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T ^ H I S A R T I C L E presen ts t h e e q u i v a l e n t c i r cu i t of 
JL t h e S c h r a g e m o t o r in a r a t i ona l i zed form. T h e sec­

o n d a r y w i n d i n g a n d t h e ad jus t ing w i n d i n g , i n s t ead of 
b e i n g r e p r e s e n t e d b y t w o pa ra l l e l e q u i v a l e n t i m p e d a n c e s , 
n o w a r e r e p r e s e n t e d b y a s ingle e q u i v a l e n t i m p e d a n c e . 

T h e s e c o n d a r y w i n d i n g a n d t h e ad jus t ing w i n d i n g a r e 
cons ide red as one w i n d i n g , a n d is t e r m e d t h e c o m b i n e d 
s e c o n d a r y w i n d i n g . T h e to ta l i n d u c e d e l e c t r o m o t i v e 
force in t h e c o m b i n e d s e c o n d a r y w i n d i n g , (sE2+Ez), is 
b a l a n c e d b y a vo l t age —Ei in t h e p r i m a r y w i n d i n g , a n d 
t h e c u r r e n t in t h e c o m b i n e d s e c o n d a r y w i n d i n g , 12, also 
is b a l a n c e d b y a c u r r e n t in t h e p r i m a r y w i n d i n g . T h e 
r a t i o of —Ei t o 12^ or Z2' = R2'-\rjX2\ is t h e e q u i v a l e n t 
i m p e d a n c e of t h e c o m b i n e d s e c o n d a r y w i n d i n g in p r i m a r y 
t e rms . —E\ is de r ived from SE2 a n d Ez, t h e p h a s e re la t ions 
a n d t u r n ra t ios b e i n g t a k e n i n t o a c c o u n t ; is d e r i v e d 
f rom 72 b y cons ide r ing the i r m a g n e t o m o t i v e forces. T h e 
express ions for R2' a n d X2' a r e as fol lows: 

[{\+s)b COS A^-s-\-b^WR2^-{\ -s)sba^X2 sin Λ 

( 1 + 2 ^ cos ^ + 62)(Χ2+2ίό cos A + b^) 

[(1 +s)b cos A+s-\-b^WX2-{\ -s)ba^R2 sin A 

{l+2b cos A+b^(s^+2sb cos A+b^ 

(1 ) 

(2 ) 

w h e r e 

ώ = ratio of primary effective turns per phase to secondary effective 
turns per phase. 

ratio of adjusting winding effective turns per phase to secondary 
effective turns per phase. 

i?:I = total resistance per phase of the combined secondary winding. 
= total leakage reactance, per phase at line frequency, of the com­

bined secondary winding. 
A = angle by which the axis of the adjusting winding is displaced from 

the axis of the secondary winding in the direction against motor 
rotation. 

j = slip of the motor. 

By c o n n e c t i n g t h e m a g n e t i z i n g i m p e d a n c e Z^ = R^+ 
jX^ in pa ra l l e l w i t h Ζ2' a n d c o n n e c t i n g t h e p r i m a r y l e a k a g e 
i m p e d a n c e Zi = Ri-\-jXi in series w i t h t h e pa r a l l e l c o m b i ­
n a t i o n , a n e q u i v a l e n t c i r cu i t s imi la r to t h a t of t h e o r d i n a r y 
i n d u c t i o n m o t o r is fo rmed . 

Fig. 1. Schematic 
d iagram of t h e 

Schrage motor 

R. Xi 

Fig. 2 . E q u i v a l e n t 
2» circuit of t h e 

Schrage motor 

As in t h e case of t h e o r d i n a r y i n d u c t i o n m o t o r , R^ 
c a n b e s e p a r a t e d f u r t h e r i n t o t w o p a r t s , R^/ a n d R^rn'^ 
w h e r e R^/ r ep re sen t s t h e t r u e res i s tance of t h e c o m b i n e d 
s e c o n d a r y w i n d i n g in p r i m a r y t e r m s , a n d R^^n' r e p r e s e n t s 
t h e m e c h a n i c a l load , 
a r e as fol lows: 

T h e express ions for R^/ a n d R^ 

a^R2 

\+2b cos A + b^ 

-R2'-Rn' 
(1 -s)[{b cos A-\-s)a^R2-\-sba^X2sin A] 

(1 +2b cos A + b^){s^-{-2sb cos A-\-b^) 

( 3 ) 

( 4 ) 

T h e ad jus t ab le - speed a n d ad jus t ab l e -power - f ac to r n a t u r e 
of t h e m o t o r c a n b e seen f rom t h e e q u i v a l e n t c i rcu i t . T h e 
n o - l o a d speed c a n b e v a r i e d b y v a r y i n g t h e a n g l e A 
a n d there fore is a funct ion of ^ . c a n b e d e t e r m i n e d 
b y c o n s i d e r i n g t h e fact t h a t a t n o l o a d t h e r e is n o m e ­
c h a n i c a l o u t p u t . T h e express ions for t h e sl ip a t n o - l o a d , 

a n d t h e n o - l o a d speed a r e as fol lows: 

— bR2 cos A 

~ R2+bX2smA 

R2+b{R2 cos A+X2 sin A) 
no = (\ — ^ O K = 

R2+bX2 sin A 

(5 ) 

(6 ) 

I t c a n b e found easi ly t h a t no is m a x i m u m w h e n A is 
0 ° , n^ is m i n i m u m w h e n A is 1 8 0 ° , a n d n^ is still t h e syn­
c h r o n o u s speed w h e n A is ± 9 0 ° . 

F r o m e q u a t i o n 2 it is seen t h a t i n s t ead of b e i n g 
c o n s t a n t as in t h e case of t h e o r d i n a r y m o t o r , is a v a r i a b l e 
a n d is a func t ion of A, I t c a n b e f o u n d t h a t w h e n A is 
9 0 ° , t h e p o w e r factor of t h e m o t o r is i m p r o v e d w i t h o u t 
affect ing t h e speed . 

S p e e d c o n t r o l a n d p o w e r fac tor i m p r o v e m e n t c a n b e 
d o n e a t t h e s a m e t i m e . W h e n A is b e t w e e n 0 ° a n d 9 0 ° , 
t h e speed is ra i sed a b o v e s y n c h r o n i s m w i t h a n i m p r o v e ­
m e n t of p o w e r factor , a n d w h e n A is b e t w e e n 90 a n d 1 8 0 ° , 
t h e speed is l o w e r e d be low s y n c h r o n i s m w i t h t h e p o w e r 
factor i m p r o v e d . 
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