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Foreword 
(This Foreword is not a part of American National Standard Application Guide for Transient Recovery Voltage for 
AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis, C37.0721-1971.) 

T h i s s t anda rd is o n e o f a series o f c o m p l e m e n t a r y s t anda rds o n a c h igh -vo l t age c i rcu i t breakers 
ra ted o n a s y m m e t r i c a l cu r ren t basis , as fo l l ows : 

C37 .03 -1964 ( R 1 9 6 9 ) 

C37 .04 -1964 ( R 1 9 6 9 ) 

C37 .05 -1964 ( R 1 9 6 9 ) 

C37 .06-1971 

C37 .07-1969 

C37 .09-1964 ( R 1 9 6 9 ) 

C37 .010-1964 ( R 1 9 6 9 ) 

C37 .11-1957 ( R 1 9 6 6 ) 

C37 .12-1969 

D e f i n i t i o n s for A C H i g h - V o l t a g e C i r cu i t B r e a k e r s 

R a t i n g S t r u c t u r e 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 ( I n c l u d i n g 
S u p p l e m e n t s C37 .04a -1964 ( R 1 9 6 9 ) a n d C37 .04b -1970) 

M e t h o d s for D e t e r m i n i n g t h e V a l u e s o f a S i n u s o i d a l Cur ren t W a v e a n d 
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 for A C H i g h - V o l t a g e Ci rcu i t 
B reake r s 

S c h e d u l e s o f P re fe r red R a t i n g s a n d R e l a t e d R e q u i r e d Capabi l i t i es 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 

In t e r rup t ing C a p a b i l i t y F a c t o r s for R e c l o s i n g Se rv i ce for A C H i g h -
V o l t a g e C i r cu i t B reake r s 

T e s t P r o c e d u r e for A C H i g h - V o l t a g e Ci rcu i t Breake r s ( I n c l u d i n g S u p ­
p l e m e n t C37 .09a -1970 ) 

A p p l i c a t i o n G u i d e for A C H i g h - V o l t a g e Ci rcu i t Breake r s 

R e q u i r e m e n t s for P o w e r C i r cu i t B reake r C o n t r o l 

G u i d e S p e c i f i c a t i o n s for A C H i g h - V o l t a g e Ci rcu i t Breake r s ( R a t e d o n a 
S y m m e t r i c a l Cur r en t Bas i s a n d a T o t a l Cur r en t Bas i s ) 

A m e r i c a n N a t i o n a l S t a n d a r d C37 .0721-1971 is o n e o f several add i t i ona l s t andards be ing 
d e v e l o p e d o n spec i f ic sub j ec t s a p p l i c a b l e t o ac h igh -vo l t age c i rcu i t breakers ra ted o n a s y m ­
me t r i ca l cu r r en t bas is . E a c h wil l be pub l i shed as s o o n as the w o r k is c o m p l e t e d a n d it has been 
a p p r o v e d , ra ther t h a n wa i t i ng unt i l all are c o m p l e t e to effect a c o m p l e t e revis ion o f the bas ic 
s t anda rds . T h i s a p p r o a c h wil l m a k e the s t anda rds m o r e readi ly ava i lab le to the indus t ry . It is 
p l a n n e d in t h e future, t o in tegra te these s t a n d a r d s i n t o rev is ions o f t he bas ic A m e r i c a n Na t iona l 
S t a n d a r d s o n c i rcu i t b reakers . T h e a d d i t i o n a l s t anda rds are: 

C37 .071-1969 R e q u i r e m e n t s for L i n e C l o s i n g S w i t c h i n g Surge V o l t a g e C o n t r o l 

C37 .072-1971 R e q u i r e m e n t s for T r a n s i e n t R e c o v e r y V o l t a g e 

C37 .0721-1971 A p p l i c a t i o n G u i d e for T r a n s i e n t R e c o v e r y V o l t a g e 

C37 .0722-1971 Prefer red T r a n s i e n t R e c o v e r y V o l t a g e R a t i n g s a n d R e l a t e d R e q u i r e d Capabi l i ­
t ies 

C37 .073 R e q u i r e m e n t s for C a p a c i t a n c e Cur ren t S w i t c h i n g 

C37 .0731 A p p l i c a t i o n G u i d e for C a p a c i t a n c e C u r r e n t S w i t c h i n g 

C 3 7 . 0 7 3 2 Prefer red R a t i n g s for C a p a c i t i v e S w i t c h i n g 

C37 .074 R e q u i r e m e n t s for S w i t c h i n g I m p u l s e V o l t a g e In su l a t i on S t r eng th 

C37 .076 R e q u i r e m e n t s for Pressur ized C o m p o n e n t s 

C37 .077 R e q u i r e m e n t s for C u r r e n t T r a n s f o r m e r s 
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C37.078 R e q u i r e m e n t s for Ex t e rna l In su l a t i on ( O u t d o o r ) 

C37 .0781 D ie l ec t r i c T e s t V a l u e s for Ex te rna l In su l a t i on ( O u t d o o r ) 

C37 .079 G u i d e t o the T e s t i n g o f C i r cu i t Breake r s w i th R e s p e c t to O u t - o f - P h a s e S w i t c h ­
ing 

T h i s s t anda rd w a s d e v e l o p e d by the I E E E S w i t c h g e a r C o m m i t t e e a n d the N E M A S w i t c h g e a r 
S e c t i o n a n d rev iewed by the C37 S u b c o m m i t t e e o n H i g h - V o l t a g e Ci rcu i t Breake r s pr ior t o 
a p p r o v a l by the S t a n d a r d s C o m m i t t e e o n P o w e r S w i t c h g e a r , C 3 7 . 

Sugges t ions for i m p r o v e m e n t ga ined in the use o f this s t anda rd wil l be w e l c o m e . T h e y shou ld be 
sent t o t h e A m e r i c a n N a t i o n a l S t a n d a r d s Ins t i tu te , 1430 B r o a d w a y , N e w Y o r k , Ν . Y . 10018. 

T h e A m e r i c a n N a t i o n a l S t a n d a r d s C o m m i t t e e o n P o w e r S w i t c h g e a r , C 3 7 , w h i c h rev iewed a n d 
a p p r o v e d this s t andard , h a d the f o l l o w i n g pe r sonne l at the t i m e o f app rova l : 

V . O . C o x , Chairman W . R . W i l s o n , Vice-Chairman 
J. G . W e r n e r , Secretary 

Organization Represented Name of Representative 

Association of American Railroads W. O. Müller 
Association of Iron and Steel Engineers T. S. Novak 
Electric Light and Power Group J E . Beehler 

H. G. Frus 
H. W. Grissler 
R. R. Wagstaff 
J. P. Markey (Alt) 
F. R. Sous (Alt) 

Institute of Electrical and Electronic Engineers J. B. Owens 
H. O. Simmons, Jr 
G. W. Walsh 
H. C. Barnes (Alt) 
W. A. Carter (Alt) 
C. J. Essel (Alt) 
R. E. Friedrich (Alt) 

National Electrical Manufacturers Association W . R . W i l s o n 
A. P. Colaiaco 
R. W. Dunham 
C. E. Gryctko 
W. J. Smith 
J.G.Werner (Alt) 

Tennessee Valley Authority O. S. C. Hammer 
U.S. Department of the Army W. K. Cave 
U.S. Department of the Navy Norman Mawdsley 
U.S. Department of the Interior, ^' ^ ο η η 8 θ η ' ^ ' " 

Bureau of Reclamation Edward M. Tomsic 

T h e p e r s o n n e l o f the W o r k i n g G r o u p o f t he P o w e r C i r c u i t B reake r S u b c o m m i t t e e o f t he I E E E 
S w i t c h g e a r C o m m i t t e e a n d the H i g h - V o l t a g e C i r cu i t B r e a k e r T e c h n i c a l C o m m i t t e e o f t he 
N E M A S w i t c h g e a r S e c t i o n , w h i c h p repa red th i s d o c u m e n t , were as fo l lows : 

IEEE 

F. R. Solis, Chairman 
J. E. Beehler 
W. A. Carter 
C. M. Clevenger 
R. G. Colclaser 
A. N. Eliasen 

B. F. Wirtz, Secretary 
H. J. Holley 
G. N. Lester 
J. J. Mikos 
R. S. Smithley 
W. R. Wilson 

IEEE (Advisors) 

R. H. Amundson 
R. A. Bednarik 
E. W. Boehne 
C. J. Essel 

J. M. Fleissner 
R. D. Hambrick 
O. Naef 
Ν. Ε. Reed 
Ε. Β. Rietz 
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N E M A 

W. J. Smith, Chairman J. G. Werner, Secretary 
I. C. Fisk Ε. T. McCurry 
R. E. Frink Ε. B. Rietz 
F. Β. Johnson A. G. Shields 
W. E. Laubach R. B. Shores 

R. S. Smithley 

T h e p e r s o n n e l o f the C37 S u b c o m m i t t e e o n H i g h - V o l t a g e C i r cu i t Breake r s w h i c h rev iewed and 
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American National Standard 
Application Guide for Transient Recovery Voltage for 

AC High-Voltage Circuit Breakers 
Rated on a Symmetrical Current Basis 

NOTE: Refer to American National Standard C37.072-1971 for requirements for transient recovery voltage and refer 
to American National Standard C37.0722-1971 for preferred transient recovery voltage ratings and related required 
capabilities. 

1. Scope 

T h i s s t anda rd cove r s the a p p l i c a t i o n gu ide 
for t rans ient r ecove ry v o l t a g e r e q u i r e m e n t s 
for ac h igh -vo l t age c i rcu i t breakers ra ted 
a b o v e 1000 vo l t s a n d o n a s y m m e t r i c a l cu r ren t 
basis. 

T h e c a p a b i l i t y l imi t s o f these c i r cu i t break­
er in t e r rup t ing d e v i c e s are d e t e r m i n e d la rge ly 
by the t rans ien t r e c o v e r y vo l t ages . T h e gu ide 
for a p p l i c a t i o n is n o t i n c l u d e d in o the r exist­
ing c i rcu i t b reaker s t anda rds . 

2. Purpose 

T h e pu rpose o f this s t a n d a r d is t o p r o v i d e 
an a p p l i c a t i o n gu ide o n r e q u i r e m e n t s for 
t rans ient r e cove ry vo l t age for ac h igh -vo l t age 
c i rcui t breakers ra ted o n a s y m m e t r i c a l cur­
rent basis . A m e r i c a n N a t i o n a l S t a n d a r d R e ­
q u i r e m e n t s for T r a n s i e n t R e c o v e r y V o l t a g e 
for A C H i g h - V o l t a g e Ci rcu i t Breake r s R a t e d 
o n a S y m m e t r i c a l Cur r en t Bas i s , C 3 7 . 0 7 2 -
1971, a n d A m e r i c a n N a t i o n a l S t a n d a r d Pre ­
ferred T r a n s i e n t R e c o v e r y V o l t a g e R a t i n g s 
a n d R e l a t e d Capab i l i t i e s for A C H i g h - V o l t a g e 
Ci rcu i t B reake r s R a t e d o n a S y m m e t r i c a l 
Cu r r en t Bas i s , C 3 7 . 0 7 2 2 - 1 9 7 1 , c o v e r def in i ­
t ions , ra t ing s t ructure , test p rocedu re s a n d 
preferred t rans ien t v o l t a g e ra t ings a n d re la ted 
r e q u i r e d c a p a b i l i t i e s . A m e r i c a n N a t i o n a l 
S t a n d a r d s C37 .03 -1964 , C37 .04 -1964 , C 3 7 . 0 5 -
1964, C 3 7 . 0 6 - 1 9 7 1 , C37 .07 -1969 , C37 .09 -1964 , 
C37 .010-1964 , C37 .11 -1957 , a n d C37 .12 -1969 , 
a n d their s u p p l e m e n t s , a p p l y in o t h e r respects 
to these c i rcu i t breakers . E v e n t u a l l y th is s tan­
dard , A m e r i c a n N a t i o n a l S t a n d a r d s C 3 7 . 0 7 2 -
1971 a n d C37 .0722-1971 wi l l be i n c o r p o r a t e d 
in the bas ic s t anda rds . 

3. Transient Recovery Voltage 

3.1 Genera l . ( D u r i n g t h e i n t e r rup t ion p rocess 

the arc vo l t age , w h i c h o c c u r s across the te rmi­
na ls o f a po l e o f a c i r cu i t b reaker pr ior to 
cu r ren t zero, a p p r o a c h e s the normal - f r equen­
c y po l e -un i t r e c o v e r y vo l t age o c c u r r i n g after 
cur ren t zero, in a m a n n e r ca l l ed the t rans ient 
r ecove ry vo l t age . I f the c i rcu i t b reaker is able 
t o w i t h s t a n d the t rans ien t r e cove ry vo l t age , 
a n d a l so the n o r m a l - f r e q u e n c y po le -un i t re­
c o v e r y vo l t age , the c i rcu i t i n t e r rup t ion will be 
successful . 

T r a n s i e n t r ecovery vo l tages c a n be os­
c i l l a to ry , t r iangular , o r e x p o n e n t i a l a n d can 
o c c u r as a c o m b i n a t i o n o f these forms . T h e 
m o s t severe osc i l l a to ry or exponen t i a l recov­
ery vo l tages o c c u r across the first po le to open 
o f a c i rcu i t b reaker in te r rup t ing a three-phase 
u n g r o u n d e d s y m m e t r i c a l fault at its t e rmina l , 
w h e n t he s y s t e m vo l t age is m a x i m u m . T h e r e ­
fore, o n l y th ree -phase u n g r o u n d e d te rminal 
faul ts n e e d b e c o n s i d e r e d w h e n de t e rmin ing 
the t rans ient r ecove ry vo l t age capabi l i t ies o f a 
c i rcu i t b reaker . T h e t r i angula r recovery vol t­
ages are a s soc ia ted wi th l ine faults. T h e in­
it ial ra te o f rise o f the r ecovery vol tages for 
l ine faults b e c o m e s greater the c loser the fault 
is to the c i rcu i t breaker , howeve r , the magni ­
tude o f this l ine s ide t r iangular w a v e decreases 
as the rate o f rise increases . Genera l ly , the 
sou rce r ecove ry vo l t age is m u c h s lower and 
o n l y the t r i angu la r r ecove ry vo l tage is effec­
t ive in t he ear ly t i m e o f the t rans ien t recovery 
vo l t age . T h e a m p l i t u d e o f the recovery vol t­
ages for these l ine faults is de t e rmined on a 
s ing le -phase basis d u r i n g their ear ly por t ions . 
T h e abi l i ty o f a c i rcu i t b reaker to wi ths tand 
these t r i angu la r w a v e f o r m s (shor t - l ine fault 
r e cove ry vo l t ages ) d e p e n d s a great deal o n the 
t y p e a n d des ign o f the c i rcu i t breaker . A test 
p r o c e d u r e t o d e m o n s t r a t e th i s capab i l i ty is 
o u t l i n e d in S e c t i o n 5 o f A m e r i c a n N a t i o n a l 
S t a n d a r d C37 .072 -1971 . 

H o w e v e r , because di f ferent c i rcu i t breaker 
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A M E R I C A N N A T I O N A L S T A N D A R D C37.0721-1971 

des igns h a v e dif ferent r e c o v e r y v o l t a g e cha r ­
acter is t ics , th i s test d o e s n o t c o n c l u s i v e l y 
d e m o n s t r a t e a n y g iven c i r cu i t b reaker ' s shor t -
l ine faul t i n t e r rup t ing ab i l i ty for all shor t - l ine 
faults . S e c t i o n 4.1 .4 .2 o f A m e r i c a n N a t i o n a l 
S t a n d a r d C37 .072 -1971 fur ther clarif ies a cir­
cu i t b reaker ' s shor t - l ine faul t i n t e r rup t ing 
capab i l i t i e s . 

3 . 2 T r a n s i e n t R e c o v e r y V o l t a g e C o n s i d ­
era t ions 

3 .2 .1 Effect of Circuit Breaker on Transient 
Recovery Voltage. T h e c i r cu i t t rans ien t r e c o v ­
ery vo l t age c a n be m o d i f i e d or c h a n g e d b y t he 
c i rcu i t b reaker ' s des ign o r b y t h e c i r cu i t 
b reaker ' s a c t i o n . T h e r e f o r e , t he t r ans ien t re­
c o v e r y v o l t a g e m e a s u r e d ac ross the t e rmina l s 
o f t w o di f ferent t ypes o f c i r cu i t breakers u n d e r 
iden t i ca l c o n d i t i o n s c a n be d i f ferent . T o rec­
ogn ize t he m o d i f y i n g abi l i t ies o f e a c h o f the 
va r ious c i r cu i t b reakers , w h e n e i ther c a l c u ­
la t ing a n ac tua l t r ans ien t r e cove ry v o l t a g e or 
w h e n spec i fy ing a ra ted va lue for the c i r cu i t 
breaker , w o u l d be an i m m e n s e task. 

T o s impl i fy b o t h ra t ing a n d a p p l i c a t i o n , t he 
p o w e r s y s t e m e lec t r ica l cha rac te r i s t i c s a re de­
f ined or c a l c u l a t e d igno r ing t he effect o f t he 
c i rcu i t b reaker . T h u s , t he t rans ien t r e c o v e r y 
vo l t age w h i c h results w h e n an ideal c i r cu i t 
breaker in te r rupts is used as t he re fe rence for 
b o t h ra t ing a n d a p p l i c a t i o n . T h i s t r ans ien t 
r ecove ry v o l t a g e is ca l l ed the po le -un i t c i r cu i t 
t rans ien t r e cove ry vo l t age . A n ideal c i r cu i t 
breaker has n o m o d i f y i n g effects o n the e lec­
t r ical cha rac t e r i s t i c s o f a s y s t e m and , w h e n 
c o n d u c t i n g , its t e rmina l i m p e d a n c e is zero ; at 
cur ren t zero its t e r m i n a l i m p e d a n c e is in­
finite. 

3 . 2 . 2 Transient Recovery Voltage Tests. I t is 
poss ib le to o b t a i n the c i rcu i t t r ans ien t r ecov­
ery v o l t a g e by cu r ren t i n j ec t i on t e c h n i q u e s 
w h e n the s y s t e m is deenerg ized ; or b y measu r ­
ing the t rans ien t r e c o v e r y v o l t a g e r e sponse 
du r ing in t e r rup t ion b y a c i r cu i t breaker tha t 
ha s cha rac te r i s t i c s w h i c h a p p r o a c h the ideal 
c i rcu i t b reaker , o r , b y m e a s u r i n g t he ac tua l 
t rans ien t r e c o v e r y v o l t a g e o f a c i rcu i t b reaker 
a n d r e c o g n i z i n g t he c i r cu i t b reaker ' s r e cove ry 
vo l t age m o d i f i c a t i o n ab i l i ty , c a l c u l a t i n g the 
ac tua l c i rcu i t t rans ien t r e c o v e r y vo l t age . T h e 
abi l i ty o f a n y g iven t y p e o f c i rcu i t b reaker to 
m o d i f y th is c i r cu i t t r ans ien t r e c o v e r y v o l t a g e 
is c o n s i d e r e d in A m e r i c a n N a t i o n a l S tan ­
dards C37 .04 -1964 a n d C 3 7 . 0 9 - 1 9 6 4 . E a c h cir­

cu i t breaker is tes ted to d e m o n s t r a t e tha t it 
has the ab i l i ty t o success fu l ly in te r rupt unde r 
m o s t s y s t e m c i r cu i t c o n d i t i o n s . 

3 .3 M e t h o d o f R a t i n g and A p p l i c a t i o n 
3 .3 .1 Selection of a Circuit Breaker. T h e 

t rans ien t r e c o v e r y v o l t a g e ra t ings for c i rcu i t 
b reakers are a p p l i c a b l e at the ra ted s y m ­
met r i ca l sho r t c i rcu i t cu r r en t a n d at the m a x ­
i m u m ra ted v o l t a g e o f t h e c i r cu i t breaker . F o r 
f rac t iona l va lues o f t h e ra ted s y m m e t r i c a l 
shor t c i rcu i t cur ren t , re la ted t rans ient r ecov­
ery vo l t age c a p a b i l i t y mul t ip l i e r s are g iven in 
T a b l e 5 o f A m e r i c a n N a t i o n a l S t a n d a r d 
C 3 7 . 0 7 2 2 - 1 9 7 1 . 

T h e t r ans ien t r e c o v e r y v o l t a g e ra t ings de­
fine a w i t h s t a n d b o u n d a r y . T h e c i rcu i t t ran­
sient r e c o v e r y v o l t a g e a n d cres t po in t s o f (1 -
cos ine ) w a v e s tha t e x c e e d th is b o u n d a r y at 
ra ted shor t c i rcu i t cur ren t , o r the mod i f i ed 
b o u n d a r y for cur ren t s o t h e r t h a n rated repre­
sent c o n d i t i o n s in excess o f t h e c i rcu i t break­
er's ra ted or re la ted capab i l i t y . E i the r a differ­
en t c i rcu i t b reaker m u s t be used , o r the sys t em 
m u s t be m o d i f i e d in s u c h a m a n n e r as to 
c h a n g e its t r ans ien t r e cove ry vo l t age cha rac ­
terist ics . T h e a d d i t i o n o f c apac i t o r s to a bus or 
l ine is o n e m e t h o d tha t c a n be used t o c h a n g e 
the sys t em ' s r e cove ry vo l t age charac te r i s t i cs . 

3 . 3 . 2 Effect of the Asymmetry on Transient 
Recovery Voltage. T h e t rans ien t r ecove ry 
vo l tages tha t o c c u r w h e n in te r rup t ing a s y m ­
met r i ca l cu r ren t va lues are genera l ly less 
severe t h a n w h e n in t e r rup t ing the related 
s y m m e t r i c a l cur ren t . C i r c u i t breakers h a v e 
the c a p a b i l i t y o f in te r rup t ing these a s y m ­
me t r i ca l cu r ren t s p r o v i d i n g t he c i rcu i t break­
ers are a p p l i e d w i t h i n the i r ra t ing. 

3 . 4 Ca lcu la t ing Ci rcu i t T rans i en t R e c o v e r y 
V o l t a g e s . T h e c a l c u l a t i o n o f c i rcu i t t rans ient 
r ecove ry vo l t ages ( sy s t em r ecove ry vo l tages 
u n m o d i f i e d b y the a c t i o n o f t he c i rcu i t break­
er) is c o m p l e x . Firs t it is necessa ry t o deter­
m i n e t he effect ive i n d u c t a n c e s a n d c a p a c i ­
t ances at t h e f requenc ies o f the t rans ient 
r ecove ry v o l t a g e near t he c i rcu i t breaker l o ­
c a t i o n ; the n u m b e r o f l ines or cables c o n ­
n e c t e d t o the bus at the t i m e o f the fault , their 
equ iva l en t surge i m p e d a n c e , the i r l eng th , a n d 
t h e i r r e m o t e t e r m i n a t i o n s a n d i n t e r ­
c o n n e c t i o n s ; the m a g n i t u d e o f the fault cur­
rent, a n d the a m o u n t tha t is c o n t r i b u t e d f rom 
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