
Z E S Z Y T Y  N A U K O W E  P O L IT E C H N IK I S L A S K IE J  

S e ria : E L E K T R Y K A  z. 193

2004 
Nr 1640

Grzegorz KŁAPYTA
Instytut Elektrotechniki Teoretycznej i Przemysłowej, Zakład Mechatroniki

SIMULATIONS OF POLIHARMONIC MODEL OF SQUIRREL- 
CAGE INDUCTION MOTOR WITH ADDITIONAL RING IN ROTOR

S um m ary . Existence o f  parasitic torques in induction m otors is their disadvantage. The 
torques causes noise and vibrations. They also can cause difficulties with start of motor. 
One o f  m ethods o f  their elim ination is usage o f  additional ring in the middle of rotor and 
proper turning o f  created ro tor’s halves. In following article mathematical model o f  
squirrel-cage induction m otor with additional ring is given. The principle o f  operation o f  
additional ring is cleared and there are also some interesting simulation results proving 
possibility o f  reducing parasitic torques by additional ring.

B A D A N IA  S Y M U L A C Y JN E  P O L IH A R M O N IC Z N E G O  M O D E L U  
S IL N IK A  IN D U K C Y JN E G O  K L A T K O W E G O  Z  D O D A T K O W Y M  
P IE R Ś C IE N IE M  Z W IE R A JĄ C Y M  W  W IR N IK U

S treszczenie. W ystępowanie zjawisk pasożytniczych w maszynach indukcyjnych jest 
je d n ą  z ich wad. M omenty pasożytnicze pow odują zwiększony hałas i w ibracje. M ogą 
również powodować problem y podczas rozruchu silnika. Jest wiele m etod eliminacji 
tych mom entów, a jedna z nich to użycie dodatkowego pierścienia zw ierającego w 
środku pakietu w irnika wraz z odpowiednim skręceniem, względem siebie, pow stałych 
w ten sposób połówek wirnika. Artykuł przedstawia model matematyczny indukcyjnego 
silnika klatkowego z prostymi żłobkami i dodatkowym pierścieniem zw ierającym  w 
wirniku sform ułowany przy pewnych założeniach upraszczających. W yjaśniono zasadę 
działania pierścienia dodatkowego oraz ukazano wybrane wyniki symulacji 
przeprowadzonych na opisanym modelu, dowodzące redukcji m om entów 
pasożytniczych przy pomocy pierścienia dodatkowego.

1. INTRODUCTION

Induction motors are com monly used and their construction is well worked out. There 
are also well known problem s connected with generation o f  parasitic torques in such 
machines. One o f  the ways o f  elim inating o f  these torques in squirrel-cage induction motors 
is usage o f  additional ring in the middle o f  ro tor’s cage. Such a ring and turning both halves 
o f  rotor for specially chosen angle allow to decrease parasitic torques connected with one



50 G.Klapyta

specific synchronous speed. By changing the turning angle designer can choose which group 
o f  synchronous torques will be elim inated or at least decreased. Operation principle o f  
additional ring was cleared in [1, 3]. Com puter sim ulations o f  a m athem atical model o f  
m achine w ith additional ring in rotor let to prove this principle and allow  for cheap 
exam ining o f  lots o f  different cases.

2. M A TH EM ATICA L M ODEL

This model was created using sim plifying assum ptions [2, 6]:
•  air gap is smooth and even,
•  m agnetic circuit is linear,
•  w indings are sym m etrical and discrete,
•  current density along slots is constant,
•  eddy currents are omitted,
•  only radial com ponent o f  m agnetic field is considered,
•  ro tor’s slots are straight, not skew,
•  ro tor’s rods are isolated from iron core.

Such a model takes into consideration only higher M M F space harm onics and omitts 
saturation and perm eance higher harm onics as well as cross currents in rotor.

M achine with additional ring in rotor is considered as a m otor with two rotors (A and B) 
on a com m on shaft connected by this additional ring. Equations o f  described model are 
derived on the ground o f  schem a presenting part o f  ro tor’s circuit (F ig .l).

This m odel, in co-ordinates a , (3 and d,q, is described by following equations:

V oltage-current stator’s equation:

V oltage-current A rotor’s equation:

V oltage-current B rotor’s equation:

[ <  ]  =  [r?  1 ?  ] +  [<If  ]  +  k s w l f  D +
(3)
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Fig.l. Schema of part of rotor’s circuit 
Rys.l. Schemat fragmentu obwodu wirnika

M echanical equa tion :

a t

where:

& = ) n md t + Ą o ) ,
o

(6)
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\u 'f  ], [w ^  ], \u '^  ], \ i (f  ], \i'fl ], [ / ^  ]- voltages and currents o f  stator and rotors,

- m atrixes o f  resistances and leakage inductances o f  stator and 

rotors,

\M ^ f  ], \m ^  ] - m atrixes o f  self-inductance o f  stator and rotors,

- m atrixes o f  mutual inductance o f  stator-rotor A and stator-rotor 

B,

k i  W e  m atrixes o f  com m on resistances and coupling inductances o f  rotors A

and B,

\_R'f J, ]- m atrixes o f  resistance and leakage inductance o f  additional ring,

J - m om ent o f  inertia,

Tm - load torque,

- angle o f  rotor rotation,

Te - electrom agnetic torque,

Q m - rotor angular speed.

Insertion o f  additional ring divides rotor into two parts. Turning them for specific angle 
y causes that pulsating torques generated in both halves o f  rotor have opposite signs and their 
sum is theoretically equal to zero. In practice it is strongly reduced and am plitude o f  reduced 
torque is several tim es sm aller than w ithout additional ring. By choosing the angle y you can 
decide which pulsating torques should be reduced. In other words additional ring with turned 
halves o f  rotor allow to reduce pulsating torques connected with one, specified by turning 
angle y, synchronous speed [5].

3. PRINCIPLE OF OPERATION OF ADDITIONAL RING IN ROTOR

Synchronous torques occur in induction m achine as a result o f  cooperation in air gap o f 
space harm onics arising in stator and sim ilar ones arising in rotor. Synchronous torque 
appears always as a result o f  cooperation o f  a couple o f  space harm onics p and v so this is 
noted by Te(p,v). The torque value is alternating and its pulsation depends on ro tor’s angular 
speed i2m. For one characteristic (o f  this torque) speed the torque achieves constant value 
and becom es a synchronous torque. Its value depends on angle o f  rotor’s position oO at the 
m om ent when m achine reaches steady state. This is a sinusoidal dependence and is called 
angular characteristic o f  synchronous torque. Period Ts o f  this characteristic is always a 
divisor o f  slot pitch a r  so it can reach values:
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7 > — , c = 1,2,3,... (7)
c

A dditional ring in the middle o f  rotor length divides rotor for two halves placed on a 
com m on shaft. In addition it allows for rotating both halves through certain angle y. This 
angle should be specially m atched to be h a lf  o f  period o f  angle characteristic Ts o f chosen 
synchronous torque. This causes that this chosen parasitic torque is being strongly reduced as 
well as all other torques with same period o f  angle characteristic. This is so because the 
displacem ent, realized by rotating o f  rotor halves through angle ar=Ts/2, causes that torques 
becom ing from both halves equalize and resultant torque is equal to zero.

4. SIM ULATION RESULTS

Sim ulations were perform ed for machine type S g l32  S-4 with rated power Pn=5,5 kW. 
There was a model created considering six space harm onics from the first row of diagram o f 
decom position o f  rotor into elem entary machines. The diagram o f  decomposition w ith paths 
o f  generating o f  synchronous torques connected with M M F space harmonics present in first 
row o f  rotor is shown in figure 2.

Up 13p

K
<u I 
e§ I

Fig.2. Diagram of decomposition of machine with paths of generating of synchronous torques Qs=36,
Qr=28, 2p=4

Rys.2. Schemat rozkładu na maszyny elementarne z torami generowania momentów [synchronicznych;
Qs=36, Qr=28, 2p=4

Figures 3-5 show summ ary and com ponent torques [Nm] versus time [s] during start o f  
explored m achine for different turning angles y.
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Fig.3. Summary and component torques [Nm] versus time [s] during start of machine for y=aT/2 
Rys.3. Moment wypadkowy i momenty składowe podczas rozruchu silnika dla y=aT/2
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Fig.4. Summary and component torques [Nm] versus time [s] during start o f machine for y=ar/4 
Rys.4. Moment wypadkowy i momenty składowe podczas rozruchu silnika dla y=a/4
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Fig.5. Summary and component torques [Nm] versus time [s] during start o f machine for 7 =0 / 8  

Rys.5. Moment wypadkowy i momenty składowe podczas rozruchu silnika dla 7=0 / 8

Simulation results differ from each other with turning angle 7 . The angle in each case 
was chosen to reduce one group o f  pulsating torques as follows:

y = a /2  reduces torques Te(2,26), Te(2,82) and Te(2,86) (Ts= a,-), 
y = a /4  reduces torque Te(2,58) (Ts= a /2 ) , 
y=a / 8  reduces torques Te(2,l 10) (Ts= a /4 ).

Expected reduction can be easily observed in the mentioned figures.
In each case turning angle y is equal to half o f  period o f  angle character istic o f  reduced 

synchronous torque, w hich is consistent with mentioned principle. It causes tha t com ponents 
o f  this torque generated in every ha lf o f  rotor cancel each other out, and resultant torque has 
minimal am plitude.

5. CONCLUSIONS

Presented sim ulation results illustrate the operation principle o f  addi ional ring in the 
m iddle o f  rotor o f  squirrel-cage induction machine. Presented model, cons dering six space 
harm onics, seems to be sufficient for exam ining o f  basic properties o f  such a m achine. O f 
course it should be com pared with m easurem ent results to be sure it works properly. In 
further w ork the model should be extended by taking into account othe' rows o f  ro tor’s 
diagram o f  decomposition. However such a model would be much more ccmplicated and all 
m atrixes would be bigger.
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