a manufacturer may be able to supply parts to make the system work. With
larger renovationsÑbecause of shifting usages and needs by the staff, maintenance, reliabil-
ity, and sheer availability reasonsÑthe engineer should replace the entire nurse-call system
for that area.

10.6.4 Clock systems

Clock systems come in three varieties: battery-powered individual clocks, synchronous
(hardwired), or electronic (line-powered or frequency-corrected). The concern here is with
only the last two, but the engineer should determine the system that the owner uses and/or
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prefers. Clock systems seem to have long lifetimes and to be prone to fewer failures than the
systems previously discussed. For that reason, existing systems may typically be reused.
Again, however, the engineer should determine the feeder circuit to be used and ensure that it
can support the proposed renovation. The engineer should determine (synchronous system)
which branch of the circuit carries the clock signal, and also determine if it is the appropriate
system. The engineer should avoid placing capacitors onto the same branch of the electrical
system, as capacitors will divert the carrier current signal to ground and will render the
system useless. Finally, some of the newer generations of Þre alarm systems can act as signal
generators to local areas. So, small clock systems using the Þre alarm system as the master
clock may be created for the renovations of particular spaces. Such an approach can help to
overcome capacity application problems, as well as any other systemic problems posed by
the existing installation.

10.6.5 Miscellaneous systems

Hospitals contain examples of every other type of system, including observational video,
patient television, building management systems, data processing, narcotics alarms, tele-
phones, intercoms, patient monitoring, security, and dictation. There are no Þrm rules in
extending these systems into a renovated area, but extensive coordination, discovering user
needs early, installing sufÞcient raceways, and providing room for central equipment is
necessary. These systems are all very user-intensive, and require power, wiring, and cooling.
The engineer should, in all cases, talk to the users, maintainers, and to the vendors who
provided and/or serviced the system to investigate the best ways to extend the systems. The
needs of the space to be renovated should be carefully determined from the future users, and
any impact to other spaces should be dealt with. The engineer should carefully plan all
required risers for the various systems, and should coordinate their routing with the various
ownersÕ parties. Finally, if the engineer needs to provide central equipment for any of these
systems, the power quality at the proposed location should be checked, and the appropriate
Þltering and battery backup should be checked, to ensure that proper system operation is
provided.

One excellent system for distribution of the growing masses of communications wiring is
cable trays. The trays run throughout the corridors to gather cabling from the individual
devices and carry it to the central equipment/riser location(s). Such a system can be extremely
useful in keeping the areas above ceilings free of clutter and tends to be less expensive than
all-conduit systems. Even this system should be coordinated, as some communications
systems require a divider in such a tray to isolate their cables, or they may require shielded or
plenum-listed conductors, or low-smoke combustion conductors. The location of the tray in
the ceiling should be carefully coordinated with the other trades to ensure access to it.

10.7 Preparing for future renovations

The Þnal consideration in a renovation project, and indeed in any project, is the preparation
for the future renovation. Small, simple elements of a design can help facilitate future renova-
tions without greatly increasing the project cost and should be incorporated. Besides the obvi-
ous provision of physical spaces for future equipment, other such elements might include
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stubbing spare conduits up from ßush-mounted panel boards; providing spare conduits
between electrical rooms; and providing spare risers with junction boxes at each ßoor
location. Circuits (both power and communications) can be moderately loaded so as to afford
easy expansion; cable trays can be installed to facilitate addition of communications wiring;
spare capacity, both in terms of load capacity and spare/space capacity in switchgear. The
system itself should be designed to be as ßexible as possible, including liberal use of main
breakers, especially on panels served by feeders with several panel loads. Many microproces-
sor-based communication systems are tremendously ßexible in their expansion/reconÞgura-
tion capability. The last and perhaps most important preparation for future renovation is
proper documentation and preparation of record drawings. Planning for any future renovation
is greatly facilitated by accurate, complete drawings of the project, both in terms of locating
potential difÞculties, and in locating areas of the design that lend themselves to easy
expansion.
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Audio systems. See Annunciators; Sound re-

inforcement systems; Voice paging
systems

Automated trolleys or carts, 19
Automatic starting, emergency power sys-

tems, 158
Automatic transfer, intercom systems, 260



 

IEEE
Std 602-1996 INDEX

 

418

 

Automatic transfer switches (ATS), 74,
141Ð157

  bypass/isolation switches for automatic
transfer switches, 153Ð155

  continuous current rating, 148Ð149
  ground-fault protection, 152
  input/output control signals, 151
  main switching mechanism, 151
  multiple transfers versus one large switch,

156Ð157
  overload and fault current withstand rat-

ings, 149
  protective device ahead of transfer switch,

149
  source monitoring, 149Ð150
  system operation, 152Ð153
  time delays, 150Ð151
  types of loads, 142Ð148
    load classification, 142
    motor load transfer, 142Ð146
    sequential generator loading, 146Ð147
    transformer loads, 147Ð148
  voltage ratings, 148

 

B

 

Backup service billing, 32
Balanced magnetic (security sensor) switch-

es, 315
Base stations, radio paging systems, 283
Basic National Building Code, 303, 307
Baths, immersion and partial immersion,

388Ð390
Batteries. See also Emergency power sys-

tems
  chargers
    cranking batteries, 161Ð167
    definition of, 162
    radio paging systems, 282
    short circuit current, 162
  lead (pure), 189
  lead-acid, 161, 165Ð166
  lead-antimony, 189
  lead-calcium, 189
  nickel-cadmium, 161Ð162, 165Ð166
  radio paging systems, 282

 

Beams (security sensors), 315
BICS (building industry consulting service),

253
ÒBiddleÓ test, 406
Blowers (pneumatic tubes), 337
Body resistance, 199
Bolted fault ground current, 58Ð59
Break-in (intercom systems), 260
Brushless voltage regulators, 135Ð136
Building envelope, 34
Building equipment load requirements, 18Ð

19
Building industry consulting service (BICS),

253
Built-in bed controls, nurse-call systems,

265Ð266
Burns from medical equipment, 358
Business machines, load requirements of, 20
Busway, 76Ð77
Bypass/isolation switches, 153Ð155

 

C

 

Cable, 76
  clock systems, 302
  communication and signal systems, 242Ð

245
  data processing, 331Ð332
  physician and staff register systems, 291
  telephone systems. See Telephone systems,

telephone cable plant and support struc-
ture

  television systems, 322
  trays, 413
Call forwarding, 261
Call transfer, nurse-call systems, 270
Cameras, television system, 323
Camp-on-busy, 260
Candler General Hospital, 24Ð25
Cardiac care unit (coronary care unit; CCU),

96Ð97, 108Ð109, 267, 295, 316, 348Ð
349

  communications, 109
  electrical power outlets, 108Ð109
  medical gases, 108
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Cardiac fibrillation from electrical shock,
200

Carrier current clock systems, 301
CBEMA (Computer and Business Equip-

ment ManufacturerÕs Association), 342
CCTV (closed-circuit television systems),

314, 318Ð319, 321Ð323
CCU. See Cardiac care unit
Cell excitability, 198
Chapel, camera in, 324
Charge, definition of, 162
Charging rate, definition of, 162
Circuit breakers, 72
Clay, load-bearing capacity of, 118
Cleaning preparation agents, flammable,

204
Clocks, 299Ð301. See also Communication

and signal systems
  cable plant, 302
  carrier current systems, 301
  centrally controlled system, 300
  direct-wired systems, 300Ð301
  elapsed-time, 300
  individual, 300
  locations of, 299Ð300
  renovating, 412Ð413
  size and mounting, 301
  system control unit, 302
Closed-circuit television (CCTV) systems,

314, 318Ð319, 321Ð323
Closed transition motor load transfer, 146
Closets
  communication and signal systems, 240Ð

241
  telephone systems, 256Ð257
Code blue
  button, nurse-call systems, 268
  systems, 273Ð274
Codes and standards, 4Ð7
Cogeneration, 33, 182Ð184
Coincident demand metering, 31
Color, used to identify emergency power

wiring devices, 91
Color quality, 223
Color render index (CRI), 226Ð227
Command centers, communication and sig-

nal systems, 238Ð239

 

Communication and signal systems, 104Ð
105, 107Ð108, 110Ð113, 237Ð337

  clocks. See Clocks
  code blue systems, 273Ð274
  data processing. See Data processing sys-

tems
  design, 237Ð248
    cable plant, 242Ð245
    closets, 240Ð241
    command centers, 238Ð239
    computer and combination systems, 247Ð

248
    equipment spaces, 241Ð242
    overview, 237, 248
    planning, 237Ð238
    power supply, 245Ð247
    system strata, 240Ð245
  dictation systems. See Dictation systems
  disaster alarms, 337
  emergency medical service (EMS) commu-

nications, 298Ð299
  facility monitoring. See Facility monitoring

systems
  facsimile systems, 335Ð336
  fire alarms. See Fire alarm systems
  intercoms. See Intercom systems
  nurse-call systems. See Nurse call systems
  paging systems
    flashing annunciator, 275
    radio. See Radio paging systems
    renovating, 412
    voice. See Voice paging systems
  patient physiological monitoring. See Phys-

iological monitoring systems
  physician and staff register systems. See

Physician and staff register systems
  pneumatic tubes, 336Ð337
  renovating, 410Ð413. See also Renova-

tions, health care, communications sys-
tems

  security systems. See Security systems
  sound reinforcement. See Sound reinforce-

ment systems
  telephones. See Telephone systems
  television. See Television systems
  telewriters, 335Ð336
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Communication equipment room (CER),
256, 333

Compensated metering, 30
Compound cooling system, 125
Computed tomography (CT), 386Ð387
Computer and Business Equipment Manu-

facturerÕs Association (CBEMA), 342
Concrete floors, generator sets and, 116
Conductive flooring, 204Ð205
Conduit, 205, 361, 365, 401
Conjunctional billing, 31
Conservation. See Energy management
Consoles, patient, 106
Constant potential charge, definition of, 162
Constant voltage transformers, 49
Contactors, 72
Contrast baths, 388Ð389
Control centers, 299
Controlled viewing television systems, 319
Control logic power sources, 176Ð177
Control panels, engine generator set, 159Ð

160
Cooling, generator sets, 123Ð127
Coronary care unit. See Cardiac care unit
Corridors
  lighting, 227Ð229
    renovated corridors, 409
  safety considerations, 201
Cost versus equipment safety, 60Ð61
Cranking, generator sets, 129Ð130
  compressed air, 129Ð130
  electric, 129
CRI (color render index), 226Ð227
Critical care areas, 112, 201, 316
Critical electrical system, 47
Cross-current compensation method, 138Ð

139
CT (computed tomography), 386Ð387
Current limit, definition of, 162
Current sensing protectors, 58

 

D

 

Data processing systems, 329Ð335. See also
Communication and signal systems

 

  cable systems and support structures, 331Ð
332

  data center installations, 333Ð335
  data terminals, 331
  data transmission and network equipment,

333
  load requirements of, 20
  overview, 329Ð330
Daylighting, 227, 233
Day tank, 131
DC control power, 176Ð177
DC offset, 343
DDC (direct digital control) systems, 35
Defibrillators, 353
Delivery rooms, 316
Demand
  billing, 32
  determining, 42
Dental offices and clinics, nurse-call sys-

tems in, 271
Dialysis equipment, 374
Dictation systems, 292Ð294. See also Com-

munication and signal systems
  design, 292Ð294
  types and selection, 293Ð294
DID (direct inward dialing), 252
Digital dictation systems, 294
Dipole antennas, 285
Direct acting trips, 73
Direct digital control (DDC) systems, 35
Direct inward dialing (DID), 252
Disaster alarms, 337
Distribution systems. See Electrical power

distribution systems
Dome lights, nurse-call systems, 268Ð269
Door closers, 307
Double-ended power distribution system,

81Ð83
Drug and alcohol abuse rehabilitation areas,

113Ð114
Dry-type lighting transformers, 147Ð148
Dry-type power transformers, 83
Duct detectors and fan shutdown, 308Ð309
Duty station, nurse-call systems, 264, 266,

272
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E

 

ECMs (energy conservation measures), 27
Educational programming, television sys-

tems, 319Ð320
EEG (electroencephalogram) equipment,

390Ð392
EKTS (electronic key telephone system),

249, 251, 256, 258
Elapsed-time clocks, 300
Electrical Alerts, 6
Electrical equipment selection, installation,

and testing, 70Ð77. See also Electrical
power distribution systems; names of
specific types of equipment

Electrical power distribution systems, 39Ð86
  current considerations, 50Ð51
  electrical equipment selection, installation,

and testing, 70Ð77
    acceptance testing, 70Ð71
    equipment selection, 70
    generators. See Emergency power systems
    isolated power supplies, 77
    labeling, 70
    panelboards, 77
    protective devices, 72Ð76
    segregation of services, 71
    special wire, cable, and busway, 76Ð77
    switchgear, switchboards, and motor con-

trol centers, 71Ð72
    transfer switches, 74
    transformers, 71
    working space, 70
  electrical power systems basics, 45Ð47
    distribution circuits, 46Ð47
    power sources, 45Ð46
  grounding. See Grounding
  overview, 39Ð40
  system arrangements, 77Ð86
    double-ended system, 81Ð83
    existing system, 85
    medium-voltage system, 85
    metering arrangement, 86
    network system, 83Ð84
    radial system, 79Ð81
  system planning, 40Ð45

 

    basic loads and demand data, determining,
42

    electric power company, consulting with,
42Ð44

    health care facility personnel, consulting
with, 41Ð42

    local authorities with jurisdiction over
electrical construction, consulting with,
44

    project architect, consulting with, 40Ð41
    reliability issues, 44
  system protection and coordination. See

System protection and coordination
  updating, 402Ð408. See also Renovations,

health care
  voltage considerations. See Voltage consid-

erations, electrical power distribution
system

Electrical power outlets, 107Ð111, 114
Electrical safety. See Safety
Electric power outlets, 109Ð114
Electric utilities
  medical equipment and instrumentation,

342Ð343
  negotiations with, 28Ð32, 42Ð44
    billing, 31Ð32
    metering, 29Ð31
    tariffs, 29
  peak demand reduction controls, 178Ð182
    advantages of peak demand reduction, 179
    health care facility loads, special require-

ments for, 179
    load demand control systems, 180Ð182
    type of electrical load billing, 179
Electroencephalogram (EEG) equipment,

390Ð392
Electromagnetic noise, 359
Electronic key telephone system (EKTS),

249, 251, 256, 258
Electrosurgical devices, 355
Elevators, 18
  emergency power selector systems, 184Ð

189
    problems associated with regenerative

power, 185Ð186
    sequence of elevator operation on emer-

gency power, 186Ð188
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  fire alarm system and, 311Ð312
EMBS (Engineering in Medicine and Biolo-

gy Society), 3
Emergency medical service (EMS) commu-

nications, 298Ð299
Emergency power systems, 46Ð47, 115Ð194
  alarms, 317
  battery chargers for cranking batteries,

161Ð167
    charger ratings, 162Ð163
    charger sizing, 163Ð165
    definitions, 162
    features, 166Ð167
    installation and maintenance data, 167
    lead-acid versus nickel-cadmium cells,

165Ð166
    memory effect on nickel-cadmium batter-

ies, 166
    overview, 161Ð162
  cogeneration, 182Ð184
  elevator emergency power selector sys-

tems, 184Ð189
    problems associated with regenerative

power, 185Ð186
    sequence of elevator operation on emer-

gency power, 186Ð188
  engine generator controls, 157Ð160
    automatic starting, 158
    remote annunciator requirements, 160
    safety controls, 157Ð158
    typical control panel features, 159Ð160
  generator sets. See Generator sets
  maintenance, 193Ð194
  mean period between service overhauls, de-

termining, 184
  overview, 115
  synchronizing and paralleling multigenera-

tor set control systems, 137Ð140, 168Ð
178

    control logic power sources, 176Ð177
    dividing the load, 169Ð170
    engine generator set governor and voltage

regulator, 169
    establishing load priorities, 170
    generator power circuit breaker, 178
    instrumentation, 177Ð178
    load shedding, 170

 

    load switching, 170Ð171
    random access paralleling, 169
    sensing, 173Ð175
    typical system operation, 171Ð173
    when to parallel, 168Ð169
  transfer switches
    automatic. See Automatic transfer switch-

es
    nonautomatic, 156
  uninterruptible power supply (UPS) sys-

tems, 49, 189Ð193
  utility peak demand reduction controls,

178Ð182
    advantages of peak demand reduction, 179
    health care facility loads, special require-

ments for, 179
    load demand control systems, 180Ð182
    type of electrical load billing, 179
Emergency room control centers, 239
EMS (energy management system), 35
EMS (emergency medical service) commu-

nications, 298Ð299
Encoding, radio paging systems, 279Ð283
Energy conservation measures (ECMs), 27
Energy economics, 27Ð28. See also Energy

management
  life cycle costing, 28
  simple payback, 28
Energy management, 23Ð37. See also Load

requirements
  conservation measures, 32Ð34
    building envelope, 34
    lighting retrofits, 33
    on-site cogeneration, 33
    peak demand shaving, 33
    thermal storage, 34
  design considerations, 34Ð35
  energy economics, 27Ð28
    life cycle costing, 28
    simple payback, 28
  energy management systems, 35Ð36
  energy utilization standards, 36Ð37
  overview, 23Ð27
  utility negotiations, 28Ð32
    billing, 31Ð32
    metering, 29Ð31
    tariffs, 29
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Energy management system (EMS), 35
Energy monitoring and control systems,

317Ð318
Engineering in Medicine and Biology Soci-

ety (EMBS), 3
Engine generator controls, emergency pow-

er system, 157Ð160. See also Emergen-
cy power systems

  automatic starting, 158
  remote annunciator requirements, 160
  safety controls, 157Ð158
  typical control panel features, 159Ð160
Environmental conditions. See Safety, envi-

ronmental conditions
Equalize voltage, definition of, 162
Equipment, electrical
  grounding, 52. See also Grounding
  load requirements, 17Ð21. See also Load re-

quirements
  selection, installation, and testing, 70Ð77.

See also Electrical power distribution
systems; names of specific types of
equipment

  space requirements
    communication and signal systems, 241Ð

242
    generator sets, 116
    medical equipment and instrumentation,

341Ð342
    physiological monitoring systems, 297
    telephone systems, 257
    transformer vaults, 209
Equipment, medical. See Medical equip-

ment and instrumentation
Equivalent sphere illumination (ESI), 224
Escalators, 18
ESI (equivalent sphere illumination), 224
Essential electrical system, 46, 405
  updating, 403Ð405
Ether, 10, 203
Examination lights, headwall unit, 104
Exciters, 139
Exercising generator sets, 141
Exhaust system, generator sets, 118Ð121
Explosions. See Fire and explosion hazards

 

F

 

Facility monitoring systems, 315Ð318. See
also Communication and signal sys-
tems

  emergency generator monitoring, 317
  energy monitoring and control systems,

317Ð318
  medical gas alarms, 315Ð317
  refrigeration alarms, 317
Facsimile systems, 335Ð336
Factory Mutual (FM) standards, 303
Failures, electrical system, definition of, 343
Federal codes and regulations, 5Ð6
Field inspection procedures, 219
Fire alarm systems, 302Ð313. See also Com-

munication and signal systems
  alarm signals, 310Ð311
  annunciation, 312
  door closers, 307
  duct detectors and fan shutdown, 308Ð309
  elevator control, 311Ð312
  emergency communication systems, 312
  heat detectors, 307Ð308
  manual pull station, 309Ð310
  power supply, 313
  renovating, 410Ð411
  smoke detectors, 306Ð307
  smoke evacuation systems, 309
  sprinkler system water flow switch, 308
  system integrity, 312Ð313
  types and selection, 304Ð305
    combination, 305
    hard-wired, 304
    multiplex, 305
Fire and explosion hazards, 203Ð205
  conductive flooring, 204Ð205
  flammable anesthetizing agents, 203Ð204
  flammable cleaning and preparation agents,

204
  oxygen-enriched atmosphere, 204
Flammable agents, 203Ð204. See also Fire

and explosion hazards
Flat billing, 31
Float voltage, definition of, 162
Floors
  concrete, generator sets and, 116
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  conductive, 204Ð205
Fluorescent lighting
  fixtures, 231
  lamp load currents, 149
FM radio equipment, 280
FM (Factory Mutual) standards, 303
Foil (security sensor), 315
Frequency relays, 173Ð174
Fuel supply, generator sets, 131
Full immersion baths, 389Ð390
Functional equipment load requirements,

19Ð20
Fuses, 73

 

G

 

General medical care area safety consider-
ations, 201

Generator sets, 116Ð141, 403Ð405
  air supply, 121Ð123
  cooling, 123Ð127
  cranking, 129Ð130
  exciters, 139
  exercising, 141
  exhaust system, 118Ð121
  fuel supply, 131
  governor, 130Ð131
  load pickup, 140Ð141
  location, 116
  mounting, 116Ð117
  multigenerator sets, synchronizing and par-

alleling, 137Ð140, 168Ð178. See also
Emergency power systems, synchro-
nizing and paralleling multigenerator
set control systems

  parallel operation, 137Ð140
    cross-current compensation method, 138Ð

139
    voltage droop method, 137Ð138
  ratings, 132
  sequential loading, 146Ð147
  sizing the alternator, 132Ð134
  temperature, 128Ð129
  vibrator isolation, 117Ð118
  voltage regulators. See Voltage regulators
GFCIs (ground fault circuit interrupters),

 

202, 208Ð210
Glare, lighting, 222Ð223
Glitch, definition of, 343
Governors, generator sets, 130Ð131, 169
Gravel, load-bearing capacity of, 118
Ground-fault circuit interrupters (GFCIs),

202, 208Ð210
Ground faults, 152
  detection schemes, 61
  protection, 59Ð60
    equipment selection, 59, 202, 208Ð210
    preventing ground currents, 60
    types of ground currents, 59Ð60
Grounding, 51Ð54, 211Ð212, 406Ð408
  definition of, 51
  equipment grounding, 52
  grounding jacks, 212
  jacks, 212
  power cord grounding, 212
  renovating health care facilities, 406Ð407
  system and load characteristics, 53Ð56
  system grounding, 52Ð53, 211, 406
Ground plane antennas, 285
Ground return method (ground-fault detec-

tion), 62
Guidelines for Construction and Equipment

of Hospitals and Medical Facilities, 5

 

H

 

Handbook of the American Society of Heat-
ing, Refrigerating and Air-Condition-
ing Engineers (ASHRAE), 42

Handbook of the National Electrical Code, 4
Harmonic currents, 49, 343
Headwall units, 94Ð106
  communication services, 104Ð105
  electrical services, 104
  medical gas services, 99Ð104
  miscellaneous services, 105
  overview, 94
  selection, 94Ð99
  specifications, 105Ð106
Health care facilities, definition of, 1
Health care facilities, electric systems in, 1Ð

14
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  codes and standards, 4Ð7
    health care codes and standards, 5
    local, state, and federal codes and regula-

tions, 5Ð6
    National Electrical Code, 4Ð5, 40, 44, 46,

197
    National Fire Protection Association

(NFPA) standards, 4Ð5, 40, 46, 179,
197, 303

    standards and recommended practices, 6Ð7
  communication and signal systems. See

Communication and signal systems
  design considerations, 13Ð14
  distribution systems. See Electrical power

distribution systems
  emergency power. See Emergency power

systems
  energy management. See Energy manage-

ment
  Engineering in Medicine and Biology Soci-

ety (EMBS), 3
  grounding. See Grounding
  health care facilities, introduction to, 1Ð2
  health care personnel, consulting with, 41Ð

42
  IEEE publications, 2Ð3
  Industry Applications Society (IAS), 3
  lighting. See Lighting
  load requirements. See Load requirements
  maintenance, 12
  manufacturersÕ data, 9
  medical equipment and instrumentation.

See Medical equipment and instrumen-
tation

  patient care planning. See Patient care,
planning for

  periodicals, 7Ð8
  professional registration, 3
  reference books, 7
  renovations. See Renovations, health care
  safety. See Safety
  scope and general discussion, 1
Heart catheterization room safety consider-

ations, 202
Heat detectors, 307Ð308
Heat exchanger cooling system, 124
Heating, ventilating, air conditioning, and

 

refrigeration (HVAC&R), 17Ð18, 26Ð
27, 32, 302

Heel effect (radiology), 381
Hospital Corporation of America, service

entrance peak demand data, 22Ð23
Hospital grade receptacles and circuit break-

ers, 91Ð93
Hospital-wide intercom systems, 259Ð261
Hot tank, 125
Hot well, 125
Housekeeping services, lighting for, 227,

230
Hubbard tank, 389
HVAC&R (heating, ventilating, air condi-

tioning, and refrigeration) systems, 17Ð
18, 26Ð27, 32, 302

 

I

 

IAS (Industry Applications Society), 3
IEEE publications, 2Ð3
IESNA (Illuminating Engineering Society of

North America), 7, 16, 222
Illuminating Engineering Society of North

America (IESNA), 7, 16, 222
Impulse metering, 30
Incandescent luminaires, 230Ð231
Industry Applications Society (IAS), 3
Infrared body-heat detection, 315
Inhalation anesthetics, 110, 202Ð203
In-phase motor-load transfer, 143
Installation, electrical equipment, 70Ð77.

See also Electrical power distribution
systems

  physiological monitoring systems, 297Ð298
  voice paging systems, 278Ð279
Instrumentation. See Medical equipment

and instrumentation
Insulation, 210
Insulation leakage current, 59Ð60
Integrated services digital network (ISDN),

252
Intensive care unit (ICU), 96Ð97, 109Ð110,

267, 295, 316Ð321, 348Ð349, 392Ð393
  communications, 110
  electrical power outlets, 109Ð110
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  equipment, 392Ð393
  medical gases, 109
Intercom systems, 258Ð262. See also Com-

munication and signal systems
  hospital-wide (multiple master) intercom

systems, 259Ð261
  local, 258Ð259
Interlace, 323
Intermittent positive pressure breathing

(IPPB), 107
Interruptible service, 32
Intrusion-detection systems, 314
IPPB (intermittent positive pressure breath-

ing), 107
ISDN (integrated services digital network),

252
Isolated power, 77, 213Ð219, 370
  limitations, 215Ð216
  line isolation monitor (LIM), 207Ð208,

213Ð217
  three-phase isolated system, 215
Isolation transformers, 147Ð148

 

J

 

Joint Commission for the Accreditation of
Health Care Organizations (JCAHO),
5, 46

 

K

 

Kilovoltampere metering, 31
Kitchen equipment, load requirements of, 19

 

L

 

Labeling, 70, 91
Laboratories
  lighting renovated laboratories, 409
  safety considerations in, 202
Lead-acid batteries, 161, 165Ð166
  versus nickel-cadmium batteries, 165Ð166
Lead-antimony batteries, 189
Lead (pure) batteries, 189

 

Lead-calcium batteries, 189
Leakage currents, 205Ð208
  design factors affecting, 208
  limits set by standards, 206Ð207
  protective measures, 207Ð208
  source of, 205Ð206
Life cycle costing, 28
Light care bed locations, 107
  communications, 107
  electrical power outlets, 107
  medical gases, 107
Lighting, 34, 221Ð235
  applications, 224Ð230
    corridor lighting, 227Ð229
    daylighting, 227, 233
    examination and patient observation, 225
    housekeeping services, 227, 230
    psychological factors and patient comfort,

226Ð227
    room lighting, 226Ð227
    Òstress reliefÓ in procedure and treatment

rooms, 226
  design, 34, 222Ð224, 230Ð235
    color quality, 223
    energy, 231Ð234
    flexibility, need for, 235
    glare, direct and reflected, 222Ð223
    integration with other building systems,

230
    maintenance, 234Ð235
    quality factors, 222Ð224
    reflections, distribution, and shadows,

223Ð224
    system voltage, 230Ð231
  equipment spaces, 242
  headwall unit, 104
  loads, 16Ð17
  overview, 221Ð222
  renovated spaces, 408Ð410
  retrofits, 33
  for television systems, 324
Lightning protection, 59Ð60
  radio paging system antennas, 285Ð286
  television antennas, 322
Light switches, 114
Line isolation monitor (LIM), 207Ð208,

213Ð217
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Line-to-ground faults, 209
Line-to-line faults, 209
Liquid cooling, 123Ð124
Liquid-immersed power transformers, 83
Load disconnect control circuit, 144
Load factor billing, 32
Load pickup, generator sets, 140Ð141
Load requirements, 15Ð23. See also Energy

management
  lighting loads, 16Ð17
    lighting demand, 17
    loads by function, 16
  loads versus facility type, 16
  overall demand factors, 21Ð23
  overview, 15
    energy utilization, 15
    groups of loads, 15
    load growth, 15
    loads, 15
  power loads, 17Ð21
    building equipment, 18Ð19
    functional equipment, 19Ð20
    medical equipment, 20Ð21
  proper division of loads, 405Ð406
Load shedding, 170
Local authorities, consulting with, 44
Local codes and regulations, 5Ð6
Location. See Equipment, electrical, space

requirements; Medical equipment and
instrumentation, space requirements

Loudspeakers, 278, 326Ð327, 329
Low-voltage systems, 64Ð69

 

M

 

MACS (Management and Compliance Se-
ries), 7

Magnetic resonance imaging (MRI), 387
Magnetic (security sensor) switches, 314
Main distribution frame (MDF), 255
Maintenance, 12
  emergency power systems, 193Ð194
  lighting systems, 234Ð235
Management and Compliance Series

(MACS), 7
Manual pull station (fire alarm systems),

 

309Ð310
Manual transfer switches, 74
ManufacturersÕ data, 9
Master antenna television (MATV) system,

318, 320, 322
Master metering, 30
Master station annunciator, nurse-call sys-

tems, 264, 266Ð267, 272
MATV (master antenna television) system,

318, 320, 322
MDF (main distribution frame), 255
Mean period between service overhauls, de-

termining, 184
Mechanical (security sensor) switches, 314
Medical equipment and instrumentation,

341Ð393
  cost, 341
  definitions, 343
  dialysis equipment, 374
  emergency power systems, 177Ð178
  equipment selection, 343Ð348
  need, 341
  neurophysiological department equipment,

390Ð392
    design and installation recommendations,

392
    electrical parameters, 392
    electrical problems, sources of, 392
    electroencephalogram (EEG) measure-

ments, 390Ð392
  patient care equipment, 348Ð371
    AC power and grounding, 368
    architect checklist prior to installation,

369Ð370
    burns, 358
    central station, 368
    checks, 369
    description of, 352Ð355
    design and installation recommendations,

359Ð367, 370
    electromagnetic noise, 359
    environmental considerations, 359
    60 Hz noise, 357Ð358
    microshock hazard, 355Ð357
    patient-connected measurement, monitor-

ing, and data acquisition equipment,
348Ð352
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    patient safety, 355
  pediatric and neonatal equipment, 371Ð373
    incubators, 372
    patient monitors, 372Ð373
  physical therapy. See Physical therapy

equipment
  pre-purchase evaluation form, 343Ð348
  pulmonary function laboratory (ICU/neo-

natal) equipment, 392Ð393
  radiology. See Radiology, equipment
  selection, 343Ð348
  space requirements, 341Ð342
  surgical equipment, 373
  utilities, 342Ð343
Medical equipment load requirements, 20Ð

21
Medical gas, 99Ð104, 107Ð109, 111Ð113
  alarms, 315Ð317
Medical offices and clinics, nurse-call sys-

tems in, 271
Medium-voltage systems, 62Ð64, 85
Mercury vapor lamp load currents, 149
Metal-detection security systems, 313Ð314
Metal halide lamp load currents, 149
Metering, 29Ð31, 86
Microphones, 329
Microshock, 216, 355Ð357
Minimum billing demand, 32
Minimum Requirements for Construction

and Equipment of Hospitals and Medi-
cal Facilities, 5

Mixers (sound reinforcement systems), 327Ð
328

Mobile x-ray plugs and receptacles, 93
Motors
  control centers, 71Ð72
  design considerations, 34
  load transfer, 142Ð146
    avoiding damage to motors, 143
    closed transition transfer, 146
    in-phase transfer, 143
    load disconnect control circuit, 144
    timed center-off position, 145Ð146
Mounting
  bedside modules, 365Ð367
  generator sets, 116Ð117
Multigenerator set installations, synchroniz-

 

ing and paralleling, 137Ð140, 168Ð178.
See also Emergency power systems,
synchronizing and paralleling multi-
generator set control systems

Multiple master intercom systems, 259Ð261
Multiple metering, 30
Muscle reaction to electrical stimuli, 198Ð

199

 

N

 

National Association of Business and Edu-
cation Radio (NABER), 280

National Building Code, 6
National Bureau of Engineering Registra-

tion, 3
National Council of Examiners for Engi-

neering and Surveying (NCEES), 3
National Electrical Code (NEC), 4Ð5, 40, 44,

46, 197
National Electrical Manufacturers Associa-

tion (NEMA), 7
National Electrical Safety Code (NESC), 10,

17
National Energy Act of 1978, 29
National Fire Protection Association

(NFPA), 4Ð5, 40, 46, 179, 197, 303
National Institute of Occupational Safety, 6
NEC (National Electrical Code), 4Ð5, 40, 44,

46, 197
NEMA (National Electrical Manufacturers

Association), 7
Neonatal area
  medical equipment, 371Ð373, 392Ð393
  neonatal intensive care unit (NICU), 295Ð

296, 392Ð393
  nurseries, 113
  service console, 98, 101
Nerve reaction to electrical stimuli, 198
NESC (National Electrical Safety Code), 10,

17
Network interface, 255
Network power distribution systems, 83Ð84
Neurophysiological department equipment,

390Ð392
Neutral-to-ground short circuits, 208Ð209
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Nickel-cadmium batteries, 161Ð162, 165Ð
166

  versus lead-acid batteries, 165Ð166
  memory effect, 166
Noise, 357Ð359
No-let-go (shock level), 199Ð200
Nominal value, definition of, 162
Nonautomatic transfer switches, 156
Non-essential electrical system, 46
Nurse assist button, nurse-call systems, 267,

271
Nurse-call systems, 262Ð273. See also Com-

munication and signal systems
  assisted-living facilities, 272
  centralized system, 270
  central processor controlled system, 270
  components, 264Ð269
    build-in bed controls, 265Ð266
    code blue button, 268
    dome lights, 268Ð269
    duty stations, 266, 272
    master station annunciator, 266Ð267, 272
    nurse assist button, 267
    patient bed station, 264Ð265, 272
    patient station cord set, 265
    staff station, 266, 272
    toilet emergency station, 266, 272
    zone dome lights, 269
  dental offices and clinics, 271
  design, 262Ð263, 272Ð273
  medical offices and clinics, 271
  options, 269Ð270
    call transfer, 270
    nurse follower, 269
    nurse service, 269
    pocket page interface, 270
    staff locator, 269
  psychiatric system, 271Ð273
  renovating, 412
  types of, 263Ð264
    audiovisual systems, 264
    visual systems, 263Ð264
Nurse follower, nurse-call systems, 269
Nurseries, 112Ð113. See also Pediatrics area
  general nurseries, 112
  neonatal nurseries, 113
  special care nurseries, 112

 

NursesÕ stations, renovated, lighting of, 409
Nursing homes, 47, 156

 

O

 

Occupational Safety and Health Administra-
tion (OSHA), 6, 44, 262

Occupational therapy rehabilitation areas,
114

Off-peak billing, 31
Open cabling (communications conductors),

243Ð245
  in plenums, 244Ð245
Operating room (OR), 110Ð111, 295, 316,

348Ð349
  control centers, 239
  electric power outlets, 111
  medical gases, 111
  renovating electrical systems, 407Ð408
  safety considerations, 202
  television systems, 325
Oscillation, definition of, 343
OSHA (Occupational Safety and Health Ad-

ministration), 6, 44, 262
Outgoing current method (ground-fault de-

tection), 62
Outpatient care units with invasive proce-

dures, safety considerations, 202
Overcurrent protection, 212Ð213
  definition of, 162
Oxygen-enriched atmosphere, hazards of,

204

 

P

 

Pacemakers, 355
PACU (post-anesthesia care unit), 295Ð296,

316
Page reply, 261
Paging systems, 274Ð287
  flashing annunciator, 275
  radio. See Radio paging systems
  renovating, 412
  voice. See Voice paging systems
Panelboards, 77
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Paralleling multigenerator sets, 137Ð140,
168Ð178. See also Emergency power
systems, synchronizing and paralleling
multigenerator set control systems

  cross-current compensation method, 138Ð
139

  voltage droop method, 137Ð138
Partial immersion baths, 388Ð389
Pathology consultation by television, 320Ð

321
Patient bed station, nurse-call systems, 264Ð

265, 272
Patient care, planning for, 91Ð114
  equipment. See Medical equipment and in-

strumentation, patient care equipment
  overview, 91
  typical patient care areas, 106Ð114
    coronary care areas. See Cardiac care unit

(CCU)
    emergency suites, 110Ð111
    intensive care areas. See Intensive care

unit (ICU)
    nurseries. See Nurseries
    patient rooms. See Patient rooms
    pediatrics. See Pediatrics area
    psychiatric care areas. See Psychiatric care

areas
    rehabilitation areas. See Rehabilitation ar-

eas
    surgical room. See Operating room (OR)
  wiring devices. See Wiring devices
Patient consoles, 106
Patient monitoring
  physiological monitoring. See Physiologi-

cal monitoring systems
  television systems, 321
Patient rooms, 107Ð108
  acute care bed locations, 107Ð108
    communications, 108
    electrical power outlets, 108
    medical gases, 107
  light care bed locations, 107
    communications, 107
    electrical power outlets, 107
    medical gases, 107
  lighting renovated rooms, 408

 

Patient station cord set, nurse-call systems,
265

PBX (private branch exchange), 250Ð253,
255, 257

Peak demand shaving, 33
Pediatrics area, 111Ð112. See also Nurseries
  critical care, 112
  medical equipment, 371Ð373
  patient rooms, 111
  playrooms, 111Ð112
Periodicals, 7Ð8
PET (positron emission tomography), 387
Physical therapy equipment, 387Ð390
  design and installation recommendations,

390
  electrical parameters, 390
  electrical problems, sources of, 390
  full immersion baths, 389Ð390
    Hubbard tank, 389
  partial immersion baths, 388Ð389
    contrast baths, 388Ð389
    whirlpool baths, 388
Physician and staff register systems, 287Ð

292. See also Communication and sig-
nal systems

  design, 287Ð289, 291Ð292
  types and selection, 289Ð291
    keypad or coded button-operated register

systems, 290
    lighted annunciator panels, 289Ð290
    microcomputer systems, 291
    microprocessor voice synthesizer systems,

290Ð291
Physiological monitoring systems, 295Ð298.

See also Communication and signal
systems

  computers, 296
  installation requirements, 297Ð298
  location of equipment, 297
  overview, 295Ð296
  power requirements, 298
  space requirements, 297
  telemetry systems, 296
Playrooms, 111Ð112
Plenums, open cabling in (communications

conductors), 244Ð245
Pneumatic tubes, 19, 336Ð337
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Pocket page interface, nurse-call systems,
270

Polyphase motors, 150
Positron emission tomography (PET), 387
Post-anesthesia care unit (PACU), 295Ð296,

316
Power circuit breakers, 178
Power conditioners, 49
Power cord grounding, 212
Power distribution systems. See Electrical

power distribution systems
Power factor
  billing, 31
  maintenance, 35
  metering, 31
Power loads, 17Ð21
  building equipment, 18Ð19
  functional equipment, 19Ð20
  medical equipment, 20Ð21
Power Systems Design Subcommittee, 1
Power Systems Engineering Committee, 1, 3
Pre-purchase (equipment) evaluation form,

343Ð348
Pressure mats, 315
Primary metering, 30
Private branch exchange (PBX), 250Ð253,

255, 257
Procedure rooms, Òstress reliefÓ with light-

ing, 226
Professional registration, 3
Progressive care units, 348Ð349, 354
Protective devices, 72Ð76
  ahead of automatic transfer switch, 149
Psychiatric care areas, 113, 201
  sedate patient rooms, 113
  violent patient rooms, 113
Psychiatric nurse-call systems, 271Ð273
Psychological factors in lighting, 226Ð227
Public telephones, 257
Pulmonary function laboratory equipment,

392Ð393

 

R

 

Raceway, 218, 299
Radial power distribution systems, 79Ð81

 

Radiating coaxial cable antennas, 285
Radiation therapy, 321
Radiators, 124Ð125
Radiograph, definition of, 374
Radiology, 78Ð79
  consultation by television, 321
  equipment, 48, 50, 374Ð387
    geometry of image formation, 381Ð382
    heel effect, 381
    image, factors affecting, 380Ð381
    leakage current from, 206
    load requirements, 20
    plugs and receptacles, 93
    portable, 109, 206
    scattered radiation, 382Ð384
    x-ray absorption, 379Ð380
    x-ray beam and image formation, 379
    x-ray generating apparatus, 384Ð387
    x-rays and their production, 374Ð376
    x-ray tube, 376Ð379
Radio paging systems, 275, 279Ð287. See

also Communication and signal sys-
tems

  antenna systems selection, 284Ð286
  base station configuration and location, 283
  code blue alarms, 274
  encoding, 281Ð283
  frequency selection, 280Ð281
  licensing requirements and procedure, 286Ð

287
  message type, 281Ð282
  pager batteries and chargers, 282
  system input or encoder, 279Ð280, 282Ð283
  transmitter location and configuration,

283Ð284
  type of, 280
Random access paralleling, 169
Ready tank, 131
Receptacles, 91Ð93
Recommended practices, 6Ð7. See also

Codes and standards
Recording machines, 292Ð294
Recovery rooms, 201Ð202, 295
Reference books, 7
Reflections, 223Ð224
Refrigeration alarms, 317
Rehabilitation areas, 113Ð114
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  drug and alcohol abuse, 113Ð114
  occupational therapy or ADL, 114
Relays, 73, 174Ð175
Renovations, health care, 395Ð414
  communications systems, 410Ð413
    clock systems, 412Ð413
    fire alarm systems, 410Ð411
    miscellaneous systems, 413
    nurse-call systems, 412
    sound and paging systems, 412
  coordination, 397Ð401
    with code officials, 400Ð401
    with existing physical conditions, 401
    with other trades, 399Ð400
    with users, 397Ð399
  future renovations, preparing for, 413Ð414
  lighting renovated spaces, 408Ð410
  overview, 395Ð397
  power distribution systems, updating, 402Ð

408
    essential system plant, 403Ð405
    grounding, 406Ð408
    impact of changes on integrity of system,

407
    loads, proper division of, 405Ð406
    nonstandard voltages, dealing with, 406
    operating room electrical systems, 407Ð

408
  safety and reliability of existing systems,

401Ð402
Residential custodial care facilities, electri-

cal distribution systems, 47
Reverse power relays, 174Ð175
Reverse transfer (UPS configuration), 191
Rock, load-bearing capacity of, 118
Room lighting, 226Ð227
Rotary uninterruptible power supply (UPS),

49
Rotating brushless exciter, 139

 

S

 

Safety, 9Ð12, 197Ð219, 401Ð402. See also
System protection and coordination

  adequacy of power, 213
  appliances and equipment, 11

 

  continuity of power. See Emergency power
systems

  design and testing of systems for, 217Ð219
    adjusting special design features, 218
    distribution systems, 218Ð219
    field inspection procedure, 219
    identifying user needs, 217Ð218
  emergency power system controls, 157Ð

158
  environmental conditions, 205Ð210
    electrical disturbances, 209
    leakage currents. See Leakage currents
    line-to-ground faults, 209
    line-to-line faults, 209
    neutral-to-ground short circuits, 208Ð209
    transformer vault location, 209
    wet locations, 202Ð203, 209Ð210
  fires and explosions. See Fire and explosion

hazards
  grounding. See Grounding
  hazards, 200Ð203
    corridors, 201
    critical care patient rooms, 201
    general medical care areas, 201
    heart catheterization rooms, 202
    inhalation anesthetizing locations, 203
    laboratories, 202
    operating rooms, 202
    outpatient care units with invasive proce-

dures, 202
    psychiatric patient rooms, 201
    recovery rooms, 201Ð202
    waiting rooms and offices, 200
    wet locations, 202Ð203, 209Ð210
  insulation, 210
  isolated power. See Isolated power
  operational considerations, 11Ð12
  overcurrent protection, 212Ð213
  overview, 197Ð198
  physiological parameters, 198Ð199
    body/tissue resistance, 199
    cell excitability, 198
    muscle reaction to electrical stimuli, 198Ð

199
    nerve reaction to electrical stimuli, 198
    tissue reaction to heat, 199
  shock levels, 199Ð200
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    cardiac fibrillation, 200
    contraction, 199
    no-let-go, 199Ð200
    perception, 199
Sag, definition of, 343
Sand, load-bearing capacity of, 118
Satellite receiving stations, 321, 325
Screens (security sensors), 315
Secondary metering, 30
Security systems, 313Ð315. See also Com-

munication and signal systems
  closed-circuit television systems, 314, 322
  intrusion-detection systems, 314
  metal-detection systems, 314
  security sensor devices, 314Ð315
Sedate psychiatric patient rooms, 113
Selection, electrical equipment, 70Ð77. See

also Electrical power distribution sys-
tems

Self-excited voltage regulators, 135Ð137
Self-regulated, self-excited systems, 136Ð

137
Sequential generator loading, 146Ð147
Service tank, 131
Shadows, 224
Shielded isolation transformers, 49
Shock levels, 199Ð200
Short circuit current (battery chargers), 162
SIC (specific inductive capacity), 208
Signal systems. See Communication and

signal systems
Simple payback method, 28
Smoke detectors, 306Ð307
Smoke evacuation systems, 309
Sodium vapor lamp load currents, 149
Sound reinforcement systems, 325Ð329. See

also Communication and signal sys-
tems

  audio signal processing, 328
  centralized, distributed, and precedence

systems, 327
  equipment, 328Ð329
  installation, 329
  loudspeaker location, 326Ð327
  mixers, 327Ð328
  room acoustics, 326
  volume, 327

 

Southern Building Code, 303
Special care nurseries, 112
Specific inductive capacity (SIC), 208
Spectrum, 7
Speed dialing, 251
Spikes, definition of, 343
Sprinkler systems, 308
Staff bulletin board (electronic), 321
Staff locator, nurse-call systems, 269
Staff station, nurse-call systems, 266, 272
Standard Building Code, 6
Standards and codes. See Codes and stan-

dards
Standby service billing, 31
State codes and regulations, 5Ð6
Static discharge, 60
Static exciter, 139
Static exciter regulators, 134Ð135
Static uninterruptible power supply (UPS),

49, 189
Station message detail accounting (SMDA),

252
Station message detail recording (SMDR),

252
ÒStress reliefÓ lighting, 226
Submetering, 30
Subtractive metering, 30
Surge, definition of, 343
Surge arresters, 49
Surgery room. See Operating room (OR)
Surgical equipment, 373. See also Medical

equipment and instrumentation
Switchboards, 71Ð72
Switchgear, 71Ð72
Synchronizing multigenerator sets, 137Ð

140, 168Ð178. See also Emergency
power systems, synchronizing and par-
alleling multigenerator set control sys-
tems

System grounding, 211. See also Grounding
  definition of, 52
  renovating health care facilities, 406
System protection and coordination, 54, 57Ð

69. See also Safety
  cost versus equipment safety, 60Ð61
  current sensing protectors, 58
  ground-fault detection schemes, 61
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  ground-fault protection, 59Ð60
    equipment selection, 59, 202, 208Ð210
    preventing ground currents, 60
    types of ground currents, 59Ð60
  low-voltage systems, 64Ð69
  medium-voltage systems, 62Ð64
  overview, 57, 61
  protection requirements, 57Ð58
  types of faults, 58Ð59

 

T

 

Talk-back (voice paging systems), 276
Tandem switching (telephone systems), 253
Tape (security sensor), 315
Telemetry systems, 31, 296, 363
Telephone systems, 114, 248Ð257. See also

Communication and signal systems
  code blue call system, 273Ð274
  design criteria, 249
  features, 250Ð253
    automatic route selection, 252
    direct inward dialing (DID), 252
    integrated services digital network (ISDN)

compatibility, 252
    intercom, 251
    multiple-attendant answering, 251
    remote diagnostics, 253
    speed dialing, 251
    station message detail accounting

(SMDA), 252
    station message detail recording (SMDR),

252
    system interconnection, 251
    tandem switching, 253
    voice mail, 252
  overview, 248Ð249
  telephone cable plant and support structure,

253Ð257
    apparatus closets, 256
    equipment rooms, 257
    main terminal room, 254Ð255
    public telephones, 257
    riser systems, 255Ð256
    satellite closets, 257
    service entrance cables, 253Ð254

 

  types of, 249Ð250
    central office, 250
    electronic key telephone system (EKTS),

249, 251, 256, 258
    hybrid systems, 249Ð250
    instrumentation, 250
    private branch exchange (PBX), 250Ð253,

255, 257
Television systems, 318Ð325. See also Com-

munication and signal systems
  amplifiers, 322Ð323
  cable plant, 322
  cameras, 323
  chapel, 324
  computer-directed programming, 319Ð320
  controlled viewing, 319
  entertainment and educational program-

ming, 319
  master antenna, 322
  medical staff education, 320
  monitor selection, 324
  operating room, 325
  overview, 318Ð319
  pathology consultation, 320Ð321
  patient monitoring, 321
  satellite receiving stations, 321, 325
  security, 314, 322
  studio, 324
  subject lighting, 324
  subject viewing, 323Ð324
  television sets and recorders, 320
Telewriters, 335Ð336
Temperature, generator sets, 128Ð129
Testing, electrical equipment, 70Ð77, 217Ð

219. See also Electrical power distribu-
tion systems

Thermal storage, 34
Three-phase isolated system, 215
Timed center-off position transfer switch,

145Ð146
Tissue reaction to heat, 199
Tissue resistance, 199
Toilet emergency station, nurse call systems,

264, 266, 272
Totalized metering, 30
Transfer switches, 72, 74, 147
  automatic. See automatic transfer switches
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  manual, 156, 74
Transformers, 71
  dry-type lighting transformers, 147Ð148
  dry-type power transformers, 83
  isolation, 147Ð148
  liquid-immersed power transformers, 83
  loads, 147Ð148
  vault location, 209
Transient loads, 50
Transient voltage surge suppressors, 49
Transmitters, radio paging systems, 283Ð

284
Trauma room, 110. See also Operating room
Treatment rooms, Òstress reliefÓ with light-

ing, 226
Tungsten lamps, 150
Turbocharged engines, 132
Twin-lead antennas with folded dipole, 285

 

U

 

Ultrasonic security system sensor, 315
Underwriters Laboratories (UL), 7, 11, 197,

303
Uniform Building Code, 6, 303, 306
Uninterruptible power supply (UPS) sys-

tems, 49, 189Ð193
Utilities. See Electric utilities

 

V

 

Vacuum outlets, 106
Var/power factor (Var/pf) controllers, 183Ð

184
VCP (visual comfort probability), 222
Ventilators, 393
VeteranÕs Administration, service entrance

peak demand data, 21
Vibrator isolation, generator sets, 117Ð118
Violent psychiatric patient rooms, 113
Visual comfort probability (VCP), 222
Voice mail, 252
Voice paging systems, 275Ð279. See also

Communication and signal systems
  compression, 277

 

  coverage, 278
  distribution, 276
  equipment, 278
  frequency response, 277
  installation, 278Ð279
  interfacing, 278
  muting, 276Ð277
  priority, 275Ð276
  reliability, 279
  renovating, 412
  source, 277
  talk-back, 276
  volume, 277
  zoning, 276
Voltage considerations, electrical power dis-

tribution system, 47Ð50
  high transient loads, 50
  nominal voltage, 48
  nonstandard voltage, dealing with, 406
  select system voltages, 47Ð48
  voltage problem diagnosis, 50
  voltage variation and disturbances, 48Ð50
Voltage droop method, 137Ð138
Voltage regulators, 49, 134Ð137
  brushless self-excited automatic regulators,

135
  brushless separately excited automatic reg-

ulators, 135Ð136
  engine generator set, 169
  self-excited, self-regulated systems, 136Ð

137
  static exciter regulators, 134Ð135
Voltage relays, 173

 

W

 

Waiting rooms and offices, safety consider-
ations in, 200

Wallplates, 94
Wet locations, 202Ð203, 209Ð210
Whirlpool baths, 388
Wiring devices, 76Ð77, 91Ð106
  anesthetizing location receptacles, 93
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  headwall units. See Headwall units
  hospital grade ground-fault circuit inter-

rupter receptacles and circuit breakers,
93

  hospital grade isolated ground receptacles,
92

  hospital grade receptacles, 91Ð92
  hospital grade tamper-resistant receptacles,

92Ð93
  mobile x-ray plugs and receptacles, 93
  patient consoles, 106
  wallplates, 94
Working space, 70

 

X

 

X-ray equipment. See Radiology, equipment

 

Z

 

Zone dome lights, nurse-call systems, 269
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