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Abstract 

 
     The method is proposed to study the performance of single-phase capacitor motor 

with amplitude control. This is clearly shown by controlling the speed of the motor with 

varying the applied voltage to the control voltage while the excitation voltage is 

constant. The obtained results show the validity of the method and the accuracy of the 

equations derived in this work. 

 

Introduction 

      This type of motors are used for different purpose such as military and      

medical …ext. The speed of single phase capacitor motor can be controlled 

by varying the applied voltage to one of its two windings. This is called an 

amplitude control of the motor. The basic schematic diagram is shown in 

fig.1, where the capacitor is connected with the main winding (w1); and the 

control voltage of the control winding (Vc = V3) is obtained through a 

regulator (R) from the main supply. Therefore the supply voltage (V1) and 

control voltage (V3) are in phase. 

 

 

 

 

 

 

Fig (1): Basic schematic diagram of single phase capacitor motor 

 

(w1) 
(w3) 

R 
V1 

Vc 

Ve 

Ic = I3  

C 

X3 
r1 

X1 

r3 

I1 = Ie  

Tc = T3  

Vc = V3  

T1 = Te  

Xc 



Journal of Kirkuk University –Scientific Studies , vol.5, No.2,2010 

  

 

 02 

33

11

TK

TK
K

w

w

1

3

1 V

V

V

Vc 

 K
V

KV

V

V
e 




1

3

1

3

     Fig.2 , shows the voltage phaser diagram of such motor, where the 

values with index (1) related to the main winding and (2) to the squirrel-

cage rotor winding and (3) to control winding. (Huang, 1988 ) 

 

 
                  Fig(2): Voltage phaser diagram of capacitor motor 

      The parameters of the control and rotor winding are referred to the 

main (or excitation) winding by using the referring factor which is: 

 

Where Kw1, Kw3 and T1 , T3 are the winding factor and the number of turns 

for the main and control windings respectively; and the control voltage 

factor is: 

 

Also the control voltage referred to that of main winding is: 

33 KVV   

Where the effective control factor can be expressed as: 

 

 

The Motor Torque Equations 
     At normal operation of this motor, the magnetic field is elliptical, i.e. it 

is a combination of both forward and backward fluxes in the air gap, and 

      … ( 1 ) 

 ... ( 2 ) 

 … ( 3 ) 

   … ( 4 ) 
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therefore, the motor equivalent circuit can be shown as in fig. 3, where(a) 

for forward field and (b) for backward field. 

 

 

 

 

 

 

 

Fig(3): ( a,b ) equivalent circuit  of forwared field and backword field 

capacitor motor 

    From figure (a) the main forward current is: 

 

And the main backward current is: 

 

Where I1 and 3I   are obtained as in Appendix (A). 

     The electromagnetic power for forward and backward fields can be 

expressed as: 

 

 

     Therefore, the total developed torque in (Kg – cm) is: 

 

 

and when using the equivalent circuit parameters the torque can be 

expressed as: 

 

 Finally the shaft useful torque at rated speed (n2) is: 

 

 

Where To – is the loss torque at no-load speed of (n2o)(Yokozuka & Miuaka  

,1987) 

fI  fZ2


mZ

fIIjI  31

fE1
- 

fE2


31 jII 

( a ) ( b ) 

… ( 5 ) 

… ( 6 ) 

 … ( 7 ) 

… ( 8 ) 

… ( 9 ) 

 … ( 10 ) 

 … ( 11 ) 

31 jII 

bE2


bZ2


mZ

bIIjI  31

bI 

bE1
- 



Journal of Kirkuk University –Scientific Studies , vol.5, No.2,2010 

  

 

 02 

)sin(
81.9

104
1331

1

2

ssssfss IIR
w

T  




d

md
cs

f

a
XX 1

cs

s
Xf

C
1

6

2

10




Motor Behaiver at Starting 
      At starting where s = 1 we have that  Rfs = Rbs  and therefore, Eq. (10) 

for the  starting condition becomes: 

 

 

Where I1s and sI3
 are obtained as in Appendix (B). 

It can be shown that I1s and I3s are independent from each other, and the 

total starting current is: 

Is = I1s + I3s 

     Also the amplitude and phase of I1s is changing with variation of 

capacitor value, and its phasor drawing a circle as shown in Fig. (4) The 

circle diameter is also the maximum starting current (I1sm) obtained from 

the condition (X1 – Xc = 0 ) which is equal ( V1 / R1 ) where R1 = r1 + 2rfs. 

 
Fig(4): circle diagram  for capacitor motor 

     The maximum torque is corresponds to (Xc) value which makes (I1s =ab) 

passing through the circle center; and its value depends on two factors.(i) 

current value (I1sm) and (ii) its phase shift (φ1s). From fig.4 the maximum 

starting torque is obtained at capacitance value of: 

 

 

where 

 

(12) … 

  … ( 13 ) 

… ( 14 ) 
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it is evident that as low the stator main winding reactance (X1) as high the 

value of the required starting capacitance (Singh, 1982 ;Mcherson, 1990 ) 

 

Motor Operating Performance 

Balanced Operations:  ( Fuchs et al. , 1990 ) 

     The  motor is called balanced if the backward field is vanished or bI   = 0 

i.e. 

Which means that                                             ,then; 

 

 

and the control factor at circular field (αc) is: 

 

The required capacitive reactance to insure circular field is: 

 

and For balanced operation at starting ( s = 1 ) and for rc = 0 

 

Load Performance:  (Deshpande , 1980 ) 

      Using q as the relative rotor speed (i.e =  w1 / w2), then the forward slip 

Sf = S = 1 – q and the backward slip Sb = 2 – S = 1 + q, then the torque 

equation in (Kg – cm) from eq. 9 is: 

 

 

To simplify this expression assume that: 

 

rm = 0 , rc = 0 and considering that                              and    β = Xc / 2Xm 

from Appendix (C) the electromagnetic torque becomes in (Kg – cm) as: 

… ( 15 ) 

… (16) 

 … ( 17 ) 

, 

031  rr 031  XX, , 02 X
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At starting (q = 0) and the equation simplified to: 

 

The ratio of electromagnetic torque to the starting torque, therefore, is: 

 

At balanced operation when  q = 0 , α e = ζ , β = 1 , the ratio of starting 

torque to that at balanced operation is: 

 

The shaft useful torque in p.u. can be expressed as in Eq. 11 by: 

 

Where mo – is the p.u. loss torque at no – load relative speed of qo. 

Motor Mechanical Power:  (Sawhney , 1988 ) 

     The mechanical useful power (P2) can be expressed in watts as: 

P2 = q Pem 

And in p.u. as: 

 

The Performance Curves:  (Krikor, 1994) 

To check the validity of the obtained performance equations for the 

proposed motor, there different motor parameters were taken, as given in 

table (1). For reference the motors are called A, B and C. The performance 

curves required to compare the motor quality are: 

a- ms = f ( β ) for different ζ values , when 5.0
r2 




mX

  and 
m

c

X

X

2
 . 

b- m = f ( q ) for different αe values 

c- P2 = f (q) for different αe values 

     The results obtained from these relationships are given in Figs ( 5 – 7 ). 

These result are obtain by using computer program ( Visual Basic ) , 

input the data as show in table 1 for three type of motor ( a,b,c ) and the 

result are shown in fig. 5,6,7 respectively . 

 

 

p.u. 

 … ( 18 ) 

---------------------       ( 19 ) 

      … ( 20 ) 

… ( 21 ) 

      … ( 19 ) 
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Symbol Motor type A Motor type B Motor type C 

P2 190 170 20 

n 1405 1400 1450 

I 1.4 2.24 0.403 

I1 1.2 0.99 0.424 

I3 1.25 0.86 0.212 

Cos φ 0.995 0.985 0.7 

η 66 % 67 % 48 % 

T1 800 806 1430 & 838 

Kw1 0.846 0.837 0.904 

r1 16.6 21 71 

r2' 20 23 73 

Xm 200 240 528 

X1 13 15 42 

X2' 8 10.5 35 

rm 13 16 20 

Xc 235 368 2090 

K 1 0.85 0.595 

 

 

 

 

 

Table(1): The description of the motors 
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The motor type A: 
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Fig(5):( a,b,c )  a- ms = f ( β ) for different ζ values , b- m = f ( q ) for 

different αe values  c- P2 = f ( q ) for different αe values 
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The motor type B: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig(6): ( a,b,c )  a- ms = f ( β ) for different ζ values , b- m = f ( q ) 

for different αe values c- P2 = f ( q ) for different αe values 
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The motor type C: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(7 ): ( a,b,c )  a- ms = f ( β ) for different ζ values , b- m = f ( q ) 

for different αe values c- P2 = f ( q ) for different αe values 
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Conclusion 
     The validity of the equations derived in this paper is checked by the 

accuracy of the curves obtained as in Figs ( 5 – 7 ) . The curves consistent 

wit6h the theory of the amplitude control capacitor motor. It is clearly 

shown that the output power and torque are directly proportional with the 

effective control factor. While the torque at circular field is inversely 

proportional with the ratio of rotor resistance to reactance (ζ). 

 

Appendix ( A ) 
       From Fig(3); the magnetizing impedance referred to the main winding is: 

 Zm=rm + j Xm   

         where:      

    

and the forward and backward induced emf is: 

       

Also the forward and backward rotor impedance is expressed by: 

  

   

     

Where: 

        s = (w1-w2) / w1     and   w1 = 2πf1 / P  ,   w2- rotor angular velocity or 

        s = (n1 – n) / n1 

             

 

 

 

 

 … ( A - 1 ) 
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            The total forward and backward parameters are:   

 

 

  

 

 

 

 

             

     The total emf in the main winding: 

        E1 = Ef + E1b = - I1 (Zf + Zb) – j I
’
3 (Zf – Zb)       

             And the total emf in the control winding: 

 

Where 

 

   

 

        Or 

  

              

 

             From Kirchhoff equation 

… ( A - 4) 
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            Using equations (A-6) and (A-7) in equation (A-8) we have:  

 

 

Where       

  

 

 

             The winding currents from eq. (A-8) are 

 

 

 

 

 

Appendix ( B ) 

            The starting current is: 

 

   

        

      

  

        and  

…  ( A - 8) 

 … ( A - 9) 

…  ( A - 10) 

, 

, 

…  ( B - 1) 

… ( B - 2) 
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           Then the forward resistance and reactance at starting are: 

 

 

 

Appendix ( C ) 
     From assumptions given in (4-2) we have that: 
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1. Frequency f Hz 

2. Rated voltage V V 

3. No. of phases m --- 

4. Pole pairs P --- 

5. Capacitance voltage Vc V 

6. Capacitance reactance Xc Ω 

7. Referring factor K --- 

8. Control factor αc --- 

9. Starting control factor αcs --- 

10. Effective control factor αe --- 

11. Forward current If A 

12. Backward current Ib A 

13. Electromagnetic power Pf W 

14. Developed torque T Kg – cm 

15. Starting torque Ts Kg – cm 

16. Starting current Is A 

17. Electromagnetic torque Tem Kg - cm 

18. Shaft useful torque mss --- 

19. Mechanical useful power P2 W 

20. Power factor cosφ --- 
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السيطرة على سرعة محركات المتسعة أحادية الطور عن طريق تغيير 
 جهد المسلط عليهاال

 
 فاتن نبيل برصوم

 قسم الهندسة الكهروميكانيكية
 الجامعة التكنولوجية

 5/15/5222: تاريخ الاستلام ، 52/1/5212: تاريخ القبول
 

 الخلاصة
 

في هذا البحث تم اقتراح طريقة لإمكانية التحكم في أداء محركات المتسعة أحادية الطور ، حيثث مث          
لى سرعة هذه المحركات م  خلال الجهد المسلط على لفيفة السيطرة مع بقاء جهثد الإاثارة   الممك  السيطرة ع

اابتا . إ  النتائج التي تم الحصول عليها هي نتائج جيدة تبي  صحة هذه الطريقة ودقثة المعثادلات التثي تثم     
 استنتاجها في هذا البحث .

 

 

 


