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SUMMARY 

The paper d e a l s  w i t h  t h e  behav iour  o f  an 

i n d u c t i o n  motor  w i t h  a d d i t i o n a l  connect ions i n  

t h e  s t a t o r  w ind ing .  These connect ions serve t o  

generate a  mmf which coun te rac ts  t h e  

asymmetr ica l ly  d i s t r i b u t e d  magnetic f i e l d  i n  t h e  
a i r  gap r e s u l t i n g  f rom asymmetr ical c o n s t r u c t i o n  

o r  assembly o f  t h e  machine, e s p e c i a l l y  t h e  o f f -  

cen t re  p o s i t i o n  o f  t h e  r o t o r  i n  t h e  s t a t o r  bore.  

Such an asymmetr ical magnetic f i e l d  induces 

mechanical v i b r a t i o n  o f  t h e  r o t o r  and s t a t o r  

( w i t h  t h e  a t t e n d a n t  increased l o a d  on t h e  

bear ings)  as w e l l  as an unbearable no i se .  

Equa l i z i ng  c u r r e n t s  between w ind ing  c o i l s  make 

f o r  d r a s t i c  r e d u c t i o n  o f  r a d i a l  f o r c e s  and ensure 

almost v i b r a t i o n - f r e e  ope ra t i on .  

An a n a l y s i s  o f  t h e  magnet ic  f i e l d  i n  an 

asymmetr ica l ly  c o n s t r u c t e d  machine, w i t h o u t  and 

w i t h  e q u a l i z i n g  connect ions,  i s  presented.  The 

t h e o r e t i c a l  r e s u l t s  were con f i rmed  by experiments 

on a  s p e c i a l l y  b u i l t  l a b o r a t o r y  se t -up .  

1 - I n t r o d u c t i o n  

The problem o f  mechanical v i b r a t i o n  and no i se  i n  

i n d u c t i o n  motors  i s  f a m i l i a r  t o  manufactures and 

users o f  these machines. Th i s  phenomenon i s  

most ly  assoc ia ted  w i t h  asymmetr ical c o n s t r u c t i o n  

o r  assembly o f  t h e  machine, e s p e c i a l l y  t h e  o f f -  

cen t re  p o s i t i o n  o f  t h e  r o t o r  i n  t h e  s t a t o r  bore. 

There a re  t h r e e  t ypes  o f  r o t o r  e c c e n t r i c i t y :  ( a )  

s t a t i c ,  where t h e  r o t o r  revo l ves  around i t s  ax i s ,  

when t h e  l a t t e r  i s  s h i f t e d  r e l a t i v e  t o  t h a t  o f  

t he  s t a t o r ;  ( b )  dynamic, where t h e  a x i s  o f  

r e v o l u t i o n  c o i n c i d e s  w i t h  t h e  s t a t o r  a x i s ,  bu t  

does n o t  c o n s t i t u t e  t h e  a x i s  o f  symmetry o f  t h e  

r o t o r .  ( c )  a and b combined. 

The o f f - c e n t r e  p o s i t i o n  o f  t h e  r o t o r  causes 

u n i d i r e c t i o n a l  magnet ic  p u l l  (u.m.p.) which, as 

w i l l  be shown, can be reduced by means o f  

e q u a l i z i n g  connect ions,  i n  analogy t o  t h e  s i m i l a r  

arrengement i n  t h e  armature o f  a  d .c .  machine 

( e q u a l i z i n g  w ind ing ) .  

2 - Magnetic f i e l d  i n  i n d u c t i o n  motor w i t h  o f f -  

c e n t r e  r o t o r  

I n  t h e  case o f  a  p l a c e -  and t ime- independent  a i r  
gap, t h e  f l u x  d e n s i t y  d i s t r i b u t i o n  i n  a  t h r e e -  

phase i n d u c t i o n  motor  w i t h  f u l l  p i t c h  wind ing may 

be desc r i bed  by: 

where: fv  a r e  t h e  w ind ing  f a c t o r s .  

N i s  t h e  phase-wind ing number o f  t u r n s .  

6 i s  a i r  gap l e n g t h .  

7 i s  t h e  p o l e  p i t c h .  

p  i s  t h e  number o f  p o l e  p a i r s .  

When t h e  a i r  gap v a r i e s  a long t h e  c i rcumference 

o f  t h e  r o t o r ,  i t  may be desc r i bed  f o r  s t a t i c  

e c c e n t r i c i t y  by: 

and f o r  dynamic e c c e n t r i c i t y  by: 

where: 6,,, i s  t h e  mean va lue  o f  t h e  a i r  gap. 

a i s  t h e  i n t e r n a l  ang le  o f  t h e  r o t o r .  

+E i s  t h e  d i r e c t i o n  o f  t h e  i n i t i a l  

e c c e n t r i c i t y .  

w i s  t h e  change frequency o f  t h e  a i r -  

gap a t  a  determined p o i n t .  



E i s  t h e  r e l a t i v e  e c c e n t r i c i t y ,  d e f i n e d  as 
t h e  r a t i o  of t h e  abso lu te  e c c e n t r i c i t y  e  
t o  t h e  mean a i r  gap 6,. 

The cor responding magnet ic  f i e l d  d i s t r i b u t i o n s  
are : 

f o r  s t a t i c  e c c e n t r i c i t y ,  and 

f o r  dynamic e c c e n t r i c i t y ,  where: 

3 - Cur ren ts  i n  w i n d i n g  w i t h  e q u a l i z i n g  
connect ions 

The e f f e c t  o f  e q u a l i z i n g  connect ions i s  examined 
f o r  s t a t i c  e c c e n t r i c i t y .  Consider a  phase wind ing 
o f  a  f o u r - p o l e  i n d u c t i o n  motor ,  w i t h  two p a r a l l e l  
branches compr i s i ng  t h r e e  ser ies-connected c o i l s  
each, F i g .  1 .  

F i g .  1: Scheme o f  phase w ind ing .  

The c o i l  c u r r e n t s  a re  c a l c u l a t e d  bea r ing  i n  mind 
t h a t  t h e  r e l u c t a n c e  r e l a t e d  t o  a  gene r i c  c o i l  i, 
i s  p r o p o r t i o n a l  t o  t h e  average l e n g t h  o f  t h e  a i r  
gap under t h i s  c o i l .  The c o i l  reactance (X ) 

be ing i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  average a i r  
gap, t h e  magne t i za t i on  susceptance ( Y p )  i s  
p r o p o r t i o n a l  t o  t h e  average a i r  gap l e n g t h :  

The a d d i t i o n a l  connect ions ( c - d  and e - f )  equa l i ze  1 si 
t h e  v o l t a g e  d rop  i n  c o i l  p a i r s  s h i f t e d  by 180". RPi = - ~n - A 

' U 
The average va lues  o f  t h e  a i r  gaps under t h e  
gene r i c  c o i l  a r e  g i v e n  by: x . = W N ' ~ / R  . = 

P 1 P1 

6 (a )  da 

wich y i e l d s ,  f o r  t h e  c o i l s  be long ing t o  t h e  where N '  i s  t h e  number o f  c o i l  t u r n s .  
cons idered phase wind ing:  



The equivalent susceptance of a para1 lel- 3J2N Ipb 
connected coil pair is: CF = {(~~~/2)iin(wt-~at~a~-n/9) t 

Iv.14 7r 

Consequently, each coil pair is supplied by equal 
voltage, hence the magnetization currents in the 
coils are: 

The currents in the two equalizing connections 
are: 

Ieql = Ipl - IPl5 = -2J2 ( E / T )  Ipb * 
* { C O S ~ ~  [l - sin(r/l8)] + sinalcos(7r/18)) 

the corresponding maxima being: 

4 - Magnetic f ie ld  

Th2 current in each coil generates its own mmf 
and, magnetic field. The total magnetic field in 

the air gap is a result of the combined action of 
all coils in the winding. For a three-phase 
winding we obtain: 

- (fq7/13) sin (~t-l3at14a~+2r/9)]} 

where v=2 for the main harmonic of the mmf. 

We confined ourselves to the first 7 harmonics in 
the mmf distribution ( ~ ~ 1 4 ) .  The magnetic field 
distribution is obtained by multiplying the mmf 
by the air gap permeance, namely: 

B(a,t) = 2B0 (Pqlsin(wt-20) t 

t (f /5) sin(wttl0a) t (f /7) sin(wt-14a) - 
q 5 q 7 

- (2~/7r)[ fql sin(wt-a) + (iC /3) sin(wt-3a) t 
q 1 

t (C /3) sin(wtt3a) - (Cq7/5) sin(wtt5~) t 
q 7 

t (f  /7) sin(wt-7a) + (f /9) sin(wtt9a) - 
q 5 q 5 

- (Cq5/9) sin(wt-9a) + (P /11) sin(wttl1a) + 
q5 

+ (C /13) sin(wt-13a)l) * 
q 7 

* [l t ~ T c o s ( ~ )  t ~ T ~ c o s ( ~ ~ ) ]  = 

where BO is as per eq.3. 

It can be proved that among all harmonics of the 
magnetic field, the following of significance: 



Comparison between eq.1 and eq.4 can be performed 
separately for each harmonic. The first harmonic 
(one single period around the rotor) is of 
greatest importance. The approximated values of 
the first harmonics amplitude are BOCIT in 
eq. 1 and B P (T-2r/~) in eq.4. The factor T 

0.1 equals approximately to ~ / 2 .  

It can be seen that the first harmonic is 
drastically reduced when the stator is connected 
with equalizing branches, wich in turn leads to 
significant decrease of the u.m.p. acting on the 
rotor of the machine. 

Some change in the losses can be expected due to 
the change in currents and field distribution. 

5 - Experimental s 

The radial forces were measured on a setup 
designed and constructed at our laboratory. The 
setup consists of two induction motors with a 
common shaft, an external panel permitting a 
variety of connection patterns for the stator 
coils, and a measuring device for the forces. 
Readings were taken in two mutually perpendicular 
directions with the aid of strain gauges serving 
as branches in differential bridges. A personal 
computer was used for acquisition and processing 
of the data. 

The experimental findings confirmed the 
theoretical results; the measured u.m.p. was 25 
times smaller than in the absence of the 
equalizing connections. 
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The influence of the connection mode on machine 
power losses was examined on a three-phase 
induction motor with three pairs of end-shields 
with different degrees of eccentricity. No 
significant increase in power losses was found. 


