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Foreword

(This Foreword is not a part of ANSI/IEEE C37.18-1979, American National Standard Enclosed Field Dischargek
Circuit Breakers for Rotating Electric Machinery.)

This standard was first published in 1962 as IEEE Publication No 90 for trial use. It was also pub-
lished as NEMA Std SG3-1965, Low-Voltage Power. After a period of industry use the material was
reviewed and revised and published as USA Std 37.18-1968 (R1975), Requirements for Field Dis-
charge Circuit Breakers for Rotating Electric Machinery, and USA Std C37.16a-1968, Supplement
to USA Std C37.16-1963, Preferred Ratings and Related Requirements for Low-Voltage Power Cir- -
cuit Breakers. This revision of the material, ANSI/IEEE C37.18-1979, which replaces ANSI C37.18-
1968, was developed by the IEEE Working Group of the Low-Voltage Switchgear Devices Subcom-
mittee. .

The major revisions which have been made in updating this standard to reflect the changing state
of the art are the addition of material concerned with solid-state sources of excitation and addi-
tional ratings. The preferred ratings and related requirements are still contained in Tables 7, 7A, and
14 of ANSI C37.16-1979, Preferred Ratings, Related Requirements, and Application Recommenda-
tions for Low-Voltage Power Circuit Breakers and AC Power Circuit Protectors (revision and con-
solidation of C37.15-1954 and C37.16-1970); although Section 7, Test Procedures, and Section 9,
Application have been extensively revised to reflect present day requirements.

This publication represents standard practice in the United States relating to field discharge cir-
cuit breakers for use in field circuits of rotating electric machinery such as generators, motors,
synchronous condensers, or exciters. American National Standards covering additional require-
ments are: ANSI C37.16-1979; Switchgear Assemblies, Including Metal-Enclosed Bus, ANSI/IEEE
C317.20-1969, Definitions for Power Switchgear, ANSI C37.100-1972 (IEC 50-16) (IEC 277);
Standard Techniques for High-Voltage Testing, IEEE Std 4-1978, (IEC 52),
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An American National Standard

IEEE Standard Enclosed
Fleld Discharge Circuit Breakers for -
Rotatmg Electric Machinery

1. Scope |

This standard applies to all low-voltage power-
circuit breakers that are intended for use in
field . circuits .of apparatus such as generators,
motors, synchronous condensers, or exciters
and embodying contacts for establishing field
discharge circuits.

NOTE: In this standard, the use of the term “‘circuit
breaker” shall: be considered to mean ‘“field discharge

circuit breaker used in enclosures for rotating electric

machinery.”

In performing their function of interrupting

field -circuits of rotating electric machinery,

field discharge circuit breakers are subject to
the following conditions not met within the
interruption of ordinary direct-current power
circuits.

(1):In  alternating-current machine field cir-
cuits, in addition to the problems usually en-
countered in switching highly inductive direct-
current. circuits, there is superimposed upon
the voltage generated by the exciter, a voltage
induced in the field windings by the transient
current -in. the machine armature under alter-
nating-current short-circuit conditions. These
result in large pulsating currents in the field
circuit as illustrated in Fig 1.

(2) Due to the large amount of magnetic
energy stored in the machine field circuit, the
interruption of the circuit results in an unusual-
ly high transient voltage under alternating-
current short-circuit conditions, unless special
means are provided for dissipating the energy.

(3) A discharge resistor must be connected
across the terminals of the machine field by the
discharge contacts of the circuit breaker just

prior to disconnecting the field from its excita-
tion source in order to provide for dissipation
of the stored energy of the machine field and
to minimize the transient voltage. The voltage
across the field discharge circuit breaker main
contacts following interruption of the excita-
tion source current is illustrated in Fig 2.

(4) In addition to the above conditions, there

_is the usual direct-current short-circuit condi-

tion ‘wherein the field cucult may’ become
short-circuited.

To cope with these unique condltxons this
standard for field discharge breakers has been

‘developed to establish the rating structure and

test requirements not encountered in other
ANSI Standards! which apply to other low-
voltage circuit breakers.

The dielectric test values given in Table TA,
ANSI C37.16-1979, Preferred Ratings, Related
Requirements, and Application Recommenda-
tions for Low-Voltage Power Circuit Breakers
and AC Power Circuit Protectors, reflect the

change in dielectric test requirements in ANSI ‘

C50.13-1977 Requirements for Cylindrical
Rotor Synchronous Generators.

2. Definitions

The definitions of terms in this standard, or
in other ANSI Standards referred to in this
document, are not intended to embrace all:
legitimate meanings of the terms. They are

1Ar_nerican National Standards are available from the
American National Standards Institute, 1430 Broad-
way, New York, N.Y. 10018.
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applicable only to the subject treated in this
standard.

For additional definitions, see ANSI C37.100-
1972, Definitions for Power Switchgear and
IEEE Std 421-1972, Criteria and Definitions
for Excitation Systems for Synchronous
Machines.

circuit breaker, field-discharge. A circuit break-
er having main contacts for energlzmg and

deenergizing the field of a generator, motor,
synchronous condenser, or rotating exciter,
and having discharge contacts for short-
circuiting the field through the discharge re-
sistor at the instant preceding the opening of
the circuit breaker main contacts. The dis-

charge contacts. also disconnect the:field from .

the discharge resistor at the:instant following
the closing: of the ‘main:' contacts: For direct-

current .generator operation, the discharge con--

tacts. may open before the mam contacts
close.? s ,

NOTE: When used in the main field circqi't of an alter- .

nating or direct-current ‘generator, ‘motor; ‘or syn-

chronous: condenser, the circuit ‘breaker-is: ‘designated ”
as a main field discharge. circuit breaker. When used.in .

the field circuit of the rotatmg exciter of the main

machine, the circuit breaker is desxgnated as an exciter

field dlscharge circuit breaker::

voltage class, rated nominal. The voltage 1o
which operating and performance character-
istics are referred.3

voltage, exciter-ceiling' The maximum Veltage'

that may be attained by:an ex01ter under speci-
field conditions.?~

voltage, rated maximum mterruptmg of main
contacts. The maximum dc voltage, including
voltage induced in the machine field by current

in the machine armature, at which the field dis-
charge circuit breaker main contacts are re-
quired to interrupt the excitation source cur-

rent. The magnitude of the dc component of
the total voltage across the main contacts is
" equal to the displacement of the axis.? (See Fig

2 for illustration of the direct component of

voltage under 3-phase fault condltlons §)

voltage, rated short time .of main contacts. The

highest dc voltage at which the circuit breaker

2This definition differs. from that appearmg in ANSI
C37.100-1972.

"8At the time this standard was approved there was
no corresponding definition in ANSI C37.100-1972.

© tacts

IEEE STANDARD ENCLOSED FIELD DISCHARGE
main contacts shall be required to interrupt ex-
citer short-circuit current,?

- 3. Service Conditions

A circuit breaker conforming to this standard

: shall ‘be suitable for operation up to and includ-
‘ing all-of its standard ratings, providing that:

..{1) The temperature of the air surrounding

“'the circuit breaker is not below —5°C

NOTE: When properly applied in metal-enclosed power
switchgear ‘or individual enclosures, a circuit breaker
will operate within the limits of ambient temperature
of the air surrounding the enclosure as specified in
ANSI/IEEE  C37.20-1969, Switchgear Assemblies In-
cluding Metal-Enclosed Bus (1974 consolidated edi-

(2) The altitude does not exceed 2000 m

(6600 ft)

(8) The relative humidity of the air sur-

“rounding ‘the circuit breaker is such that there
‘will be no condensation on the circuit” breaker
parts at any time

(4) None of the service conditions listed in
9.4.8.2 prevail:
Whenever the service conditions depart from

“those defined in this section, consultation be-

tween the user and manufacturer is recom-

“mended. Some of ‘the service conditions which
‘may requu'e addltlonaI attention are hsted in

9.4.8.

" 4. Ratings

4.1 Rating” Information. The rating of field
__discharge circuit breakers is a designated limit
" of operating characteristics based upon service

conditions in Section 3 and shall mclude the :

. following as applicable:

(1) Rated nominal voltage class

(2) Rated short time voltage of main con-
tacts ©

(3) Rated maximum interrupting voltage of
main contacts

(4) Rated continuous current of main con- -

(5) Rated interrupting current of main con-

‘tacts at rated short-time voltage

(6) Rated interrupting current of main con-
tacts at rated maximum interrupting voltage
(7) Rated ' interrupting current of the  dis-

“charge cornitacts at rated nominal voltage

(8) Rated 3 s'ehort-time current of the miin
contacts
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Voltage Across Field Discharge Circuit Breaker Main Contacts
Following Interruption of Excitation Source Current
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(9) Rated 15 s short-time current of the dis-
charge contacts

(10) Rated % s short-time current of the dis-
charge contacts

(11) Rated making current of the discharge
contacts ‘

(12) Rated control voltage(s)

The designated ratings in ANSI C37.16-1979
are preferred but are not to be considered re-
strictive.

4.2 Rated Nominal Vo-ltége : Class The rated

nominal voltage class of a field discharge circuit -

breaker is the voltage to which operating and
performance characteristics shall be referred,
and is the voltage to which dielectric char-
acteristics of the circuit breaker are related.
Nominal voltage class ratings are: 250, 375,
500, 750 and 1000 V dc.

IEEE STANDARD ENCLOSED FIELD DISCHARGE

specified time interval without adversely affect-
ing either the circuit breaker’s temperature rise
for main contacts, at rated continuous ¢urrent,
or the circuit breaker’s interrupting perfor-
mance.

NOTE: The short-time current ratings are given in di-
rect current. Short-time current ratings of the discharge
contacts include the effects of the alternating-current
component in the field current under machine arma-
ture fault conditions.

461 Rated One-Half Second Short-Time
Current of Main Contacts. The rated % s short-

tlme current of the main contacts of a field dis-
charge circuit breaker is the maximum direct

. current that the circuit breaker main contacts

4.3 Rated Short-Time Voltage. The rated short-
time voltage of a field discharge circuit breaker :

is the highest dc voltage at which the circuit
breaker main contacts shall be required to
interrupt exciter short-circuit current. Circuit

350, 500, 700, 7560 and 1000 V dc.

4.4 Rated Maximum Interrupting Voltage. The
. rated maximum interrupting voltage of a field
discharge circuit breaker is the highest direct
component of voltage* at which the main con-
tacts of the breaker shall be required to inter-
rupt the dc component of field current4 pro-
duced by a fault on the main machine armature

4.5 Rated Continuous Current. The rated con-
tinuous current of the main contacts of a field
discharge circuit breaker is the current that it
shall be required to carry without having the
temperature of its parts exceed the values listed
in Section 6, when the circuit breaker is tested
in accordance with Section 8.

shall be required to carry for a 3 s period of
time.

'NOTE: The rated 3 s short-time current of the main

contacts is based on the current-carrying requirements
of the field discharge circuit breaker w1th a fault on

~‘the excitation circuit. The time duration is 2 5.

4.6.2 Rated 15 Second Short-Time Current
of the Discharge Contacts. The rated 15 s

* short-time current of the discharge contacts is
breakers shall have short-time voltage ratmgs ofr. »

‘the ‘highest direct-current which the field dis-

charge contacts shall be requlred to carry fora
15s perxod of time,

"NOTE: The rated 15 s short-time current of the dis-

charge contacts is based on the application require-
ments for starting synchronous motors.

4.6.3 Rated 3 Second Short-Time Current
of the Discharge Contacts. The rated % s short-

-time current of -the discharge contacts is the

highest' direct-current that the field discharge

contacts shall be required to carry for a % s

period of time.

NOTE: The rdated % s short-time ‘eurrent of the dis-
charge contacts is based on the generator application
requirements -considering a 3-phase fault on the ma-

chine armature cireuit.

NOTE: The rated continuous current of a field dis- -
charge circuit breaker appl:es to the mam contacts and

not the discharge contact.

4.6 Short-Time Current Ratings. The short-

4T Intefrupting Current Ratings. Interrupting

current. ratings are based on interrupting re-

~quirements of the field discharge circuit break-

" er for fault conditions in the excitation circuit

time current ratings of the field discharge cir- -

cuit breaker main and discharge contacts are
established on the basis that these contacts are

required to carry a given direct current for a

4For illustration of dc component of:field current
and direct: component of voltage, see Figs 1 and 2.

10

and fault conditions in the machine armature
circuit. See Table 7 of ANSI C37.16-1979.
4.7.1 Rated Interrupting Current of Main

“Contacts at Rated Short-Time Voltage. The
o rated” 1nterrupt1ng current at rated short-time

vollage is the maximum value of direct-current
which the main contacts of the field discharge
circuit ‘breaker shall be required to interrupt
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at rated short-time voltage under conditions: -~

prescribed in Section 8.

NOTE: This raiing is to satisfy fault conditions in the
excltatlon clrcuxt

4.7.2 Rated Inten'uptmg Current of Main

Contacts: at Rated Maximum Interrupting

Voltage. The rated interrupting current at rated
maximum interrupting voltage is the maximum
value of direct-current which the circuit breaker
main contacts shall be required to interrupt at
rated maximum interrupting voltage under con-
ditions prescribed in Section 8.

NOTE: The magnitude of the de component of the
total field current is equal to the displacement of the
axis of symmetrical ac component from the reference
axis. (See Fig 1 for illustration of the direct com-
ponent of field current under 3-phase fault conditions.)
This rating is to satisfy the fault condmons of the ma-
chine armature circuit.

4.7.3 Rated Interrupting Current of Dis-
charge Contacts. The rated interrupting current
of the discharge contacts is the maximum value
of direct current that the discharge contacts
shall be required to interrupt at rated nominal
voltage under conditions prescribed in Section
8. :

NOTE: This rating is based on the requirements of the
discharge contacts to interrupt direct current equal to

the continuous current rating of the main contacts of .

the field discharge circuit breaker with nominal volt-
age produced by the excitation source.

ANSI/IEEE
C37.18-1979

4.8 Rated Making Current of the Discharge
Contacts. The rated making current of the dis-
charge contacts is the peak value of current
which the discharge contacts shall be required
to close with rated maximum voltage applied
across the contacts under conditions prescnbed
in 8.1.7.

NOTE: This rating is based on the requirement of con-
necting the discharge resistor across the field terminals
following a short circuit of the machine armature
terminals.

4.9 Rated Control Voltage. The rated control
voltage is the voltage at which the mechanism
of the circuit breaker is designed to operate
when measured at the control power terminals
of the operating mechanism with the highest
operating current flowing. Rated control volt-
ages and their ranges for low-voltage power cir-
cuit breakers are listed in Table 23 ANSI
C317. 16 1979.

5. Functional Componerfts

The functional components required for
manual and power-operated circuit breakers
are listed 'in Table 1. Additional accessory de-
vices may be available. The manufacturer should
be consulted for specific information.

Table 1 ,
Functional Components

Operéting Mechanism Type

Functional Component Manual Power
Manual trip device X X
Contact position indicator X : X
Manually operated mechanism, trip free, »

with attached operating handle X* o=
Power-operated mechanism, trip free,

with anti-pump feature and main- ’

tenance closing device - : X
Shunt trip device with necessary control .

auxiliary switches - X
Stored energy indicator Xt Xt
Nameplate(s), with markings in

accordance with 5.1 - X ; X

v——
—

_*Manually operated circuit breakers above 2000 A shall be furnished
with closing mechanisms that provide for only independent-manual op-

eration.

+Required only on closing mechanisms which provide for stored en-
ergy operation when the mechanism can be left in the charged position.
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5.1 Nameplate(s). The following: information

shall be given on the nameplate(s) of all c1rcu1t B

breakers where apphcable

(1) Manufacturer s narne .

(2) Manufacturer s type ..

(8) Rated continuous current

(4) Rated nominal voltage class

(5) Rated control voltage, where apphcable Sl
(6) Year of manufacture by date or code

(7) Identification number

5.2 Contact Position Indicater.:The: following
colors’ shall ‘be used: red background with the
word ‘closed -in contrasting letters to-indicate
closed contacts; green background with..the
word -open ‘in contrastmg letters to mdlcate
open contacts. : : ~

5.3 Stored Energy Indlcator The followmg ,
colors shall be used: yellow background with

black lettering to indicate charged mechanism;
white background with black lettering to indi-
cate discharged mechanism.

6. Temperature Limitations and
Cla551f1catxon of Insulatmg Matenals

6. 1 Temperature Limits:

is based, are determined by the characteristics

The .temperatu,r‘e
limits, -on which ithe rating of icircuit breakers-

- IEEE STANDARD ENCLOSED FIELD DISCHARGE °

of the insulating materials used :and-the metals
which are used in current-carrying  parts- and:
springs.

6.2 Limits of Observable Temperature Rise.
The observable temperature rise of the various
parts of the‘circuit breaker above the tempéra- -
ture ‘'of the air surrounding the circuit breaker
test “enclosure, when subjected to temperature

' tests in“decordarice with this standard,; shall not =

exceed the values given in Table 2. This table

. applies only to a circuit breaker having all-¢on-
.- tacts silver-surfaced,

silver, silver alloy, or -
equivalent, and, in addition, having all conduct-
ing ‘joints,  moving or fixed, including terminal
connéctions, either silver-surfaced and held -
mechanlcally, brazed, welded, or silver-soldered;
or fixed:rigid mechanical joints surfaced. w1th
suitable material other than silver.

6.3 Classification of Insulating Materials. For
the purpose of establishing temperature limits,
insulating’ matenals shall be class1f1ed as- fol-
lows: ‘

Class 90 Insulation: Materials of combina-
tions of materials such as cotton, “silk, and
paper without impregnation. Other materials

- or combinations of materials may be included
- in this class-if, by experience or accepted tests,

they can’ be shown to be capable of operation 7
at 90°C. '

Table 271 oo

‘Limits of Temperature Rise
Limit of Temperature Limit of
Rise Over Air - -Total
Surroundmg Enclosure ~ Temperature
o) (°C)
Class 90 insulation o 50V ' : 90
Class 105 insulation P85 105
Class 130 insulation : 90" 130"
Class 155 insulation B o AR : 155
Class 180 insulation " 140 + - 180
Class 220 insulation R €. 10 T 220
Circuit breaker contacts, conducting &
joints, and other parts 85 = : 125
Terminal connnections* R R R 95

*Terminal connectxon temperatures

“based '6n‘¢onnections  to ‘bus in

metal-enclosed low- -voltage power citcuit ‘breaker swrtchgear If connections
are made to cableés, recognition ‘must be given to possible thermal limitations
of the cable 1nsu1atlon and appropriate measures taken.
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Class 105 Insulation: Materials or combina-

tions of materials such as cotton, silk, and
paper when suitably impregnated or coated
or when immersed in a dielectric liquid such as
oil. Other materials or combinations of ma-
terials may be included in this class if, by ex-
perience or accepted tests, they can be shown
to be capable of operation at 105°C.

Class 130 Insulation: Materials or combina-
tions or materials such as mica, glass fiber,
asbestos, etc, with suitable bonding sub-
stances. ‘Other materials or combinations of
materials, not necessarily inorganic, may be
included in this class if, by experience or ac-
cepted tests, they can be shown to be capable
of operation at 130°C.

Class 155 Insulation: Materials or combina-
tions of materials such as mica, glass fiber, as-
bestos, ete, with suitable bonding substances.
Other materials or combinations of materials,
‘not necessarily inorganic, may be included in
this class if, by experience or accepted tests,
they .can be shown to be capable of opera-
tion at 155°C.

Class 180 Insulation: Materials or combina-
tions. of materials such as silicone elastomer,
mica, glass fiber, asbestos, etc, with suitable
bonding: substances such as appropriate sili-
cone resins. Other materials or combinations
of materials may be included in this class if,
by experience or accepted tests, they can be
shown to be capable of operation at 180°C.

Class 220 Insulation: Materials or combina-
tions..of materials that by experience or ac-
cepted tests can be shown to be capable of
operation at.220°C.

ANSI/IEEE
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is used here in the sense of causing any change that

' could disgualify the insulating material from con-

tinuously performing its intended function, whether
it is creepage spacing, mechanical support, or dielectric
barrier action.

(3) In the preceding definitions, the words “accept
ed tests” are intended to refer to recognized test pro-
cedures established for the thermal evaluation of ma-
terials by themselves or in simple combinations. Ex-
perience or test data used in classifying insulating
materials are distinct from the expenence or test data
derived .for the use of materials in complete systems.
The thermal endurance of complete systems may be
determined by test procedures specified by the respon-
sible technical committees. A material that is classified
as suitable for a given temperature in the preceding
may be found suitable for a different temperature,
either 'higher or lower, by an insulation system test
prcoedure. For example, it has been found that some
materials suitable for operation at one temperature in
air may be suitable for a higher temperature when used -
in a system operated in an inert gas atmosphere.

(4) It is important to recognize that other character-
istics, in addition to thermal endurance, such as me-
chanical strength and moisture resistance, are required
in varying degrees in different applications for the suc-
cessful use of insulating materials.

7. Insulation (Dielectric) Withstand
Voltage Requirements

7.1 Field Discharge Circuit Breakers. When
tested in accordance with Section 8,theyishall
be capable of withstanding, without damage,
the following ac dielectric test voltages (dry
test) for a period of 60 s.

(1) The test voltage shall be as described in_

© 8.1.2

Quer Class 220 Insulation: Insulatlon that

consists --entirely -of mica, porcelain, glass,
quartz, and similar inorganic materials. Other
materials or combinations of materials may be
included in this class if, by experience or ac-
cepted tests, they can be shown to be capable
of operation at temperatures over 220°C.

NO’I‘ES

(1) Insulation - is considered to be “1mpregnated"
when a suitable substance provides a bond between
components of the structure and also a degree of fill-
ing or surface coverage sufficient to give adequate
performance under the extremes of temperature, sur-
face contamination (moisture, dirt, etc), and mechan-
ical stress expected in service. The impregnant must
not flow or deteriorate enough at operating tempera-
ture so as to seriously affect performance in service.

(2) The electrical and mechanical properties of the
insulation must not be impaired by the prolonged ap-
plication of thelimiting insulation ‘temperature per-
mitted for the insulation class. The word !‘impaired”
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(2) The frequency of the test voltage shall
be as described in 8.1.2 ‘
(3) In accordance with the test. voltages

given in Table 7, ANSI C37.16-1979

(4) Secondary control wiring shall be cap-
able of withstanding an ac dielectric test volt-
age of 1500 V rms (except item 5) ,

(5) Motors shall be tested at specified dielec- .
tric withstand voltage but no less than 1000 V

(6) After mterruptlon of a short-circuit cur-
rent and before servicing, the withstand test
voltage shall be 60 percent of the values given
in 7.1 (8), (4), and (5)

(7) After storage or installation in the field,
a circuit breaker which has not been subjected
to a short-circuit current interruption or has
been serviced after interruption shall with-
stand 75 percent of the values listed in 7.1 (3),
(4), and (5)



ANSI/IEEE
C37.18-1979

7.2 Dielectric Test Procedures and Method of
Voltage Measurement. They shall be in accord-
ance with IEEE Std 4-1978, Standard Tech-
nigues for High-Voltage Testing.

- 8. Test Requirements

8.1 Classification of Tests. This seé‘tionr»sum-.

marizes the various tests whichshall be per-

IEEE STANDARD ENCLOSED FIELD DISCHARGE

© on completely assembled circuit breakers in-

cluding secondary control wiring at voltages
and -under the conditions shown below. All
voltages shall be measured in accordance with

- IEEE ‘Std 4-1978. The potential is to be in-

formed on field discharge circuit breakers, and

describes methods used in making these tests.
These tests are divided into two. classﬁlcatlons
design and production.

8.2 Design Tests. Design tests shall be made to

determine the adequacy of the design of a par-
ticular type, style, or model of a circuit break-

er to meet its assigned ratings and to operate -

satisfactorily under normal service conditions
or under unusual conditions if specified. Design
tests shall be made only on representative cir-
cuit breakers to substantiate the ratings as-
signed to all circuit breakers of a particular de-
sign. Where circuit breakers are to be used in
enclosures, the design test shall be:made with
the circuit breaker in its enclosure, with the
exception of the dielectric withstand test.

The. test enclosure for a particular frame-
size circuit. breaker shall be the minimum-di-
mension single-unit enclosure with the smallest
electrical spacings recommended by the manu-
facturer and with enclosure terminals exposed
to the ambient air. The manufacturer’s enclo-

sure description shall include rhinimum clear-.

ance to ground, location of ventilation open-

ings and their effective area, total enclosure”

dimensions, and configuration of connectlons
on the enclosure terminals.

8.2.1 Schedule of Tests. Design tests on field
discharge circuit breakers sha]l includé the fol- '

lowing:

creased gradually from zero so as to reach the
required test value in between 5 and 10 s, and 7
shall be held at that value for 1 min.

The-test voltage shall be essentially sinusoidal

- and applied with a crest value not less than
- 1.414 times the specified values. The frequen-

cy of the test-voltage shall be 60 Hz = 20 per-
cent. If a test transformer of less than 500 VA
is used, a suitable voltmeter shall be provided

to measure the applied potential directly.

8.2:2.1 Points of Application of Test Volt-
age -
(1) With circuit breaker in-the open position
apply spemfled voltage asgivenin 7.1 to pnrnary
circuit. '

(a) Between -live parts, including both line
and load terminals, and metal parts that are
normally grounded, including terminals for
secondary-control wiring :

(b) Between line terminals and load terrn
inals of the main contacts

(2) With ‘circuit breaker in the closed posi-

tion, apply specified voltage as g1ven in 7. 1 to'
primary ¢ircuit -

(a) Bétween live parts and metal parts that

~ are normally grounded

(b) Between terminals of dlfferent poles
(c) Between the terminals of the dlscharge
contact-
(3) When a circuit breaker has secondary con-

- trol wiring, the test voltage shall be applied be-

(1) AC dielectric withstand voltage test, 8.1.2

(2) Continuous current test, 8.1.3
(8) Short-time current tests, 8.1.4
(a) On main contacts
(b) On discharge contacts

(4) Interrupting test on main contacts, 8.1.5

(a) At rated short-time voltage
(b) At maximum interrupting voltage

(5) Making-ctrrent test on dlscharge con-’

tacts, 8.1.6

(6) Endurance test, 8.1.7

8.2.1 AC Dielectric Withstand Voltage Test.
Dielectric withstand tests shall be conducted

tween the control circuit terminals and metal
parts that are normally grounded. The terminals-
may be wired together with small bare wire and -

. all intentional circuit grounds shall be discon-

nected. If the circuit breaker control circuit in-
cludes a motor, the motor may be dis¢connected
during the dielectric test on the control circuit
and subsequently tested in place.

8.2.3 Continuous Current Test. The con-
tinuous ‘current test is made to insure that the
field discharge circuit breaker main contacts
can carry 100 percent of their rated contin-

" uous current within a test enclosure without
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exceeding the allowable temperature limits

specified in Table 2 .
8.2.3.1 Duratzon of Test. The continuous-

current test shall be performed for such a peri-
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od of time that the temperature rise of the

terminals of the test enclosure has not in-
creased by more than 1.0°C (1.8°F) during
each of two successive 30 min intervals as in-
dicated by three successive readings. If the
temperature rise at the end of the second
interval is equal to the established limits and if
the temperature rise has increased since the
previous ‘reading, the test shall be continued.

8.2.3.2 Method of Measuring Temperature
of the Air Surrounding the Enclosure. The
temperature of the air surrounding the en-
closure (ambient) shall be determined by one
thermometer or thermocouple having a heat
sink attached and placed approximately 12 in
(304.8 mm) from the side surface of the en-
closure and midway between the top and bot-
tom of the enclosure.

8.2.3.3 Method of Measuring Device Tem-
perature. Thermocouples shall be used to mea-
sure ‘the temperature at required locations on
the circuit breaker.

Thermocouples used for measuring the tem-
perature of insulation shall be located on the
current-carrying member or other metal part
at a point-as close as practical to the accessible

junctionof the insulation and the current-

carrying:member or other metal part.
Thermocouples used:for measuring the tem-
perature of the: test-enclosure terminal con-
nections: and ‘other conducting joints shall be
located approximately % in (12.7 mm) from

ANSI/IEEE .
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the terminal or other conductmg joints on the
current-carring member. ’

Thermocouples may be used to determine
the air temperature of the areas where devices
are mounted, as a means of establishing the
required ambient temperature for separate
device testing.

Thermocouples shall be held in . intimate
contact with the conductor surface by such
methods as welding, drilling and peening, or
cementing. , ,

8.2.3.4 Performance. Circuit breakers shall
be considered as having passed this test if the
limits of observable temperature rise specified
in Table 2 are not exceeded.

8.2.4 Short-Time Current Test. A short-time
current test shall be made to demonstrate a
circuit breaker’s short-time thermal withstand
capability., Short-time ratings are ass1gned in
Table 7, ANSI C37.16-1979.

Short-time current tests shall be made with

direct current or alternating current at the op-

tion of the manufacturer. The equivalent rms
value of ac current for % s period shall be no
less than rated short-time current, except at the
option of the manufacturer, the ac current may
be reduced so that its peak is approximately
equal to the rated short-time current and the
time extended to produce an equlvalent rzt
value.
8.2.4.1 Short-Time Test on Main Contacts

Short-time current tests on the field discharge

Table 3
Copper Conductors for Use in
Continuous-Current Tests

Bus* per Terminal

Circuit Breaker

Frame Size (A) Quantity Size — In (mm)
225 1— 1 X 1(6.35X% 25.0)
600 1— 1 x 2(6.85x 51.0)
1600 2~ 4+ X 3(6.356x 76.0)
2000 2— 1 X 4(6.35 % 102.0)
3000 83— 1 X 5(6.35 x 127.0)
- 4000 4 — 1+ X 5(6.35 x 127.0)
5000 4 — 4 X 5(6.35x 127.0)
6000 4 — 1 X 6(6.35x 152.0)
8000 4 — 1 X 8(6.35 x.203.0)
10 000 5= 1 X 8or2- ;‘g X 10 channelt
12 000 6 — 1 X 8or 2-1 X 10 channelt

*Where multiple bus bars are used, they are to be:spaced {
in (6.35 mm) apart. Configurations shall be vertical. The con-
ductors connected to the terminals shall be a minimum of 4 ft

(1.2 m) long.
43

in legs (turned outward).

15
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circuit breaker main contacts shall be made at
no less than the rated short-time current for a
4 s period of time.

8.2.4.2 Short-Time Test on Dlscharge Con-
tacts. Short- time tests shall be made on the dis-
charge contacts of the field discharge circuit
breaker:

IEEE STANDARD ENCLOSED FIELD DISCHARGE

" which interrupting performance is to be estab-

(1) For a 15 s period of time. at a value of_‘l

current no less than the 15 s short tlme current'_

rating, when apphcable

(2) For a 1 s period of time at a value of cur-'r .
rent no less than the 1 s short-time current
rating

8.2.4.3 Performance After the short-time

tests the circuit breaker shall be . capable of
carrymg rated continuous current without ex-

ceeding the rated temperature rise of the vari- .

ous parbsrand shall be capable of meeting its
short-circuit current interrupting rating.

NOTE: It is not the intention of Vt:his paragraph to re-

quire that short-circuit cuttent interrupting tests be

performed after short-time tests in order to demon- -

strate satisfactory performance and condition of the
cm:uxt breaker.

8. 2 5 Interruptmg Test on Maln Contacts In-
terrupting tests on a field discharge. circuit
breaker’s main contacts shall be made -at- the

interrupting. current rating to determine -their .

ability to operate satisfactorily under short- . -

circuit conditions on either the excitation cir-
cuit or machine armature circuit. The tests
shall be made with the circuit breaker located
in an enclosure of the type in which it is de-
‘signed to operate.

Interrupting tests may be made either on

actual excitation systems or in laboratories - °
having direct-current generators or- rectlflers

of suitable capacity.

When interrupting tests are made in labora-
tories, the following conditions apply: resistors
are used to vary the magnitude of the current;
reactors are used to provide an inductive cir-

cuit equivalent to that of the excitation circuit.

on which the field discharge circuit breaker is

to be applied; and ‘other equipment consists of i

field control for direct voltage, backup circuit
breakers to protect the test circuit, and oscillo-

graphic equipment for accurately -recording .

currents and voltages.

The test circuit parameters used to determme
interrupting performance shall be as follows:

(1) The recover voltage, 8 ms ‘after interrup-
tion, shall be no less than 95 percent of the di-
rect voltage corresponding to the condition at

lished and shall be maintained for no less than
50 ms

(2) The ‘magnitude of current for proof of

interrupfing rating shall be the maximum value

 (E/R of the test circuit) measured w1th breaker

short circuited or omitted

(3) The inductance of the test circuit source
for these interrupting tests shall be no less than
the values listed below:

Egcitation System

. Continuous Current Rating Inductance -
(A) (mH)
600 15
1600 ‘ 0.9
4000—12 000

0.2

(4) An indicator consisting of three layers of -
cheesecloth shall be employed to detect any
excessive emission of flame, hot gases, or
molten particles during the interrupting test.
(The: cheesecloth shall be loosely stretched on
a frame at least as large as the front of-the cir-
cuit breaker enclosure and shall be located 1in- .
(25.4 mm).from, and paralle] to, the front door
of the circuit- breaker enclosure; the cheese-
cloth may be displaced as necessary to accom-
modate projections such as handles.)

8.2.5.1 Interrupting Test at Rated Short-
Time Voltage. Interrupting tests shall be made
on "a field ‘discharge circuit breaker at rated
short-time voltage to demonstrate the ability
of the cireuit breaker to successfully interrupt
all currents up to its assigned rating. An inter-
rupting duty cycle shall be made at rated inter-
rupting current without making any repairs
to the field discharge breaker.

" 8.2.5.2 Interrupting Test at Rated Maxi-
mum Interrupting Voltage. Interrupting tests
shall be made on a field discharge circuit
breaker at rated maximum interrupting voltage
to demonstrate the ability of the circuit break-
er to successfully interrupt all currents up to its
assigned rating. An interrupting duty cycle

_ shall be -made at rated interrupting current
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without ‘making any repairs to the field dis-

* charge circuit breaker.

8.2.5.3 Interrupting Duty Cycle. The inter-
rupting duty.cycle of the field discharge cir-
cuit breaker shall consist of two successive
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opening operations separated by the t1me re-

quired for test procedures.

8.2.5.4 Performance At the end of an
interrupting duty cycle at its interrupting rat-
ing, the field discharge circuit breaker shall be
in the following condition:

Mechanical. The circuit breaker shall be sub-
stantially in the same mechanical condition as
at the beginning.

Electrical. The circuit breaker shall be ca-
pable of withstanding 60 percent of the dielec-
tric test voltage as given in 7.1, and of carrying
rated- current at rated voltage for a limited
time but not necessarily without exceeding
rated temperature rise. The emission indica-
tors shall not have ignited. Scorching of the
cheesecloth shall not be considered as ignition.

After performing a duty cycle at or near
interrupting current rating, it is not to be in-
ferred. that the circuit breaker can repeat its
interrupting performance - without inspection,
and if necessary, the making of repairs.

8.2.6 Making-Current Test on Discharge
Contacts, A makmg -current test shall be made
to demonstrate the ability of the field dis-
charge circuit breaker discharge contacts to
close against.rated closing current. This test
shall be' made on a 60 Hz alternating-current
circuit. .where the discharge . contact . closes
against a peak current equal to no less than
its rated. closing current. The test must be of
sufficient -duration. to demonstrate that. the
discharge contact is completely closed. The
discharge contacts shall be substantially in the
same: mechanical condition as before the test.
If any contact welding occurs,.it shall not pre-
vent opening of these contacts:after-the test
as demonstrated by a subsequent closing op-
eration of the circuit breaker.

8.2.7 Endurance Tests

8.2.7.1 General All endurance tests shall
be performed on the same circuit breaker to
determine compliance with specified mechan-
ical and- electrical requirements as given in
Table 14 of ANSI C37.16-1979. Servicing shall
be permitted at the intervals given also in Table
14,

(1) Power-operated circuit breakers shall be
subjected to all endurance tests.

(2) Manually operated circuit breakers, hav-
ing stored-energy mechanisms, which - differ
from the power-operated equivalent only in
the means of supplying the energy to be
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- operation,
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stored, shall not be subjected to endurance
tests; ,

(3) Manually operated c¢ircuit breakers, not
essentially the same as the power-operated cir-
cuit breaker or not having any power-operated
equivalent, shall be subjected to all endurance
tests except that the number of mechanical
endurance operations performed shall be 50
percent of the number specified in Table 14,
ANSI C37.16-1979.

8.2.7.2 Frequency of Operation. The fre-
quency of operation shall be one operation
every 2 min. At the option of the manufac-
turer, the rate may be increased. During each
the circuit breaker shall remain
closed for no less than & s. :

Due to the large total number of operatlons
required, both electrical and mechanical; en-
durance tests may be conducted in groups, at
the option of the manufacturer. However, at
least one group shall consist of no-less than 120
operations.

8.2.7.3 Electrical Endurance Test. The
electrical endurance test shall be performed
with no less than rated continuous current, at
no less than rated short-time voltage, with a
circuit inductance equal to that in:8.1.5 and-
at any one of the rated control voltages of
Table 23, ANSI C37.16-1979. The discharge
contacts shall - be subjected to the required
number of electrical endurance: tests  while
breaking no less than the rated interrupting
current at no less than rated nominal voltage.
The main contacts may. bé used in ‘conjunc- -
tion with the discharge contact to limit :the
current duration for this test. The- circuit may
be essentially noninductive. :

8.2.7.4 Mechanical Endurance Test.. The
mechanical endurance test shall be performed

- at no load and at any one of the rated control

voltages of Table 23, C37.16-1979.

8.2.8 Performance. At the conclusion of
these tests, the circuit breaker shall be capable -
of meeting its continuous current and voltage
ratings without repairs or replacement of parts.

8.3 Production Tests. All applicable production
tests shall be performed on each circuit breaker
at the factory after final assembly.

8.3.1 Schedule of Tests. Productlon tests
shall include the following:

(1) Control and secondary wiring check test

(2) Dielectric withstand test

(8) No-load operation test

(4) Discharge contact adjustment
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8.3.2 Control, Secondary Wiring and Devices

Check, Control Secondary Wiring and Devices.

Check to make sure all connections have been

made correctly. Devices and’ relays, if used,
shall be checked by actual operation where
feasible. Those circuits for which operation is
not feasible shall be checked for continuity.

8.3.3 AC Dielectric 'WithstandVolté’ge Test..
The test shall be conducted in accordance'wmh

8.1.2. The duration of the test may be 1sifa

Voltage 20 percent greater than that specified

in 7.1 is used.

8.3.4 No-Load Operatlon Test . L
8.3.4.1 Power Operated Circuit. Breakers
Power-operated circuit -breakers shall be glven
the following no-load operation: tests:
(1) Five closing and five opening operations
at minimum control voltage A .
(2) Five closing, five opening, and. flve tnp-
free operations at maximum control voltage, .
(3) Two operations to, check antipumping,
which shall be performed in the following
manner:

(a) With the cu'cult breaker in. the closed'
position, apply uninterrupted control power

to the closing circuit, and maintain the closmg
control switch circuit closed

(b) Trip the circuit breaker; the circuit

IEEE STANDARD ENCLOSED FIELD DISCHARGE

checked in accordance with the manufacturer’s
instructions for the particular design of circuit

‘breaker, to insure that the proper overlap exists

between the main and discharge contacts dur-

" ing operat;lon

9 Application Guide

9.1 GeneraL Thls guide covers the appl[catlon

- of field-discharge circuit breakers in the excita-

tion circuits 6f motors, generators, synchronous

- condensefs, and rotating exciters, and applies

to circuit breakers rated in accordance with

- Section 4,

This standard is intended for spec1f1c use’in
the -application - of field discharge -circuit
breakers to excitation systems. Familiarity with
associated American National Standards is as- -
sumed, and references to these standards are

-~ “indicated herein as necessary for clarity in de-

scribing application limitations.
The general requirements for a field discharge

' c1rcu1§ ‘breaker must be analyzed for both
" normal switching and fault conditions. Circuit-

breakers should be applied within their volt--

- age, continuous current, short-time, and inter-

breaker shall remain open until closing-circuit - -

power has been. mterrupted and then-. re-

stored- :
If other dev1ces electrical.or mechamcal are
applicable, they: shall be checked for proper

functioning. Such devices shall include key
electrical

interlocks,
mterlocks
etc.

mechanical interlocks,
-padlocking, - racking- mechanisms,

8.3.4.2 .Manually Operated Circuit Break-
ers. Manually operated circuit breakers shall
be given the followmg no-load.. operatlon
tests: -

(1) Five closing and. flve openlng operatlons

tuption capabﬂltles as defined in this standard,

‘with proper consideration given to the service:

conditions, stated in Section 2. They should be
selected to provide the protection required by

* the other components of the circuit. For other

applications not covered by this standard; then
manufacturer should be consulted. :
Field discharge circuit breakers which do not:

"~ meet-all of the requirements of voltage: or cur: -

rent ‘a5 listed in ANSI C37.16-1979, or which

- exceed in some charactéristics the requirements

(2) When ‘shunt trip is used; ‘a minimum of

five openings using the shunt trip at the mini-
mum control voltage spe01f1ed for the’ 0011

(8) Five trip-free operatxons T :

If other devices, electrical or- mechamcal,‘ are
applicable, they shall be checked for proper

listed in these standards, may be applied within

' the capability of the circuit breaker, provided.

that those specific items which deviate from .
the values listed are established by the methods
contamed herem. ,

9.2 Functions Performed by a Fleld Dlscharge

- Circuit Breaker, Some of the basic functions

functioning. Such devices' shall include key -

interlocks, mechanical interlocks, electrical

interlocks, padlocking,” rackmg mechamsms '

etc.
8.3.5 Discharge Contact Adjustment. The ad-
justment of the discharge contact is to be
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" performied by a field discharge circuit breaker

are:

(1) Normal application and removal -of ex-
citation by either manual or automatic means;
the field discharge circuit breaker may operate -
in the main field of an alternating:currént
machine or in a field of a rotating exciter

(2) Provide protection to the machine and
excitation system by connecting a discharge
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resistor across the field winding of the machine

prior to removal of the source of excitation

(3) Provide a means for transfer of excitation
source

Field discharge circuit breakers may apply
and remove excitation to the main field of
alternating-current or direct-current generators,
synchronous motors, or synchronous con-
densers. When so used, the circuit breaker is
designated as a main field discharge circuit
breaker. A typical application is illustrated in
Fig 3. Alternating-current generators, alternat-
ing-current. motors, and synchronous con-
densers must have excitation supplied from a
direct-current source. If this source is a rotat-
ing exciter, a field discharge circuit breaker
may be used in the exciter field circuit. This
application is illustrated in Fig 4 and the cix-
cuit breaker is designated as an exciter field
discharge circuit breaker.

A discharge resistor must be used with the
field discharge circuit breaker to limit induced
voltages- when - the circuit breaker is opened
while current is flowing in the field circuit.

Fig 3
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C37.18-1979

When the field circuit breaker is opened, the
discharge contacts of the field circuit breaker
short circuit of the field through-the discharge
resistor at the instant preceding the opening of
the field discharge circuit breaker main con-
tacts. Thus, the energy stored in the magnetic
field is dissipated by the field current flowing
through the field windings and discharge
resistor, -

The field discharge resistor is an important
factor in limiting the interrupting duty on the
field discharge circuit breaker and in limiting
the voltage stress on the insulation of the ex-
citation system, including the machine field.
It is necessary to coordinate the field discharge
resistor with the field discharge circuit breaker
and with the insulation withstand voltage of
the components in the machine field circuit.

It is an occasional practice with synchronous
alternating-current machines to transfer excita-
tion sources, particularly with the machine in
operation. Main field discharge circuit breakers
permit this transfer to be accomplished easily
and safely, as illustrated in Fig 3.

Typlcal Excitation System for a Synchronous Machine with Main Field
Discharge Circuit Breakers and Alternate Excitation Source

MAIN FIELD DISCHARGE
BREAKER NO |

BREAKER NO |
DISCHARGE CONTACT

X

>

BY-PASS
SWITCH#*

NORMAL
EXCITATION |
Bl SOURCE

€H<-><

\BY -PASS

FIELD DISCHARGE
RESISTOR

SYNCHRONOUS
GENERATOR
BREAKER NO 2
DISCHARGE
CONTACT

SWITCH*

N e Gl
| ALTERNATE —<é,-\—>>—

EXCITATION .
SOURCE. | (g

MAIN FIELD DISCHARGE
BREAKER NO 2

NOTE: By-pass switch used with multiple sources to
.. complete circuit for drawout circuit breakers when cir-
cuit breaker is removed from operating position.
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Fig 4
Typlcal Excitation System for Synchronous Machine with
Excxter Fleld D1scharge Cn:cmt Breaker

Series overcurrent tnppmg devices .are gen-

erally omitted from field circuit-breakers since -

they could cause undesirable tripping of the
circuit breaker from transient overcurrents in
the- field circuit -due to disturbances on the
alternating<current system - of the *machine.
Other forms of relaying protect the exciter
and machine field from serious faults in the ex-
citation system circuit.

9.3 Selection of Fleld Dlscharge Resxstor
9.3.1 Alternating-Current Machines.
on the rated maximum interrupting voltage of
the field discharge circuit breaker with clear-

ing time of 0.1 s: S

-Rd=

Rated Maximum Interrupting Voltages — E
Ki I,
_ (Eq 1)

Based on the maximum permissible insula-
tion stress of excitation circuit including the
machine field: y

Maximum Permissible Insulation Stress®

Rq = K.I,
(Eq 2)
where
R; = value of the discharge resistor in ohms
I; = field current at machine rating or

capability (for machines cooled by
hydrogen or other coolant under

5Gee Table 7 of ANSI C37.16-1979.
6See Table 4,

Based '

" pressure, the rating or capablhty is at
the maximum pressure)
= excitation source voltage at tlme of
‘interruption
=-ratio of the direct-current component
-of the machine field current to Iy, at
0.1 s after the inception of a fault in
the armature circuit (see Table 5 for
probable maximum values)
=ratio of the crest value of machine
- field  current to Iy, at 0.1 s after the
inception of a fault in the armature
circuit (see Table 5 for probable
maximum values due to a 3-phase
fault in the machine armature circuit)
The lower value of R, from Egs 1 and 2
.estabhshes the maximum resistance value of
the discharge resistor. Since the insertion of
the field discharge resistance hastens the de-
cay of the machine field current, it is a factor
in limiting damage at the point of fault during
short circuits in the armature circuit of the
machine. Therefore, it is desirable to select the
discharge resistance as large as possible, but
not to exceed the lower value of R; from

E

Kg. -

K.

'Egs 1 and 2. The resistance value of the dis-
- charge resistor should not be less than the re-

20

sistance of the machine field’ winding. The pur-
pose of this limitation is to limit the high-
current output of the exciter during the short
period when the discharge contacts are closed
and the main contacts are still closed but in
the process of opening.

9.3.1.1 Synchronous Motors. Synchronous

‘motors require a resistor across the field wind-
'ing ‘during starting to limit induced voltages

in the field circuit and to obtain spe01f1c start-
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ing and pull-in torque characteristics. The re-
sistor is usually selected by the motor designer
and generally ranges from 5 to 20 times the
resistance of the motor field winding. The
starting resistor may also be used as a dis-
charge resistor. If -a field discharge circuit
breaker is ‘used in the motor field, the re-
sistance value-of the discharge resistor should
not exceed the lower value of R, calculated
from Egs 1 and 2.

9.3.2 Direct-Current Machines (Exciters).
Equations 1 and 2 are also applicable in the
selection of a discharge resistor if the field
discharge circuit breaker acts in the main field
of an exciter. Since pulsating currents induced
in the exciter field are of a minor nature, K,
may be assumed equal to K4.. See Table 5.

A third equation should be also checked for
the possibility of “opening the field discharge
circuit breaker when the exciter is at ceiling

voltage:

(Rated Maximum
" Interrupting Voltage (Exciter
of Field Discharge — Ceiling
Breaker)” Voltage)

Ra= —7 r at Exciter Ceiling Voltage

(Eq 3)
If R, obtained is less than obtained from

Egs 1 and 2, it establishes the maximum value
of Rd .

7See Table 7 of ANSI C37.16-1979.

9.4 Selection of Field Discharge Circuit Break-
er. The field discharge circuit breaker duty
under both normal and fault conditions must
be considered in the selection of thé circuit
breaker. The following subsections outline the

application factors and briefly discuss each of -
the rating factors that should be considered in -

~ the selection of a field discharge circuit breaker.

9.4.1 Rated Nominal Voltage Class. The rated
nominal voltage class of the field discharge cir-
cuit breaker should equal or exceed the machine
rated field circuit voltage unless the manufac-
turer or the circuit breaker has assigned a con-
tinuous applied voltage capability to the circuit
breaker greater than the rated nominal voltage
class. In this latter case, the application of the
circuit breaker should be within the limits of
the circuit breaker capability ‘as noted in 9.1.

9.4.2 Rated Short-Time Voltage.” Rated
short-time voltage must be considered with re- -
spect to the excitation source ceiling voltage.
The ceiling voltage of modern high-perfor-
mance excitation systems may be from 120
percent to over 200 percent of the excitation
source rated voltage. The ceiling voltage and
the associated current generally exist for only a
few seconds; however, under unusual condi-
tions, this time may be up to several minutes.
The excitation source voltage may be provided
by a rotating or static exciter and may use
rectifiers for converting an alternating current
supply. The rated and ceiling voltages are de-
fined at machine rated speed. The rated short-
time voltage of the field discharge circuit
breaker should be no less than the excitation

Table 4
Recommended Permissible Transient Crest Voltages
Based on Machine Field Circuit Insulation
(for Use in Selection of Field Discharge Resistors)

— — . = —
Standard Manufacturing Machine Field Recommended.
Nominal Field 60 Hz Dielectric Test Permissible Transient

Circuit Voltage (volts rms)* Crest Voltaget

250 2500 1770

375 3750 2650

500 5000 3530

750 ' 5500 3890

1000 6000 4240

P

*Based on ANSI C50, 13 1977, Requirements
erators (IEC 34-1).

for Cylindrical Rotor Synchronous Gen-

+These values should not be construed as a basis for dielectric testing of field wiring.
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_ source ceﬂing"voltage whenever 'thé‘ “cireuit -

breaker is requn’ed to open

NOTE: Whﬂe the -circuit breaker is. closed the -excita-
tion source ceiling voltage may reach values exceeding
those ‘levels which the circuit breaker is capable of

clearing. However, the circuit breakeris not’ requu‘ed to

open under these conditions.

9.4.3 Rated Maximum Interrupting Voltage.
Opening the field discharge circuit breaker im-
mediately followmg a fault in the armature cir-
cuit of a machine can result in hlgh c1rcu1t re-

covery voltages due to the relatlvely hlgh volt- ]

age drop across the discharge resistor.

In the calculation of the chscharge resistor .
Ry, in 9.3, the rated maximum  interrupting -

voltage is selected as one of the limiting para-

meters. The maximum permissible insulation

stress of the excitation circuit and machine
field is the other limiting parameter. 7

Table 5

IEEE STANDARD ENCLOSED FIELD DISCHARGE

If the permissible insulation stress, (see Eq 2),
determines the value of R,, the rated maxi-

~ mumi interrupting voltage of the field discharge

circuit- breaker will not be reached. The direct-
current recovery voltage is the voltage that ap-
pears across the open contacts of the: circuit -
breaker -at the instant following the interrup-
tion of the current by the contacts as given
by Eq 4:

Dlrect Current Recovery Voltage =
(Kae) (It) (Ra) + E

" (Eq 4)

Each of the parameters is as defined for
Egs1 and 2.

The rated- maximum mterruptmg voltage of
the field discharge circuit breaker should be no .
less than the direct-current recovery voltage.

‘Probable Maximum Ratios of Transient Field Currents of
Sy’nchrqnqus Maehmes a’nd’ Direct-Current Exciters

Maxunum Ratio of
Crest Value of
Total Current to’ N
_ Field Current at
Machine Rating or

Kg.*
Maximum Ratio of
Direct-Current Component
"~ of Total Current to
Field Current at
Machine Rating or

- Type Machine- . - Capabilityt Capabilityt

Conventional two-pole

air-cooled and hydrogen-cooled :

turbine-generators 4
Conductor-cooled turbine-

generators 3to4s 2.3t0 3§
Four-pole turbine and

salient-pole generators 3
Direct-current exciters for

synchronous machines 2

*For a specific machine, the appropﬁate'va]u‘és"‘of ch and K, may be determined as foliows:

e (3)(2)

where : . . -
Xd = synchronous reactance (unsaturated)
X4 = transient reactance
Ir = maximum continuous field current

Ity = air gap field current at rated voltage, no load.

The value of K, can be approxxmated by, using the. calculated value of K4, and increasing.it
by the same percentage as shown in Table 5 for the type of machme under consideration,

' +Measured at 0.1 s after the 1ncept10n of a fault in the alternatmg-current circuit of the syn-

chronous machme

§ Range to show vanatlons for machlnes made by dlfferent manufacturers
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The direct-current recovery voltage may be
reduced by decreasing the discharge resistor
to a value less than calculated by Egs 1 and 2.
However, the value of resistance should not be

less than the value of re51stance of the field

winding of the machine.

9.4.4 Rated Continuous Current. The rated
continuous current of the field discharge cir-
cuit breaker should be greater than the field
current at the machine capability. For ma-
chines cooled by hydrogen or liquid, the
capability is at the maximum pressures. The
rated continuous current of the field discharge
circuit breaker should be approximately 10
percent greater ‘than the calculated field cur-
rent at the machine capability.

9.4.5 Short-Time Current Ratings.

- 9.4.5.1 Main Contacts, Rated Short-Time
Current. To establish -the short-time current
duty on-the main contacts, the peak value of
currents illustrated in Fig 1 should be. con-
sidered. The ratio of K, to K4 in Table 5
represents the ratio between peak or crest
value of current and the direct-current com-
ponent of the current.

If the ratios of K, and K. change material-
ly from those listed in Table 5, then the cal-
culations should be made for the actual rated
short-time current duty.

The short-time current rating of the main
contact of -the field discharge circuit breaker
should: be no less than the short-time duty re-
quirements as determined above.

9.4.5.2 Discharge Contacts, Short-Time
Current Ratings. The duty on discharge con-
tacts is generally one of high currents and
low voltages. When used with alternating-
current generators, the discharge contacts
carry the ‘high induced currents associated with
faults in the generator armature. When used in

the field of a synchronous motor, the starting:

procedure calls for the main contacts of the
field discharge circuit breaker to be open, and
the discharge contacts to be closed. The high
motor starting cumrent may exist up to 15 s.
If this time is exceeded, the manufacturer
should be consulted.

9.4.5.2.1 Discharge Contacts, Rated 15 s
Short-Time Current.. The duty is associated
with synchronous motor starting. It is not like-
. ly that circuit breakers rated greater than 1600

ANSI/IEEE:
€37.18-1979

15 s ratings for the larger breakers. . The 15 s
short-time current rating of the discharge con-
tacts should be no less than the short-time duty

_required by the application.

9.4.5.2.2 Discharge Contacts, Rated 4 s
Short-Time Current. The % s short-time cur-

‘rent rating of the discharge contact should be

selected to be no less than the % s short-time
duty requirements of the application.
Fig 1 illustrates the maximum current that is

‘carried by discharge contacts. At the time of

current transfer from the excitation source
to the field discharge resistor, 0.1 s in the il-
lustration, the field discharge contacts must
begin carrying a current equal to K4 times

- I;. The % s short-time current rating of the

discharge contfacts must be high enough to ac-
cept the thermal burden associated with the
decaying field current carried through the field
discharge  resistor. ‘With a suitable - field -dis-
charge resistor, the rate of decay of tne field
current -will be such that:the level of field
current 4 s after closing of the circuit breaker
dlscharge contacts, will generally be less than
% the K4, times I; value.
9.4.6 Interrupting Current Ratings. ,
9.4.6.1 Rated Interrupting Current at.
Rated Short-Time Voltage. The. rated .inter-
rupting current at rated short-time voltage is
the duty requirement arising from a fault in

- the machine field circuit.

A continuous current will be used for syn-

chronous -motor starting. Therefore, Table 7
of ANSI C37.16-1979 does not contain any
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In a coordinated unit excitation system, the
excitation ‘source ratings are matched to the
machine excitation requirements and the maxi-
mum short-circuit current will seldom exceed
10 times the source rated current. -

The rated interrupting current at rated
short-time voltage should be no less than the
maximum short-circuit current from the ex-
citation source while operating at ceiling volt-
age. _

When the inductance of the excitation sys-
tem on the source side of the field discharge
circuit breaker exceeds the following, special
consideration must be given, and the manufac-

turer should be consulted:
Excitation System
Continuous Current Rating Inductance
(A) (mH)*
600 1.5
1600 0.9
4000—12 000 0.2
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Table 6
Rating Correction Factors

Altitude* Rating Correction Factor
Meters Feet Continuous Current Voltage
2000 6600 (and below) 1.00 1.00
2600 8500 0.99 0.95
3900 13000 0.96 0.80

*Values for intermediate altitudes may be derived by linear

interpolation.

9.4.6.2 Rated Interrupting Current at
Maximum Interrupting Voltage. Faults in the
armature circuit of an alternating current ma-
chine can cause high induced transient field
currents. Fig 1 illustrates a typical oscillogram
of field current of a generator during a 3-
phase short-circuit at the armature terminals.
The interrupting current duty on the main
contact is the sum of the direct-current com-
ponent of total field current, including the
induced current, at the instant of contact
parting plus the current taken by the discharge
resistor when the discharge contact closes be-
fore the main contacts part:

Interruptihg Current Duty = K4, (If) + E/R4
(Eq 5)

The definition of terms in Eq 5 are the same
as Eqs 1 and 2.

The rated interrupting current of the field
discharge circuit breaker main contacts at
rated maximum interrupting voltage should
be no less than the interrupting current duty
from Eq 5.

9.4.6.3 Rated Interrupting Current of Dis-
charge Contacts. It is possible that the field
discharge contacts may be required to inter-
rupt rated continuous current with rated
nominal voltage applied for both alternating-
current motors and generators. For motors,
this can occur when excitation is applied dur-
ing the starting cycle. For generators, this can
occur if the field discharge circuit breaker is
first inadvertently tripped with rated nominal
voltage output of the excitation source, then
immediately reclosed.

The rated interrupting current of the dis-
charge contacts should be no less than the
continuous-current requirement of the ex-
citation system.
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9.4.7 Rated Making Current of the Discharge
Contacts. The discharge contacts are required
to close at the time rated short-time current is
being carried by the main contacts.

The value of the current (peak) which the
discharge contacts will be required to close is
determined in accordance with 9.4.5.1. The
rated making current of the discharge contact
should be no less than this value.

9.4.8 Service Conditions Affecting Field Dis-

charge Circuit Breaker Applications

9.4.8.1 Altitude Correction. Circuit break-
ers, when applied at altitudes greater than
2000 m, should have their various voltages and
current ratings, as specified in Table 7 of ANSI
C37.16-1979, multiplied by the correction
factors shown in Table 6 to obtain values at
which the application is made. The short-time
and short-circuit current ratings are not af-
fected by altitude.

9.4.8.2 Other Service Conditions. Certain
service conditions may require unusual con-
struction or operation, and these should be
brought to the attention of those responsible
for the application, manufacture, and opera-
tion of the circuit breaker. Wherever possible,
steps such as inclusion of heaters, placement in
controlled atmosphere areas, or others, should
be taken at the site of the installation to nullify
the deleterious effect of the following:

(1) Exposure to damaging fumes or vapors,
excessive or abrasive dust, explosive mixture
of dust or gases, steam, salt spray, excessive
moisture, dripping water, and other similar
conditions

(2) Exposure to abnormal vibration, shocks,
or tilting

(3) Exposure to excessively high or low
temperature
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(4) Exposure to unusual transportation -or
storage conditions

(5) Exposure to extreme solar temperatures

(6) Unusual operating duty, frequency of op-
eration, and difficulty of maintenance

10. Revision of American National
Standards Referred to in this Standard
™~

When the following American National Stan-
dards referred to in this standard are super-
seded by a revision approved by the American
National Standards Institute, Inc, the revision
shall apply.

ANSI/IEEE
C37.18-1979

. ANSI C37.16-1979, Preferred Ratings, Related

Requirements, and Application Recommenda-
tions for Low-Voltage Power Circuit Breakers
and AC Power Circuit Protectors.

ANSI C37.100-1972, Definitions for Power
Switchgear.

ANSI C50.10-1975, General Requirements for
Synchronous Machines.

ANSI/IEEE C37.20-1969 Switchgear Assem-
blies Including Metal-Enclosed Bus.

IEEE Std 4-1978, Standard - Techniques for

- High-Voltage Testing.
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