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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MOBILE AND FIXED OFFSHORE UNITS –  

ELECTRICAL INSTALLATIONS –  
 

Part 2: System design 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61892-2 has been prepared by IEC technical committee 18: 
Electrical installations of ships and of mobile and fixed offshore units. 

This second edition cancels and replaces the first edition published in 2005. This edition 
constitutes a technical revision. 

This edition includes the following significant technical changes with respect to the previous 
edition: 

• the d.c. voltage given in clause 1 has been updated to 1 500 V, to ensure consistency 
through all parts of the IEC 61892 series; 

• Clause 4 has been rewritten, such that all requirements to emergency power are now 
given in 4.3; 

• the tables for nominal a.c. voltages have been updated in accordance with the last 
revision of IEC 60038; 
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• the requirement to cross sectional area for earthing conductors has been made dependent 
on the system earthing arrangement; 

• requirement for emergency stop for motor-driven fuel-oil transfer and fuel-oil pressure 
pumps has been added. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

18/1240/FDIS 18/1255/RVD 

 
Full information on the voting for the approval of this standard can be found in the report on 
voting indicated in the above table. 

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

A list of all the parts in the IEC 61892 series, under the general title Mobile and fixed offshore 
units – Electrical installations, can be found on the IEC website. 

The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be  

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 

A bilingual version of this publication may be issued at a later date. 
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INTRODUCTION 

IEC 61892 forms a series of International Standards intended to enable safety in the design, 
selection, installation, maintenance and use of electrical equipment for the generation, 
storage, distribution and utilisation of electrical energy for all purposes in offshore units, 
which are being used for the purpose of exploration or exploitation of petroleum resources.  

This part of IEC 61892 also incorporates and co-ordinates, as far as possible, existing rules 
and forms a code of interpretation, where applicable, of the requirements of the International 
Maritime Organisation (IMO), a guide for future regulations which may be prepared and a 
statement of practice for offshore unit owners, constructors and appropriate organisations.  

This standard is based on equipment and practices, which are in current use, but it is not 
intended in any way to impede the development of new or improved techniques. 

The ultimate aim has been to produce a set of International standards exclusively for the 
offshore petroleum industry. 
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MOBILE AND FIXED OFFSHORE UNITS –  
ELECTRICAL INSTALLATIONS –  

 
Part 2: System design 

 
 
 

1 Scope 

This part of IEC 61892 contains provisions for system design of electrical installations in 
mobile and fixed units used in the offshore petroleum industry for drilling, production, 
processing and for storage purposes, including pipeline, pumping or 'pigging' stations, 
compressor stations and exposed location single buoy moorings. 

It applies to all installations, whether permanent, temporary, transportable or hand-held, to 
a.c. installations up to and including 35 000 V and d.c. installations up to and including 
1 500 V. (a.c. and d.c. voltages are nominal values). This standard does not apply either to 
fixed equipment used for medical purposes or to the electrical installations of tankers. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60038:2009, IEC standard voltages  

IEC 60092-101:1994, Electrical installations in ships – Part 101: Definitions and general 
requirements 

IEC 60092-504:2001, Electrical installations in ships – Part 504: Special features – Control 
and instrumentation 

IEC 60447, Basic and safety principles for man-machine interface, marking and identification 
– Actuating principles 

IEC 60533, Electrical and electronic installations in ships – Electromagnetic compatibility 

IEC 60909-0, Short-circuit currents in three-phase a.c. systems – Part 0: Calculation of 
currents 

IEC 60909-1, Short-circuit currents in three-phase a.c. systems – Part 1: Factors for the 
calculation of short-circuit currents according to IEC 60909-0 

IEC 60947-2:2006, Low-voltage switchgear and controlgear – Part 2: Circuit-breakers  

IEC 61363-1, Electrical installations of ships and mobile and fixed offshore units – Part 1: 
Procedures for calculating short-circuit currents in three-phase a.c. 

IEC 61511 (all parts), Functional safety – Safety instrumented systems for the process 
industry sector  
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IEC 61660-1, Short-circuit currents in d.c. auxiliary installations in power plants and 
substations – Part 1: Calculation of short-circuit currents 

IEC 61892-1:2010, Mobile and fixed offshore units – Electrical installations – Part 1: General 
requirements and conditions 

IEC 61892-3:2007, Mobile and fixed offshore units – Electrical installations – Part 3: 
Equipment 

IEC 61892-5, Mobile and fixed offshore units – Electrical installations – Part 5: Mobile units 

IEC 61892-7:2007, Mobile and fixed offshore units – Electrical installations – Part 7: 
Hazardous areas 

IEC 62271-100:2008, High-voltage switchgear and controlgear – Part 100: Alternating-current 
circuit-breakers 

SOLAS, International Convention for the Safety of Life at Sea 

IMO MODU Code, Code for the Construction and Equipment of Mobile Offshore Drilling Units  

IMO COLREG Code:1972, Convention on the International Regulations for Preventing 
Collisions at Sea 

IALA Recommendation O-1239:2008, On The Marking of Man-Made Offshore Structures  

ICAO, International Civil Aviation Organization, Annex 14, Aerodromes 

3 Terms and definitions 

For the purposes of this document the terms and definitions given in IEC 61892-1 and the 
following apply. 

3.1 AC systems of distribution 

3.1.1  
single-phase two-wire a.c. system  
system comprising two conductors only, between which the load is connected  

Note 1 to entry In some countries this is designated as a two-phase system. 

3.1.2  
three-phase three-wire a.c. system  
system comprising three conductors connected to a three-phase supply 

3.1.3  
three-phase four-wire a.c. system  
system comprising four conductors of which three are connected to a three-phase supply and 
the fourth to a neutral point in the source of supply 

3.2  
arc-flash hazard 
a dangerous condition associated with the release of energy caused by an electric arc 

[SOURCE: IEEE 1584:2002, 3.1] 
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3.3  
availability 
the state of an item of being able to perform its required function  

[SOURCE: IEC 60050-603:1986, 603-05-04]  

3.4  
backup protection  
protection which is intended to operate when a system fault is not cleared in due time 
because of: 

– failure or inability of a protective device closest to the fault to operate, or 
– failure of a protective device, other than the protective device closest to the fault, to 

operate  

[SOURCE: IEC 60050-448:1995, 448-11-14, modified] 

3.5  
centralized control 
control of all operations of a controlled system from one central control position 

3.6  
computer-based system 
system that consists of one or more programmable electronic devices with their connections, 
peripherals and software necessary to carry out automatically specified functions 

3.7  
continuity of service  
condition, that after a fault in a circuit has been cleared, the supply to the healthy circuits is 
re-established 

Note 1 to entry  See circuit 3 in Figure 1. 

3.8  
continuity of supply 
condition that during and after a fault in a circuit, the supply to the healthy circuits is 
permanently ensured  

Note 1 to entry  See circuit 3 in Figure 1. 

3.9  
control functions 
functions intended to regulate the behaviour of equipment or systems 

3.10  
control position  
control station 
group of control devices by which an operator can control the performance of a machine, 
apparatus, process or assembly of machines and apparatus 

3.11 DC systems of distribution  

3.11.1  
two-wire d.c. system  
system comprising two conductors only, between which the load is connected  
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3.11.2  
three-wire d.c. system  
system comprising two conductors and a middle wire, the supply being taken from the two 
outer conductors or from the middle wire and either outer conductor, the middle wire carrying 
only the difference-current 

3.12  
diversity factor  
demand factor  
ratio of the estimated total load of a group of consumers under their normal working 
conditions to the sum of their nominal ratings 

3.13  
fail-to-safe 
principle by which a failure or malfunction of a component of the system causes its output to 
automatically adjust to a predetermined safe state 

[SOURCE: IEC 60050-191:1990, 191-15-04, modified] 

3.14  
function 
elementary operation performed by the system which, in conjunction with other elementary 
operations (system functions), enables the system to perform a task 

3.15  
high voltage 
the set of voltage levels in excess of low voltage 

[SOURCE: IEC 60050-601:1985, 601-01-27 modified] 

3.16  
hull return system  
system in which insulated conductors are provided for connection to one pole or phase of the 
supply, the structure of the unit or other permanently earthed structure being used for 
effecting connections to the other pole or phase 

3.17  
integrity 
capability of a system to satisfactorily perform the required functions under all the stated 
conditions within a stated period of time  

[SOURCE: IEC 6005-191:1990, 191-19-07, modified] 

3.18  
low voltage 
a set of voltage levels used for the distribution of electricity and whose upper limit is generally 
accepted to be 1 000 V a.c. 

[SOURCE: IEC 60050-601:1985, 601-01-26] 

3.19  
control room 
room or spaces where centralized controls and measuring and monitoring equipment for main 
equipment and essential auxiliary machinery are located together with the appropriate means 
of communication 
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3.20  
maintainability 
ability of an item under given conditions of use, to be retained in, or restored to, a state in 
which it can perform a required function, when maintenance is performed under given 
conditions and using stated procedures and resources  

[SOURCE: IEC 60050-191:1990, 191-02-07] 

3.21  
over-current 
a current exceeding the rated current  

[SOURCE: IEC 60050-441:1984, 441-11-06] 

3.22  
over-current discrimination 
co-ordination of the operating characteristics of two or more over-current protective devices 
such that, on the incidence of over-currents within stated limits, the device intended to 
operate within these limits does so, while the other(s) does (do) not  

[SOURCE: IEC 60050-441:1984, 441-17-15] 

3.23  
overload 
operating conditions in an electrically undamaged circuit, which cause an over-current  

[SOURCE: IEC 60050-441:1984, 441-11-08] 

3.24  
partial discrimination  
partial selectivity 
over-current discrimination where, in the presence of two or more over-current protective 
devices in series, the protective device closest to the fault effects the protection up to a given 
level of short-circuit current without causing the other protective devices to operate 

3.25  
primary distribution system  
system having electrical connection with the main source of electrical power 

3.26  
reliability 
the probability that an item can perform a required function under given conditions for a given 
time interval  

[SOURCE: IEC 60050-191:1990 191-12-01, modified] 

3.27  
safety functions 
functions intended to prevent harm or danger to personnel 

3.28  
secondary distribution system  
system having no electrical connection with the main source of electrical power, e.g. isolated 
therefrom by a double-wound transformer or motor-generator 

3.29  
short-circuit 
accidental or intentional conductive path between two or more conductive parts forcing the 
electric potential differences between these conductive parts to be equal to or close to zero 
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[SOURCE: IEC 60050-195:1998, 195-04-11] 

3.30  
software 
programme, procedures and associated documentation pertaining to the operation of a 
computer system and including application (user) programme, middleware and operating 
system (firmware) programme 

3.31 Sources of electrical power 

3.31.1  
emergency source of electrical power  
source of electrical power intended to supply the emergency system in the event of failure of 
the supply from the main source of electrical power 

3.31.2  
main source of electrical power  
source of electrical power intended to supply all services necessary for maintaining the unit in 
normal operational and habitable condition 

3.32  
stand-by generator 
a generator set ready to start-up for prompt coupling to the system 

[SOURCE: Adapted from IEC 60050-602:1983, 602-03-16] 

Note 1 to entry The stand-by generator can be any of the main power generators. 

3.33  
system 
collection of components organised to accomplish a specific function or set of functions 

3.34  
total discrimination  
total selectivity 
over-current discrimination where, in the presence of two or more over-current protective 
devices in series, the protective device on the load side effects the protection without causing 
the other protective devices to operate  

3.35  
voltage dip 
a sudden reduction of the voltage at a point in the system, followed by voltage recovery after 
a short period of time, from a few cycles to a few seconds 

[SOURCE: IEC 60050-604:1987, 604-01-25] 

3.36  
voltage drop 
change of the voltage between two given terminals of an electric circuit due to the change of 
the operating conditions  

[SOURCE: IEC 60050-151:2001, 151-15-09] 
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Figure 1 – Continuity of supply/continuity of service 

4 Sources of electrical power 

4.1 General 

Electrical installations shall be such that: 

a) All electrical services necessary for maintaining the unit in normal operational and 
habitable condition shall be assured without recourse to the emergency source of 
electrical power.  

b) Electrical services essential for safety shall be assured also under various emergency 
conditions.  

NOTE 1 Examples of essential services are given in 4.3.14.  
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c) When a.c. generators are involved, the design basis of the system shall include the effect 
of inrush current of e.g. large motors, transformers, capacitors, chokes and subsea high 
voltage cables, connected to the system. The voltage dip due to such current shall not 
cause any motor already operating to stall or to have any adverse effect on other 
equipment in use. 

Consideration regarding harmonic distortions should be given to installations with a high load 
from power semiconductor systems.  

d) The voltage profile of the system shall be confirmed by studies as defined in Clause 9. 
Voltage tolerances are given in IEC 61892-1. The total voltage drop between generators 
or transformers and load under steady state conditions shall not exceed the following 
values: 

AC systems:  – normal continuous load  6 % of nominal voltage 

DC systems: 10 % of nominal voltage 

Voltage dip during motor starting shall not exceed 20 % of nominal voltage. 

The voltage dip/drop should be calculated from the distribution board where regulating 
facilities are included, that is, supplied by a transformer with tappings or a generator. 

Voltage dip/drop calculations should take account of the power factor of the load. Where this 
is not known, a value of 0,85 for normal a.c. loads and 0,3 for motor starting conditions is 
recommended. 

Where specific loads require closer tolerances for voltages in order to maintain functionality or 
performance, then specific calculations should be made to confirm values of voltage drop, 
particularly in cables. 

NOTE 2 Operating limit values for generators are given in IEC 60034-22. 

4.2 Main source of electrical power 

4.2.1 The main source of electrical power shall consist of at least two generator sets. For 
fixed units other sources of electrical power supply arrangements may be acceptable subject 
to approval by the appropriate authority.  

For small installations where renewable sources of energy are used, for example photovoltaic 
cells or wind generators, stationary batteries shall be provided to guarantee the distribution of 
the electrical power during the time without sun or wind. The batteries’ autonomy shall be in 
accordance with the appropriate authority.  

4.2.2 The generating plant, switchboards and batteries shall be separated from any 
hazardous areas according to IEC 61892-7. Batteries, e.g. for nav-aid systems, may be 
accepted in hazardous areas, provided the batteries with enclosure are certified for the area 
in question. 

NOTE 1 The hazardous area generated by the battery itself is not covered by this requirement. 

NOTE 2 For small units, where space limitations require installation in hazardous area it is acceptable to have 
power generation and power distribution in such areas, provided that all the equipment have a suitable degree of 
protection. 

4.2.3 The capacity of the generators shall be such that in the event of any one generator 
being stopped, it shall still be possible, without recourse to the emergency source of electrical 
power, to supply those services necessary to provide: 

a) normal operational conditions and safety, however, it is not required that full operation 
shall be maintained with one generator being stopped;  



 – 18 – 61892-2 © IEC:2012(E) 

b) minimum comfortable conditions of habitability. 

NOTE Minimum comfortable conditions of habitability include at least adequate services for lighting, cooking, 
heating, domestic refrigeration, mechanical ventilation, sanitary and fresh water.   

Arrangement of generator sets shall be such that a common fault cannot disable all generator 
sets, or otherwise cause loss of all generation. 

Systems as e.g. fuel system, cooling system, lubrication system, control system for the 
generator sets shall be segregated as far as practically possible. 

The functioning of the main power system shall be ensured in the event of a fire in the 
space(s) containing the emergency source of power. 

4.2.4 Where electrical power is normally supplied by one of the unit’s generating sets, 
arrangements such as load shedding shall be provided to ensure that the safety of the unit 
with regard to station-keeping, propulsion and steering, is at least equivalent to that of a unit 
having the machinery space manned.  

4.2.5 If the electrical power is normally supplied by more than one generator operating in 
parallel, provisions shall be made by means such as load shedding or by appropriate 
separation of the switchboard busbar to ensure that, in the event of loss of one of these 
generating sets, the remaining set(s) are kept in operation without overload to permit station-
keeping, propulsion and steering, and to ensure the safety of the unit.  

4.2.6 If main power is supplied externally, the arrangement is to be such that the requirement 
of 4.2.3 b) is met by a local generator. 

NOTE The local generator could either be an auxiliary generator or the emergency generator. 

4.2.7 Where transformers, converters or similar appliances constitute an essential part of the 
electrical supply system required by 4.2.1, the system shall be so arranged as to ensure the 
same continuity of supply as stated in 4.2.3. 

NOTE Regarding switchboard design, see IEC 61892-3:2007, 7.3 and 7.4. 

4.2.8 All testing, operations, starting, transfer of power, and stopping of main generators, 
shall be possible to be performed by one operator at one location (main generator control 
station). 

4.3 Emergency source of electrical power  

4.3.1 A self-contained emergency source of electrical power shall be provided as required by 
the appropriate authority. Provided that suitable measures are taken for safeguarding 
independent emergency operation under all circumstances, the emergency source of 
electrical power may, in exceptional cases and for periods of short duration, be used to supply 
non-emergency circuits subject to agreement by the appropriate authority.  

The emergency power supply system shall comprise a combination of UPS, and if necessary 
a diesel engine driven generator. For fixed offshore units a power cable from another 
independent unit may be considered as alternative to a diesel driven engine, depending on 
the approval of the appropriate authority. 

NOTE Regarding units in arctic regions, reference is made to Annex B of IEC 61892-1:2010. 

For units where the main source of electrical power is located in two or more spaces which 
have their own systems, including power distribution and control systems, completely 
independent of the systems in the other spaces and such that a fire or other casualty in any 
one of the spaces will not affect the power distribution from the others, or to the services 
required by 4.3.14, the requirements of 4.3.1 may be considered satisfied without an 
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additional emergency source of electrical power, subject to approval of the appropriate 
authority.  

The power available, duration of supply and services provided for safety in an emergency 
shall be as required by the appropriate authority.  

The emergency switchboard should be installed as near as is practicable to the emergency 
source of power. The emergency switchboard and the emergency source of power 
(emergency generator) can be located in separated rooms close to each other. Emergency 
main distribution board for lighting and small power should be located in an emergency 
switchboard room or similar. There is no such restriction concerning emergency distribution 
panels. 

4.3.2 The emergency source of electrical power, any associated transforming equipment, the 
emergency switchboard and related cables shall not be located in any space(s) containing the 
main source of electrical power or other equipment presenting a fire risk nor in any room or 
compartment having direct access to such space(s). 

For mobile and floating production units the location shall be on or above the uppermost 
continuous deck or equivalent and shall be readily accessible from the open deck. 

Rooms or compartments in which the emergency source of electrical power, any associated 
transforming equipment, or the emergency switchboard are located shall be separated from 
any machinery space containing the main source of electrical power, by classified partitions 
as defined in the IMO MODU Code. 

For fixed units the requirement for separation of the main and emergency power plant shall be 
in accordance with the requirements of the appropriate authority. 

The emergency power system shall be arranged so as to permit total electrical separation 
from the main power system. During normal service, interconnection from the main 
switchboard shall supply power to the emergency switchboard provided that automatic 
interruption of the interconnection at the emergency switchboard is ensured in the event of 
failure of the main source of electrical power. 

The functioning of the emergency power systems shall be ensured in the event of fire in the 
space(s) containing the main source of electrical power.  

4.3.3 Where the emergency source of electrical power is a generator it shall be: 

a) driven by a suitable prime-mover with an independent supply of fuel and cooling medium;  
b) started automatically upon failure of the supply from the main source of electrical power to 

the emergency system, and it shall be automatically connected to the emergency system; 
c) provided with a transitional source of emergency electrical power according to 4.3.1. 

Further consideration should be given to other conditions affecting the emergency generator 
prime mover such as environmental conditions, etc. 

NOTE For starting arrangements of emergency generators, see 4.4. 

4.3.4 Prime movers for emergency generators shall have as few automatic safety functions 
as possible in order to ensure continuous operation. Normal prime mover and generator 
protection shall be provided if running unattended for test of the emergency generator or if it 
is used as a harbour generator. 

4.3.5 For floating units the emergency generator and its prime mover and any emergency 
accumulator battery shall be designed to function at full rated power when upright and when 
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inclined up to the maximum angle of heel in the intact and damaged condition, as stated in 
IEC 61892-5. 

4.3.6 Where the emergency source of electrical power is an accumulator battery it shall be 
capable of: 

a) carrying the emergency electrical load without recharging whilst maintaining the voltage of 
the battery throughout the discharge period within ± 12 % of its nominal voltage; 

b) automatic connection to the emergency switchboard in the event of failure of the main 
source of electrical power supply; and 

c) immediately supplying at least those services required for the transitional source of 
electrical power in 4.3.7.  

4.3.7 The transitional source of emergency electrical power required in Item c) of 4.3.6 shall 
consist of an accumulator battery suitably located for use in an emergency which shall 
operate without recharging whilst maintaining the voltage of the battery throughout the 
discharge period within ± 12 % of its nominal voltage and so arranged as to supply 
automatically in the event of failure of either the main or the emergency source of electrical 
power the services which are required by the appropriate authority. The capacity shall be 
sufficient for a period of at least 30 min or for the period defined by the appropriate authority.  

For mobile units, reference shall be made to the IMO MODU Code. 

NOTE A UPS system is acceptable as a transitional source of emergency power. 

4.3.8 An indicator shall be mounted in a suitable place to indicate when an emergency 
battery is discharging.  

4.3.9 Trip of supply to emergency lighting shall give an alarm at a manned station. 

4.3.10 Provision shall be made for the testing at regular intervals of the complete emergency 
power system and shall include the testing of the automatic starting arrangements and any 
transitional systems. Testing at regular intervals shall also cover load operations and battery 
discharge operations. 

4.3.11 The emergency source of electrical power can be used for the purpose of starting a 
main generator set from a power blackout condition if its capability either alone or combined 
with that of any other source of electrical power is sufficient to provide at the same time the 
emergency services required by the appropriate authority. 

Where the means for starting a main generator set from a power blackout condition is solely 
electrical and the emergency source of electrical power cannot be used for this purpose, the 
means for starting the generator set to be used for start-up from the power blackout condition 
shall be provided with starting arrangements at least equivalent to those required for starting 
the emergency generator set.  

4.3.12 During changeover from the main source of electrical power to the emergency source 
of electrical power, an uninterruptible power supply (UPS) system shall ensure uninterrupted 
duty for consumers which require continuous power supply, and for consumers which may 
malfunction upon voltage transients.  

4.3.13 All testing, manual operation, starting, transfer of power and stopping of emergency 
generator, shall be possible to be performed by one operator at one location (emergency 
generator control panel). 

4.3.14 The emergency source of electrical power shall be sufficient to supply all those 
services that are essential for safety in a case of emergency for at least 18 h or for the time 
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defined by the appropriate authority. Due regard shall be paid to such services as may have 
to be operated simultaneously. 

The most common services are the following:  

a) navigation and obstruction signals and lights, as required by the relevant authority;  
b) lighting of all zones essential for survival such as escapeways, personnel lift cars and 

trunks, boat boarding stations; 
c) external communication systems;  
d) fire detection, fire alarms and emergency fire fighting equipment operating on electric 

power;  
e) equipment, operating on electric power, at life-saving stations serving platform 

disembarkation;  
f) emergency shutdown systems; 
g) safety telecommunication systems;  
h) general alarm;  
i) equipment to be used in connection with the drilling process in case of an emergency (for 

example blow out preventer systems);  
j) equipment essential for the immediate safety of diving personnel; 
k) gas detection and gas alarm; 
l) internal communication systems required in an emergency; 
m) any other emergency or essential system;  
n) lighting of machinery spaces to allow essential operations and observations under 

emergency conditions and to allow restoration of service; 
o) all power-operated watertight door systems; 
p) for helicopter operations, perimeter and helideck status lights, wind direction indicator 

illumination, and related obstruction lights, as required by the relevant authority; 
q) all permanently installed battery chargers servicing equipment required to be powered 

from an emergency source; 
r) sufficient number of bilge and ballast pumps to maintain safe operations during emergency 

conditions. 

NOTE The appropriate authority may have specific requirements to which limited drilling operations to be possible 
upon loss of main power. This may be e.g. circulation of mud, rotation of drill string tubular etc. 

4.4 Starting arrangements for emergency generators 

4.4.1 Emergency generators shall be capable of being readily started in their cold condition 
down to a temperature of 0 °C. If this is impracticable, or if lower temperatures are likely to be 
encountered, consideration shall be given to the provision and maintenance of heating 
arrangements, applicable to the appropriate authority, so that ready starting will be assured. 

4.4.2 Each emergency generator, which shall be automatically started and be capable of 
supplying the services mentioned in 4.3.14 within 45 s. The starting arrangements shall be 
acceptable to the appropriate authority and with a storage energy capability of at least three 
consecutive starts. A second source of energy shall be provided for an additional three starts 
within 30 min.  

4.4.3 Where both the main and secondary start arrangements are electrical, the systems 
shall be independent and include two chargers, and two batteries.  

Consideration should be given to the provision of two starter motors. 
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4.4.4 Provision shall be made to maintain the stored energy at all times.  

4.4.5 All starting, charging and energy-storing devices shall be located in the emergency 
generator room. These devices shall not be used for any purpose other than the operation of 
the emergency generator set. This does not preclude the supply to the air receiver of the 
emergency generator set from the main or auxiliary compressed air system through a non-
return valve fitted in the emergency generator room.  

4.4.6 For a unit which is normally manned the readiness of the emergency generator to start 
shall be indicated in a manned location, for example the control room. 

4.5 Additional requirements for periodically unattended machinery spaces 

4.5.1 Units intended for operation with periodically unattended machinery spaces shall 
comply with 4.5.2 to 4.5.6 inclusive.  

4.5.2 In the event of failure of the generating set(s) in service, provision shall be made for 
the automatic starting and connection to the main switchboard of a stand-by generating set of 
sufficient capacity to supply those services necessary to ensure that the safety of the unit with 
regard to station-keeping, propulsion and steering, is at least equivalent to that of a unit 
having the machinery space manned.  

4.5.3 The arrangement shall permit automatic re-starting of all essential services, which may 
be sequentially started if necessary.  

4.5.4 The automatic starting system and characteristics of the stand-by generating set shall 
be such as to permit the stand-by generator to carry its full load as quickly as is safe and 
practicable.  

4.5.5 Arrangements shall be provided to prevent more than one automatic closing of a given 
generator circuit breaker under short-circuit conditions.  

4.5.6 Requirements relating to safety and alarm systems are specified in Clause 12. 

4.6 General requirements for renewable sources of electrical power 

4.6.1 Photovoltaic system 

The system shall be sized in a way that guarantees the power for normal operating conditions 
and ensures the supply of the loads even in periods of “no sun”. 

When sizing the system, the following shall be taken into consideration: 

– environmental conditions; 
– geographic location; 
– solar radiation; 
– days foreseen with “no sun”; 
– required energy by the loads (Wh/day); 
– energy for preferential load supply; 
– rated voltage and current; 
– photovoltaic module maintenance coefficient; 
–  ageing factor; 
– efficiency of storage battery.  

NOTE For further information on photovoltaic design and systems, see IEC 60904 series and IEC 61194. 
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4.6.2 Eolic system 

The system shall be sized in a way that guarantees the power for normal operating conditions 
and ensures the supply of the loads even in periods of “wind lull”. 

When sizing the system, the following shall be taken into consideration: 

– environmental conditions; 
– geographic location; 
– ventilation; 
– days foreseen with “wind lull”; 
– required energy by the loads (Wh/day); 
– energy for preferential load supply; 
– rated voltage and current; 
– wind generator maintenance coefficient; 
– safety factor; 
– efficiency of storage battery.  

To allow for periods when there is no wind an alternative means of charging batteries shall be 
installed. 

To allow for safe maintenance of wind generator systems a suitable means of braking should 
be fitted to the turbines together with a safe means of access.  

NOTE For further information on wind energy systems, see IEC 61400 series and AWEA standards 3.1 and 6.1. 

5 System earthing 

5.1 General  

Clause 5 gives requirements and recommendations for system earthing, i.e. an intentional 
connection of the neutral point of the electrical power supply system to hull or structure.  

NOTE 1 The intent of the requirements is to promote broad application of the fewest varieties of system earthing 
patterns that will satisfy operational and safety requirements.  

NOTE 2 On occurrence of a fault from line to earth, the steady state and transient voltages to earth and fault 
currents vary with the impedance between the neutral point and earth. This impedance is dependent on the 
treatment of the neutral point.  

5.2 General requirements 

5.2.1 System earthing shall be considered for all electrical power supply systems in order to 
control and keep the system’s voltage to earth within predictable limits. It shall also provide 
for a flow of current that will allow detection of an unwanted connection between the system 
conductors and earth, which should instigate automatic disconnection of the power system 
from conductors with such undesired connections to earth. For an IT system (see Clause 6) 
the insulation resistance shall be continuously monitored and an alarm shall be given at a 
manned control centre. 

Earth indicating devices should be so designed that the flow of current to earth through it is as 
low as practicable, but in no case the current should exceed 30 mA. 

Guidance to a system for the investigation of earth faults should be available. 

5.2.2 The magnitude and duration of a potential earth fault current shall not exceed the 
design capacity of any part of the electrical power supply system. For systems with earthed 
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neutral the cross sectional area of each earthing conductor is to be based on the rating of the 
fuse or circuit protection device installed to protect the circuit. 

NOTE 1 Cable earthing conductors serving a system under fault conditions with a cross-sectional area equal to 
the cross sectional area of the power conductors carrying current under normal conditions will normally fulfil the 
requirement. 

NOTE 2 For systems with isolated neutral an earth conductor rated in accordance with IEC 61892-6:2007, Table 1 
can be used. 

NOTE 3 Further information can be found in IEC 60364-5-54:2011, 543.1.2. 

5.2.3 Where an earthed system is divided into two or more sections, means for neutral 
earthing shall be provided for each section. 

NOTE For installations in hazardous areas, see IEC 61892-7. 

5.2.4 For emergency power systems consideration shall be given to the need for continuous 
operation of the consumers supplied from the emergency power system when deciding 
between earthed and isolated systems.  

A system with isolated neutral should normally be used for supply to the emergency 
consumers. 

5.2.5 AC uninterruptible power systems (UPS) shall have an isolated neutral. 

5.3 Neutral earthing methods 

The selection of one of the following methods of treating the neutral for a specific electrical 
power system shall be based on technical and operational factors: 

– directly earthed (TN system); 
– impedance earthed (IT system); 
– isolated (IT system). 

NOTE 1 The principal features of these methods are presented in Table 2. 

NOTE 2 Although not intentionally connected to earth, the so-called "unearthed" or "isolated" system is in fact 
capacitively earthed by the distributed capacitance to earth of the conductors throughout the system together with 
any interference suppression capacitors.  

5.4 Neutral earthing for systems up to and including 1 000 V a.c. 

5.4.1 The neutral point shall either be directly connected to earth or through an impedance. 

Earthed neutral systems should be achieved by connecting the neutral point directly to earth. 
The earth loop impedance should be low enough to permit the passage of a current at least 
three times the fuse rating for fuse protected circuits or one and a half times the tripping 
current of any excess current circuit breaker used to protect the circuit.  

In the case of impedance earthing, the impedance should be such that the resistive earth fault 
current is higher than the capacitive current of system. The maximum earth fault should 
however be limited to:  

– – 100 A per generator;  
– – 100 A per transformer.  

5.4.2 Where phase to neutral loads shall be served, systems shall be directly earthed.  

NOTE The neutral is defined for a polyphase only (see IEC 60050-601:1985, 601-03-10). 
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5.5 Neutral earthing for systems above 1 000 V 

5.5.1 Earthed neutral systems shall limit the earth fault current to an acceptable level either 
by inserting an impedance in the neutral connection to earth or by an earthing transformer. 
Direct earthing shall not be used for these systems.  

The prospective earth fault current should be at least three times the values of current 
required to operate any earth fault protective devices.  

5.5.2 In the case of impedance earthing, the maximum earth fault shall be limited to a current 
that a generator normally can withstand for a prolonged time without damage to the core. 

In the case of impedance earthing, the impedance should be such that the resistive earth fault 
current is higher than the capacitive current of system, in general at least 3 times higher. The 
maximum earth fault should be discussed with the equipment manufacturer. In the absence of 
precise values the values in Table 1 can be taken as a guide: 

Table 1 – Recommended maximum earth fault currents 

Voltage Generator Transformer 

11 kV 20 A per generator 20 A per transformer 

6,6 kV 20 A per generator 20 A per transformer 

 

5.5.3 Efficient means shall be provided for detecting defects in the insulation of the system.  

For systems where the earth fault current exceeds 5 A, automatic tripping devices should be 
provided. Where the earth fault current does not exceed 5 A, an indicator should be provided 
as an alternative to an automatic tripping device.  

NOTE For supply to hazardous areas, an additional requirement is given in 5.3 of IEC 61892-7:2007. 

5.6 Generators operated in parallel with source transformers 

5.6.1 Where direct connected generators are or may be operated in parallel with source 
transformers, the neutral earthing arrangements shall provide for either system operating 
independently. The neutral earthing equipment shall, wherever practical, be identically rated 
for all power sources.  

5.6.2 The resistors shall reduce the fault current to a level sufficient to operate the 
distribution system earthing protection and provide suitable discrimination.  

5.6.3 Where the normal ratings of the source transformer and parallel running generators are 
significantly different, the resistor rating selection shall be dictated by the requirement to 
ensure that the most insensitive earth fault protection on any incoming or outgoing circuit 
operates positively with the smallest possible source of earth fault current connected to the 
system.  

5.7 Earthing resistors, connection to hull/structure 

5.7.1 Earthing resistors shall be provided with insulation suitable for the phase-to-phase 
voltage of the systems to which they are connected. They shall be designed to carry their 
rated fault current for at least 10 s in addition to any continuous loading, without any 
destructive effect to their component parts. 

5.7.2 Earthing resistors shall be connected to the unit’s structure or hull. In addition earthing 
resistors shall be connected together on the structure/hull side of the resistor, whereto also 
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the protective earthing (PE) conductor of the distribution system shall be connected. Suitable 
disconnecting links, which allow for measuring purposes, shall be provided. 

The means of connection shall be separate from that provided at the unit’s structure or hull for 
radio, radar and communications circuits in or to avoid interference.  

Table 2 – Summary of principal features of the neutral earthing methods 

Means of earthing 

 

Not intentionally earthed 
“Isolated” 

Impedance earthed Directly earthed 

System voltage All methods are potentially applicable (but note higher voltage systems are likely to 
have higher VA earth fault levels, which may make directly earthed connections, or 
low impedance methods, unattractive) 

Overvoltages The most significant overvoltages are due to causes not influenced by the method of 
neutral earthing 

Electric shock risk All major installations are potentially lethal whatever method of neutral earthing is 
used 

Use of residual current 
device for electrical 
safety 

Will normally not function Use of residual current 
device with 30 mA 
operating current should 
be considered 

Acceptable 

Use of 3-phase 4-wire 
supply 

Not acceptable Acceptable Acceptable 

Earth fault current 
magnitude 

Depends on system 
capacitance but usually 
very low, e.g. 1 A 

Depends on impedance 
value, typically  
5 A – 400 A 

May be up to 50 % greater 
than symmetrical 3-phase 
value 

Sustained operation with 
earth fault 

Normally possible May be possible but not 
advisable, depending on 
impedance value 

Not possible 

Minimum earth fault 
protection required 

Alarm or indication Alarm/indication, earth 
fault relay, over-current 
protection, depending on 
impedance 

Over-current protection 

Switchgear fault rating May be rated on normal phase to phase or 3-phase 
symmetrical fault value 

May have to be rated on 
single-phase-to earth or 
phase-to-phase-to-earth 
value 

Earth fault location Faults not self-revealing 
Shall normally be located 
manually unless core 
balance current 
transformers are fitted 

 

If relays fitted, faults 
self-revealing. Otherwise 
shall be located 
manually 

Faults are self-revealing 
on over-current 

Fire risk Very low, provided that 
earth fault current does 
not exceed 1 A. Prolonged 
fault may present a hazard  

Risk of igniting flammable gases. High impedance 
faults can lead to burning at fault location. 

Flash hazard (phase-to-
earth) 

Low --------------------------Increasing ---------------------------------------------------------
High 

Availability of suitable 
equipment 

Similar generation and distribution equipment is 
applicable on all systems 

Allows use of land based 
equipment designed for 
TN-S systems 
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6 Distribution systems 

6.1 DC distribution systems 

6.1.1 Types of distribution systems 

The following types of distribution systems are considered as standard: 

a) two-wire with one pole earthed but without structure or hull return system – TN system; 
b) three-wire with middle wire earthed but without structure or hull return – TN system; 
c) two-wire insulated – IT system.  

The structure or hull return system of distribution shall not be used. 

The requirement does not preclude, under conditions approved by the appropriate authority, 
the use of: 

– impressed current cathodic protective systems; 
– limited and locally earthed systems, e.g. engine starting systems; 
– insulation level monitoring devices provided the circulation current does not exceed 30 mA 

under the most unfavourable conditions. 

In earthed d.c. systems electrochemical corrosion should be considered. 

Where the following Figures 2 to 5 show earthing of a specific pole of a two-wire d.c. system, 
the decision whether to earth the positive or the negative pole should be based upon 
operational circumstances or other considerations. 

NOTE 1 The distribution system codes are in accordance with IEC 60364-1:2005. The distribution system codes 
used have the following meanings: 

First letter – Relationship of the power system to earth: 

T =  direct connection of one point to earth; 

I =  all live parts isolated from earth, or one point connected to earth through an impedance. 

Second letter – Relationship of the exposed–conductive–parts of the installation to earth: 

T =  direct electrical connection of exposed–conductive–parts to earth, independently of the earthing of any point 
of the power system; 

N =  direct electrical connection of the exposed–conductive–parts to earthed point of the power system (in a.c. 
systems, the earthed point of the power system is normally the neutral point or, if a neutral point is not 
available, a phase conductor). 

Subsequent letter(s) if any – Arrangement of neutral and protective conductors: 

S =  protective function provided by a conductor separate from the neutral or from the earthed line (or in a.c. 
systems earthed phase) conductor; 

C =  neutral and protective functions combined in a single conductor (PEN conductor). 

NOTE 2 The following is an explanation of the symbols used in Figures 2 to 9 inclusive (see IEC 60617-DB): 

 

 Neutral conductor (N) 

Protective conductor (PE) 

Combined protective and neutral conductor 
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6.1.2 TN d.c. systems 

Figures 2, 3 and 4 illustrate a TN-S d.c. system, a TN-C d.c. system and a TN-C-S d.c. 
system respectively. 

 

 

PEN (d.c.) 

System a) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

L– 

PE 

PEN (d.c.) 

System b) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

L– 

PE 

M 

IEC   302/12 

IEC   301/12 

 

 

NOTE The earthed line conductor (for example L–) in system a) or the earthed middle wire conductor (M) in 
system b) are separated from the protective conductor throughout the system. 

Figure 2 – TN-S d.c. system 
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PEN (d.c.) 

System a) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

PEN (d.c.) 

System b) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

L– 

IEC   304/12 

IEC   303/12 

 

NOTE 1 The functions of the earthed line conductor (for example L–) in system a) and the protective conductor 
are combined in one single conductor PEN (d.c.) throughout the system, or the earthed middle wire conductor (M) 
in system b) and protective conductor are combined in one single conductor PEN (d.c.) throughout the system. 

NOTE 2 TN-C systems are not allowed in hazardous areas, see IEC 61892–7. 

Figure 3 – TN-C d.c. system 
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PEN (d.c.) 

System a) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

PEN (d.c.) 

System b) 

Earthing  of system 

Exposed-conductive-parts 

L+ 

L– 

L– 

PE 

TN-C system TN-S system 

TN-C-S d.c. system 

PE 

M 

TN-C system TN-S system 

TN-C-S d.c. system 

IEC   306/12 

IEC   305/12 

 

NOTE The functions of the earthed line conductor (for example L–) in system a) and protective conductor are 
combined in one single conductor PEN (d.c.) in parts of the system, or the earthed middle wire conductor (M) in 
system b) and protective conductor are combined in one single conductor PEN (d.c.) in parts of the system. 

Figure 4 – TN-C-S d.c. system 
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6.1.3 IT d.c. systems 

Figure 5 illustrates an IT d.c. system. 

 

 

System a) 

Earthing of exposed-
conductive-parts 

Exposed-conductive-parts 

L+ 

System b) 

Exposed-conductive-parts 

L+ 

L– 

L– 

M 

Earthing of exposed-
conductive-parts 

IEC   307/12 

IEC   308/12 

 

Figure 5 – IT d.c. system 

6.1.4 DC voltages  

Table 3 gives recommended values of nominal voltages and maximum voltages allowed for 
unit service systems of supply: 
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Table 3 – Voltages for d.c. systems 

Application 

 

Nominal voltages 

V 

Maximum 
voltages 

V 

Power 

Cooking, heating 

Lighting and socket outlets 

Communication 

Supplies to lifeboats or similar craft 

Instrumentation 

110, 220, 600, 750, 1 000 

110, 220 

24, 110, 220 

6, 12, 24, 48, 110, 220 

12, 24, 48 
24, 110, 220 

1 500  

500 

500 

250 

55 
250 

 

6.2 AC distribution systems 

6.2.1 Primary a.c. distribution systems 

The following systems are recognised as standard for primary distribution: 

– three-phase three-wire insulated, or impedance earthed – IT system; 
– three-phase three-wire with neutral earthed – TN system; 
– three-phase four-wire with neutral earthed but without structure or hull return – TN system. 

6.2.2 Secondary a.c. distribution systems 

The following systems are recognised as standard for secondary distribution: 

– three-phase three-wire insulated, or impedance earthed – IT systems; 
– three-phase three-wire with neutral earthed – TN systems; 
– three-phase four-wire with neutral earthed but without structure or hull return – TN 

systems. 
– single-phase two-wire insulated – IT systems; 
– single-phase two-wire with one pole earthed – TN systems; 
– single-phase two-wire with mid-point of system earthed for supplying lighting and socket-

outlets – TN systems; 
– single-phase three-wire with mid-point earthed but without structure or hull return – TN 

systems. 

NOTE For a definition of the distribution system codes, see 6.1.1, NOTE 1. 

6.2.3 TN a.c. systems 

TN power systems have one point directly earthed, the exposed conductive parts of the 
installation being connected to that point by protective conductors. Three types of TN system 
are considered according to the arrangement of neutral and protective conductors as follows: 

– TN-S system (see Figure 6): in which throughout the system, a separate protective 
conductor is used; 

– TN-C-S system (see Figure 7): in which neutral and protective functions are combined in a 
single conductor in a part of the system; 

– TN-C system (see Figure 8): in which neutral and protective functions are combined in a 
single conductor throughout the system. 
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Earthing  of system 

Exposed-conductive-parts 

L1 

PE 

N 

L2 

L3 

IEC   309/12 
 

NOTE Separate neutral and protective conductors are used throughout the system. 

Figure 6 – TN-S a.c. system 

 
 

Earthing  of system 

Exposed-conductive-parts 

L1 

PEN 

L2 

L3 

N 

PE 

IEC   310/12 
 

NOTE Neutral and protective functions are combined in a single conductor in a part of the system.  

Figure 7 – TN-C-S a.c. system 
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Earthing  of system 

Exposed-conductive-parts 

L1 

PEN 

L2 

L3 

IEC   311/12 
 

NOTE 1 Neutral and protective functions are combined in a single conductor throughout the system.  

NOTE 2 TN-C systems are not allowed in hazardous areas, see IEC 61892–7. 

Figure 8 – TN-C a.c. system 

6.2.4 IT a.c. systems  

The IT power system has all live parts isolated from earth or one point connected to earth 
through an impedance, the exposed conductive parts of the electrical installation being 
earthed independently or collectively to the earthing of the system (see Figure 9). 

 

Earthing  of system 

Exposed-conductive-parts 

L1 

N 

L2 

L3 

Impedance 1) 

PE 

IEC   312/12 
 

1) The system may be isolated from earth. The neutral may or may not be distributed. 

Figure 9 – IT a.c. system 

6.2.5 AC voltages and frequencies 

Tables 4 and 5 give the maximum voltages allowed and the recommended values of nominal 
voltages and frequencies for a unit’s service systems of supply. 

Voltage and frequency shall be chosen in accordance with IEC 60038:2009. The values 
applicable are given in Tables 4 and 5.  
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In Table 4, the three-phase four-wire systems and single-phase three-wire systems include 
single-phase circuits (extensions, services, etc.) connected to these systems. The lower 
values in the first and second columns of Table 4 are voltages to neutral and the higher 
values are voltages between phases. When one value only is indicated, it refers to three-wire 
systems and specifies the voltage between phases. The lower value in the third column is the 
voltage to neutral and the higher value is the voltage between lines. 

Two series of highest voltages for equipment are given in Table 5, one for 50 Hz and 60 Hz 
systems (Series I), the other for 60 Hz systems (Series II – North American practice). It is 
recommended that only one of the series should be used in any one country. It is also 
recommended that only one of the two series of nominal voltages given for Series I should be 
used in any one country. 

NOTE Table 4 and Table 5 are in accordance with IEC 60038:2009, except that that the NOTE 1 and NOTE 2 in 
Table 4 has been added. 

Table 4 – AC systems having a nominal voltage between 
100 V and 1 000 V inclusive and related equipment 

Three-phase four-wire or three-wire systems Single-phase three-wire systems 

Nominal voltage Nominal voltage 

V V 

50 Hz 60 Hz 60 Hz 

– 120/208 120/240d 

230c– 240c – 
 230/400a  

230/400 a 277/480 – 
400/690 b 480 – 

– 347/600 – 
1 000 600 – 

NOTE 1 440 V and 690 V systems are also used for 60 Hz systems, e.g. for drilling applications and FPSOs1. 

NOTE 2 The three-phase three-wire voltage of 230 V was not used in the previous version of the Table in 
IEC 61892-2 published in 2005. 

a The value of 230/400 V is the result of 220/380 V and 240/415 V systems which has been completed in 
Europe and many other countries. However, 220/380 V and 240/415 V systems still exist. 

b  The value of 400/690 V is the result of 380/660 V systems which has been completed in Europe and many 
other countries. However, 380/660 V systems still exist. 

c  The value of 220 V is also used in some countries. 
d  The values of 100/200 V are also used in some counties on 50 or 60 Hz systems. 

 

——————— 
1  FPSO = Floating Production, Storage and Offloading Vessel. 
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Table 5 – AC three-phase systems having a nominal voltage above 1 kV 
and not exceeding 35 kV and related equipment a 

Series I Series II 

Highest voltage 
for equipment 

Nominal system 
voltage 

Highest voltage 
for equipment 

Nominal system 
voltage 

kV kV kV kV 

3,6b 3,3 b 3 b 4,40 b 4,16 b 
7,2 b 6,6 b 6 b – – 

12 11 10 – – 
– – – 13,2 c 12,47 c 
– – – 13,97 c 13,2 c 
– – – 14,52 b 13,8 b 

(17,5) – (15) – – 
24 22 20 – – 

– – – 26,4 c,e 24,94 c,e 
36 d 33 d 30 d– – – 

– – – 36,5 c 34,5 c 
40,5 d – 35 d – – 

NOTE 1 It is recommended that in any one country the ratio between two adjacent nominal voltages should be 
not less than two. 

NOTE 2 In a normal system of Series I, the highest voltage and the lowest voltage do not differ by more than 
approximately ± 10 % from the nominal voltage of the system. In a normal system of Series II, the highest 
voltage does not differ by more than +5 % and the lowest voltage by more than –10 % from the nominal voltage 
of the system. 

a These systems are generally three-wire systems unless otherwise indicated. The values indicated are 
voltages between phases. 

 The values indicated in parentheses should be considered as non-preferred values. It is recommended that 
these values should not be used for new systems to be constructed in future. 

b These values should not be used for new public distribution systems. 
c These systems are generally four-wire systems and the values indicated are voltages between phases. The 

voltage to neutral is equal to the indicated value divided by 1,73. 
d The unification of these values is under consideration. 
e The value of 22,9 kV for nominal voltage and 24,2 kV or 25,8 kV for highest voltage for equipment are also 

used in some countries. 

 

6.2.6 Control voltage 

For distribution systems above 500 V the control voltage shall be limited to 250 V, except 
when all control equipment is enclosed in the relevant control gear and the distribution 
voltage is not higher than 1 000 V. 
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7 Distribution system requirements 

7.1 Earthed distribution systems 

7.1.1 Means of disconnecting shall be fitted in the neutral earthing connection of each 
generator, if installed, so that the generator may be disconnected for maintenance. 

7.1.2 In distribution systems with neutral earthed and generators intended to run with 
neutrals interconnected, manufacturers shall be informed so that the machines can be 
suitably designed to avoid excessive circulating currents. This is particularly important if they 
are of different size and make. 

7.2 Methods of distribution 

7.2.1 The output of the unit’s main source of electric power can be supplied to the current 
consumers by the way of either: 

a) branch system, or 
b) meshed network or ring-main. 

7.2.2 The cables or bus ducts of a ring-main or other looped circuit (e.g. interconnecting 
section boards in a continuous circuit) shall be formed of conductors with sufficient current-
carrying and short-circuit capacity for any possible load and supply configuration. 

7.3 Balance of loads 

7.3.1 Balance of load on three-wire d.c. systems 

Current-consuming units connected between an outer conductor and the middle wire shall be 
grouped in such a way that, under normal conditions, the load on the two halves of the system 
is balanced as far as possible within 15 % of their respective load at the individual distribution 
and section boards as well as the main switchboard. 

7.3.2 Balance of loads in three- or four-wire a.c. systems 

For a.c. three- or four-wire systems, the current-consuming units shall be so grouped in the 
final circuits that the load on each phase will, under normal conditions, be balanced as far as 
possible within 15 % of their respective load at the individual distribution and section boards 
as well as the main switchboard. 

7.4 Final circuits 

7.4.1 General 

A separate final circuit shall be provided for every motor required for an essential service and 
for every motor rated at 1 kW or more. Final circuits rated above 16 A shall supply not more 
than one appliance. 

7.4.2 Final circuits for lighting 

Final circuits for lighting shall not supply appliances for heating and power except that small 
galley equipment (e.g. toasters, mixers, coffee makers) and small miscellaneous motors (e.g. 
desk and cabin fans, refrigerators) and wardrobe heaters and similar items may be supplied. 

In a final circuit having a current rating not exceeding 16 A, the total connected load shall not 
exceed 80 % of the set current of the final circuit protective device.  

In the absence of precise information regarding lighting loads of final circuits it should be 
assumed that every lamp holder requires a current equivalent to the maximum load likely to 
be connected to it.  
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7.4.3 Final circuit for lighting in accommodation spaces 

Final circuit for lighting in accommodation spaces may, as far as practicable, include socket-
outlets. In that case, each socket-outlet counts for 120 W. 

7.4.4 Final circuits in offices and workshops 

Final sub-circuits in offices and workshops cannot be evaluated as 120 W for a socket-outlet 
but need to be evaluated according to actual/estimated load.  

7.4.5 Final circuits for heating 

Each heater shall be connected to a separate final circuit except that up to ten small heaters 
of total connected current rating not exceeding 16 A may be connected to a single final circuit. 

Separate transformers should be used for supply to trace heating systems. 

7.5 Control circuits 

7.5.1 Supply systems and nominal voltages 

As the extension and complexity of control circuits may vary, it is not possible to lay down 
detailed recommendations for type of supply and voltage, but consideration should be given 
to choosing a.c. or d.c. systems with nominal voltages as indicated in Tables 3 and 4. 

Where external control systems are grouped in a console, unless individually protected 
against accidental contact and properly marked, the control voltage shall not exceed 250 V. 

7.5.2 Circuit design 

Control circuits shall be designed in such a manner that, as far as practicable, faults in these 
circuits do not impair the safety of the system. 

In particular, control circuits shall be designed, arranged and protected to limit dangers 
resulting from a fault between the control circuit and other conductive parts liable to cause 
malfunction (e.g. inadvertent operation) of the controlled apparatus. 

NOTE Attention is drawn to the control circuits in order to maintain the availability of essential services in the 
case of a fault in a control circuit exterior to the equipment.  

7.5.3 Motor control 

Unless automatic restarting is required, motor control circuits shall be designed so as to 
prevent any motor from unintentional automatic restarting after a stoppage due to over-current 
tripping or a fall in or loss of voltage, if such starting is liable to cause danger. 

Where reverse-current braking of a motor is provided, provision shall be made for the 
avoidance of reversal of the direction of rotation at the end of braking, if such reversal may 
cause danger. 

7.5.4 Protection 

Short-circuit protection shall be provided for control circuits including signal devices. 

Where a fault in a signal device would impair the operation of essential services, such devices 
are to be separately protected. 
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7.5.5 Arrangement of circuits 

For essential duties, consideration shall be given to monitoring associated control circuits to 
ensure, as far as is practicable, that such circuits are readily available for service. 

7.6 Socket-outlets 

7.6.1 Socket-outlets for portable lamps and small domestic appliances may be grouped 
together as mentioned in 7.4. 

7.6.2 Socket-outlets for systems above 250 V shall be rated not less than 16 A. 

7.6.3 Where differing distribution systems supplying socket-outlets are in use, the socket-
outlets and plugs shall be of such design that an incorrect connection cannot be made. 

7.6.4 Socket outlets rated above 16 A such as welding socket outlets can be grouped and do 
not need to be rated for simultaneous full load for all outlets. The circuit protection shall 
ensure that all circuit components including cables are fully protected independent of the 
possible actual load. 

7.7 Shore connections for mobile units 

7.7.1 Subclause 7.7 is applicable to mobile units only, when supplied from shore during 
docking. 

7.7.2 Where arrangements are made for the supply of electric power from a source on shore 
or elsewhere, a suitable termination point shall be installed on the unit for the convenient 
reception of the flexible cable from the external source. Fixed cables of adequate rating shall 
be provided between the termination point and the main or emergency switchboard. 

7.7.3 An earth terminal shall be provided for connecting the hull to an appropriate earth. 

7.7.4 The shore connection shall be provided with an indicator at the main or emergency 
switchboard in order to show when the cable is energised. 

7.7.5 Means shall be provided for checking the polarity (for d.c.) or the phase sequence (for 
three-phase a.c.) of the incoming supply in relation to the unit's system. 

7.7.6 At the connection box a notice shall be provided giving full information on the system of 
supply and the nominal voltage (and frequency if a.c.) of the unit's system and the procedure 
for carrying out the connection. 

7.7.7 Provisions shall be made for securing the trailing cables to the framework so that 
mechanical stress is not applied to the electrical terminals. 

7.7.8 Any transformer used for shore-connection shall be of the double-wound type. 

7.7.9 The maximum short-circuit rating of the distribution system shall be higher than the 
short-circuit level of the shore supply system. 

7.8 Motor circuits 

7.8.1 Starting of motors 

Each motor above 1,0 kW shall be provided with separate controlgear ensuring satisfactory 
starting of the subject motor. Depending on the capacity of the generating plant or the cable 
network, it may be necessary in certain cases to limit the starting current to an acceptable 
value. 
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The supply of the motor controlgear auxiliary circuits or the design of this equipment shall be 
such that proper functioning is not affected by the voltage dip on the main circuit during 
starting. 

7.8.2 Means of disconnection 

Means shall be provided for the disconnection of the full load from all live poles of supply 
mounted on or adjacent to a main or auxiliary distribution switchboard. A disconnecting switch 
in the switchboard may be used for this purpose. Otherwise, a disconnecting switch within the 
controlgear enclosure or a separate enclosed disconnecting switch shall be provided. 

7.8.3 Starters remote from motors 

When the starter or any other apparatus for disconnecting the motor is remote from the motor, 
either a minimum of one of the following shall be arranged or equal safety shall be obtained: 

– provision shall be made for locking the circuit disconnecting in the "off" position, or 
– an additional disconnecting-switch should be fitted near the motor, or 
– the fuses in each live pole or phase should be so arranged that they can be readily 

removed. 

7.8.4 Master-starter system 

For special applications a single master-starter system (i.e. a starter used for controlling a 
number of motors successively) can be used. The apparatus shall provide, for each motor, 
under-voltage and over-current protection and means of disconnection not less effective than 
that required for systems using a separate starter for each motor. 

Where the master starter is of the automatic type, suitable alternative or emergency means 
shall be provided for manual operation. 

8 Diversity (demand) factors 

8.1 Final circuits 

The cables of final circuits shall be rated in accordance with their connected load. 

8.2 Circuits other than final circuits 

Circuits supplying two or more final circuits shall be rated in accordance with the total 
connected load subject, where justifiable, to the application of a diversity (demand) factor in 
accordance with 8.3 and 8.4. 

Where spare circuits are provided on a section or distribution board, an allowance for future 
increase in load shall be added to the total connected load, before the application of any 
diversity factor. The allowance shall be calculated on the assumption that each spare circuit 
requires not less than the average load on each of the active circuits of corresponding rating.  

8.3 Application of diversity (demand) factors 

A diversity (demand) factor may be applied to the calculation of the cross-sectional area of 
conductors and to the rating of switchgear, provided that the known or anticipated conditions 
in a particular part of an installation are suitable for the application of diversity.  

8.4 Motive power circuits – General 

The diversity factor shall be determined according to the circumstances. The normal full load 
shall be determined on the basis of the rating plate ratings of motors. 
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In the assessment of diversity factors of a.c. motive power circuits, account shall be taken of 
the relatively small decrease in current consumption of partially loaded motors.  

9 System study and calculations 

9.1 General 

The final selection of conditions to be covered shall be agreed with the unit’s owner, and 
according to the requirements of the appropriate authority. The studies and calculations shall 
reflect the installed power rating, and the complexity of the electrical system. Additions and 
alterations in existing electrical system, temporary or permanent, shall be evaluated 
accordingly. 

In order to confirm the design of the electrical system and to confirm the ratings of the 
equipment selected system studies shall be carried out. The system studies shall be chosen 
from:  

– electrical load study: to determine major equipment ratings for the life of the unit; 
– load flow calculations: to check voltage profiles and circuit loading under steady state 

conditions; 
– short-circuit calculations: to analyse fault currents that might flow under a variety of 

symmetrical, asymmetrical and unbalanced fault conditions. These shall be used for 
equipment specification, and control and protective relay application and setting purposes;  

– protection discrimination study: to determine electrical protection settings to provide 
correct protection for plant and appropriate discrimination to isolate minimum amount of 
plant in the case of a fault; 

– power system dynamic calculations: to analyse the transient and dynamic performance of 
power systems after large load changes and fault disturbances. These shall be used to 
check the ability of the system to stay in synchronism for the following: 

• induction motor stability after start; 

• re-acceleration and restart schemes; 

• the need and effectiveness of under-frequency load shedding schemes; 

• fault clearance; 

They shall also be used to consider the technical merit of: 

• auto changeover schemes; 

• parallel or open operation, or radial feeders; 

• operations of fault limiting devices; 

• insertion of switched reactors or capacitors; 

• energization of submarine cables; 
– calculation of harmonic currents and voltages: to analyse the magnitude and location of 

harmonic distortions within the power system. 

The system studies and calculations are important operational documents. They should be 
updated as necessary when changes are done to the installation. 

Flash hazard risk assessment should be considered for switchboards. Arc-flash calculations 
and tagging should be performed as described in IEEE 1584, or corresponding IEC standards. 

NOTE The objective of the flash hazard assessment is to increase personnel safety by determining the arc-flash 
incident energy exposure during work on or near electrical equipment. The results are used to implement safety by 
design measures such as:  

– limit incident energy by system design and equipment selection (minimize fault current magnitude); 
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– integrate equipment safety barriers by use of fast acting protective devices adjusted to interrupt arc currents 
and consider arc detection system  (minimize fault duration); 

– consider remote operation requirements; 

– provide specific input information for operational risk assessments to determine consequence upon arc-flash 
incidents. 

9.2 Electrical load study 

An electrical load list shall be prepared to establish the electrical power requirements 
throughout the installation.  

Based on analysis, load shedding shall be applied when required in order to avoid a blackout. 
Load shedding can be implemented by shedding of individual/groups of consumers or by 
appropriate separation of switchboard busbars. 

Care should be taken to ensure that the response time is sufficient to enable the load 
shedding system to perform its function and maintain a stable electrical system. 

Load estimates should be carried out for all operational conditions, for example: 

– drilling; 
– maximum power consumption including all systems; 
– normal power consumption required for full operation; 
– life support; 
– emergency; 
– minimum load required for full operation with low priority loads disconnected. 

An electrical load profile should be prepared for normal operations, as far as possible, over 
the entire lifetime of the installation. 

Separate load studies should be carried out to establish the temporary load requirements 
during pre-operation phases, for example: 

– onshore commissioning and testing; 
– float out; 
– deck mating; 
– inshore hook-up and commissioning; 
– tow out; 
– offshore hook-up and commissioning; 
– harbour stay / docking. 

9.3 Load flow calculations 

Steady state load flow calculations shall be carried out for the operational conditions giving 
maximum peak load and minimum load based on loads determined in 9.2. 

The following data should be calculated: 

– magnitude and phase angle of the busbar voltages; 
– active and reactive power production and load at the busbars; 
– active and reactive power flow in cables and transformers; 
– power losses; 
– busbar and cable ampacity at given ambient temperature; 
– recommended setting of the transformers tappings; 
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– voltage rise in long runs of high voltage cables. 

9.4 Short-circuit calculations 

9.4.1 The fault currents that flow as a result of short-circuits shall be calculated at each 
system voltage for three phase, ”phase-to-phase”, and “phase-to-earth” fault conditions. 
These calculated currents shall be used to select suitably rated equipment and to allow the 
selection and setting of protective devices to ensure that successful discriminatory fault 
clearance is achieved. 

The fault current shall be calculated for maximum and minimum system supply. 

For general information regarding short circuit calculations, reference shall be made to 
IEC 61363-1 and IEC 60909-0 and IEC 60909-1 for a.c. systems, and IEC 61660-1 for d.c. 
systems. 

In order to be assured of reasonable accuracy, the study should be based upon a suitable 
computer software calculation programme. The contribution of induction motors should be 
included in the study, preferably by direct dynamic modelling. The studies should include 
break and make points for the fault level. In the design stage it is important to ensure that 
tolerances for equipment should be considered and also that a design margin is allowed to 
account for later additions. The allowance is best arranged by undertaking the studies 
showing later additional loads on stream and represented by induction motors. IEC 61363-1, 
IEC 60909-0, IEC 60909-1 and IEC 61660-1 provide methods of short-circuit calculation which 
may be used when computer programmes are not available or when manual calculations are 
carried out. These methods all have limitation in accuracy and the selection of the preferred 
method and decision based upon results will rely on the competency of the engineer making 
the calculations. 

9.4.2 The voltage disturbance sustained during the faults and after fault clearance shall also 
be ascertained to ensure that transient disturbances do not result in loss of supplies due to 
low voltages or overstressing of plant insulation due to high voltages 

The voltage disturbance sustained during the faults and after fault clearance shall also be 
ascertained to ensure that transient disturbances do not result in loss of supplies due to low 
voltages or overstressing of plant insulation due to high voltages. 

In assessing the transient performance of the system, accurate modelling of any automatic 
voltage regulator (AVR) action is required. It would also be necessary to model the governor 
system of any rotating power generators. (See also 9.4.6).  

9.4.3 The calculation of fault currents shall include the fault current contributions from 
generators and synchronous and induction motors, and consideration during the first instant 
of fault current shall be specified for power semiconductors. Both the a.c. symmetrical and 
d.c. asymmetrical components of fault currents shall be calculated at all system voltages. 
Offshore units fed from onshore utility companies shall have fault infeeds obtained from the 
utility company concerned, and they shall exclude any decrement associated with fault 
duration, though maximum and minimum values consistent with annual load cycles and 
anticipating utilities systems switching conditions should be obtained. 

NOTE 1 The fault levels of utility company networks are subject to variation due to the amount of generation 
plants which they may have connected, and also could be subject to variation due to the manner in which the 
public utility operates the system (for example, line outages will affect fault levels, as will open busbar systems). 

NOTE 2 For a.c systems where precise information of their characteristics is lacking, the contribution of 
induction motors for determining the maximum peak value attainable by the short-circuit current (i.e. the value of 
the current to be added to the maximum peak value of the short-circuit due to the generators) can be taken as 
equal to 8 In where In is the sum of the rated currents of the motors estimated normally when simultaneously in 
service (In is an r.m.s. value). For preliminary calculation, IEC 61363-1 gives the following values: 

– For motors rated more than 100 kW: 

sub-transient short-circuit current: 6,25 In; 
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symmetrical short-circuit current at T/2: 4 In; 

peak value of the short-circuit current: 10 In . 

– For motors rated less than 100 kW: 

sub-transient short-circuit current: 5 In; 

symmetrical short-circuit current at T/2: 3,2 In; 

peak value of the short-circuit current: 8 In . 

The calculations based on these figures have to be confirmed. 

NOTE 3 For d.c. systems in the absence of precise information, the contribution of motors in the determination of 
the maximum value reached by the short-circuit current can be taken as equal to six times the sum of the rated 
currents of the motors estimated to be normally in service simultaneously. 

9.4.4 Three phase balanced fault current calculations shall be carried out to obtain 
prospective circuit breaker duties and shall include:  

• Asymmetric make capacity. Expressed in peak amperes and calculated half a cycle after 
fault inception. Both a.c. and d.c. current decrements shall be included for the half cycle. 

• Asymmetric break capability. Expressed in rms. amperes calculated at a time at which the 
breaker contacts are expected to part and allowing a maximum of 10 ms for instantaneous 
type protection operation. Both a.c. and d.c. decrements shall be included for the selected 
time. 

• Symmetrical break capability. Expressed in rms. amperes calculated at a time as defined 
in this subclause. This assumes zero d.c. current component and shall allow for a.c. 
decrement for the selected time. 

9.4.5 On systems where the earth fault currents are limited by neutral earthing equipment, 
the currents should be assumed to include no decrement and shall be considered constant 
whatever the level of bonding between the conductor and the faulted phase. 

9.4.6 Both the a.c. and d.c. components of motor fault current contributions shall be 
calculated and included in calculation of prospective fault currents. 

At the instant of fault inception the a.c. peak symmetrical component and the d.c. component 
shall be taken to be identical. Both values shall be taken as the peak direct-on-line starting 
current, this being dictated by the motor locked rotor reactance. Both these currents shall be 
taken to decay exponentially with time using a.c. and d.c. short-circuit time constants 
respectively. The a.c. time constant should be determined by using the ratio of the locked 
rotor reactance and the standstill rotor resistance. The d.c. time constant should be 
determined by using the locked rotor reactance and the stator resistance. 

NOTE Where faults are not directly on the motor terminals, these time constants would be modified (preferably by 
the integrated computer programme) to take account of external impedances to the point of fault. 

9.4.7 The calculation of individual fault current contributions shall be carried out for individual 
motors of significant ratings on the power system. All other motors on the system should be 
treated as a number of typical equivalent motors of total rating equal to the connected rotating 
loads, at different locations. The ratings of these equivalent motors shall be selected to be 
consistent with the actual drives at a given location. 

Generally motors with ratings 1 000 kW or greater should be represented as individual 
machines. However, where there are multiples of these on a single busbar, they too may be 
represented by lumped parameters. 

9.5 Protection and discrimination study 

A co-ordination study shall be carried out to determine the setting of the protective relays and 
direct acting circuit breakers. See Clause 10. 
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NOTE The objective of the co-ordination study is to maintain the system continuity by protecting the electrical 
installations from possible black-outs and over-currents in order to minimise the effects of the fault.  

9.6 Power system dynamic calculations 

9.6.1 A stability analysis of the electrical power system shall be carried out and shall 
comprise simulations of the system transient behaviour following disturbances during relevant 
operational modes of the installation. 

The simulations should include: 

– direct on line starting of the largest motors; 
– short-circuited feeders with clearance of the fault after set time delay of the protective 

relays or blowing time of the fuses; 
– generator short-circuit with clearance of the fault and generator trip after the set time 

delay of the protective relays. Based on the analysis, load shedding may be required; 
– generator trip. Based on analysis, load shedding may be required; 
– trip of largest motor (or group of motors) of process plant; 
– switching of reactors/capacitors; 
– transformer inrush calculations; 
– energization of subsea cables. 

The analysis shall be carried out for the worst case conditions with respect to system stability, 
which shall be determined separately by each project. 

The analysis shall prove that the system will restabilise following the specified disturbances, 
and that the transient voltage and frequency variations, motor slip, reacceleration and start up 
times are within acceptable limits. 

To verify the stability of the system, the dynamic study shall be closely co-ordinated with the 
protection and discrimination study. 

9.6.2 The studies shall be carried out with proven software programmes. Models for 
generators, automatic voltage regulators, governors, motors, transformers, cables and loads 
should be sufficiently detailed and proven to give confidence in the results of the studies. 

In addition generator and motor equivalent circuit models and data will be required. Generator 
models used in dynamic calculations may require models for governor and automatic voltage 
regulator (AVR) performance. In some cases the data for these models will not be readily 
available for the actual system to be studied. It will therefore be necessary for some 
judgement to be made on a suitable set of parameters to complete the dynamic calculations 
needed for the installation. 

Any computer-based software programme equivalent circuit models used for studies and 
calculations should have appropriate software support and validation checks available. 

9.6.3 Generator operating charts shall be prepared to assist in assuring that generators are 
always likely to be operated within their prescribed stability limits. 

As a supplement to generator operating charts, dynamic models for prime movers and 
associated controls should as far as practicable be verified against results from string tests 
with load acceptance and rejection related to the actual generator sets.  

The operating charts should be presented for voltages between 0,95 per unit to 1,05 per unit 
in steps of 0,05 per unit. The charts should also contain those key machine parameters from 
which the charts are constructed. e.g. Xd , Xq, etc. 
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It is equally important that where system stability models are examined, the specific model for 
the parameters used has validity. For example, where machine automatic voltage regulators 
(AVR) and governors are used on particular machines, factory and site test arrangements 
should be modelled and the predicted and actual behaviour of the machine or system can 
then be compared with the model. In this manner some form of assurance can be obtained 
from the system studied. 

9.6.4 Transient stability studies shall be carried out on systems which include: 

a) dissimilar generators; 
b) generators operating in parallel with a utility company; 
c) synchronous motors; 
d) where power generation busbars are interconnected by appreciable impedance; 
e) large process plant systems representing a significant percentage of the supply capacity. 

These studies shall be used to determine whether synchronous machines are liable to loose 
synchronism after the most severe single disturbance. 

A number of fault locations followed by plant disconnections should be tried. Process or 
emergency shutdowns, partial or complete, may represent a major stability problem if initiated 
in one step. 

NOTE Generally the most severe fault condition would be a three-phase fault applied at the generator busbars for 
a fault duration determined by the protecting switchgear, which when cleared results in the disconnection of the 
largest single fault contributor from the system.  

9.6.5 Where transient stability studies are undertaken, in order to assess the ability of 
generators to remain in synchronism following a fault disturbance, the steady state operating 
condition before the fault is applied shall be one in which the spinning reserve of generation is 
kept at a minimum due to assumed maintenance of the largest onsite generator. 

The primary object should be to identify the maximum acceptable fault clearing time, but 
secondary objectives, such as the best location of system open bus section points and the 
relationship between impedance earthing to stability, should also be ascertained from these 
studies. The studies would be used as support for a particular system design and also to 
ensure that the protection arrangements would not compromise the expected system 
performance. In pursuit of this latter factor, the studies may be undertaken with actual 
protection arrangements, if these are known. In doing this it should be noted that if protection 
settings were to change, the system response to fault conditions might need to be re-studied. 

9.6.6 System stability studies shall be carried out to investigate the voltage and frequency 
performance of the system after a major disturbance for the period from fault inception to the 
time when steady state equilibrium is reached. These studies shall require detailed automatic 
voltage regulator (AVR) and governor modelling as these items assist the return to steady 
state and will react positively in the time scales likely to be considered.  

These studies are expected to illustrate successful system recovery. A decreasing oscillatory 
voltage or frequency result where the average is within acceptable bounds would indicate a 
satisfactory performance. 

9.6.7 System stability studies shall be carried out to consider the effect of the loss of the 
largest power supply component under a fault condition which causes no other electrical 
disturbance. Where the transient frequency deviation is predicted to exceed 6 %, under- 
frequency load-shedding schemes shall be considered. The stability studies shall be used to 
define the minimum number and magnitude of the various stages of load shedding that will be 
necessary to keep the frequency loss within acceptable limits. 

NOTE Earth faults or mechanical system trip conditions do not normally result in motor loads being tripped by a.c. 
contactors dropping off under low voltage, resulting in the greatest post-fault generation deficiency. 
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9.6.8 Induction motor performance studies shall be carried out to demonstrate the ability to 
start, re-accelerate or restart motor loads without their stalling or tripping under overload. Re-
acceleration studies shall determine whether motors re-accelerate after disturbances, for 
example, when fault conditions or under-voltage conditions have cleared. Where motor restart 
schemes are required, induction motor performance studies shall be used to define the 
maximum number and magnitude of the various stages of restart that will be possible after 
clearance of faults. 

9.7 Calculation of harmonic currents and voltages 

The content of harmonics in the power system shall be examined. 

It may be necessary to feed sensitive equipment from a power system with a restricted 
content of harmonics, for example from an uninterruptible power supply (UPS) system. 

For systems where semiconductors are connected having a total system rating which is a 
significant portion of the total system rating, it may not be feasible to suppress the harmonics. 
Consideration should be given to take appropriate measures to attenuate these effects of the 
distribution system so that safe operation is assured. Care should be taken in selecting 
consumers supplied from an electric power supply system with a higher harmonic content 
than specified in this subclause. 

Electrical equipment which requires a higher power quality may need additional provisions to 
be made locally. Where additional equipment is fitted to this higher power quality supply, it 
may be required to be duplicated and segregated to the same degree as the electrical 
equipment it supplies. 

Special attention should be paid to the installation of electrical equipment which may 
influence the quality of power supply on local basis or react with any harmonics present on 
the general distribution system. 

NOTE For further information regarding harmonics, see IEC 61000-2-4 and IEC 60533. 

10 Protection 

10.1 General  

10.1.1 Electrical installations shall be protected against accidental over-current, up to and 
including short-circuit, by appropriate devices. Choice, arrangement and performance of the 
various protection devices shall provide complete and co-ordinated automatic protection in 
order to obtain: 

– continuity of supply;  
– or at least continuity of service through discrimination or any other system of co-ordinated 

action of the protective devices to maintain supply to healthy circuits in the event of a fault 
elsewhere (see Figure 1); 

– elimination of the effects of faults to reduce damage to the system and the hazard of fire 
as much as possible. 

Under these conditions, the elements of the system shall be designed and constructed to 
withstand the thermal and electrodynamic stresses caused by the possible over-current, 
including short-circuit, for the admissible duration. 

10.1.2 Devices provided for over-current protection shall be chosen according to the 
requirements, especially with regard to: 

– overload; 
– short-circuit;  
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– earth fault as appropriate. 

10.2 Characteristic and choice of protective devices with reference to short-circuit 
rating  

10.2.1 General 

Protection against short-circuit shall be provided by circuit-breakers or fuses. 

In some cases, and particularly for high voltage a.c. systems, it should be noted that certain 
types of fuses have such characteristics for certain over-currents that they shall be arranged 
to cause an associated breaker to trip these over-currents. 

10.2.2 Protective devices 

Protective devices for short-circuit protection shall conform to the requirements of the IEC 
standards concerning circuit-breakers and fuses, but it shall be taken into account that the 
conditions of the unit installations may differ from the conditions foreseen in those 
publications, in particular with reference to: 

– the short-circuit power factor in an a.c. system in a unit, which may be lower than that 
assumed as a basis for short-circuit rating of normal distribution circuit breakers; 

– the sub-transient and transient component of the a.c. short-circuit current; 
– the a.c. and d.c. decrement of short-circuit current. 

As a consequence, the ratio between rated breaking capacity and the correlated making 
capacity of circuit-breakers corresponding to the normal conditions of distribution systems 
may be inadequate. 

In such cases, the circuit-breakers shall be chosen with regard to their short-circuit making 
capacity, even though their available short-circuit breaking capacity, which complies with 
normal conditions, may be in excess of the one required for the actual application. 

When selectivity with downstream breakers are required for low voltage circuit-breakers with 
short-circuit release, circuit-breakers of utilisation category B (according to 
IEC 60947-2:2006) shall be used, and shall be selected according to their rated short-time 
withstand current capacity. 

High voltage circuit-breakers shall comply with IEC 62271-100:2008. 

NOTE For final circuits, low voltage circuit breakers of category A are acceptable.  

10.2.3 Backup protection 

The use of a protective device not having a short-circuit breaking or making capacity at least 
equal to the maximum prospective short-circuit current at the point where it is installed is 
allowed, provided that it is backed up by a fuse or by a circuit breaker on the supply side, 
having at least the necessary short-circuit rating and not being the generator circuit-breaker. 

For low voltage systems, the short-circuit performance of the arrangement shall at least be 
equal to the requirements of IEC 60947-2:2006 for a single circuit-breaker having the same 
short-circuit performance category as the backed up circuit breaker and rated for the 
maximum prospective short-circuit level at the supply terminal of the arrangement. 

For high voltage systems reference shall be made to IEC 62271-100:2008. 

When determining the performance requirements for the above-mentioned backup protection 
arrangement, it is permitted to take into account the impedance of the various circuit elements 
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of the arrangement, such as the impedance of a cable connection when the backed-up circuit-
breaker is located away from the backup breaker or fuse.  

NOTE For low voltage switchgear further information can be found in IEC 60947-2:2006, Annex A. 

10.2.4 Rated short-circuit breaking capacity 

The rated short-circuit breaking capacity of every device intended for short-circuit protection 
shall be not less than the maximum prospective current to be broken at that point in the 
installation, unless when backup protection is used in accordance with 10.2.3.  

10.2.5 Rated short-circuit making capacity  

The rated short-circuit making capacity of every mechanical switching device intended to be 
closed on a short-circuit shall be adequate for the maximum peak value of the prospective 
short-circuit current at the point of installation (for exceptions see 10.2.3) 

The circuit-breaker shall be able to make the current corresponding to its making capacity 
without opening within a time corresponding to the maximum time delay required.  

If the short circuit level requires the use of self-protected circuit breakers, this has to be 
specially considered in relation to the discrimination study. Full discrimination cannot be 
expected if self-protected breakers are used. 

10.2.6 Co-ordinated choice of protective devices with regard to discrimination 
requirements 

10.2.6.1 Continuity of supply of healthy circuits under short-circuit conditions shall be 
achieved by total discrimination.  

The requirement to total discrimination versus backup protection has to be decided as a part 
of the system study. The requirement will, among others depend on the criticality of the 
individual consumer. 

10.2.6.2 When continuity of service is required, the operating characteristic of protective 
devices and of the user equipment shall be co-ordinated and verified.  

10.2.6.3 The protective devices shall be capable of carrying, without opening, a current no 
less that the short-circuit current at the point of application for a time required by a total 
discrimination, and by partial discrimination up to the given short-circuit current level.  

10.3 Choice of protective devices with reference to overload  

10.3.1 Mechanical switching devices 

Mechanical switching devices provided for overload protection shall have a tripping 
characteristic (over-current-trip time) adequate for the overload ability of the elements of the 
system to be protected and for any discrimination requirements. 

10.3.2 Fuses for overload protection 

The use of fuses for overload protection is permitted up to 320 A, provided they have suitable 
characteristics, but the use of circuit-breakers or similar devices is recommended above 
200 A. For high voltage a.c. systems the use of fuses for overload protection is not 
acceptable.  
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10.4 Choice of protective devices with regard to their application  

10.4.1 General 

Overload and short-circuit protection shall be provided in each non-earthed line. 

Short-circuit or overload protective devices shall not interrupt earthed lines unless all the non-
earthed lines are disconnected at the same time by multipole switching devices.  

10.4.2 Generator protection 

10.4.2.1 General 

Generators shall be protected against short-circuits and overloads by multipole circuit-
breakers. In particular, the overload protection shall be adequate for the thermal capacity of 
the generator. 

For overloads between 10 % and 50 % the circuit-breaker should be tripped with a time delay 
corresponding to a maximum of 2 min at not more that 1,5 times the rated current of the 
generator; however, the figure of 50 % and the time delay of 2 min may be exceeded if this is 
required by the operating conditions, and if the construction of the generator permits it. 

For over-currents in excess of 50 % where “instantaneous” tripping would be required, co-
ordination with the discriminative protection of the system should be included. 

The overload capability of the generator should be confirmed in relation to the protection. 

Consideration should be given to the protective arrangements associated with generators to 
ensure that they are maintained effective even in the case of substantial reduction of speed. 

Consideration should be given to the choice of protective device used for overload protection 
of generators which will permit the power to be restored immediately after operation of the 
overload protective device. 

10.4.2.2 Protection against short-circuits and fault currents on the generator side 

When generators are intended to operate in parallel, it is necessary to take account of fault 
currents, which would need to be handled by the generator circuit-breakers if a short-circuit 
were to occur between the generator and its circuit-breaker.  

For generators above 2 MVA rating and for all high voltage generators, protection shall be 
provided against faults on the generator side of the circuit breaker. 

Generators shall be equipped with a suitable protective device or system which, in the case of 
a short-circuit in the generator or in the supply cable between the generator and its circuit-
breaker will de-excite the generator and open the circuit-breaker.  

Some generators may not have current transformers in the star point to provide protection 
against faults on the generator side of the circuit breaker. This arrangement should be subject 
to agreement with the unit’s owner and the appropriate authority.  

10.4.2.3 Reverse power protection for a.c. generators 

AC generators arranged for parallel operation shall be provided with time delayed reverse 
active power protection. 

The setting of protection devices is recommended in the range 2 % to 6 % of the rated power 
for turbines and in the range of 8 % to 15 % of the rated power for diesel engines. 
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A fall of 50 % in the applied voltage shall not render the reverse power protection inoperative, 
although it may alter the amount of reverse power required to open the breaker. 

The reverse power protection may be replaced by other devices ensuring an adequate 
protection.  

10.4.3 Protection of essential services 

Where the load consists of essential services and non-essential services, consideration shall 
be given to an arrangement which will automatically exclude non-essential services when any 
one generator becomes overloaded and which will function to prevent the overload ability of 
the generating sets being exceeded.  

10.4.4 Protection of transformers 

The primary winding of transformers shall be protected against short-circuits by multipole 
circuit-breakers or by fuses. Circuit breakers for secondary windings shall be provided when 
transformers are arranged for parallel operation. 

Overload protection shall as a minimum be provided in the secondary winding side. 

Where power can be fed into secondary windings, short-circuit protection should be 
considered in the secondary connections.  

10.4.5 Circuit protection 

10.4.5.1 Each distribution circuit shall be protected against overload and short-circuits by 
means of multipole circuit-breakers or by fuses, according to the requirements of 10.2 and 
10.3.  

Care should be taken to ensure that the protective arrangements remain effective in the case 
of the smallest generator supplying power in a system using generators arranged for parallel 
operation.  

10.4.5.2 Cables in parallel formed of conductors of nominal cross-section not less than 
50 mm2 should be considered, from the point of view of protection, as a single cable.  

10.4.5.3 Circuits supplying consuming devices having individual overload protection for 
example motors see 10.4.6, or consuming devices which cannot be overloaded (for example 
permanently wired heating circuits) may be provided with short-circuit protection only.  

10.4.5.4 Socket outlets for portable lamps and small domestic appliances shall be protected 
with 30 mA residual current devices (RCD). 

NOTE RCD has limited value for an IT distribution system. 

10.4.6 Motor protection  

10.4.6.1 Motors having a power rating exceeding 1,0 kW shall be individually protected 
against overload.  

10.4.6.2 For motors intended for essential services, for example motor for fire water pump, 
an alarm device may replace overload protection.  

10.4.6.3 The protective devices shall be designed to allow current to pass during the normal 
accelerating period of motors according to the conditions corresponding to normal use. When 
the time-current characteristics of the overload protective device of a motor are not adequate 
for the starting period of the motor, the overload protecting device may be rendered 
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inoperative during the accelerating period provided that the protection against short-circuits 
remains operative and that the suppression of the overload protection is only temporary.  

10.4.6.4 Protective devices for continuous duty motors shall have a time delay characteristic 
which ensures reliable thermal protection of the motors for overload conditions.  

10.4.6.5 The protective devices shall be set to limit the maximum continuous current to 
between 105 % and 120 % of the rated current of the protected motor. Special attention shall 
be paid to ensure that the necessary correct protection settings are selected for motors 
operational within hazardous areas.  

10.4.6.6 For intermittent duty motors, the current setting and the delay characteristic (as a 
function of time) for protective devices shall be chosen after considering the actual service 
conditions. 

10.4.6.7 When fuses are used to protect polyphase motor circuits, consideration shall be 
given to protection against single-phasing.  

10.4.7 Protection of lighting circuits 

Each lighting circuit shall be protected against overload and short-circuit by suitable devices.  

10.4.8 Protection of power from external sources 

Cables from external power sources to the main, or emergency switchboard shall be protected 
against overload and short-circuit by fuses or circuit breakers. 

NOTE Requirement for shore connection for mobile units is given in 7.7.  

10.4.9 Secondary cells and battery protection 

Accumulator (storage) batteries, other than engine starting batteries, shall be protected 
against overload and short-circuits, with device placed as near as practicable to the batteries 
unless double insulated cable is used. Emergency batteries supplying essential services shall 
have short-circuit protection only.  

NOTE Two single core cables, each with two independent layers of insulation will meet the requirement of double 
insulated cable. 

10.4.10 Protection of meters, pilot lamps and control circuits 

Protection shall be ensured for indicating and measuring devices by means of fuses or circuit 
breakers. 

For other circuits, over-current protection in circuits such as those of voltage regulators 
should be omitted where loss of voltage might have a serious consequence. If over-current 
protection is omitted, means shall be provided to prevent risk of fire in the unprotected part of 
the installation. 

Voltage regulators should be protected separately from all other instrument circuits. 

Over-current protection shall be placed as near as practicable to the tapping from the supply.  

10.4.11 Protection of static or solid state devices 

Appropriate protection shall be incorporated in the static or solid-state devices for protection 
of the cells and to protect against the effects of internal short-circuits in the cells. 
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Protection of the distribution circuit which connects the static or solid state device to the 
source of power shall be given by means of a circuit-breaker whose tripping characteristics 
are selected to co-ordinate with melting characteristics of the fuses, if used, so as to ensure 
protection of the cells against all injurious over-currents.  

10.4.12 Protection for heat tracing systems 
The cable or tape units shall be supplied from (an) isolating transformer(s) with secondary 
circuit neutral earthed and having a secondary voltage not exceeding 254 V. 
The residual current operated circuit breaker shall have a trip current no greater than 30 mA. 

10.5 Undervoltage protection 

10.5.1 Generators 

For generators arranged for parallel operation with one another or with a shore power feeder, 
measures shall be taken to prevent the generator from closing if the generator is not 
generating and to prevent the generator circuit breaker remaining connected to the busbar if 
the voltage collapses. 

In case of an undervoltage release provided for this purpose, the operation shall be 
instantaneous when preventing closure of the breaker, but shall be delayed for discrimination 
purposes when tripping a breaker.  

10.5.2 AC and DC motors 

10.5.2.1 Motors rated above 1,0 kW shall be provided with either: 

a) undervoltage protection, operative on the reduction or failure of voltage, to cause and 
maintain the interruption of power in the circuit until the motor is deliberately restarted, or 

b) undervoltage release operative on the reduction or failure of voltage, but so arranged that 
the motor restarts automatically and without excessive starting current on restoration of 
voltage, provided that the start (which may be controlled, e.g. by thermostatic, pneumatic 
or hydraulic devices) still makes the requisite connection for a restart and that the 
restarting of all motors does not occur simultaneously if it is necessary to avoid, for 
example, too large a voltage dip or current surge. 

A single undervoltage protection may apply to several motors connected to a same busbar or 
bus-section; such protection may be provided by an under voltage protective device fitted on 
this busbar or bus-section. 

10.5.2.2 The protective devices shall allow the motor to start when the voltage is above 
85 % of the rated voltage, and shall operate when the voltage is lower than approximately 
20 % of the rated voltage, at rated frequency, and with time delay when necessary. 

Undervoltage protection need not necessarily be provided for motors which have to be 
continuously available.  

10.6 Overvoltage protection  

10.6.1 General 

Circuits such as generator and external power sources shall be provided with overvoltage 
protection to avoid damage to the connected equipment. 

10.6.2 AC machines 

Adequate precautions shall be taken in high-voltage a.c. systems to limit and/or cope with 
overvoltage due to switching etc. to ensure protection of a.c. machines.  
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10.6.3 DC networks 

For d.c. network, adequate protection shall be taken to reduce overvoltage due to switching. 

11 Lighting 

11.1 General 

The design of lighting systems shall be based on safety requirements as well as visibility and 
visual satisfaction for persons working in the environment. The following guidance lighting 
levels can be used in the absence of specific authority required levels. 

Special consideration shall be made with respect to selection of the light colour with respect 
to discrimination of colours where required. 

The lighting system shall be based on the following separation of the system: 

– general lighting system supplied from the main source of electrical power; 
– emergency lighting system supplied from the emergency source of electrical power; 
– escape lighting system supplied from a battery backup source of electrical power. 

The general lighting system can be based on the use of all three above-mentioned systems if 
all systems generally are in use and supplied with power from the main source of electrical 
power. 

The average illumination levels mentioned below are stated as maintained average 
illuminance, which is understood as the average illumination level at the time where 
maintenance shall be carried out. 

The selection of lighting requirements for operation in potential hazardous areas as per 
IEC 61892-7 and the philosophy for isolation of ignition sources in case of emergencies shall 
be complied with. 

It should be possible to vary the lighting level within the control rooms. This is also related to 
night view in control rooms with windows to the outside. 

11.2 General lighting system 

The general lighting illumination levels are given in Table 6. Special considerations shall be 
made for specific work areas such as reading of gauges, meters and the use of visual display 
units. 
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Table 6 – General lighting illumination levels 

AREA 

 Normal lighting  

Average 
illuminance 

E (lux) 

Minimum 
illuminance 

E (lux) 

Maximum 
illuminance 

E (lux) 

General outdoor areas 50 20 100 

General indoor areas, corridors, 
accommodation etc. 

100 40 200 

Stairways 150 60 300 

Process areas – occasionally manned 150 60 300 

Process areas – frequently manned 300 150 450 

Drill floor 300 150 450 

Control rooms – Laboratories 500 250 750 

Engine rooms – Pump rooms 200 80 400 

Auxiliary engine rooms 200 80 400 

Workshops 300 120 600 

Switchboard rooms 300 150 450 

Offices 500 250 750 

Laundry, galley and mess area  300 120 600 

Hospital 300 120 360 

Hospital spotlight 1 000 500 1 500 

Radio rooms 500 250 750 

Emergency hospital (if required) 300 120 360 

 

Verification of the lighting levels shall be made by measurements one meter above floor level 
in general areas and at actual work places where appropriate levels are required.  

The initial illumination levels should allow for lamp deterioration and dirt accumulation.  

NOTE The number of measuring points required for measuring in a given area is based on the area index and 
based on an even grid layout for the whole area. The number of measuring points is given in Table 7. 

The area index is given by the formula: 

K = (a*b)/h(a+b) 

Where k is the area index, a and b are the sides of the room/area and h is the height of luminaires above the work 
plane. 

Any light measurement to consider in addition any background light at the place of measurement.  

Table 7 – Recommended measuring points for measuring illumination in an area 

Area index Number of points 

Below 1 4 

1 and up to 2 9 

2 and up to 3 16 

3 and above 25 

 

11.3 Emergency lighting system 

The emergency lighting level shall, as a minimum be 30 % of the general lighting level 
requirement. Emergency lighting level shall not be below the escape lighting level requirement 
as per Table 8. 
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The location of emergency light fixtures shall be based on the need for light in the emergency 
operation situation. 

The emergency lighting system shall be switched on automatically in the event of failure of 
the main source of electrical power. 

The emergency lighting system shall: 

– ensure illumination for safe operation of emergency systems including manual operation 
areas;  

– illuminate all accommodation spaces, control centre, work locations, escape routes; 
helicopter deck and other possible evacuation locations such as lifeboat stations;  

– illuminate the sea where life boats and life rafts are to be launched;  
– illuminate the identification system of the unit;  
– illuminate all spaces where loss of lighting presents a danger to personnel;  
– ensure illumination for control stations that shall be operative under emergency conditions. 

Hospitals and emergency hospitals, if any, shall be fully operational at all times. 

Distribution boards for emergency lighting shall be equipped for remote alarming of tripped 
circuit to a manned area. 

11.4 Escape lighting system 

The escape lighting system shall, as a minimum, provide a lighting level to meet the 
illumination levels given in Table 8. The escape lighting system shall be switched on 
automatically in the event of failure of the main and emergency power supply. 

The location of escape light fixtures shall be based on the need for light in the escape 
situation. 

The escape lighting systems shall: 

– have a power supply with minimum 30 min backup time supplied by batteries either 
integrated or centralised and have a supply from an emergency generator. The backup 
should take account of the way in which personnel will muster and evacuate a unit, and 
how such an evacuation is to be carried out; for example by helicopters and their 
mobilisation time; 

– illuminate all accommodation spaces, control centre, work locations, escape routes; 
helicopter deck and other possible evacuation locations such as lifeboat stations;  

– illuminate the sea where life boats and life rafts are to be launched;  
– illuminate all spaces where loss of lighting presents a danger to personnel;  
–  illuminate all locations where operation of safety equipment can be necessary to bring the 

installation to a safe stage. 

Distribution boards for escape lighting shall be equipped for remote alarming of tripped circuit 
in a manned location. 

Table 8 – Escape lighting illumination levels 

AREA 
Escape lighting 

Average illuminance 
E (lux) 

Minimum illuminance 
E (lux)  

General outdoor escape routes 5 1 

General indoor escape routes, corridors – 
Accommodation, etc 

5 1 
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AREA 
Escape lighting 

Average illuminance 
E (lux) 

Minimum illuminance 
E (lux)  

Stairway escape routes 5 1 

Process areas – occasionally manned 5 1 

Process areas – frequently manned 10 2 

Drill floor 20 3 

Control rooms  250 125 

Engine room – Pump room 10 1 

Workshops 10 1 

Switchboard rooms 10 2 

Offices 10 1 

Laundry, galley and mess area 5 1 

Hospital 300 120 

Hospital spotlight 1 000 500 

Emergency hospital (if required) 300 120 

Radio room 250 125 

Loading stations – muster stations 20 3 

Overside (sea level) 15 2 

Lifeboat – Life raft stations 20 3 

Sea level launching areas 15 2 

 

Verification of the lighting levels shall be made by measurements one meter above floor level 
in general areas and at actual work places where appropriate levels are required. 

The initial illumination levels should allow for lamp deterioration and dirt accumulation.  

NOTE For working areas as e.g. control room and radio room, the specified average illumination level is relevant 
for the desk or on equipment to be operated in an emergency, and not for the whole room. 

11.5 Lighting circuits in machinery spaces, accommodation spaces, open deck 
spaces, etc. 

In spaces such as: 

– main and large machinery spaces; 
– accommodation spaces; 
– large galleys; 
– corridors; 
– escape routes; 
– open deck; 

there shall be more than one final circuit for lighting, one of which shall be supplied from the 
emergency switchboard, in such a way that failure of any one circuit does not reduce the 
lighting to an insufficient level. Different phases shall be used for supply to adjacent fixtures 
in those areas to reduce the stroboscopic effect. 

Local distribution boards shall be provided for power distribution to the lighting system. 

The distribution boards shall be, to the extent possible, located in non-hazardous dry areas. 
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11.6 Navigation and obstruction signals and lights 

Navigation and obstruction signal and lights which may be required for marking of offshore 
units shall be in accordance with the requirements of IALA, ICAO and SOLAS.  

Marine navigation lights shall be in accordance with, and shall be provided with power for a 
period accordingly to IMO COLREG requirements. 

Marine obstruction lights (U-lights) and fog horns shall be in accordance with IALA 
requirements and shall be provided with power for a period of four days without external 
power supply. 

Aviation obstruction lights and helideck lights shall be in accordance with, and shall be 
provided with power for a period according to ICAO requirements. 

NOTE The following publications are relevant:  

– IALA Recommendation O-1239:2008, On The Marking of Man-Made Offshore Structures; 

– ICAO International Civil Aviation Organization Annex 14; 

– IMO COLREG Code:1972, Convention on the International Regulations for Preventing Collisions at Sea, with 
later amendments. 

11.7 Luminaires 

11.7.1 Discharge lamp luminaires of voltages above 250 V 

Discharge lamp luminaires or installations shall be provided with a multipole disconnecting 
switch in an accessible location. 

Such a switch shall be clearly marked and a warning note shall be placed nearby. 

Switches or other current-interrupting devices shall not be installed in the secondary circuit of 
transformers.  

11.7.2 Searchlights  

Disconnecting of every searchlight shall be by a multipole disconnecting switch. 

12 Control and instrumentation 

12.1 Safeguarding 

The design of the control equipment shall be such that a failure in the control equipment will 
lead to the least dangerous condition of the controlled process, and furthermore, such failure 
shall not render inoperative either, or both, of any reserve automatic or manual controls.  

Control and monitoring systems shall be independent of safety systems. 

12.2 Supply arrangement 

As far as practicable, control and instrumentation circuits and their supply arrangements shall 
be designed so that failure of the power supply does not damage the installation nor endanger 
the unit.  

12.3 Dependability 

Systems shall be suitable for the user, the task and the application. System integrity shall be 
appropriate for the functions supported, with due regard to factors such as availability, 
reliability and maintainability. 
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Means for synchronisation of the clocks in all control and instrumentation systems should be 
considered. 

12.4 Safety 

Systems shall be designed such that risk of harm to persons, the environment or the facility is 
reduced to a level acceptable to the appropriate authority, both in normal operation and under 
failure conditions. Functions shall be designed on the fail-to-safe principle. 

12.5 Segregation 

Systems shall be designed such that failure of one component part or sub-system will not 
unduly affect any other system, sub-system or component and, as far as is practicable, shall 
be detectable. 

Protection (safety) functions shall be independent of control and monitoring (alarm) functions. 
As far as is practicable, control and monitoring (alarm) functions shall also be independent. 

Standby systems, or other redundancy arrangements, shall be functionally independent. 

12.6 Performance 

Systems shall maintain specified levels of performance in operation, and where necessary, 
under fault conditions. 

Repeatability and accuracy shall be adequate for the proposed use and shall be maintained at 
their specified value during their expected lifetime and normal use.  

Systems shall be stable throughout their operational range. 

12.7 Integration 

Where safety of personnel may directly depend on correct system operation or failure, such 
systems shall not be integrated with, or be mutually dependent upon, any other system, 
except those providing complementary functions. 

Where safety may indirectly depend on system operation or failure, the integrity of the 
integrated system shall be to the satisfaction of the appropriate authority.  

12.8 Development activities 

Activities undertaken in the development process, from initial design through to eventual 
realisation, and any modifications in use thereafter, shall be planned and structured in a 
systematic manner, and are to be properly managed. Persons responsible for carrying out 
these activities shall be competent to do so. 

12.9 Electromagnetic compatibility 

For equipment in general, electromagnetic compatibility shall be achieved. For general 
consideration in this context reference shall be made to IEC 60533. 

12.10 Design 

12.10.1 Environmental and supply conditions 

Equipment shall be designed to operate satisfactorily within the expected environmental and 
supply conditions, with due regard to the limits specified in Annex B of IEC 60092-101:1994. 
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12.10.2 Circuit design 

Circuits shall be designed to enable efficient test, calibration, maintenance and repair. 
Preferably, they shall be suitable for repair by unit or card replacement. In some cases, it may 
be desirable to provide simulation circuits or similar means to check correct operation of the 
equipment. 

12.10.3 Monitoring equipment 

Alarm system installations may be combined with monitoring equipment, such as equipment 
provided with analogue read-outs of measured variables, or with data loggers, or alarm data 
printers. 

12.10.4 Time delays 

Alarm channels, where necessary, shall be provided with suitable time delays. 

12.10.5 Closed circuits 

Normally closed circuits shall be used to prevent non-indication of an alarm due to a broken 
sensor loop. Alternatively, open circuits may be used, if they are monitored for sensor circuit 
faults. 

12.10.6 Earth faults 

Earth fault(s) in alarm sensor circuits shall cause the alarm to operate, or to be indicated in an 
alternative manner, or otherwise not prevent indication of alarm(s). 

12.11 Installation and ergonomics 

12.11.1 General 

12.11.1.1 Layout 

Control positions shall be ergonomically arranged for the convenience of the operator and 
hence the accuracy and safety of the operation. 

Area or group identification shall be considered, especially in complex layouts, for example 
adequate spacing between display and control groups. 

12.11.1.2 Compatibility 

The arrangements of indicating instruments and control shall follow a logical sequence. 
As far as possible, operating movements and the resulting movements of the indicating 
instruments shall be consistent with each other. 

12.11.1.3 Illumination 

Instruments and controls shall be illuminated so that they can be clearly read and operated in 
all ambient light conditions under which they are intended to be operated, without having 
uncomfortable shadow or glare. If the surrounding illumination makes it difficult to detect an 
indicator light, a suitable shade shall be provided. 

12.11.2 Remote controls 

12.11.2.1 Continuous information 

At the remote control station, the user shall receive continuous information on the effects of 
his orders. 
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12.11.2.2 Independent control 

Where control may be effected from more than one location, the failure of any control 
equipment at one location shall not affect the ability to control from any other location. 

12.11.2.3 Exclusive control 

Where a process may be controlled from several locations, only one shall be in control of that 
process at any time. 

12.11.2.4 Transfer of control 

Actual control shall not be transferred before being acknowledged by the receiving command 
location unless the command locations are located close enough to allow direct visual and 
audible contact. Transfer of control shall give audible pre-warning. 

12.11.2.5 Main control location 

Where a designated main command location is required for operational or safety reasons, or 
by the appropriate authority; this location shall have the capability to take control without 
acknowledgement. 

12.11.2.6 Status indication 

On each alternative command location, it shall be indicated when this location is in control. 

12.11.2.7 Interlocks 

Control system elements shall include safety interlocks when the consequence of erroneous 
user actions may lead to damage or loss of essential services. 

12.11.2.8 Human machine interface 

The human-machine interface shall be designed in accordance with IEC 60447. 

12.12 Specific installations 

12.12.1 Safety critical systems 

12.12.1.1 General 

Systems which are considered safety critical for the personnel, environment or the facility 
shall be designed with a high degree of availability. 

NOTE 1 IEC 61508 is a basic guideline for design of safety critical systems and can be used for calculation of the 
necessary availability compared with the required risk reduction.  

NOTE 2 The fail-to-safe arrangements differ normally between drilling systems and other systems. 

12.12.1.2 Process safety systems 

The design of process safety systems shall follow IEC 61511 series, which is specific for the 
process industry sector. 

12.12.1.3 Emergency stop and shut down systems 

Emergency stop controls for motor-driven fuel-oil transfer and fuel-oil pressure pumps shall 
be provided at a readily accessible point outside the compartments in which the pumps are 
situated. The controls shall be of the manual re-set type and suitably labelled. 

For emergency shutdown systems, see IEC 61892-7. 
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NOTE The fail-to-safe arrangements differ normally between drilling systems and other systems. 

12.12.2 Fire and gas protection control installations and other control systems 

12.12.2.1 General 

Fire and gas protection control installations may include: 

– automatic fire and gas detection and fire and gas alarm systems, such as those used in 
machinery spaces, in accommodation spaces, etc.; 

– control installations for fire extinction, such as the remote stopping equipment for 
ventilation fans and fuel oil pumps, remote starting of fire pumps, etc., as well as close of 
dampers in air intakes to avoid gas entry in non-hazardous areas and tripping of non-
explosion proof equipment to ensure ignition source control. 

12.12.2.2 Fixed fire and gas detection and fire and gas alarm systems 

12.12.2.2.1 Fire detectors 

Fire detectors shall be activated by heat, smoke, or other products of combustion, flame, or 
any combination of these factors. Detectors operated by other factors indicative of incipient 
fires may be considered, provided that they are no less sensitive than the detectors first 
mentioned. Flame detectors shall only be used in addition to smoke or heat detectors. 

12.12.2.2.2 Gas detectors 

Gas detectors shall be selected according to the type of gasses which can be present on the 
unit, such as hydrocarbon and/or hydrogen sulphide. 

12.12.2.3 System requirements 

Power supplies and electric circuits necessary for the operation of the system shall be 
designed with self-monitoring properties for loss of power, and at least the following 
conditions: 

– failure of detecting loops due to wire breakage; 
– failure due to short-circuit; 
– insulation failure of isolated systems. 

Occurrence of a fault condition shall initiate a visual and audible fault signal at the control 
panel, which shall be distinct from a fire signal. 

12.12.2.4 Alarm requirement 

12.12.2.4.1 Repeater alarm panels 

Where repeater alarm panels are required, these shall also be provided with both visual and 
audible signals. These signals may be common for all, or for a group of alarms connected to 
the machinery alarm installation. 

12.12.2.4.2 Acknowledgement 

Alarms shall be maintained until they are accepted and the visual indications of individual 
alarms shall remain until the fault has been corrected, at which time the alarm system shall 
reset automatically to the normal operation condition. 

Acknowledgement of the alarm condition shall be indicated by an alteration of the visual 
signal, for example, from flashing to steady light, and shall be possible only from the space 
concerned, or the centralised control position associated with that machinery space. The 
silencing of an audible alarm at a repeater alarm panel shall not lead automatically to the 
acknowledgement of the original alarm at the centralised control position. 
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12.12.2.4.3 Inhibition 

12.12.2.4.3.1 General 

Inhibition of an alarm channel shall be clearly indicated. For essential services such channels 
are to be monitored or duplicated, such that no fault shall cause alarms to be inhibited without 
indication. 

12.12.2.4.3.2 Common audible alarm 

If the audible alarm signal is also used for other purposes, for example telegraph or tele-
phone, it shall be accompanied by a luminous call panel(s) indicating the system concerned. 

12.12.2.4.3.3 Alarm differentiation 

An existing alarm shall not prevent the indication of further faults. 

12.12.2.4.3.4 First failure indication 

In alarm systems for complex machinery installations, consideration shall be given to means 
for indicating the first failure. 

12.13 Automatic control installations for electrical power supply 

12.13.1 General 

This subclause relates to automatic control installations for generating sets, which are 
provided in order to safeguard the electrical power supply. 

Such automatic control systems for generating sets may include the functions listed in 12.13.2 
to 12.13.5. 

12.13.2 Automatic starting 

12.13.2.1 Initiation of starting commands 

Commands for automatic starting may be given, for example, by: 

– no voltage (blackout); 
– prolonged voltage dip; 
– prolonged frequency drop; 
– expected frequency reduction or expected stop of running set; 
– overload (mechanical or electrical or both); 
– increase of power demand; 
– start signal for large electric power consumer(s), for example transverse thruster motor; 
– failure of running sets; 
– pressure drop in exhaust gas boilers; 
– remote manual means. 

12.13.2.2 Delay of signal 

In order to avoid inadvertent starting, signals caused by acceptable transient conditions, for 
example high motor starting currents, shall not cause the automatic starting of a set. 
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12.13.2.3 Pre-starting conditions 

Means shall be provided to ensure that proper starting and running conditions exist at any 
time regarding starting air, fuel, cooling water, etc. 

12.13.2.4 Stand-by indication 

Stand-by indication shall be arranged at the control panel and, to safeguard personnel, locally 
at the individual machine(s). 

12.13.2.5 Automatic connecting onto a dead busbar 

12.13.2.5.1 Connection at black-out 

It shall be ensured, when closing a generator circuit-breaker onto a busbar, that the generator 
voltage is sufficiently high. 

12.13.2.5.2 Short-circuit 

After a short-circuit, stand-by generator circuit-breakers shall be prevented from closing onto 
a faulty busbar section. A manual reset shall be provided for this facility. Generator circuit-
breakers shall not be permitted more than one attempt to close onto a short-circuit. 

12.13.2.6 Automatic load management 

In order to achieve automatic paralleling, it will be necessary to ensure efficient automatic 
synchronising and automatic closure of the circuit-breaker. 

12.13.3 Automatic disconnection  

12.13.3.1 General 

In systems with automatic generator disconnection upon decrease of load, the disconnection 
shall be delayed. 

12.13.3.2 Automatic disconnecting of non-essential services 

In order to safeguard electrical power supply for essential services, provision of a system to 
disconnect automatically non-essential services shall be considered when generators are 
operated in parallel to supply the load and when, in case of failure of one of the running 
generators, the total load exceeds the combined capacity of the remaining generator(s). 

12.13.4 Automatic starting installations for electrical motor-driven auxiliaries 

12.13.4.1 General 

All equipment employed in automatic starting installations for electrical motor-driven 
auxiliaries shall, where applicable, comply with the requirements of IEC 61892-3. 

12.13.4.2 Automatic sequence starting 

12.13.4.2.1 Prevention of overload 

Controlgear used for the automatic restart of electrical motors shall, where necessary, be 
provided with an automatic sequence starting system to prevent overloading of the generating 
equipment at the moment of, and during the procedure of, power restoration after the 
occurrence of a blackout. 
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12.13.4.2.2 Interlock system 

If the rating of motors is such that more than one generating set is required to be connected 
to the supply system before the motors may start automatically, an interlock system shall be 
provided. 

12.13.5 Manual control 

A fault in the controlgear of one motor or in the automatic changeover system for running or 
stand-by motors shall not render more than one motor unavailable for manual control. 

12.14 Machinery control installations 

12.14.1 General 

This subclause relates to the control of machinery essential for the propulsion and safety of 
the unit. 

12.14.2 General requirement 

Protection (safety) systems are to ensure that a malfunction in machinery or boiler operations 
which presents an immediate danger shall initiate automatic protection, i.e. shut-down or load 
reduction of that part of the plant, and that a visual and audible alarm shall be given. 

12.15 Public address and general alarm systems 

12.15.1 Audibility 

The public address and general alarm system shall be clearly audible above the ambient 
noise in all spaces. 

12.15.2 Operation 

It shall be possible to broadcast messages simultaneously to all loudspeakers, or to a limited 
number, e.g., crew and work locations, by simple operations. 

12.15.3 Emergency broadcast 

Facilities for performing emergency broadcasts from at least two positions shall be provided. 

One of these positions shall have an interrupt facility, capable of broadcasting by simple 
operation without any action at the other position. 

12.15.4 Minimum sound level 

The system shall be capable of generating a minimum sound level of: 

a) 75 dB(A) in interior spaces, and at least 20 dB(A) above the background noise;  
b) 80 dB(A) in exterior spaces, and at least 15 dB(A) above the background noise. 

Areas with a background noise level above 85 dB(A) shall in addition have lamp indication. 

12.15.5 Fault tolerance 

The system shall have multiple amplifiers and a distributed arrangement in order not to allow 
single failures to disrupt the total system. 
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12.15.6 Redundancy 

All areas shall have at least two dedicated loops sufficiently separated throughout their 
length, and have two separate and independent amplifiers. 

12.15.7 Segregation 

Loudspeakers in public rooms, alleyways, stairways, and control stations shall be fed by 
multiple amplifiers. 

Cable routes shall be separated, or fire resistant cables shall be used. 

12.15.8 Power supplies 

The systems shall be supplied from the main, emergency and transitional source of power. 

12.15.9 Cabling 

As far as is practicable, cables and wiring shall be routed clear of galleys, laundries, 
machinery spaces of category A according to SOLAS, and their casings and other high fire-
risk areas. 

12.16 Computer-based systems 

12.16.1 General 

12.16.1.1 Scope 

This subclause gives specific requirements for computer-based systems which are additional 
to the requirements contained in other subclauses of this standard. 

12.16.1.2 Performance 

Computer-based systems shall provide functions to the system in which they are used in a 
safe, stable and repeatable manner under all operating conditions, including emergency 
conditions. Response times shall be adequate for all functions, taking into account both 
normal and abnormal operating conditions. 

12.16.2 System integration 

12.16.2.1 Effective operation 

Operation with an integrated system shall be at least as effective as it would be with individual 
stand-alone equipment or systems. 

12.16.2.2 Integrated system failure 

Failure of one part of the integrated system shall not affect the functionality of other parts, 
except for those functions directly dependent on the defective part. 

12.16.3 Power supply 

12.16.3.1 Monitoring  

Power supply status shall be monitored and indicated and for essential services an alarm 
shall be initiated in the event of an abnormal condition. 

12.16.3.2 Protection of data 

Programme and data held in the system shall be protected from corruption by loss of power. 
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12.16.3.3 Process states 

In the event of power failure, functions shall be protected against undefined and critical 
process states. 

12.16.4 Data communication links 

12.16.4.1 General 

Data communication links include local area networks, instrument networks and other means 
which share a communication medium. 

12.16.4.2 Node failure 

Failure in a node shall not have any effect on the remaining part of the data communication 
link. 

12.16.4.3 Initialisation 

Data communication links shall be automatically initialised on power on. After a power 
interruption the links shall regain normal operation without manual intervention. 

12.16.4.4 Data latency 

The characteristics of the data communication link shall ensure that all information is 
transmitted in adequate time and overloading is prevented.  

12.16.4.5 Detection of failure 

The data communication link shall be self-checking, detecting failures on the link itself and 
data communication failures on nodes connected to the link. Detected failures shall initiate an 
alarm. 

12.16.4.6 Network management 

For a network, the self-check function may be implemented as a primary function in a 
dedicated network management unit, or as a secondary function in a suitable device 
connected to the network. For essential functions, related data shall be subject to error and 
range checking at the receiving node.  

12.16.5 Alarm, control and safety functions 

12.16.5.1 General 

Alarm control and safety systems shall be configured such that functions are mutually 
independent. 

12.16.5.2 Alarm functions 

12.16.5.2.1 Presentation 

Alarms shall be visually and audibly presented with priority over other information in every 
operating mode of the system. They shall be clearly distinguishable from other information. 

12.16.5.2.2 Acknowledgement 

Acknowledgement of alarms shall be possible only at the location dedicated to respond to the 
alarm. Unacknowledged alarms shall be readily distinguishable.  
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12.16.5.2.3 Essential functions 

Alarm messages for essential functions shall have priority over any other information 
presented on the display. 

12.16.5.2.4 Prioritisation 

Alarms shall be displayed in the order in which they occur and shall be traceable. 

12.16.5.3 Control functions 

12.16.5.3.1 Essential functions 

Control of essential functions shall be available at only one control station at any time. 
Alternatively, conflicting control commands shall be prevented by means of interlocks and/or 
warnings. 

12.16.5.3.2 Station in control 

Indication of the station in control shall be provided at each control station. 

12.16.5.3.3 Transfer of control 

Transfer of control from one station to another shall be effected smoothly and without 
interruption to the service. 

12.17 Software 

12.17.1 General 

Systematic procedures shall be followed during all phases of the software life cycle. 

The software life cycle includes specification, quality planning, development, verification, 
implementation, validation, acceptance, installation and subsequent modification. 

Modification of programme and data, as well as change of version, shall be documented. 

12.17.2 Configuration 

12.17.2.1 Support functions 

Where essential functions can be maintained without the assistance of calculation, simulation 
or decision support modules, the application software shall be designed such that failure of 
such modules will not result in any loss of basic functionality. 

12.17.2.2 Basic software 

Operating systems or other such software supporting application software for multiple 
functions, i.e. middleware or firmware, shall enable: 

– running several modules under allocated priorities; 
– detection of execution failures of individual modules; 
– discrimination of faulty modules to ensure maintained operation of modules at least of the 

same or of a higher priority. 

12.17.2.3 Task prioritisation 

Individual application software modules allocated as tasks under an operating system as 
specified above are not to perform operations related to more than one function. Tasks shall 
be assigned priorities appropriate to the functions served. 
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12.17.2.4 Segregation 

Where hardware, e.g. input/output devices, communication links, memory, etc., are configured 
to minimise the consequences of failures, the related software shall be separated into 
different computer tasks to secure the same degree of independence. 

12.17.3 Documentation 

12.17.3.1 General 

All documentation shall provide relevant information in a clear and unambiguous manner. 

12.17.3.2 Hardware 

The following documentation shall be provided: 

a) system block diagram, showing the arrangement of individual parts, input and output 
devices and interconnections; 

b) wiring connection diagrams; 
c) details of input and output devices; 
d) details of electric power supplies. 

12.17.3.3 System functional description 

Documentation shall be provided to verify compliance with relevant requirements of this 
standard, e.g.: 

– system specification; 
– availability;  
– system performance for normal and abnormal equipment operation; 
– transfer of control; 
– redundancy or reversionary modes;  
– test facilities;  
– failure detection and identification facilities (automatic and manual); 
– data security; 
– access restrictions. 

In addition, documentation shall be provided concerning procedures for: 

– start-up; 
– restoration of functions; 
– software reload and system regeneration; 
– failure location and repair. 

12.17.3.4 Software 

12.17.3.4.1 Quality plan 

A plan for software life cycle activities shall be provided which shall refer to relevant 
procedures, responsibilities and system documentation, including configuration management. 

12.17.3.4.2 Description 

Software shall be fully described, e.g.: 

– a description of the basic software installed in each hardware unit; 
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– a description of the communication software installed on nodes in a network; 
– descriptions of application software (not programme listings); 
– tools for system set-up and process equipment configuration. 

12.17.3.4.3 Application software  

The description of application software shall include, e.g.: 

– information of system modules that shall be operative in order to maintain functions 
including dependencies on other systems; 

– detail of each module at a level sufficient to understand its function; 
– relationship between the software modules that shall be operative in order to maintain 

each function; 
– data and control flow between software modules; 
– configuration of the software, including priority schemes; 
– switching mechanisms for redundant systems. 

12.17.3.4.4 Range and limits  

A schedule of anticipated equipment operation ranges and limits for alarm and safety 
functions shall be provided. 

12.17.3.5 User interface 

12.17.3.5.1 Documented design 

Control station design and arrangement shall be detailed including drawings, dimensions, 
pictures, etc. of each user input or output device at a level sufficient to assess the working 
principles. 

12.17.3.5.2 Screen-based dialogue 

Details of screen-based computer dialogue shall be produced, including: 

– description of the functions allocated to each input device; 
– details of individual screen views, e.g. schematics, colour photos, etc.; 
– description of menu operation. 

12.17.3.6 Test programmes 

Test programmes shall be produced according to 12.18. 

12.18 Tests 

12.18.1 General 

All tests shall be documented. 

The documentation shall include a description of the methods of test, required test results, 
and test results including tests performed by other suppliers of embedded or interconnected 
systems. 

12.18.2 Hardware 

Hardware shall be tested in accordance with the requirements of IEC 60092-504:2001, 
Clause 5. 
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12.18.3 Software 

12.18.3.1 Module testing 

Software modules shall be tested prior to being installed in the associated hardware. 

12.18.3.2 Pre-installation testing 

Application software shall be fully tested prior to being installed on board. 

12.18.4 System testing 

12.18.4.1 Complete system 

Testing shall be performed in full on the system comprising actual hardware components, 
software modules and application software, in accordance with an approved test programme. 

12.18.4.2 Function tests 

System tests and visual examination shall verify that the system fulfils its functional 
specification. 

12.18.4.3 Fault simulation 

Failures shall be simulated as realistically as possible. Alarm and safety limits shall be 
checked preferably by exceeding the specified limits of monitored parameters. 

12.18.4.4 Operating conditions 

It shall be verified that the system functions as intended under normal and abnormal operating 
conditions. 

12.18.4.5 Integrated systems 

Integrated systems shall be tested to verify that correct functionality has been achieved. 

12.18.4.6 On-board testing 

Tests shall verify the ability to perform intended functions with all systems interconnected. 

12.19 Documentation 

12.19.1 Apparatus description 

For each control apparatus, the manufacturer shall deliver sufficient information concerning 
principles of operation, technical specifications, mounting instructions, required starting up or 
commissioning procedures, fault-finding procedures, maintenance and repair, as well as lists 
of the necessary test facilities and replaceable parts. 

Sufficient information shall be available to enable a complete system description to be 
prepared. 

12.19.2 Circuit diagrams 

Circuit diagrams on durable material shall, for each individual control apparatus, be 
permanently displayed in or near the apparatus to which it refers, or alternatively included in 
the control system handbook. 
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13 Degrees of protection by enclosures  

Depending on its location, electrical equipment shall as a minimum have the degree of 
protection as given in Table 9.  
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Annex A  
(informative) 

 
Variable a.c. speed drives 

Where electric a.c. drilling systems are used, they introduce a distributed d.c. bus voltage that 
will need equipment operating at typical voltage level 900 – 1 200 V. In order to accommodate 
the integrated a.c. drilling switchboards in suitable area and equipment rooms, the design and 
construction of such equipment will have to be adapted to the specific project requirements. 
The drilling load and interface to the unit’s main and emergency power generating plants, 
primary and secondary distribution and emergency distribution shall be carefully assessed to 
provide a safe and reliable system for operators and other equipment installed. A typical 
configuration of an electric a.c. drilling system is shown in Figure A.1. 

 

M 

M M M M M M M M 

Typical a.c. 
drilling system 

Typical transformer secondary voltage 690 V a.c.-750 V a.c. 

930 V d.c. 930 V d.c. 

DC 
Bus Tie 

M 
Top drive Draw works Mud pumps Draw works Mud pumps Mud pumps 

Braking resistors typical voltage level 930 V d.c.-1 150 V d.c. 

Key 

Rectifier Chopper Inverter Motor Braking 
resistor 

Transformer 

Typical motor  
voltage 690 V a.c. 

IEC   313/12  

Figure A.1 – Typical a.c. drilling system 
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