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American National Standard 

An American Nat ional S t a n d a r d implies a consensus of those sub­
s tant ia l ly concerned with i ts scope and provis ions. An American Nat ional 
S t anda rd is in tended as a guide to aid the manufacturer , the consumer , 
and the general public. The existence of an American Nat ional S t a n d a r d 
does not in any respect preclude anyone, whether he has approved t he 
s t andard or not , from manufac tur ing , marke t ing , purchas ing , or us ing 
products , processes, or procedures not conforming to the s t anda rd . 
American Nat ional S t a n d a r d s are subject to periodic review and users 
are caut ioned to obta in the la tes t edi t ions. 

CAUTION NOTICE: This American Nat ional S t a n d a r d m a y be 
revised or wi thdrawn a t any t ime. The procedures of the American 
National S t a n d a r d s In s t i t u t e require t h a t action be taken to reaffirm, 
revise, or wi thdraw this s t anda rd no later t han five years from the 
da te of publicat ion. Purchase rs of American National S t a n d a r d s may 
receive current information on all s t a n d a r d s by calling or wri t ing the 
American Nat ional S t a n d a r d s Ins t i t u t e . 

© C o p y r i g h t 1 9 7 3 b y 
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No part of this publication may be reproduced in any form, 
in an electronic retrieval system or otherwise, 

without the prior written permission of the publisher. 
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Foreword 
( T h i s foreword is n o t part of A m e r i c a n N a t i o n a l S t a n d a r d T e s t C o d e for D i s t r i b u t i o n , P o w e r , a n d R e g u l a t i n g 
T r a n s f o r m e r s , A N S I C 5 7 . 1 2 . 9 0 - 1 9 7 3 , I E E E S t d 262-1973 . ) 

S t a n d a r d s i n t h e C 5 7 ser ies c o v e r i n g t r a n s f o r m e r s , r e g u l a t o r s , a n d r e a c t o r s h a v e b e e n i ssued 
a n d u p d a t e d w i t h r e g u l a r i t y s i n c e M a r c h 1940, w h e n a t r i a l - u s e v o l u m e c o n t a i n i n g C 5 7 . 1 , C57.2 , 
a n d C57 .3 w a s p u b l i s h e d . T h a t d o c u m e n t s u p e r s e d e d s t a n d a r d s 12, 1 3 , 1 4 , 1 0 0 , a n d t h e T e s t C o d e 
for T r a n s f o r m e r s of t h e A m e r i c a n I n s t i t u t e of E l e c t r i c a l E n g i n e e r s ( one of t h e p r edeces so r s of 
I E E E ) a n d c o n t a i n e d d a t a d e r i v e d f rom t h e s t a n d a r d s of t h e E d i s o n E l e c t r i c I n s t i t u t e a n d t h e 
N a t i o n a l E l e c t r i c a l M a n u f a c t u r e r s A s s o c i a t i o n . T w o y e a r s l a t e r , a n e x t e n s i v e l y rev ised d o c u m e n t 
w a s p u b l i s h e d c o v e r i n g t h e s a m e m a t e r i a l a s a full s t a t u s s t a n d a r d . F u r t h e r r ev i s ions a n d ex­
p a n s i o n s w e r e re f lec ted i n 1948, 1949, a n d 1956 e d i t i o n s . T h e 1956 e d i t i o n , d e s i g n a t e d C57.12-
1956, c o n s o l i d a t e d p r e c e d i n g s t a n d a r d s o n d i s t r i b u t i o n , p o w e r , a n d r e g u l a t i n g t r a n s f o r m e r s , a n d 
i t f o rmed t h e p a r e n t d o c u m e n t for t h e n e a r l y t h i r t y c u r r e n t s t a n d a r d s a n d g u i d e s in t h e C57 
ser ies . 

T h e p r e s e n t d o c u m e n t ref lec ts r e v i s i o n s c a r r i e d o u t w i t h i n t h e W o r k i n g G r o u p o n R e v i s i o n of 
D i e l e c t r i c T e s t s a n d t h e W o r k i n g G r o u p o n T h e r m a l E v a l u a t i o n of P o w e r a n d D i s t r i b u t i o n 
T r a n s f o r m e r s of t h e P o w e r T r a n s f o r m e r S u b c o m m i t t e e of t h e T r a n s f o r m e r C o m m i t t e e of t h e 
I E E E P o w e r E n g i n e e r i n g S o c i e t y . F o l l o w i n g a p p r o v a l by t h e I E E E S t a n d a r d s C o m m i t t e e , t h i s 
s t a n d a r d w a s s u b m i t t e d t o 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 C 5 7 a n d rece ived a p p r o v a l 
for s u b m i s s i o n t o A N S I . A t t h e t i m e it a p p r o v e d t h i s s t a n d a r d , C 5 7 h a d t h e fo l lowing m e m b e r ­
s h i p : 

H. D . L e w i s , Chairman A. M. Sa lazar , Secretary 

Organization Represented Name of Representative 

B o n n e v i l l e P o w e r A d m i n i s t r a t i o n George W. Iliff 
E lec tr ic L i g h t a n d P o w e r G r o u p W. O. U h l 

T h e p e r s o n n e l of t h e C 5 7 S u b c o m m i t t e e o n P o w e r T r a n s f o r m e r s , C57 .12 .1 w h i c h r ev i ewed a n d 
a p p r o v e d t h i s s t a n d a r d w e r e a s fol lows: 

F u r n a c e E q u i p m e n t M a n u f a c t u r e r s A s s o c i a t i o n 
I n s t i t u t e of E lec t r i ca l a n d E l e c t r o n i c s E n g i n e e r s 

R u r a l E l e c t r i f i c a t i o n A d m i n i s t r a t i o n 
T e n n e s s e e V a l l e y A u t h o r i t y 
U. S . B u r e a u of R e c l a m a t i o n 

N a v a l F a c i l i t i e s E n g i n e e r i n g C o m m a n d 
N a t i o n a l E lec tr i ca l M a n u f a c t u r e r s A s s o c i a t i o n 

D . A . A l b a n e s e 
S. C a m b i a s , Jr 
I. H . K o p o n e n 
H . R . M c N u t t , Jr 
L. H . S p a n g l e r 
C. K. P o a r c h 
C. W. V o k a c 
G. K. K a l l e n b a c h 
S . B e n n o n 
J . C. D u t t o n 
C. R . F r e n c h 
N . V . P o e r 
L e o n a r d W. J o h n s o n 
H . D . L e w i s 
L. C. A i c h e r 
J . D . D o u g l a s s 
A n d r e w S. L i n d w a y 
W. J . M c N u t t 
N o r m a n M . N e a g l e 
D . W i n t e r 
L . L . W r i g h t 
G. W . M a y a l l (Alt) 
J . C. A r n o l d , Jr 
L . R . S m i t h 
R . H . R i c h a r d s o n 

L. C. Aicher , Chairman A. M. Sa lazar , Secretary 

S. B e n n o n 
J . D . D o u g l a s s 

G. K. K a l l e n b a c h 
H . D . L e w i s 
W. J . M c N u t t 
A . M . M e l a n c o n 

J . B . Ol iver 
T . F . P e r r i n e 

S . H . G o l d 
W . L . G r e e n 

W. A . R i c h t e r 

George W . Iliff 
R . W . T o l e r 
D . W i n t e r 
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T h e p e r s o n n e l of t h e I E E E S t a n d a r d s C o m m i t t e e w h i c h r e v i e w e d a n d a p p r o v e d t h i s s t a n d a r d 
were as follows: 

J . F o r s t e r , Chairman 
B . O. W e i n s c h e l , Vice Chairman S. I . S h e r r , Secretary 

S. J . A n g e l l o 
S a u l A r o n o w 
J a c k A v i n s 
B . B . B a r r o w 
F. K. B e c k e r 
R i c h a r d B r e r e t o n 
W. H . C o o k 
L o u i s Cos tre l l 

G. E . H e r t i g 
J . L. K o e p f i n g e r 
W. R. K r e u s i 
H a r v e y L a n c e 
B . J . L e o n 
D . T . M i c h a e l 
J. D . M. P h e l p s 
R. H . R o s e , II 

S. W. R o s e n t h a l 
G u s t a v e S h a p i r o 
R. M. S h o w e r s 
P . H . S m i t h 
F. G. T i m m e l 
L. v a n R o o i j 
R. V. W a c h t e r 
W. T . W i n t r i n g h a m 

T h e W o r k i n g G r o u p o n R e v i s i o n of D i e l e c t r i c T e s t s w h o d e v e l o p e d t h i s s t a n d a r d h a d t h e fol­
l o w i n g m e m b e r s h i p : 

E . J . A d o l p h s o n 
G. W. A l e x a n d e r 
P . L . B e l l a s c h i 
S. B e n n o n 
H . W. B o o k 
V. F . C h r i s t e n 
N . A . H i l l s 

R. B . Kaufman , Chairman 

C. C. H o n e y 
C. H u r t y 
G. W. Iliff 
R . J a s e k 
G. K. K a l l e n b a c h 
C. Ke i l 
A . O. K e m p p a i n e n 
H . R . M a r g o l i s 

S . P . M e h t a 
R . C. T h o m a s 
W. S. T h o m p s o n , Jr 
F. G. V o g e l 
R . C. W e n d e l l 
J . R . W o o d a l l 
Z. Zep ic 

T h e W o r k i n g G r o u p o n T h e r m a l E v a l u a t i o n of P o w e r a n d D i s t r i b u t i o n T r a n s f o r m e r s w h o de­
ve loped t h i s s t a n d a r d h a d t h e fo l lowing m e m b e r s h i p : 

A. M . L o c k i e , Chairman 

E. A . B o u l t e r 
W. L . C a r e y 
H . B . D e t r i c k 
L. A . G a t e s 
P . F . G r a m l i c h 
R . W. G r e e n 
E . M . G u l a c h e n s k i 
H . H a l p e r i n 

E . L. H o o k 
W. D . J o r d a n 
C. P . K a p p e l e r 
A . S . L i n d w a y 
M . L. M a n n i n g 
J. M c D o u g a l l 
C. J . M c M i l l e n 
N . J . M e l t o n 

R . A . O l s s o n 
W. R . O s s m a n 
A. F. P h i l l i p s 
R. E . R u s s e l l 
A . E . S t e v e n s 
A . T h o m a s 
S. G. V a r g o 
A . C. W u r d a c k 
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T h e T r a n s f o r m e r s C o m m i t t e e of t h e I E E E P o w e r E n g i n e e r i n g S o c i e t y w h i c h r ev iewed a n d a p ­
p r o v e d t h i s s t a n d a r d h a d t h e fo l lowing m e m b e r s h i p a t t h e t i m e of a p p r o v a l : 

J. H. B l a k e , Chairman G. W. Alexander , Vice Chairman C. C. Honey, Secretary 

L. C. A i c h e r L. A . G a t e s F . J . K e l l y R. E . R u s s e l l 
R . A l l u s t i a r t i R . F . G i l t o n L. A . K e n o y e r L. J . S a v i o 
R . J . A l t o n A . G l a s s a n o s T . S . L a u b e r R . L. S c h m i d 
S. J . A n t a l i s A . W. G o l d m a n C. L i n d s a y R . L. S c h w a b 
J. C. A r n o l d J . C. G o r u b A . H . L o c k e L. R. S m i t h 
R . R . B a s t R . W. G r e e n A . M . L o c k i e A . L. T a n t o n 
P . L. B e l l a s c h i W. F . Griffard L. W. L o n g R. C. T h o m a s 
S. B e n n o n E . M . G u l a c h e n s k i R . L . M a c d o n a l d D . E . T r u a x 
H . E . B o n h e i m e r G. G u n n e l s H . B . M a r g o l i s R . A . V e i t c h 
J . V . B o n u c c h i G. H . H a l l D . E . M a s s e y F . J . V o g e l 
0 . R . C o m p t o n J . L. H a r b e l l C. J . M c M i l l e n J . P . V o r a 
J . E . D i n d W. L. H e t h e r i n g t o n C. H . M o c k E . H . W e n d t 
J . D . D o u g l a s s K. R . H i g h t o n W. H . M u t s c h l e r S. A . W i e n c e k 
J . C. D u t t o n J . A . H o l l o w e l l P . Q. N e l s o n G. C. W i l b u r n 
L. L. D v o r a k E . L. H o o k R . A . N e l s o n D . F . W i n t e r 
H . P . E d l e r G. W. Iliff M . A . O m a n J . R . W o o d a l l 
W. R . Farber W. D . J o r d a n S. P a l m e r W. E . W r e n n 
S. L. F o s t e r G. K. K a l l e n b a c h A . F . P h i l l i p s A . C. W u r d a c k 
A . M . F o x C. P . K a p p e l e r L. L. P r e s t o n F . S . Y o u n g 
E . R . F r e i t a g R . B . K a u f m a n E . L. R a a b L. R . Y u l e 
C. R . F r e n c h C. K e i l D . A . R o a c h 
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An American National Standard 

IEEE Standard Test Code for 
Distribution, Power, and Regulating Transformers 

1. Scope 

T h i s s t a n d a r d p r e s c r i b e s m e t h o d s for pe r ­
f o r m i n g t e s t s speci f ied i n A m e r i c a n N a t i o n a l 
S t a n d a r d G e n e r a l R e q u i r e m e n t s for D i s t r i b u ­
t i o n , P o w e r , a n d R e g u l a t i n g T r a n s f o r m e r s , 
C57 .12 .00-1973 ( I E E E S t d 462-1973) a n d in 
t h e s e p a r a t e t r a n s f o r m e r s t a n d a r d s of t h e 
C57.12 S e r i e s of 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 . 

T h e t e s t m e t h o d s cove red h e r e i n a r e a s 
follows: 

(1) R e s i s t a n c e m e a s u r e m e n t s (see S e c t i o n 
2) 

(2) D i e l e c t r i c i n s u l a t i o n (see S e c t i o n 3) 
(3) Losse s a n d i m p e d a n c e (see S e c t i o n 4) 
(4) R a t i o a n d r e g u l a t i o n (see S e c t i o n 5) 
(5) T e m p e r a t u r e r i se (see S e c t i o n 6) 
(6) I n s u l a t i o n p o w e r f ac to r t e s t s (see Sec ­

t i o n 7) 
(7) P o l a r i t y a n d p h a s e r e l a t i o n (see S e c t i o n 

8) 
(8) S h o r t - c i r c u i t c a l c u l a t i o n s (see S e c t i o n 

9) 

2. Resistance Measurements 

R e s i s t a n c e m e a s u r e m e n t s a r e of f u n d a m e n ­
t a l i m p o r t a n c e for t w o p u r p o s e s : 

(1) F o r t h e c a l c u l a t i o n of t h e c o n d u c t o r or 
PR loss 

(2) F o r t h e c a l c u l a t i o n of w i n d i n g t e m ­
p e r a t u r e s a t t h e e n d of a t e m p e r a t u r e t e s t 

2.1 Determinat ion of Cold Temperature . T h e 
cold t e m p e r a t u r e of t h e w i n d i n g s h a l l be de ­
t e r m i n e d a s a c c u r a t e l y a s poss ib l e w h e n m e a ­
s u r i n g t h e cold r e s i s t a n c e . T h e fo l lowing p r e ­
c a u t i o n s s h a l l be o b s e r v e d : 

2 . 1 . 1 General. C o l d r e s i s t a n c e m e a s u r e ­
m e n t s s h a l l n o t b e t a k e n o n a t r a n s f o r m e r 
w h e n i t is l o c a t e d in d r a f t s or w h e n i t is 
l o c a t e d i n a r o o m i n w h i c h t h e t e m p e r a t u r e is 
f l u c t u a t i n g r a p i d l y . 

2 . 1 . 2 Transformer Windings Out of Oil. 
T h e t e m p e r a t u r e of t h e w i n d i n g s s h a l l be 
r e c o r d e d a s t h e a v e r a g e of s eve ra l t h e r m o m e ­
t e r s i n s e r t e d b e t w e e n t h e coi ls , w i t h e x t r e m e 
c a r e u s e d t o see t h a t t h e i r b u l b s a r e a s n e a r l y 
a s poss ib le i n a c t u a l c o n t a c t w i t h t h e c o p p e r 
of t h e w i n d i n g s . I t s h o u l d n o t be a s s u m e d t h a t 
t h e w i n d i n g s a r e a t t h e s a m e t e m p e r a t u r e a s 
t h e s u r r o u n d i n g a i r . 

2 . 1 . 3 Transformer Windings Immersed in 
Oil. T h e t e m p e r a t u r e of t h e w i n d i n g s s h a l l be 
a s s u m e d t o be t h e s a m e a s t h e t e m p e r a t u r e of 
t h e oil , p r o v i d e d t h e t r a n s f o r m e r h a s b e e n 
u n d e r oil w i t h n o e x c i t a t i o n a n d w i t h n o 
c u r r e n t i n i t s w i n d i n g f rom t h r e e t o e igh t 
h o u r s before t h e cold r e s i s t a n c e is m e a s u r e d , 
d e p e n d i n g u p o n t h e size of t h e t r a n s f o r m e r . 

2 . 2 D r o p - o f - P o t e n t i a l Method. T h e drop-of-
p o t e n t i a l m e t h o d is g e n e r a l l y m o r e con­
v e n i e n t t h a n t h e b r i d g e m e t h o d (see S e c t i o n 
2.3) for m e a s u r e m e n t s m a d e in t h e field. I t 
s h o u l d be e m p l o y e d o n l y if t h e r a t e d c u r r e n t 
of t h e t r a n s f o r m e r w i n d i n g is 1 A or m o r e . 

I n a l l ca ses , g r e a t e r a c c u r a c y m a y be o b t a i n ­
ed b y t h e u s e of p o t e n t i o m e t e r s for t h e m e a ­
s u r e m e n t of b o t h c u r r e n t a n d p o t e n t i a l a l ­
t h o u g h t h e s e t u p m a y b e r a t h e r c u m b e r s o m e . 

2 . 2 . 1 M e a s u r e m e n t is m a d e w i t h d i r ec t -
c u r r e n t a n d s i m u l t a n e o u s r e a d i n g s of c u r r e n t 
a n d v o l t a g e a r e t a k e n u s i n g t h e c o n n e c t i o n s of 
F i g 1. T h e r e q u i r e d r e s i s t a n c e is c a l c u l a t e d 
f rom t h e r e a d i n g s i n a c c o r d a n c e w i t h O h m ' s 
l a w . 

If t h e d i r e c t c u r r e n t is s u p p l i e d b y a corn-
m u t a t i n g m a c h i n e , t h e p o i n t e r of t h e vol t ­
m e t e r m a y v i b r a t e b e c a u s e of t h e c o m m u t a t o r 
r i p p l e i n t h e v o l t a g e . I n s u c h cases , s o m e 
w i n d i n g of t h e t r a n s f o r m e r o t h e r t h a n t h e 
w i n d i n g u n d e r t e s t s h o u l d be s h o r t - c i r c u i t e d ; 
t h i s wil l d a m p t h e r i p p l e a n d r e d u c e o r e l imi ­
n a t e t h e v i b r a t i o n of t h e v o l t m e t e r . 

T h e c u r r e n t i n t h e w i n d i n g w h i c h is b e i n g 
m e a s u r e d s h o u l d h a v e b e c o m e p r a c t i c a l l y 
c o n s t a n t before s h o r t - c i r c u i t i n g t h e o t h e r 
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w i n d i n g ; o t h e r w i s e , e r r o n e o u s v a l u e s of res i s t ­
a n c e m a y be o b t a i n e d . I t h a s b e e n f o u n d by 
e x p e r i e n c e t h a t t h e r e l a t i v e t i m e c o n s t a n t s 
u n d e r t h e s e t w o c o n d i t i o n s a r e s u c h t h a t 
s t e a d y d i r ec t c u r r e n t is r e a c h e d m o r e q u i c k l y 
u n d e r t h e o p e n - c i r c u i t c o n d i t i o n s t h a n u n d e r 
t h e s h o r t - c i r c u i t c o n d i t i o n s . 

F i g l 
Connections for the Drop-of-Potent ia l Method 

of Res i s tance M e a s u r e m e n t 

2 . 2 . 2 I n o r d e r t o m i n i m i z e e r r o r s of obser ­
v a t i o n , t h e m e a s u r i n g i n s t r u m e n t s s h a l l h a v e 
s u c h r a n g e s a s wil l give r e a s o n a b l y l a r g e de ­
f lec t ions . 

2 . 2 . 3 T h e v o l t m e t e r l e a d s s h a l l be i n d e p e n ­
d e n t of t h e c u r r e n t l e a d s a n d s h a l l be con­
n e c t e d a s closely a s poss ib le t o t h e t e r m i n a l s 
of t h e w i n d i n g t o be m e a s u r e d . T h i s is t o avo id 
i n c l u d i n g in t h e r e a d i n g t h e r e s i s t a n c e s of 
c u r r e n t - c a r r y i n g l e a d s a n d t h e i r c o n t a c t s a n d 
of e x t r a l e n g t h s of l e a d s . 

T o p r o t e c t t h e v o l t m e t e r f rom i n j u r y by off-
sca le de f lec t ions , t h e v o l t m e t e r s h o u l d be d i s ­
c o n n e c t e d f rom t h e c i r c u i t before s w i t c h i n g 
t h e c u r r e n t o n or off. 

If t h e d r o p of p o t e n t i a l is less t h a n 1 V, a po ­
t e n t i o m e t e r or m i l l i v o l t m e t e r s h a l l be u s e d . 

2 . 2 . 4 R e a d i n g s s h a l l n o t be t a k e n u n t i l 
af ter t h e c u r r e n t a n d v o l t a g e h a v e r e a c h e d 
s t e a d y - s t a t e v a l u e s . 

W h e n m e a s u r i n g t h e cold r e s i s t a n c e , p r e ­
p a r a t o r y t o m a k i n g a h e a t r u n , t h e t i m e 
r e q u i r e d for t h e r e a d i n g s t o b e c o m e c o n s t a n t 
s h o u l d be n o t e d . T h e p e r i o d t h e r e b y d e t e r ­
m i n e d s h o u l d be a l l o w e d t o e l a p s e before t a k ­
ing t h e f irst r e a d i n g a t t h e t e r m i n a t i o n of t h e 
h e a t r u n . 

If t h e w i n d i n g u n d e r t e s t h a s a n a p p r e c i a b l e 
t i m e c o n s t a n t , t h e c u r r e n t c a n be m a d e to 
a t t a i n i t s s t e a d y - s t a t e v a l u e m o r e r a p i d l y by 
first r a i s i n g t h e v o l t a g e t o a v a l u e g r e a t e r t h a n 

t h a t r e q u i r e d u n d e r s t e a d y - s t a t e c o n d i t i o n s , 
t o m a i n t a i n t h e d e s i r e d c u r r e n t v a l u e , a n d 
t h e n d e c r e a s i n g t h e v o l t a g e a s t h e c u r r e n t 
a p p r o a c h e s t h e d e s i r e d v a l u e . 

2 . 2 . 5 R e a d i n g s s h a l l be t a k e n w i t h n o t less 
t h a n four v a l u e s of c u r r e n t w h e n de f l ec t ing 
i n s t r u m e n t s a r e u s e d . T h e a v e r a g e of t h e 
r e s i s t a n c e s c a l c u l a t e d f rom t h e s e m e a s u r e ­
m e n t s s h a l l be c o n s i d e r e d t o be t h e r e s i s t a n c e 
of t h e c i r cu i t . 

T h e c u r r e n t u s e d s h a l l n o t exceed 15 per ­
c e n t of t h e r a t e d c u r r e n t of t h e w i n d i n g w h o s e 
r e s i s t a n c e is t o be m e a s u r e d . L a r g e r v a l u e s 
m a y c a u s e i n a c c u r a c y b y h e a t i n g t h e w i n d i n g 
a n d t h e r e b y c h a n g i n g i t s t e m p e r a t u r e a n d 
r e s i s t a n c e . 

If t h e c u r r e n t is t o o low t o be r e a d o n a n 
a v a i l a b l e a m m e t e r , a s h u n t a n d a p o t e n t i o m e ­
t e r s h a l l be u s e d . 

2 . 3 B r i d g e M e t h o d s . T h e b r i d g e m e t h o d s a r e 
g e n e r a l l y p r e f e r r e d b e c a u s e of t h e i r a c c u r a c y 
a n d c o n v e n i e n c e , s i n c e t h e y m a y be e m p l o y e d 
for t h e m e a s u r e m e n t of r e s i s t a n c e s u p to 
10 000 o h m s . T h e y s h o u l d be u s e d in cases 
w h e r e t h e r a t e d c u r r e n t of t h e t r a n s f o r m e r 
w i n d i n g t o be m e a s u r e d is less t h a n 1 A . 

B r i d g e m e t h o d s a r e e spec i a l l y r e c o m m e n d ­
ed for a l l m e a s u r e m e n t s w h i c h a r e t o be u s e d 
in c o n n e c t i o n w i t h t e m p e r a t u r e - r i s e de t e r ­
m i n a t i o n s . 

2 . 4 C o n v e r s i o n of R e s i s t a n c e M e a s u r e m e n t s . 
Co ld w i n d i n g r e s i s t a n c e m e a s u r e m e n t s a r e 
n o r m a l l y c o n v e r t e d t o a s t a n d a r d r e f e r ence 
t e m p e r a t u r e of r a t e d t e m p e r a t u r e r i se p l u s 
2 0 ° C. I n a d d i t i o n , i t m a y be n e c e s s a r y to 
c o n v e r t t h e r e s i s t a n c e m e a s u r e m e n t s t o t h e 
t e m p e r a t u r e a t w h i c h t h e i m p e d a n c e loss 
m e a s u r e m e n t s w e r e m a d e . T h e c o n v e r s i o n s 
a r e a c c o m p l i s h e d b y t h e fo l lowing f o r m u l a : 

Rs=Rm I s ( E q l ) 

w h e r e 
Rs = res i s tance a t des i red t e m p e r a t u r e Ts 

Rm = measu red res i s tance 
Ts = des i red re fe rence t e m p e r a t u r e 

Tm = t e m p e r a t u r e a t w h i c h res is tance was 
m e a s u r e d 

Tk = 2 3 4 . 5 for c o p p e r , 2 2 5 for a l u m i n u m 
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D I S T R I B U T I O N , P O W E R , A N D R E G U L A T I N G T R A N S F O R M E R S 
I E E E S t d 
2 6 2 - 1 9 7 3 

3. Dielectric Tests 

3 .1 G e n e r a l 
3 . 1 . 1 Test Procedure. U n l e s s o t h e r w i s e 

specif ied, d i e l e c t r i c t e s t s s h a l l be m a d e in 
a c c o r d a n c e w i t h A m e r i c a n N a t i o n a l S t a n ­
d a r d M e a s u r e m e n t of V o l t a g e in D i e l e c t r i c 
T e s t s , C68 .1-1968 ( I E E E S t d 4-1968). 

Exception: A p r o t e c t i v e r e s i s t a n c e m a y be 
u s e d in ser ies w i t h s p h e r e g a p s , e i t h e r o n t h e 
l ive or g r o u n d e d s p h e r e . W h e r e u n n e c e s s a r y t o 
p r o t e c t t h e s p h e r e s f rom a r c d a m a g e , i t m a y 
be o m i t t e d . 

Exception: T h e b u s h i n g - t y p e p o t e n t i a l d i ­
v ide r m e t h o d (see A m e r i c a n N a t i o n a l S t a n ­
d a r d C68 .1-1968 [ I E E E S t d 4 -1968] ) s h a l l be 
c o n s i d e r e d a s t a n d a r d m e t h o d for t r a n s f o r m e r 
t e s t s . 

Exception: T h e rec t i f ied c a p a c i t o r - c u r r e n t 
m e t h o d (see A m e r i c a n N a t i o n a l S t a n d a r d 
C68 .1-1968 [ I E E E S t d 4 -1968] ) s h a l l be con­
s ide red a s t a n d a r d m e t h o d for t r a n s f o r m e r 
t e s t s . 

3 . 1 . 2 Insulation Resistance. T h e i n s u l a t i o n 
r e s i s t a n c e of e l ec t r i c a l a p p a r a t u s is of d o u b t ­
ful s ign i f i cance a s c o m p a r e d w i t h t h e d ie lec­
t r i c s t r e n g t h . I t is s u b j e c t t o w i d e v a r i a t i o n 
w i t h t e m p e r a t u r e , h u m i d i t y , a n d c l e a n l i n e s s 
of t h e p a r t s . W h e n t h e i n s u l a t i o n r e s i s t a n c e 
falls be low p r e s c r i b e d v a l u e s , i t c a n , in m o s t 
cases of good d e s i g n a n d w h e r e n o defec t 
ex is t s , be b r o u g h t u p t o t h e r e q u i r e d s t a n d a r d 
by c l e a n i n g a n d d r y i n g t h e a p p a r a t u s . T h e 
i n s u l a t i o n r e s i s t a n c e , t h e r e f o r e , m a y afford a 
useful i n d i c a t i o n a s t o w h e t h e r t h e a p p a r a t u s 
is in s u i t a b l e c o n d i t i o n for a p p l i c a t i o n of t h e 
d ie l ec t r i c t e s t . 

T h e i n s u l a t i o n - r e s i s t a n c e t e s t s h a l l be m a d e 
w i t h a l l c i r c u i t s of e q u a l v o l t a g e a b o v e g r o u n d 
c o n n e c t e d t o g e t h e r . C i r c u i t s or g r o u p s of cir­
c u i t s of d i f fe ren t v o l t a g e a b o v e g r o u n d s h a l l be 
t e s t e d s e p a r a t e l y . 

3 . 1 . 3 Tests on Bushings. W h e n t e s t s a r e 
r e q u i r e d o n b u s h i n g s s e p a r a t e l y f rom t h e 
t r a n s f o r m e r s , t h e t e s t s s h a l l be m a d e in accor ­
d a n c e w i t h 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 a n d T e s t C o d e for O u t d o o r A p ­
p a r a t u s B u s h i n g s , C76 .1-1964 ( R 1 9 7 0 ) ( I E E E 
S t d 21-1964) . 

3 .1 .4 Dielectric Tests in the Field. F i e l d 
d i e l ec t r i c t e s t s m a y be w a r r a n t e d o n t h e b a s i s 
of d e t e c t i o n of c o m b u s t i b l e ga s or o t h e r cir­

c u m s t a n c e s . H o w e v e r , p e r i o d i c d i e l ec t r i c t e s t s 
a r e n o t r e c o m m e n d e d b e c a u s e of t h e severe 
s t r e s s i m p o s e d o n t h e i n s u l a t i o n . 

W h e r e field d i e l e c t r i c t e s t s a r e r e q u i r e d , 
l o w - f r e q u e n c y a p p l i e d p o t e n t i a l a n d i n d u c e d 
p o t e n t i a l t e s t s s h a l l be u s e d a n d t h e p h a s e - t o -
g r o u n d or p h a s e - t o - p h a s e v o l t a g e s t r e s s im­
p o s e d s h a l l n o t exceed 150 p e r c e n t of n o r m a l 
o p e r a t i n g s t r e s s or 85 p e r c e n t of full t e s t 
v o l t a g e , w h i c h e v e r is lower . T h e d u r a t i o n of 
t h e t e s t s s h a l l be t h e s a m e a s t h a t specif ied in 
S e c t i o n s 3.2.4 a n d 3.3.2 for a p p l i e d - a n d in ­
d u c e d - p o t e n t i a l t e s t s , r e spec t ive ly . 

3 . 1 . 5 Factory Dielectric Tests. T h e p u r p o s e 
of d i e l ec t r i c t e s t s i n t h e f a c t o r y is t o c h e c k t h e 
i n s u l a t i o n a n d w o r k m a n s h i p a n d , w h e n re ­
q u i r e d , t o d e m o n s t r a t e t h a t t h e t r a n s f o r m e r 
h a s b e e n d e s i g n e d t o w i t h s t a n d t h e specif ied 
i n s u l a t i o n t e s t s . 

D i e l e c t r i c t e s t s s h o u l d p r e f e r a b l y be m a d e 
a t t h e t e m p e r a t u r e a s s u m e d u n d e r n o r m a l 
o p e r a t i o n or a t t h e t e m p e r a t u r e a t t a i n e d u n ­
d e r t h e c o n d i t i o n s of r o u t i n e t e s t . 

I m p u l s e t e s t s , w h e n r e q u i r e d , s h a l l p r e c e d e 
t h e l o w - f r e q u e n c y t e s t s . S w i t c h i n g - s u r g e 
t e s t s , w h e n r e q u i r e d , s h a l l a l so p r e c e d e t h e 
l o w - f r e q u e n c y t e s t s . 

D u r i n g l o w - f r e q u e n c y t e s t s , e i t h e r a p p l i e d 
or i n d u c e d , ca re fu l a t t e n t i o n s h o u l d be m a i n ­
t a i n e d for e v i d e n c e of poss ib le f a i lu re . Ev i ­
d e n c e of f a i l u r e c o u l d i n c l u d e i t e m s s u c h a s a n 
i n d i c a t i o n of s m o k e a n d b u b b l e s , a n a u d i b l e 
s o u n d s u c h a s a ' ' t h u m p / ' a s u d d e n i n c r e a s e 
in t e s t c i r c u i t c u r r e n t , a n i n c r e a s e in c o r o n a 
level , e t c . A n y s u c h i n d i c a t i o n s h o u l d be ca re ­
ful ly i n v e s t i g a t e d e i t h e r b y o b s e r v a t i o n , or by 
r e p e a t i n g t h e t e s t or b y o t h e r t e s t s , t o de t e r ­
m i n e if a f a i l u r e h a s o c c u r r e d . 

T h e i n s u l a t i o n c l a s s of t h e n e u t r a l e n d of 
t h e w i n d i n g m a y differ f rom t h e i n s u l a t i o n 
c l a s s of t h e h i g h e s t v o l t a g e n e u t r a l b u s h i n g for 
w h i c h p r o v i s i o n is m a d e in t h e t r a n s f o r m e r 
t a n k . I n t h i s c a s e t h e d i e l e c t r i c t e s t s o n t h e 
n e u t r a l s h a l l be d e t e r m i n e d b y w h i c h e v e r is 
lower ; t h e i n s u l a t i o n c l a s s of t h e n e u t r a l e n d 
of t h e w i n d i n g or t h e i n s u l a t i o n c lass of t h e 
n e u t r a l b u s h i n g . 

W h e n t r a n s f o r m e r s cove red by t h i s s t a n ­
d a r d a r e t o be a s s e m b l e d in a c o m m o n t a n k 
a n d i n t e r c o n n e c t e d , t h e c o m p l e t e a s s e m b l y 
s h a l l b e t e s t e d a s a u n i t a t 100 p e r c e n t of t h e 
l o w e s t t e s t v o l t a g e r e q u i r e d b y a n y of t h e 
c o m p o n e n t s . 
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A N S I 
C 5 7 . 1 2 . 9 0 - 1 9 7 3 T E S T C O D E F O R 

3 .2 A p p l i e d - P o t e n t i a l T e s t s 
3 . 2 .1 Connections. T h e t e r m i n a l e n d s a n d 

t a p s b r o u g h t o u t of t h e c a s e of t h e w i n d i n g 
u n d e r t e s t s h o u l d a l l be j o i n e d t o g e t h e r a n d to 
t h e l i ne t e r m i n a l of t h e t e s t i n g t r a n s f o r m e r . 

Al l o t h e r t e r m i n a l s a n d p a r t s ( i n c l u d i n g 
core a n d t a n k ) s h o u l d be c o n n e c t e d t o g r o u n d 
a n d t o t h e o t h e r t e r m i n a l of t h e t e s t i n g t r a n s ­
fo rmer . 

T h e g r o u n d c o n n e c t i o n s b e t w e e n t h e t r a n s ­
fo rmer b e i n g t e s t e d a n d t h e t e s t i n g t r a n s ­
fo rmer s h o u l d be a s u b s t a n t i a l m e t a l l i c cir­
cu i t . 

S m a l l b a r e w i r e m a y be u s e d in c o n n e c t i n g 
t h e r e spec t ive t a p s a n d l i n e t e r m i n a l t o g e t h e r , 
b u t c a r e s h a l l be t a k e n t o k e e p t h e w i r e o n t h e 
h i g h - v o l t a g e s ide wel l a w a y f rom t h e g r o u n d . 

T h e h i g h - v o l t a g e l e a d f rom t h e t e s t i n g 
t r a n s f o r m e r s h o u l d p r e f e r a b l y be a t l e a s t Vs 
i n c h in ove ra l l d i a m e t e r . 

3 . 2 . 2 Resistance. N o a p p r e c i a b l e r e s i s t a n c e 
s h o u l d be p l a c e d b e t w e e n t h e t e s t i n g t r a n s ­
fo rmer a n d t h e o n e u n d e r t e s t . I t is per ­
miss ib le , h o w e v e r , t o u s e r e a c t i v e coi ls a t or 
n e a r t h e t e r m i n a l s of t h e t e s t i n g t r a n s f o r m e r . 

3 . 2 . 3 Relief Gap. A rel ief g a p se t a t a vol t ­
age 10 p e r c e n t or m o r e i n excess of t h e spec i ­
fied t e s t vo l t age m a y be c o n n e c t e d d u r i n g t h e 
a p p l i e d - p o t e n t i a l t e s t . 

3 . 2 . 4 Duration and Frequency. A n o r m a l 
p o w e r f r e q u e n c y s u c h a s 60 H z s h a l l be u s e d 
a n d t h e d u r a t i o n of t h e t e s t s h a l l be o n e 
m i n u t e . 

3 . 2 . 5 Procedure for Application of Test 
Voltage. T h e t e s t v o l t a g e s h o u l d be s t a r t e d a t 
o n e - q u a r t e r or less of t h e full t e s t v o l t a g e a n d 
i n c r e a s e d t o full t e s t v o l t a g e w i t h o u t d e l a y 
o t h e r t h a n t h a t r e q u i r e d for se lec t ive m e a ­
s u r e m e n t s be low 85 p e r c e n t of full t e s t vol t ­
age . Af ter b e i n g h e l d for t h e d u r a t i o n of t i m e 
specif ied i n S e c t i o n 3.2.4, t h e v o l t a g e s h o u l d 
be r e d u c e d l i n e a r l y t o o n e - q u a r t e r or less of 
t h e full t e s t v o l t a g e w i t h o u t d e l a y o t h e r t h a n 
t h a t r e q u i r e d for se lec t ive m e a s u r e m e n t s be­
low 85 p e r c e n t of full t e s t v o l t a g e , a n d t h e 
s o u r c e c i r cu i t o p e n e d , u n l e s s a l o n g e r t i m e is 
r e q u i r e d b y c u s t o m e r s p e c i f i c a t i o n s . 

3 . 2 . 6 Exceptions in Methods of Measuring 
Dielectric Test Voltage. F o r t r a n s f o r m e r s of 
100 k V A a n d less t o be t e s t e d a t 50 k V or less , 
i t is p e r m i s s i b l e t o d e p e n d o n t h e r a t i o of t h e 
t e s t i n g t r a n s f o r m e r t o i n d i c a t e t h e p r o p e r t e s t 
vo l t age . 

3 . 3 I n d u c e d - P o t e n t i a l T e s t s 
3 . 3 . 1 A s t h i s t e s t a p p l i e s g r e a t e r t h a n r a t e d 

vo l t s p e r t u r n t o t h e t r a n s f o r m e r , t h e f r e q u e n ­
cy of t h e a p p l i e d v o l t a g e m u s t be h i g h e n o u g h 
t o l i m i t t h e flux d e n s i t y i n t h e co re t o t h a t 
p e r m i t t e d b y S e c t i o n 2.4 (2) of A m e r i c a n 
N a t i o n a l S t a n d a r d C57 .12 .00 -1973 . T h e m i n ­
i m u m t e s t f r e q u e n c y t o m e e t t h i s c o n d i t i o n is: 

E 
Tes t F r e q u e n c y = E 

X R a t e d F r e q u e n c y ( E q 2 ) 

w h e r e 
Et = i n d u c e d t e s t vol tage across w ind ing 
Er = r a t e d vol tage across w ind ing 

3 . 3 . 2 W h e n f r e q u e n c i e s h i g h e r t h a n 120 H z 
a r e u s e d , t h e s e v e r i t y of t h e t e s t m a y be 
a b n o r m a l l y i n c r e a s e d a n d for t h i s r e a s o n t h e 
d u r a t i o n of t h e t e s t s h a l l be 7200 cycles . 
R e p r e s e n t a t i v e t i m e s for d i f f e ren t f r e q u e n c i e s 
a r e g iven be low: 

F r e q u e n c y 
( H z ) 

1 2 0 a n d less 
1 8 0 
2 4 0 
3 6 0 
4 0 0 

D u r a t i o n 
( S e c o n d s ) 

6 0 
4 0 
3 0 
2 0 
1 8 

3 . 3 . 3 T h e t e s t v o l t a g e s h o u l d be s t a r t e d a t 
o n e - q u a r t e r or less of t h e full t e s t v o l t a g e a n d 
i n c r e a s e d t o full t e s t v o l t a g e w i t h o u t d e l a y 
o t h e r t h a n t h a t r e q u i r e d for se lec t ive m e a ­
s u r e m e n t s b e l o w 85 p e r c e n t of full t e s t vol t ­
age . Af te r b e i n g h e l d for t h e d u r a t i o n of t i m e 
specif ied i n S e c t i o n 3.3.2, t h e v o l t a g e s h o u l d 
be r e d u c e d l i n e a r l y t o o n e - q u a r t e r or less of 
t h e full t e s t v o l t a g e w i t h o u t d e l a y o t h e r t h a n 
t h a t r e q u i r e d for se l ec t ive m e a s u r e m e n t s be­
low 85 p e r c e n t of full t e s t v o l t a g e , a n d t h e 
s o u r c e c i r c u i t o p e n e d , u n l e s s a l onge r t i m e is 
r e q u i r e d by c u s t o m e r s p e c i f i c a t i o n s . 

3 . 3 . 4 I n t h e c a s e of t r a n s f o r m e r s h a v i n g 
o n e e n d of t h e h i g h - v o l t a g e w i n d i n g g r o u n d e d , 
t h e o t h e r w i n d i n g s s h o u l d be g r o u n d e d d u r i n g 
t h e i n d u c e d - p o t e n t i a l t e s t . T h i s g r o u n d o n 
e a c h w i n d i n g m a y be m a d e a t a se l ec t ed p o i n t 
of t h e w i n d i n g i tsel f or of t h e w i n d i n g of a 
s t e p - u p t r a n s f o r m e r w h i c h is u s e d t o s u p p l y 
t h e v o l t a g e or w h i c h is m e r e l y c o n n e c t e d for 
t h e p u r p o s e of f u r n i s h i n g t h e g r o u n d . 
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D I S T R I B U T I O N , P O W E R , A N D R E G U L A T I N G T R A N S F O R M E R S 
I E E E S t d 
2 6 2 - 1 9 7 3 

3 . 3 . 5 T h r e e - p h a s e t r a n s f o r m e r s m a y be 
t e s t e d w i t h s i n g l e - p h a s e v o l t a g e . T h e specif ied 
t e s t v o l t a g e is i n d u c e d , success ive ly , f rom e a c h 
l i ne t e r m i n a l t o g r o u n d a n d to a d j a c e n t l i ne 
t e r m i n a l s . T h e n e u t r a l s of t h e w i n d i n g s m a y 
or m a y n o t be h e l d a t g r o u n d p o t e n t i a l d u r i n g 
t h e s e t e s t s . A s e p a r a t e s i n g l e - p h a s e t e s t or 
t h r e e - p h a s e t e s t m a y b e r e q u i r e d w h e n t h e 
r e q u i r e d t e s t v o l t a g e b e t w e e n a d j a c e n t l i ne 
t e r m i n a l s is h i g h e r t h a n t h e r e q u i r e d t e s t 
v o l t a g e f rom t h e l i n e t e r m i n a l s t o g r o u n d . 

3 . 3 . 6 W h e n t h e i n d u c e d t e s t o n a w i n d i n g 
r e s u l t s in a v o l t a g e b e t w e e n t e r m i n a l s of o t h e r 
w i n d i n g s in excess of t h e l o w - f r e q u e n c y t e s t 
vo l t age specif ied in t h i s s t a n d a r d , t h e o t h e r 
w i n d i n g s m a y be s e c t i o n a l i z e d a n d g r o u n d e d . 
A d d i t i o n a l i n d u c e d t e s t s s h a l l t h e n be m a d e 
to give t h e r e q u i r e d t e s t v o l t a g e b e t w e e n te r ­
m i n a l s of w i n d i n g s t h a t w e r e s e c t i o n a l i z e d . 
A u t o t r a n s f o r m e r s w i t h g r o u n d e d n e u t r a l s 
c a n n o t a l w a y s b e t e s t e d a t t h e a s s i g n e d low-
f r e q u e n c y t e s t levels b e c a u s e t h e i n s u l a t i o n 
levels m a y n o t be in p r o p o r t i o n t o t h e r a t i o of 
t h e w i n d i n g s . I n t h a t c a se , t h e w i n d i n g w i t h 
t h e lowes t r a t i o of l o w - f r e q u e n c y t e s t v o l t a g e 
t o m i n i m u m t u r n s wil l d e t e r m i n e t h e i n d u c e d 
vo l t ages o n al l w i n d i n g s . T h e o t h e r w i n d i n g 
wil l be t e s t e d a t m a x i m u m t u r n s u n l e s s m a x ­
i m u m t u r n s wil l p r o d u c e a v o l t a g e in t h e o t h e r 
w i n d i n g in excess of t h e r e q u i r e d t e s t level . 
T h i s s i t u a t i o n is poss ib l e o n a u t o t r a n s f o r m e r s 
w i t h a w i d e t a p - c h a n g e r r a n g e i n o n e w i n d i n g . 

3 .4 I m p u l s e T e s t s 

N O T E : S e e G u i d e for T r a n s f o r m e r I m p u l s e T e s t s , 
C57 .98 ( I E E E S t d 93-1968) ( A p p e n d i x to 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 5 7 . 1 2 . 9 0 - 1 9 7 3 ) , for a c o m p l e t e report o n 
i m p u l s e t e s t i n g t e c h n i q u e s , i n t e r p r e t a t i o n of o s ­
c i l l ograms , a n d fa i lure d e t e c t i o n cr i ter ia . 

W h e n i m p u l s e t e s t s o n l i n e t e r m i n a l s a r e 
specif ied, t h e y s h a l l c o n s i s t of a n d be a p p l i e d 
in t h e fo l lowing o r d e r : o n e r e d u c e d fu l l -wave , 
t w o c h o p p e d - w a v e s , a n d o n e fu l l -wave . W h e n 
f ron t -o f -wave t e s t s a r e a l so specif ied , i m p u l s e 
t e s t s a r e g e n e r a l l y a p p l i e d in t h e fo l lowing 
o rde r : o n e r e d u c e d fu l l -wave , t w o front-of-
w a v e s , t w o c h o p p e d - w a v e s , a n d o n e fu l l -wave . 

T h e o r d e r of t h e c h o p p e d - w a v e a n d front-of-
w a v e t e s t s is n o t m a n d a t o r y b u t a r e d u c e d full 
w a v e m u s t p r e c e d e a l l t h e i m p u l s e t e s t s , a n d 
t h e fu l l -wave m u s t be t h e l a s t w a v e a p p l i e d t o 
t h e t e r m i n a l u n d e r t e s t . A n o t h e r r e d u c e d full-
w a v e m a y be a p p l i e d fo l lowing t h e t w o f ron t -
of -waves . 

I m p u l s e t e s t s s h a l l be m a d e w i t h o u t ex­
c i t a t i o n . 

3 . 4 . 1 Reduced Full-Wave Test. F o r t h i s t e s t 
t h e a p p l i e d v o l t a g e w a v e s h a l l h a v e a c res t 
v a l u e of b e t w e e n 50 a n d 70 p e r c e n t of t h e full-
w a v e v a l u e g iven in T a b l e s 4 or 5 of A m e r i c a n 
N a t i o n a l S t a n d a r d C57 .12 .00-1973 ( I E E E S t d 
462-1973) . 

3 . 4 . 2 Chopped-Wave Test. F o r t h i s t e s t t h e 
a p p l i e d v o l t a g e w a v e s h a l l be c h o p p e d by a 
s u i t a b l e a i r g a p . I t s h a l l h a v e a c res t v a l u e a n d 
t i m e t o f l a shove r in a c c o r d a n c e w i t h T a b l e s 4 
o r 5 of A m e r i c a n N a t i o n a l S t a n d a r d 
C57 .12 .00-1973 ( I E E E S t d 462-1973) . T h i s 
g a p s h a l l be l o c a t e d a s c lose a s poss ib le t o t h e 
t e r m i n a l s , a n d t h e i m p e d a n c e s h a l l be l i m i t e d 
t o t h a t of t h e n e c e s s a r y l e a d s t o t h e g a p . 

3 . 4 . 3 Front-of-Wave Test. F o r t h i s t e s t t h e 
v o l t a g e s h a l l be c h o p p e d o n t h e r i s i ng f ron t 
before t h e n o r m a l c r e s t of t h e w a v e by a 
s u i t a b l e a i r g a p . I t s h a l l h a v e a c res t v a l u e a n d 
t i m e t o f l a shove r i n a c c o r d a n c e w i t h T a b l e 10 
of A m e r i c a n N a t i o n a l S t a n d a r d C57.12 .00-
1973 ( I E E E S t d 462-1973) . 

T w o a p p l i c a t i o n s of t h e f ron t -o f -wave t e s t s 
s h a l l be u s e d . I n g e n e r a l , f ron t -o f -wave t e s t s 
s h a l l be a p p l i e d o n l y t o l i ne t e r m i n a l s , a n d 
n o t t o n e u t r a l or o t h e r t e r m i n a l s . 

T h e v o l t a g e s h a l l be m e a s u r e d by a s e p a r a t e 
c o n n e c t i o n t o t h e t e r m i n a l b e i n g t e s t e d . T h e 
g a p u s e d t o c h o p t h e w a v e o n t h e f ron t s h a l l be 
d i r e c t l y c o n n e c t e d t o t h e t e r m i n a l b e i n g tes t ­
ed a n d m a y be m o u n t e d d i r e c t l y o n t h e t e r m i ­
n a l s . T h e i m p e d a n c e s h a l l b e l i m i t e d t o t h a t 
of t h e n e c e s s a r y l e a d s t o t h e g a p . 

I n o r d e r t o p r o v i d e s o m e t o l e r a n c e in p r a c ­
t i c a l t e s t i n g , a n e g a t i v e t o l e r a n c e of 0.1 m i c r o ­
s e c o n d t o t h e t a b u l a t e d t i m e s in T a b l e 10 of 
A m e r i c a n N a t i o n a l S t a n d a r d C57.12 .00-1973 
( I E E E S t d 462-1973) s h a l l be p e r m i t t e d . S i n c e 
t h e t e s t is m o r e seve re w i t h d u r a t i o n , a per ­
m i s s i b l e l i m i t s h a l l b e a pos i t i ve t o l e r a n c e of 
0.3 m i c r o s e c o n d . If i n m a k i n g a n y front-of-
w a v e t e s t , t h e n e g a t i v e t o l e r a n c e of m i n u s 0.1 
m i c r o s e c o n d is exceeded , t h e t e s t m a y be con­
s i d e r e d a s h a v i n g b e e n m e t p r o v i d e d t h e c res t 
v o l t a g e a t t a i n e d i n s u c h t e s t s h a l l h a v e 
e q u a l l e d o r e x c e e d e d t h e v o l t a g e d e t e r m i n e d 
b y t h e fo l lowing e q u a t i o n : 

( T - O . l ) - T ! 
Vol tage = Cres t Vo l t age ( 1 + ) 

(Eq 3) 
w h e r e 
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A N S I 
C 5 7 . 1 2 . 9 0 - 1 9 7 3 T E S T C O D E F O R 

T = specified t i m e t o spa rkove r in mic ro ­
seconds 

T x = ac tua l t i m e measu red in m i c r o s e c o n d s 
A = 4 for 69 k V insu la t ion class a n d above 

3 for 4 6 k V insu la t ion class a n d be low 

N O T E : For m i n i m u m crest v o l t a g e s see C o l u m n 3 of 
T a b l e 10 of 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 5 7 . 1 2 . 0 0 - 1 9 7 3 
( I E E E S t d 462-1973) . 

W h e n t e s t i n g w i n d i n g s t h a t h a v e l a r g e ca­
p a c i t a n c e s u c h a s h i g h k V A a n d low v o l t a g e , 
i t m a y n o t be p r a c t i c a l t o o b t a i n t i m e s - t o -
f lashover d o w n t o 0.5 m i c r o s e c o n d . B e c a u s e of 
t h e l a rge c h o p p i n g c u r r e n t s a s s o c i a t e d w i t h 
t h e l a rge c a p a c i t a n c e , e r r o r s a r e i n t r o d u c e d 
i n t o t h e m e a s u r i n g c i r c u i t . I n o r d e r t o avo id 
t h e s e diff icul t ies , t h e v o l t a g e s a n d t i m e s speci ­
fied s h a l l be c o n s i d e r e d m e t p r o v i d e d t h e t e s t s 
a r e m a d e w i t h t h e g a p s e t t i n g s l i s t ed in T a b l e 
1 a n d w i t h t h e m i n i m u m a n d m a x i m u m t i m e s 
to f lashover g iven . 

Tab le 1 
Test Values , G a p Se t t ings , a n d M i n i m u m a n d 

M a x i m u m T i m e s t o F lashover 

T i m e t o F l a s h o v e r 
Front -o f -

Ful l -Wave Wave G a p M i n M a x 
T e s t V a l u e * T e s t V a l u e L e n g t h t ( M i c r o ­ ( M i c r o ­

( k V ) ( k V ) ( I n c h e s ) s e c o n d s ) s e c o n d s ) 

4 5 7 5 0 . 5 1 
6 0 1 0 0 V/2 0 . 5 1 
7 5 1 2 5 2 0 . 5 1 
9 5 1 6 5 2 % 0 . 5 1 

1 1 0 1 9 5 3 - 3 / 8 0 . 5 1 
1 5 0 2 6 0 4V 2 0 . 5 1 

*1.2 x 50 microsecond full-wave test voltage. 

tThe gap shall consist of the space between two V4-inch 
square cut square rods. The rods shall be mounted one from 
the top of the terminal tested and the other either from the 
flange 0 of the same terminal or other adjacent grounded parts. 
The gap should preferably be centered on the bushing and ad­
jacent to it. However a separate gap resting on the transformer 
may be used. 

N O T E : T h e a p p l i c a t i o n of s t eep . front t e s t s o n w i n d ­
ings d irect ly c o n n e c t e d to g e n e r a t o r s or o t h e r c i rcu i t s n o t 
exposed to l i g h t n i n g is u n n e c e s s a r y . 

3 . 4 . 4 Full-Wave Test. F o r t h i s t e s t t h e vol t ­
age w a v e s h a l l h a v e a c r e s t v a l u e i n accor ­
d a n c e w i t h T a b l e s 4 or 5 of A m e r i c a n N a t i o n ­
a l S t a n d a r d C57 .12 .00-1973 ( I E E E S t d 462-
1973) a n d n o f l a shover of t h e b u s h i n g or t e s t 
g a p s h a l l occur . 

T o avo id f l a shover of t h e b u s h i n g d u r i n g 
adve r se c o n d i t i o n s of h u m i d i t y a n d a i r d e n s i ­
ty , t h e b u s h i n g f l a shove r m a y be i n c r e a s e d by 
a p p r o p r i a t e m e a n s . 

T h e t i m e i n t e r v a l b e t w e e n a p p l i c a t i o n of 
t h e l a s t c h o p p e d w a v e a n d t h e f ina l full w a v e 
s h a l l be m i n i m i z e d t o a v o i d r e c o v e r y of i n s u l a ­
t i o n s t r e n g t h if a f a i l u r e h a s o c c u r r e d p r i o r to 
t h e f ina l full w a v e . 

3 . 5 C o n n e c t i o n s for I m p u l s e T e s t s . I n g e n e r a l , 
t h e t e s t s s h a l l be a p p l i e d t o e a c h t e r m i n a l , o n e 
a t a t i m e . 

3 . 5 . 1 Terminals Not Being Tested. N e u t r a l 
t e r m i n a l s s h a l l be so l id ly g r o u n d e d excep t in 
t h e ca se of low i m p e d a n c e w i n d i n g s (see Sec­
t i o n 3.5.6). L i n e t e r m i n a l s , i n c l u d i n g t h o s e of 
a u t o t r a n s f o r m e r s a n d r e g u l a t i n g t r a n s ­
f o r m e r s , s h a l l be e i t h e r so l id ly g r o u n d e d or 
else g r o u n d e d t h r o u g h a r e s i s to r w i t h a n o h m -
ic v a l u e n o t in excess of t h e fo l lowing va l ­
u e s : 1 

N o m i n a l S y s t e m 
V o l t a g e R e s i s t a n c e 

( k V ) ( O h m s ) 

3 4 5 & b e l o w 5 0 0 
5 0 0 4 0 0 
7 0 0 3 0 0 

T h e fo l lowing f a c t o r s s h a l l be c o n s i d e r e d in 
t h e a c t u a l c h o i c e of g r o u n d i n g for e a c h t e r m i ­
n a l : 

(1) T h e v o l t a g e - t o - g r o u n d o n a n y t e r m i n a l 
t h a t is n o t b e i n g t e s t e d s h o u l d n o t exceed 80 
p e r c e n t of t h e full w a v e i m p u l s e v o l t a g e level 
for t h a t t e r m i n a l 

(2) If a t e r m i n a l h a s b e e n specif ied t o be 
d i r e c t l y g r o u n d e d in se rv ice , t h e n t h a t t e r m i ­
n a l s h a l l be so l id ly g r o u n d e d 

(3) If a t e r m i n a l is t o be c o n n e c t e d t o a low 
i m p e d a n c e c a b l e c o n n e c t i o n in serv ice , t h e n 
t h a t t e r m i n a l s h a l l e i t h e r b e d i r e c t l y 
g r o u n d e d or else g r o u n d e d t h r o u g h a r e s i s to r 
w i t h a n o h m i c v a l u e n o t in excess of t h e su rge 
i m p e d a n c e of t h e c a b l e 

(4) G r o u n d i n g t h r o u g h a low i m p e d a n c e 
s h u n t for c a t h o d e - r a y o s c i l l o g r a p h c u r r e n t 
m e a s u r e m e n t s m a y be c o n s i d e r e d t h e e q u i v a ­
l e n t of a so l id g r o u n d 

3 . 5 . 2 Windings for Series or Multiple Con­
nection. W i n d i n g s for se r i es or m u l t i p l e con­
n e c t i o n , if e i t h e r c o n n e c t i o n is in t h e 25 k V 
i n s u l a t i o n c l a s s or a b o v e , s h a l l be t e s t e d o n 
b o t h se r i es a n d m u l t i p l e c o n n e c t i o n s . T h e t e s t 
v o l t a g e for t h e t w o c o n d i t i o n s s h a l l be t h a t 

1 T h e s e v a l u e s are r e p r e s e n t a t i v e of typ ica l t rans ­
m i s s i o n l ine surge i m p e d a n c e s . 
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D I S T R I B U T I O N , P O W E R , A N D R E G U L A T I N G T R A N S F O R M E R S 
I E E E S t d 
2 6 2 - 1 9 7 3 

c o r r e s p o n d i n g t o t h e i n s u l a t i o n c l a s s of t h e 
w i n d i n g for t h a t c o n n e c t i o n . F o r i n s u l a t i o n 
c lass 15 k V a n d be low, o n l y t h e ser ies con­
n e c t i o n s s h a l l be t e s t e d u n l e s s t e s t s o n b o t h 
c o n n e c t i o n s a r e speci f ied . 

3 . 5 . 3 Windings for A or Y Connections. 
T h r e e - p h a s e t r a n s f o r m e r s h a v i n g a w i n d i n g 
for A or Y s h a l l be t e s t e d o n b o t h A a n d Y 
c o n n e c t i o n s . If e i t h e r c o n n e c t i o n is in t h e 25 
k V i n s u l a t i o n c l a s s , or above , t h e t e s t v o l t a g e 
for e a c h c o n n e c t i o n s h a l l be t h a t c o r r e s p o n d ­
i n g t o t h e i n s u l a t i o n c l a s s of t h e w i n d i n g for 
t h a t c o n n e c t i o n . F o r i n s u l a t i o n c l a s s 15 k V 
a n d be low, o n l y t h e Y c o n n e c t i o n s h a l l be 
t e s t e d u n l e s s t e s t s o n b o t h c o n n e c t i o n s a r e 
specif ied. 

3 . 5 . 4 Tap Connections. T a p c o n n e c t i o n s 
s h a l l be m a d e w i t h m i n i m u m effective t u r n s 
in t h e w i n d i n g u n d e r t e s t . T h e c h o i c e of t a p 
c o n n e c t i o n s of w i n d i n g s n o t b e i n g t e s t e d s h a l l 
be m a d e by t h e m a n u f a c t u r e r . ( R e g u l a t i n g 
t r a n s f o r m e r s s h a l l be se t a t m a x i m u m b u c k 
pos i t i on . ) 

3 . 5 . 5 Protective Devices. T r a n s f o r m e r s a n d 
r e g u l a t o r s w h i c h h a v e a s a n i n t e g r a l p a r t of 
t h e e q u i p m e n t n o n l i n e a r p r o t e c t i v e dev ices 
c o n n e c t e d a c r o s s t h e se r ies w i n d i n g or por ­
t i o n s of a n y w i n d i n g , in a n access ib le p l a c e , 
a n d w h e r e t h e t e r m i n a l s a r e of t h e s a m e 
vo l t age c lass , s h a l l be t e s t e d by c o n n e c t i n g 
t h e s e t e r m i n a l s t o g e t h e r a n d a p p l y i n g t h e 
u s u a l t e s t s . If t h e t e r m i n a l s c i t ed a r e n o t 
access ib le , i t wil l be n e c e s s a r y t o i n c l u d e t h e 
n o n l i n e a r p r o t e c t i v e dev ices in p l a c e d u r i n g 
t h e t e s t . T h e o p e r a t i o n of t h e s e dev ices u s u a l ­
ly will c a u s e d i f fe rences b e t w e e n t h e r e d u c e d -
f u l l - w a v e a n d t h e fu l l -wave o s c i l l o g r a m s . 
T h a t t h e s e d i f fe rences a r e c a u s e d b y t h e oper ­
a t i o n of t h e p r o t e c t i v e dev ices m a y be d e m o n ­
s t r a t e d b y m a k i n g t w o or m o r e r educed - fu l l -
w a v e t e s t s a t d i f f e ren t v o l t a g e v a l u e s t o s h o w 
t h e t r e n d in t h e i r o p e r a t i o n . W h e r e t h e n a t u r e 
of t h e p r o t e c t i v e dev i ce s a n d t h e d e s i g n of t h e 
t r a n s f o r m e r p e r m i t , t h e i m p e d a n c e of s u c h 
dev ices m a y be v a r i e d for t h e fu l l -wave a n d 
r e d u c e d - w a v e t e s t s a s a n o p t i o n a l r e f i n e m e n t 
in t h e t e c h n i q u e of f a i l u r e d e t e c t i o n . (See 
S e c t i o n 3.7.) 

3 . 5 . 6 Windings of Very Low Impedance. 
T h e i m p e d a n c e of s o m e w i n d i n g s m a y be so 
low t h a t t h e d e s i r e d t i m e t o t h e 50 p e r c e n t 
v o l t a g e p o i n t o n t h e t a i l of t h e w a v e c a n n o t be 
o b t a i n e d w i t h a v a i l a b l e e q u i p m e n t . I n s u c h 
cases , s h o r t e r w a v e s m a y be u s e d . I n o r d e r t o 

a s s u r e t h a t a n a d e q u a t e t e s t is o b t a i n e d , t h e 
c a p a c i t a n c e of t h e g e n e r a t o r w i t h t h e con­
n e c t i o n u s e d s h o u l d exceed 0 .011 m i c r o f a r a d . 
A t t h e m a n u f a c t u r e r ' s p r e f e r e n c e h e m a y t e s t 
low i m p e d a n c e w i n d i n g s b y t y i n g t h e t e r m i ­
n a l s of w i n d i n g s w i t h t h e s a m e i n s u l a t i o n 
level t o g e t h e r . T h e m a n u f a c t u r e r m a y a lso 
e lec t t o t e s t low i m p e d a n c e w i n d i n g b y in­
s e r t i n g a r e s i s t o r of n o t m o r e t h a n 500 o h m s in 
t h e g r o u n d e d e n d of t h e w i n d i n g . 

3 . 6 Impulse T e s t s on Transformer Neutra l s . 
I m p u l s e t e s t s o n t h e n e u t r a l of a t r a n s f o r m e r 
or a s e p a r a t e r e g u l a t o r c o n n e c t e d in t h e n e u ­
t r a l of a t r a n s f o r m e r m a y be a p p l i e d by o n e of 
t h e m e t h o d s g iven be low. 

3 . 6 . 1 Method 1. T h e t e s t o n t h e n e u t r a l , or 
n e u t r a l a n d r e g u l a t i n g w i n d i n g , is i n d u c e d by 
t h e a p p l i c a t i o n of a n i m p u l s e t o a n y l ine 
t e r m i n a l w i t h t h e n e u t r a l o p e n - c i r c u i t e d or 
g r o u n d e d t h r o u g h a s u i t a b l e i m p e d a n c e so 
t h a t t h e r e q u i r e d fu l l -wave t e s t v o l t a g e is 
o b t a i n e d f rom t h e n e u t r a l t e r m i n a l t o g r o u n d . 
O n e r e d u c e d a n d t w o full w a v e s s h a l l be 
a p p l i e d t o t h e e n d of a w i n d i n g w i t h a c res t 
v o l t a g e e q u a l t o or less t h a n t h e full w a v e level 
of t h e l i n e e n d . T h e o t h e r w i n d i n g s m a y be 
s h o r t - c i r c u i t e d for t h i s t e s t . T h e w i n d i n g 
b e i n g t e s t e d s h a l l be e i t h e r o n t h e m i n i m u m 
v o l t a g e c o n n e c t i o n or o n t h e m a x i m u m vol t ­
a g e c o n n e c t i o n . T h e v o l t a g e o sc i l l og rams 
s h a l l be t a k e n a t t h e n e u t r a l . 

W h e n t h i s m e t h o d of t e s t is u sed , t h e t e s t o n 
t h e n e u t r a l s h a l l p r e c e d e t h e t e s t o n t h e l ine 
t e r m i n a l . 

3 . 6 . 2 Method 2 . O n e r e d u c e d a n d t w o full 
w a v e s a r e a p p l i e d d i r e c t l y t o t h e n e u t r a l or 
r e g u l a t o r w i n d i n g w i t h a n a m p l i t u d e e q u a l t o 
t h e i n s u l a t i o n level of t h e n e u t r a l . T h e w i n d ­
i n g b e i n g t e s t e d s h a l l be e i t h e r o n t h e m i n ­
i m u m v o l t a g e c o n n e c t i o n o r o n t h e m a x i m u m 
v o l t a g e c o n n e c t i o n . A w a v e h a v i n g a f ron t of 
n o t m o r e t h a n 10 m i c r o s e c o n d s a n d a t a i l of 50 
m i c r o s e c o n d s t o h a l f - c r e s t s h a l l be u s e d excep t 
t h a t , if t h e i n d u c t a n c e of t h e w i n d i n g is so low 
t h a t t h e d e s i r e d v o l t a g e m a g n i t u d e a n d d u r a ­
t i o n t o t h e 50 p e r c e n t p o i n t o n t h e t a i l of t h e 
w a v e c a n n o t be o b t a i n e d , a s h o r t e r w a v e - t a i l 
m a y be u s e d . 

3 . 7 Detec t ion of Fa i lure D u r i n g Impulse Test . 
B e c a u s e of t h e n a t u r e of i m p u l s e t e s t fa i lu res , 
o n e of t h e m o s t i m p o r t a n t m a t t e r s is t h e 
d e t e c t i o n of s u c h f a i l u r e s . T h e r e a r e a n u m b e r 
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