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American National Standard 

A n American National Standard implies a consensus of those sub­
stantially concerned with its scope and provisions. An American National 
Standard is intended as a guide to aid the manufacturer, the consumer, 
and the general public. The existence of an American National Standard 
does not in any respect preclude anyone, whether he has approved the 
standard or not, from manufacturing, marketing, purchasing, or using 
products, processes, or procedures not conforming to the standard. 
American National Standards are subject to periodic review and users 
are cautioned to obtain the latest editions. 

C A U T I O N N O T I C E : This American National Standard may be 
revised or withdrawn at any time. The procedures of the American 
National Standards Institute require that action be taken to reaffirm, 
revise, or withdraw this standard no later than five years from the 
date of publication. Purchasers of American National Standards may 
receive current information on all standards by calling or writing the 
American National Standards Institute. 
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Foreword 

(This Foreword is not a part of IEEE and American National Standard Application Guide for AC High-Voltage 
Circuit Breakers, IEEE Std 320-1972 (C37.010-1972) . 

This standard was written as a guide to aid in the selection and applicat ion of ac high-voltage 
circuit breakers o n electrical p o w e r sys tems . This guide c o n f o r m s wi th A m e r i c a n Nat iona l Standard 
Rat ing Structure for A C H i g h - V o l t a g e Circuit Breakers, C 3 7 . 0 4 - 1 9 6 4 ( R 1 9 6 9 ) and A m e r i c a n 
Nat iona l S tandard Tes t Procedure for A C H i g h - V o l t a g e Circuit Breakers, C 3 7 . 0 9 - 1 9 6 4 ( R 1 9 6 9 ) . 

Descr ibed in the guide are the general applicat ion condi t ions , applicat ion considerations, and 
short-circuit considerat ions necessary to apply alternating current breakers. In addi t ion to the 
short-circuit considerat ions utilizing a modi f i ca t ion of the s implif ied m e t h o d previously described in 
A m e r i c a n Nat iona l Standard M e t h o d s for Determining the R M S V a l u e of a Sinusoidal Current Wave 
and a N o r m a l - F r e q u e n c y R e c o v e r y V o l t a g e and G u i d e for Calculat ion o f Fault Currents for 
Appl i ca t ion o f A C High-Vo l tage Circuit Breakers R a t e d o n a T o t a l Current Basis, C 3 7 . 5 - 1 9 6 9 , a 
m e t h o d of calculation that recognizes the ef fect o f ac as wel l as d c decrements is also presented. 

This appl icat ion guide is o n e o f a series o f supplementary A m e r i c a n Nat iona l Standards . T h e basic 
material was first publ ished in A I E E Transact ions in 1 9 4 1 , was revised f r o m t i m e to t i m e , and is 
n o w s u p p l e m e n t a r y t o A N S I C 3 7 . 5 - 1 9 6 9 . 

T h e fo l lowing list o f A m e r i c a n Nat iona l Standards shows the comparab le standards prepared 
under the total current basis o f rating and those prepared under the symmetr ica l basis of rating (see 
back cover for c o m p l e t e t it les): 

Specif ic Subjects Appl i cab le 

T o t a l Current Basis S y m m e t r i c a l Basis t o A C H V C B R a t e d o n a 

o f Rat ing o f Rat ing S y m m e t r i c a l Current Basis 

C 3 7 . 4 - 1 9 5 3 ( R 1 9 6 6 ) C 3 7 . 0 3 - 1 9 6 4 ( R 1 9 6 9 ) C 3 7 . 0 7 1 - 1 9 6 9 

C 3 7 . 0 4 - 1 9 6 4 ( R 1 9 6 9 ) C 3 7 . 0 7 2 - 1 9 7 1 

C 3 7 . 5 - 1 9 6 9 C 3 7 . 0 5 - 1 9 6 4 ( R 1 9 6 9 ) C 3 7 . 0 7 2 1 - 1 9 7 1 

C 3 7 . 6 - 1 9 6 6 C 3 7 . 0 6 - 1 9 7 1 C 3 7 . 0 7 2 2 - 1 9 7 1 

C 3 7 . 7 - 1 9 6 0 ( R 1 9 6 6 ) C 3 7 . 0 7 - 1 9 6 9 C 3 7 . 0 7 3 - 1 9 7 2 

C 3 7 . 8 - 1 9 5 2 ( R 1 9 6 6 ) C 3 7 . 0 7 3 1 

C 3 7 . 9 - 1 9 5 3 ( R 1 9 6 6 ) C 3 7 . 0 9 - 1 9 6 4 ( R 1 9 6 9 ) C 3 7 . 0 7 3 2 - 1 9 7 2 

C 3 7 . 0 1 0 - 1 9 7 2 C 3 7 . 0 7 4 - 1 9 7 2 

C 3 7 . 1 1 - 1 9 7 2 C 3 7 . 0 7 6 - 1 9 7 2 

C 3 7 . 1 2 - 1 9 6 9 C 3 7 . 0 7 7 
C 3 7 . 0 7 8 - 1 9 7 2 
C 3 7 . 0 7 8 1 - 1 9 7 2 
C 3 7 . 0 7 9 

T h e standards listed in the right c o l u m n s are supplementary t o those in the left c o l u m n and d o 

no t replace t h e m . W h e n a changeover f r o m the tota l current basis o f rating t o the symmetr ica l basis 

o f rating is e f fec ted b y the manufacturer , the standards in the left c o l u m n will be w i thdrawn. 

It is recognized that this changeover program will require t i m e for c o m p l e t i o n , even though it is 

anticipated that the manufacturers o f circuit breakers will e x p e n d efforts to m e e t the n e w standards 

as s o o n as poss ible . This depends u p o n the d e m a n d for the various circuit breakers manufactured 

and the e c o n o m i c s involved. Since it wil l be impractical t o revise the various sections o f the 

standards every t ime a circuit breaker is transferred f r o m the o ld to the n e w standards, the users are 

caut ioned to confer wi th the manufacturers o n the status of the various circuit breaker ratings. 

T h e breaker selection factors (E/X mul t ip ly ing factors) conta ined in this s u p p l e m e n t app ly o n l y to 

breakers rated on the n e w s y m m e t r i c a l basis, in accordance wi th A m e r i c a n Nat iona l Standard 

C 3 7 . 0 4 - 1 9 6 4 , a l though the fault current calculation procedure described in the A p p e n d i x can be 

made i n d e p e n d e n t of breaker rating structure. T o avoid confus ion and possible misapplicat ion 

during the rating changeover per iod , it is r e c o m m e n d e d that A m e r i c a n Nat iona l Standard C 3 7 . 5 -

1 9 6 9 be e m p l o y e d for appl icat ion o f those breakers n o t covered b y the n e w rating structure and 

cont inue in use until transfer t o the n e w rating basis occurs . 

*The corresponding material is included in American National Standard C37.06-1971. 
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The Amer ican National Standards C o m m i t t e e o n P o w e r Switchgear C 3 7 , wh ich reviewed and 
approved this Standard appl icat ion guide , had the fo l lowing personnel at the t ime o f approval : 

C.L. Wagner, Chairman 
C M . Clevenger, Executive Vice-Chair man, W . E . Laubach , Executive Vice-Chairman, 

High- Voltage Switchgear Standards Low- Voltage Switchgear Standards 
W . R . Wilson , Executive Vice-Chairman, IEC J .G. Werner, Secretary 

Activities 

Organization Represented Name of Representative 

Association of Iron and Steel Engineers T.S. Novak 
Electric Light and Power Group R.R. Wagstaff 

J.E. Beehler 
C D . Stalnaker 
H.G. Frus 
F.R. Solis 
J.P. Markey (Alt) 
K.D. Hendrix (Alt) 
R.H. Knight (Alt) 

Institute of Electrical and Electronics Engineers H.W. White 
C.J. Essel 
J.B. Owens 
H.O. Simmons, Jr 
G.W. Walsh 
R.E. Friedrich (Alt) 
J.A. Imhof (Alt) 
H.H. Fahnoe (Alt) 
D.C. Musgrave (Alt) 

National Electrical Manufacturers Association W.R. Wilson 
R.W. Dunham 
A.P. Colaiaco 
C E . Gryctko 
W.J. Smith 
J.G. Werner (Alt) 

Tennessee Valley Authority O.S.C. Hammer 
U.S. Department of the Army R.H. Bruck 
U.S. Department of the Navy Norman Mawdsley 

L.W. Johnson (Alt) 
U.S. Department of the Interior, Bureau of Reclamation E.M. Tomsk 

The personnel o f the N E M A High-Voltage P o w e r Circuit Breaker Technica l C o m m i t t e e wh ich 
reviewed and approved this d o c u m e n t were as f o l l o w s : 

R . B . Shores , Chairman H. Col in Smith , Secretary 

T.F. Brandt, Jr E.B. Rietz 
R.E. Frink J.E. Schrameck 
W.E. Harper R.S. Smithley 
E.T. McCurry G.A. Wilson 

The personnel o f the C 3 7 S u b c o m m i t t e e o n High-Vol tage Circuit Breakers wh ich reviewed and 
approved this standard were as f o l l o w s : 

C M . Clevenger, Chairman H . Col in Smith, Secretary 

J.E. Beehler K.D. Hambrick 
T.F. Brandt, Jr. G.N. Lester 
C E . Carpenter E.B. Rietz 
G.J. Easley F. Schaufelberger 
H.W. Grissler F.W. Smith 

W.J. Smith 
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The personnel o f the IEEE Switchgear C o m m i t t e e , P o w e r Circuit Breaker S u b c o m m i t t e e Working 
G r o u p w h i c h prepared and updated paragraph 4 . 4 . 3 , L o a d Current Carrying Capabil i ty Under 
Var ious Cond i t i ons o f A m b i e n t Tempera ture and L o a d , were as f o l l o w s : 

N .E . R e e d , Chairman 
J.E. Beehler Z. Neri 
P.L. Kolarik C M . Ratcliff 

When this standard was approved o n D e c e m b e r 3, 1 9 7 0 , the IEEE Standards C o m m i t t e e had the 
fo l lowing membersh ip : 

B.B. Bar row, Chairman S.I. Sherr, Secretary 

E.C. Barnes J.A. Goetz G. Shapiro 
F.K. Becker A.D. Hasley H.H. Smith 
R.C. Cunningham A.R. Hileman S.V. Soanes 
W.H. Devenish D.T. Michael F.G. Timmel 
C.J. Essel E.H. Myers H.P. Westman 
R.F. Estoppey F.M. Oberlander W.T. Wintringham 
J.P. Fitzgerald A .M. Okun C.J. Wylie 
D.C. Fleckenstein J.B. Owens W.N. Zippier 

R.H. Rose 
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An American National Standard 

IEEE Standard Application Guide for 
AC High-Voltage Circuit Breakers 

Rated on a Symmetrical Current Basis 

1. Scope 

This appl icat ion guide applies to ac high-
voltage circuit breakers rated in accordance 
wi th the m e t h o d s given in A m e r i c a n Nat iona l 
Standard Rat ing Structure for A C H i g h - V o l t a g e 
Circuit Breakers, C 3 7 . 0 4 - 1 9 6 4 ( R 1 9 6 9 ) and 
listed in A m e r i c a n Nat iona l Standard Preferred 
Ratings and Re la ted Required Capabil i t ies for 
A C H i g h - V o l t a g e C i r c u i t B r e a k e r s , 
C 3 7 . 0 6 - 1 9 7 1 . Circuit breakers rated and m a n u ­
factured to m e e t o ther standards, or used in 
switchgear assemblies , should be appl ied in 
a c c o r d a n c e wi th appl icat ion procedures 
adapted to their specific ratings or appl icat ions . 

2. Purpose 

This guide is intended for general use in the 
application of circuit breakers. Famil iari ty wi th 
other A m e r i c a n Nat iona l Standards applying to 
circuit breakers is a s sumed , and provis ions o f 
those standards are indicated herein o n l y w h e n 
necessary for clarity in describing appl icat ion 
requirements . 

3. General Application Conditions 

3 . 1 Usual Service Cond i t i ons . Service condi­
t ions for circuit breakers are def ined in A m e r i ­
can Nat iona l Standard C 3 7 . 0 4 - 1 9 6 4 . These 
condit ions specify limits in alt i tude and in 
ambient temperature . 

3 . 1 . 1 Provision for System Growth. Power 
sys tem facilities m u s t be increased f r o m t i m e 
to t ime to serve larger loads. This usually 
results in higher values of short-circuit current. 
Therefore , liberal a l lowance for e x p e c t e d fu­
ture increase in short-circuit current is advis­
able. 

3 . 1 . 2 System Design. M e t h o d s o f l imiting the 
magni tude of short-circuit currents or reducing 

the probabi l i ty of high-current faults b y system 
design are outs ide the scope of this guide. Such 
m e t h o d s should be considered where short-
circuit currents approach the m a x i m u m capa­
bility o f the circuit breakers. M a n y station 
design features m a y d e p e n d on available circuit 
breaker ratings. S y s t e m design should take into 
account the necessity for circuit breaker in­
spect ion and maintenance . 

3 . 2 Unusua l Service Condi t ions . Unusual ser­

vice condi t ions are listed in 0 4 - 3 . 2 o f A m e r i c a n 

Nat ional Standard C 3 7 . 0 4 - 1 9 6 4 and include 

those condi t ions listed b e l o w . Special installa­

t ion , operat ion , and maintenance provisions 

should be cons idered where these condit ions 

are encountered . 

3 . 2 . 1 Applications at Altitudes Above 3300 
ft (1000 m). Rat ing correct ions for altitudes 

a b o v e 3 3 0 0 ft ( 1 0 0 0 m ) are listed in Table 1 
of A m e r i c a n Nat iona l Standard C 3 7 . 0 4 - 1 9 6 4 . 

EXAMPLE: Consider a circuit breaker having a rated 
maximum voltage of 38 kV, a continuous current 
rating of 1200 A, a rated short-circuit current of 7300 
A at 38 kV, a maximum symmetrical interrupting 
capability of 12 000 A, and a rated interrupting time of 
5 cycles. Assume that this breaker is to be operated at 
an altitude of 7000 ft (2100 m). The operating voltage 
and the normal-frequency recovery voltage should be 
[interpolating between the values given for 5000 and 
10 000 (1500 and 3000 m ) ] : 

38 kV ^0.95 - ( 0 . 9 5 - 0 .80) ( 
7000 — 5000 

10 000 — 5000 . 

= 33.8 kV 

)] 

Rated withstand voltages should be multiplied by the 
same factor. The continuous current must be similarly 
interpolated: 

1200 Α Γ 0 . 9 9 - ( 0 . 9 9 - 0 . 9 6 ) ( n

7 ; ° ° - 5 0 0 ° ) l 
L \ 10 000 — 5 0 0 0 / J 

= 1 1 7 4 A 

T h e rated short-circuit current, related 
required capabilities, and the rated interrupting 
t ime are n o t affected b y alt itude. 
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circuit current. H o w e v e r , it may be used for 
frequent load , exci t ing current, o r capacitive-
current switching. In s o m e cases, switching 
requirements may be the determining factor in 
select ion rather than the requirements o f 
shor t -c i rcui t current interruption. Special 
at tention must also be given t o applicat ions 
where frequent operat ions are essential. 

In the select ion o f a circuit breaker, c o n ­
sideration must be given t o the future as well as 
to the present needs for interrupting capaci ty 
and for current-carrying capabil i ty . These con ­
siderations include the possibil i ty o f c o n n e c t e d 
circuit changes, such as addi t ions o f supple­
mental coo l ing means for transformers or 
connec t i on o f multiple cable o r overhead lines 
t o the breaker, o r possible future transfer o f 
the circuit breaker f rom its initial posi t ion to 
s o m e other loca t ion . 

In the Uni ted States, t w o types o f circuit 
breakers are available for use at m o s t voltage 
ratings. These types c o m e under the general 
classification o f o i l and oilless p o w e r circuit 
breakers, and the preferred ratings available are 
l i s t e d in A m e r i c a n National Standard 
C 3 7 . 0 6 - 1 9 7 1 . The cho ice o f breaker type may 
be inf luenced b y such considerat ions as 
at tended versus nonat tended opera t ion , c o n ­
taminated a tmosphere , l oca t ion , maintenance, 
ease o f handling the interrupting m e d i u m , and 
cos t o f the installation. 

4.1 M a x i m u m Vol t age fo r App l i ca t ion . The 
operating voltage and the normal-frequency 
recovery voltage should n o t e x c e e d the rated 
m a x i m u m voltage, since this is the upper limit 
for opera t ion . 

4 . 2 Vol tage Range Factor . The voltage range 
factor , K, is published in Amer ican National 
Standard C 3 7 . 0 6 - 1 9 7 1 . In m o s t cases, the 
voltage range is within the range c o m m o n l y 
used. (See Sec t ion 4 . 5 . 1 ) 

4 .3 F requency . Rated f requency for circuit 
breakers is 60 H z . 

A t slightly lower frequencies , such as 50 Hz , 
the main current-carrying parts will be ade­
quate, but ac con t ro l devices may n o t be 
suitable for the appl icat ion. 

A t 25 H z , the con t inuous current ratings in 
amperes are higher and are listed in Amer ican 
National Standard C 3 7 . 0 6 - 1 9 7 1 . 

Interruption o f fault currents o n systems 
operat ing at frequencies other than rated fre-

3 .2 .2 Exposure to Damaging Fumes, Vapor, 
Steam, Oil Vapors, Salt Air, Hot and Humid 
Climate. 

( 1 ) Provision may be necessary t o avoid 
condensa t ion o n all electrical insulation and 
current-carrying parts 

( 2 ) Bushings wi th extra c reep distance m a y 
be required 

( 3 ) In cases where particular exposu re rep­
resents a hazard t o insulation securi ty, special 
maintenance including insulator washing may 
be necessary 

( 4 ) Materials resistant t o fungus g r o w t h may 
be required 

3 .2 .3 Exposure to Excessive Dust or Abra­
sive, Magnetic, or Metallic Dust. 

( 1 ) Tota l ly enc losed nonvent i la ted equip­
ment or compar tment s may be necessary 

( 2 ) Where current-carrying e q u i p m e n t de­
signed for ventilated opera t ion is enc losed in a 
nonventi lated c o m p a r t m e n t , derating may be 
necessary. 

3 .2 .4 Exposure to Explosive Mixtures of 
Dust or Gases. Standard circuit breakers are 
n o t designed for use in explos ive a tmospheres . 
Fo r this type o f service, special considera t ion 
should be given in con junc t ion with applicable 
regulatory b o d i e s so that acceptab le e q u i p m e n t 
is selected. 

3 .2 .5 Exposure to Abnormal Vibration, 
Shock, or Tilting. Standard circuit breakers are 
designed for mount ing on substantially level 
structures free f r o m excessive vibrat ion, s h o c k , 
or tilting. Where any o f these abnormal cond i ­
tions exist , r e c o m m e n d a t i o n s for the particular 
application should be ob ta ined f rom the manu­
facturer. 

3 .2 .6 Seasonal or Infrequent Use. Equ ipmen t 
stored o r deenergized for l ong per iods should 
be p ro tec ted against accelerated deter iorat ion. 
Before energizing for service, operat ing per­
formance and insulation securi ty should b e 
checked . 

4 . Application Consideration 

In the applicat ion o f circuit breakers t o 
electrical systems, careful at tention must be 
given to many i tems o f technical impor tance t o 
assure that a misapplicat ion does n o t o c c u r . In 
the usual appl ica t ion , the principal func t ion o f 
the circuit breaker is to carry load current and 
provide a means for the interruption o f short-
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q u e n c y m a y require modi f i ca t ion o f m e c h a ­

nisms to change speed of open ing or m a y 

require a change in interrupting ratings o f the 

circuit breakers. 

In any case, special considerat ion shou ld be 

given to appl icat ions at frequencies differing 

from 6 0 H z . 

4 . 4 C o n t i n u o u s Current . Circuit breakers are 
designed for n o r m a l appl icat ion where the 
sustained load current d o e s n o t e x c e e d the 
rated cont inuous current, the alt i tude above 
sea level is 3 3 0 0 ft ( 1 0 0 0 m ) or less, and the 
ambient temperature does n o t e x c e e d 4 0 ° C . 
Rated cont inous current of a circuit breaker 
should n o t be e x c e e d e d e x c e p t for short 
periods such as in starting o f m o t o r s or 
synchronous condensers or energizing co ld 
loads. 

4 . 4 . 1 Normal Operation. T h e condi t ions t o 
be f o l l o w e d w h e n making an applicat ion are: 

( 1 ) Breakers des igned for installation in en­
closures m a y be so used w i t h o u t any further 
derating 

( 2 ) Breakers designed for use in o p e n r o o m s 
and o u t d o o r s c a n n o t be used in enclosures 
w i t h o u t derating so that n o n e o f their tempera­
ture limits is e x c e e d e d 

( 3 ) A s far as temperature l imits are con­
cerned, any high-voltage circuit breaker m a y b e 
used wi th cables having an 8 5 ° C or lower 
temperature l imit , prov ided that the tempera­
ture l imit o f the cable insulation is n o t ex­
ceeded . A m o n g the m e t h o d s o f accompl i sh ing 
this are: 

(a) Operate the breaker at a c o n t i n u o u s 
current suff iciently b e l o w its rating 

( b ) U s e a section o f oversize conductors or 
a special terminal connec tor ahead o f the cable 
to reduce the temperature at the cable terminal 
(See I E E E S t d 5 5 - 1 9 5 3 , G u i d e for T e m p e r a ­
ture Correlat ion in the C o n n e c t i o n of Insulated 
Wire and Cables t o Electr ic E q u i p m e n t ) 

( 4 ) T h e possible adverse ef fect o n or b y 
closely associated e q u i p m e n t operating at a 
higher or a l ower temperature than the breaker 
should be e x a m i n e d 

( 5 ) I t is recognized that w h e n a circuit 
breaker is proper ly selected for cont inuous 
current operat ion , it m a y also be used for 
starting such e q u i p m e n t as m o t o r s , synchro­
nous condensers , and co ld loads o n an infre­
q u e n t basis; under this c o n d i t i o n , the con-

t inuous current rating m a y be exceeded with­
out causing d a m a g e to the circuit breaker 

4 . 4 . 2 Rated Continuous Current for Capaci­
tor Banks. W h e n a high-voltage circuit breaker 
is used in a circuit supply ing static capacitors, 
the cont inuous current rating should be selec­
ted to include the effects of: 

( 1 ) Operat ion at voltages b e l o w and u p to 
1 0 percent above the capacitor rated voltage 

( 2 ) T h e positive tolerance in capacitance o f 
static capacitors ( — 0 + 1 5 percent) 

( 3 ) T h e addit ional heating caused b y har­
m o n i c currents 

( 4 ) T h e ef fect o f g r o u n d e d or n o n g r o u n d e d 
neutral connec t ion o f the capacitor 

In the absence o f specific in format ion , it will 
usually be conservative to use 1 . 2 5 t imes the 
n o m i n a l capacitor current at rated capacitor 
voltage for n o n g r o u n d e d neutral operat ion or 
1 . 3 5 t imes the n o m i n a l current for grounded 
neutral operat ion . 

4 . 4 . 3 Load Current Carrying Capability Un­
der Various Conditions of Ambient Tem­
perature and Load. 

4 . 4 . 3 . 1 General. Circuit breakers are de­

signed for n o r m a l applicat ion in accordance 

with Sect ions 0 4 - 3 . 1 and 0 4 - 4 . 4 o f A m e r i c a n 

Nat iona l Standard C 3 7 . 0 4 - 1 9 6 4 , where the sus­

tained l o a d current does n o t e x c e e d the rated 

c o n t i n u o u s current, the alt i tude a b o v e sea level 

is 3 3 0 0 ft ( 1 0 0 0 m ) or less, and the ambient 

temperature d o e s n o t e x c e e d 4 0 ° C . T h e rated 

cont inuous current is based o n the m a x i m u m 

permissible tota l t emperature l imitat ions o f the 

various parts o f the circuit breaker w h e n it is 

carrying rated current at an a m b i e n t tempera­

ture o f 4 0 ° C . T h e total temperature o f these 

parts under service condi t ions d e p e n d s b o t h o n 

the actual load current and the actual ambient 

temperature . It is therefore possible to operate 

at a current higher than rated cont inuous 

current w h e n the a m b i e n t temperature is less 

than 4 0 ° C , provided that the a l lowable total 

temperature l imit is n o t e x c e e d e d . Similarly, 

w h e n the a m b i e n t temperature is greater than 

4 0 ° C , the current m u s t be reduced t o less than 

rated c o n t i n u o u s current to keep total temper­

atures within a l lowable l imits. 

Operat ion at a current higher than rated 

cont inuous current will usually cause the al low­

able temperature l imitat ions to be e x c e e d e d 

and should be avoided e x c e p t in these in­

stances: 
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( 1 ) F o r short periods , such as in the starting 
of m o t o r s or s y n c h r o n o u s condensers , or w h e n 
energizing co ld loads . Genera l ly , the t i m e 
duration o f this type o f current increase is 
short e n o u g h that it d o e s n o t raise tempera­
tures significantly. 

( 2 ) W h e n operating at an a m b i e n t t empera­
ture b e l o w 4 0 ° C , as covered in Sect ion 4 . 4 . 3 . 2 . 

( 3 ) For short periods fo l lowing operat ion at 
a current less than that permit ted b y the 
existing a m b i e n t t emperature , as covered in 
Sect ion 4 . 4 . 3 . 3 . 

T h e m e t h o d of calculating the a l lowable 
current at an a m b i e n t temperature above 4 0 ° C 
is given in Sect ion 4 . 4 . 3 . 2 . F o r s o m e high 
ambient temperature condi t ions , it m a y n o t be 
practical to reduce current suff ic iently to keep 
the tota l temperatures within their a l lowable 
limits. F o r c e d venti lat ion will he lp in m a n y 
cases. Temperature limits of associated equip­
m e n t such as cables and current transformers 
m u s t be cons idered . Ef fec t o f solar radiation 
mus t also be considered. (See I E E E S t d 
1 4 4 - 1 9 7 1 , G u i d e for Evaluat ing the Ef fec t o f 
Solar Radiat ion on O u t d o o r Meta l -Clad Swi tch-
gear ( A N S I C 3 7 . 2 4 - 1 9 7 1 ) . 

Where a m b i e n t temperature is b e l o w the 
m i n i m u m limit o f — 3 0 ° C , special lubricants 
m a y be required, and addit ional heater capaci ty 
b e y o n d that n o r m a l l y used shou ld be provided 
in mechan i sm enclosures . Whenever freezing 
temperatures occur , precaut ions m a y b e neces­
sary to dry the air in p n e u m a t i c sys tems t o 
avoid condensat ion and freezing. 

4 . 4 . 3 . 2 Continuous Load Current Capabil­
ity Based on Actual Ambient Temperature. 
T h e cont inuous current w h i c h a circuit breaker 
can carry at a given ambient temperature 
w i t h o u t exceeding its total t emperature limita­
tions is given b y the f o r m u l a : 

— ñ \ 1 / 1 . 8 
τ _ , (^max ΘΛ 

a M er I 

where 

a l lowable c o n t i n u o u s load current, in 
amperes , at the actual a m b i e n t t em­
perature 0 a ; / a is n o t t o e x c e e d t w o 
t imes / r ) 

rated c o n t i n u o u s current, in amperes 
a l lowable ho t te s t spot total tempera­
ture ( 0 m a x = 0 r + 4 0 ° C ) , in ° C 
actual a m b i e n t temperature e x p e c t e d 
( b e t w e e n - 3 0 ° C and 6 0 ° C ) , in ° C 

0 r = a l lowable hot tes t spot temperature rise 

at rated current, in ° C 

NOTE: The temperature rise of a current-carrying 
part is proportional to an exponential value of the 
current flowing through it. Experience has shown that 
although the exponent may have different values, 
depending on breaker design and components within a 
breaker, it generally is in the range of 1/1.6 to 1/2.0. 
The exponent value of 1/1.8 represents a compromise 
that is suitable for this application guide. 

T h e construct ional features of a circuit 

breaker dictate the appropriate values of 0 

and 0 r t o be used in the calculation. T h e major 

c o m p o n e n t s of a circuit breaker have several 

different temperature l imitat ions which are 

specified in A m e r i c a n Nat iona l Standards as 

fo l lows: 

Circuit Breaker American National Standard 
Component 

Circuit breaker in­
sulating materi­
als, main con­
tacts, conduct­
ing joints, etc 

Bushings 
Current trans­

formers 

Number Section 

C37.04-1964 04-4.4.2 
C76.1 -1964 (R1970) 4 

C57.13-1968 3.5 

T h e values of temperature l imitations speci­
fied in these various standards are summarized 
in T a b l e 1 . In order that n o n e of these 
l imitations be e x c e e d e d w h e n the load current 
is adjusted to the value permit ted b y the actual 
ambient temperature , the values for 0 m a x and 
0 r should be de termined as f o l l o w s : 

( 1 ) If the actual a m b i e n t is less than 4 0 ° C , 
the c o m p o n e n t w i th the highest specified 
values of a l lowable temperature l imitations 
should be used for determining 0 r o a x and 0 r 

( 2 ) If the actual a m b i e n t is greater than 
4 0 ° C , the c o m p o n e n t with the lowest specified 
values o f a l lowable temperature l imitat ions 
should be used for determining 0 m a x and 0 r 

T h e use o f these values in the calculation will 
result in an a l lowable cont inuous current which 
will n o t cause the temperature o f any part o f 
the circuit breaker to e x c e e d the permissible 
limits. 

NOTE: Although circuit breakers are designed to 
carry rated current continuously while exposed to an 
ambient temperature of 40° C, most circuit breakers in 
service are subjected to a much less severe ambient 
temperature condition which varies with time of day 
and season of year. The average outdoor air tempera­
ture during any 24-h period is usually 5 to 10" C lower 
than the maximum, and the maximum is usually less 
than 40° C. This is one important reason for the long 
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Table 1 
S u m m a r y o f Tempera ture Limita t ions f o r 

Circuit Breaker C o m p o n e n t s 

Limit of Limit of 
Temperature 

Rise, ° C 
Total 

Item 
Temperature 

Rise, ° C Temperature, ° C 
Number Component Description 9r ^max 

1 Circuit breaker parts handled by the 10 50 
operator in the normal course of his 
duties 

2 Copper contacts, copper-to-copper con- 30 70 
ducting joints, external surfaces accessi­
ble to the operator in the normal course 
of his duties, external terminal con­
nected to bushing 

3 Top oil 40 80 

4 Breaker terminals to be connected to 45 85 
85 C insulated cable 

5 Hottest spot temperature of parts where 50 90 
they contact oil; silver (or equal) con­
tacts in oil; silver (or equal) conducting 
joints in oil 

6 Silver (or equal) contacts in air; silver 65 105 
(or equal) conducting joints in air; 
hottest spot of bushing conductor or of 
bushing metal parts in contact with 
Class A insulation or with oil; hottest 
spot winding temperature 55° C rise of 
current transformers. 

7 External surfaces not accessible to an 70 110 
operator in the normal course of his 
duties 

8 Hottest spot winding temperature of 110 150 
80°C dry-type current transformers 

life which circuit breakers historically have demon­
strated. Continuous operation at rated current and at 
an ambient temperature of 40° C likely would result in 
a life somewhat shorter than that usually experienced. 

The user is cautioned that this guide is intended to 
cover situations where the circuit breaker is used at its 
total temperature limitations infrequently (a few occa­
sions in the expected lifetime), for relatively short 
periods of time (perhaps a few days). 

The manufacturer should be consulted if operation 
at maximum allowable temperature is required at 
frequent intervals or over extended periods of time. 

It may n o t be necessary t o include the 
ex t reme values o f highest and lowes t a l lowable 
temperature l imitations, as listed in Table 1, in 
this de terminat ion . The lowes t value is fo r 
circuit breaker parts handled b y the opera tor in 
the normal course o f his duties , and the highest 
value generally is for external surfaces o f a 
circuit breaker, n o t accessible t o an opera to r in 
the normal course o f his duties. In many cases, 
overheating o f these parts b e y o n d the specified 
a l lowable l imitations will n o t impair circuit 

breaker per formance or e x p e c t e d life. If these 
parts are neglec ted , a higher value o f permissi­
ble con t inuous load current can be obta ined 
f rom the calculat ion. In m o s t cases, this higher 
value o f current may safely be used. Howeve r , 
in s o m e circuit breaker designs there may be 
gaskets or o ther c o m p o n e n t s loca ted near such 
inaccessible external surfaces wh ich w o u l d be 
damaged if overheated. The use o f 8 0 ° C rise 
dry- type current transformers w o u l d place a 
further limit on the al lowable current for 
opera t ion at an ambient o f less than 40° C. 
Evaluation o f the breaker design should be 
made to determine whether or n o t these 
ex t reme values o f temperature l imitat ion 
should be inc luded . In case o f d o u b t , the 
manufacturer should be consul ted . 

Table 2 lists the calculated values o f / a / / r fo r 
each specified temperature limit for the various 
c o m p o n e n t parts o f the circuit breaker over a 
range o f typical ambient temperatures. T h e 
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Table 2 
Rat ios o f ( 7 a / / r ) fo r Var ious A m b i e n t Temperatures 

Maximum Limiting Temperatures of Different Breaker Components 
Ambient 

Temperature ö m a x 5 0 70 80 85 90 105 110 150 
C 0 r 10 30 40 45 50 65 70 110 

60 — 0.54 0.68 0.72 0.75 0.81 0.82 0.89 \ , 
50 — 0.79 0.85 0.87 0.88 0.91 0.91 0.95 / 

40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

30 1.46 1.17 1.13 1.11 1.10 1.08 1.07 1.05 \ 
25 1.66 1 . 2 5 1 . 19 1.17 1 . 1 5 1 . 1 2 1.11 1.08 J 
20 1.84 1.32 1 . 25 1.22 1.20 1.16 1 . 1 5 1.10 f 
10 2.0 1.47 1.36 1.32 1.29 1.23 1.22 1.14 V f 

0 2.0 1.60 1.46 1.42 1.38 1.30 1.29 1.19 / 
- 1 0 2.0 1.72 1.56 1.51 1.46 1.37 1.34 1.23 \ 
- 2 0 2.0 1.84 1.66 1.60 1.54 1.43 1.41 1.28 ] 
- 3 0 2.0 1.95 1.75 1.68 1.61 1.50 1.46 1.32 J 

*For limiting current, use lowest 0 r and 0 m a x 

tFor limiting current, use highest 0 r and 0 m a x 

al lowable current in any given situation can be 
estimated f rom Table 2 o r may be calculated 
direct ly f r o m the formula . 

EXAMPLE 1: Consider an oil circuit breaker with 
copper-to-copper contacts, American National Stan­
dard bushings, and 5 5 ° C rise current transformers. 
When operating at an ambient temperature of 25° C, 
the current could be increased by a factor corre­
sponding to the component with the highest tempera­
ture rise. In this case, these components are the 
bushings and the current transformers with a tempera­
ture rise limit of 65° C, and according to Table 2, the 
factor of increase is 1.12 times rated current. 

When operating at an ambient temperature of 50° C, 
the current must be reduced by a factor which 
corresponds to the component with the lowest temper­
ature limit. In this case, the component is the 
copper-to-copper contact assembly, with a temperature 
rise limit of 30° C, and according to Table 2, the 
reduction factor is 0.79. 

EXAMPLE 2 : Consider an oil circuit breaker with 
silver-to-silver contacts, American National Standard 
bushings, and with 55° C rise current transformers. 
When the ambient temperature is 25° C, the continuous 
current can be increased by a factor of 1.12. This 
factor of increase corresponds to the component with 
the highest temperature limit, which in this case are the 
bushings and the current transformers. 

If the ambient temperature were 50° C, the reduction 
factor would be 0.85, corresponding to the component 
with the lowest temperature limit, which in this case is 
the top oil. 

EXAMPLE 3: Consider an oilless circuit breaker with 
silver-to-silver contacts, in air, 55° C rise current 
transformers, and with terminals connected to 8 5 ° C 
insulated cable. When the ambient temperature is 
25° C, the current can be increased by a factor of 1.12, 
corresponding to the temperature rise limitations of 
65° C of the silver-to-silver contacts and the current 
transformers. 

If the ambient temperature were 50° C, the reduction 
factor would be 0.88 corresponding to the temperature 
rise limitation of 4 5 ° C of the connected cable. 

Current transformers that f o r m part o f a 
circuit breaker assembly o r that are normal ly 
cons idered a part o f the breaker installation 
will usually have heating characteristics similar 
t o those o f the circuit breaker. T h e con t inuous 
current permit ted b y the formula will n o t 
cause overheating o f a current transformer 
c o n n e c t e d t o a ratio tap corresponding to rated 
current o f the circuit breaker. H o w e v e r , if a 
lower ratio tap is used, the e x p e c t e d secondary 
current must be evaluated in terms o f the 
con t inuous thermal rating factor o f the current 
transformer. The effect o f the secondary cur­
rent o n apparatus c o n n e c t e d t o the current 
transformer terminals should also be con ­
sidered. 

4 .4 .3 .3 Short-Time Load Current Capabil­
ity. When a circuit breaker has been operating 
at a current level b e l o w its a l lowable cont inu­
ous load current 7 a , it is possible t o increase the 
load current for a short t ime t o a value greater 
than the a l lowable current w i thou t exceed ing 
the permissible temperature limitations. The 
length o f t ime that the short-time load current 
Is can be carried depends o n these factors: 

( 1 ) The magnitude o f current Is t o be 
carried 

( 2 ) The magnitude o f initial current / , car­
ried prior t o applicat ion o f Is 

( 3 ) The thermal-time characteristics o f the 
circuit breaker 

The t ime duration o f the short-time current 
may be calculated directly o r may b e ob ta ined 
by simple use o f Fig. 1 as descr ibed b e l o w . The 
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