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Abstract—In this paper, a novel energy-efficient single-phase 

induction motor with three parallel-connected stator windings 

and two external capacitors has been proposed. By selecting the 

appropriate capacitors, the currents in the three windings will 

be approximately symmetric at rated load, thus high rated 

efficiency can be obtained. The condition for balanced 

operation is analyzed and the method for determining the 

requested capacitances is also obtained, based on the 

symmetrical component method. It is concluded that, in 

comparison with three-phase induction motors of the same 

capacity, the novel single-phase induction motor has nearly the 

same efficiency but higher power factor when operating at 

rated load. 

 

 

I.  INTRODUCTION 

Characterized by simple structure, high reliability as well 

as easy maintenance, single-phase induction motors, 

operating on single-phase AC power supply, are widely used 

in industry, agriculture, transportation and household 

appliances, etc. However, single-phase service is a problem 

for customers who need to run large motors for pumping, 

irrigating, or running heavy machinery, because it is not 

economic to use single-phase induction motor when the rated 

power exceeds 0.5 kW. A three-phase induction motor 

running on a single-phase supply with the help of phase 

balancers could be an alternative solution. Many researchers 

have studied this particular case of unbalanced operation for 

induction motors and a lot of work such as, selection of 

capacitor for different load, steady state performance, and 
dynamic performance has been well addressed [1]-[9]. 

In this paper, a novel energy efficient single-phase 

induction motor, which has three parallel-connected 

windings and two capacitors, is proposed. Based on the 

symmetrical components method, the condition for balanced 

operation is obtained and the steady-state performances are 

analyzed. 
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II.    STRUCTURE AND OPERATIONAL PRINCIPLE 

Fig. 1 shows the proposed connection of three-phase 

induction motor operating on a single-phase supply. There 

are three symmetrical windings in the stator. The A-phase 

winding constitutes the first branch. The series connection of 

capacitor C1 and B-phase winding constitutes the second 

branch, and the series connection of capacitor C2 and C-phase 

winding constitutes the third one. The above three branches 

are connected in parallel as shown in Fig. 1. 

It can be seen from Fig. 1 that the current in winding B lags 

that in winding A, while the current in winding C leads that in 

winding A. By an appropriate choice of capacitors C1 and C2, 

the currents in three-phase windings are approximately 

balanced at rated load, thus the efficiency of the proposed 

motor is approximately the same as that of the three-phase 

induction motors. 
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Fig. 1.  Connection of the single-phase induction motor with 

parallel-connected windings. 

 

III. CONDITION FOR BALANCED OPERATION 

Referring to Fig. 1, the electric circuit equations for the 

proposed motor can be established. The voltage equations are 

as follows 
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The current equations are  
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The equations satisfied by capacitors are 
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where sU is the voltage of the single-phase supply, AU , BU , 

and CU  the voltages of the three stator windings, respectively, 

AI , BI , and CI  are the currents of the three stator windings, 

respectively, 
C1U  and 

C2U  are the terminal voltages of 

capacitors C1 and C2, respectively, C1I  and C2I  are the 

currents of the capacitors C1 and C2 , respectively, ZC1and ZC2 

are the impedances of the capacitors C1 and C2 , respectively, 

RC1and RC2 are the alternating resistances of the capacitors C1 

and C2, respectively, XC1, and XC2 are the reactance of the 

capacitors C1 and C2, respectively.  

According to (1), (2), and (3), the phasor diagram for 

balanced operation can be obtained, as shown in Fig. 2. It can 

be seen that the input voltage is the same as the phase voltage 

when balanced operation is achieved. Thus the 380V 

Y-connected three-phase induction motor can be reconnected 

to be a 220V single-phase induction motor directly. 
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Fig. 2.  Phasor diagram for balanced operation. 

 

According to the symmetrical component method, the 

voltages and currents of the three windings can be expressed 

as 
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where I , I and 
0I are the positive sequence current, 

negative sequence current, and zero sequence current, 

respectively; U
, U

and 
0U are the positive sequence 

voltage, negative sequence voltage, and zero sequence 

voltage, respectively;  Z+ , Z- , and Z0 are the positive 

sequence impedance, negative sequence impedance, and zero 

sequence impedance, respectively.  120je ,  1202 je . 

According to electrical machine theory, the positive 

sequence impedance Z+, negative sequence impedance Z- and 

zero sequence impedance Z0 are formulated as follows 
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where, R1 and X1σ are the resistance and leakage reactance of 

stator windings, respectively,  Xm  the  magnetizing reactance, 

2R and 2X   the referred rotor resistance and leakage  

reactance, respectively, s the slip. 

The relations between the sequence voltage and the 

sequence current are 
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From (1), (2), (3), (4), (5) and (9), the following equations 

can be obtained 
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Thus, 
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where 

 

0

2

1 1 0 1

2

2 2 0 2

( ) ( ) ( )

( ) ( ) ( )

C C C

C C C

Z Z Z

a Z Z a Z Z Z Z

a Z Z a Z Z Z Z

 

 

 

    

  

  (14) 

 

If balanced operation is desired to be achieved, 

0I  and 0 0I   must be satisfied. Thus the condition for 

balanced operation can be obtained 
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It can be seen that the obtained capacitances are 

corresponding to given speed or load. In other words, when 

the speed or load changes, the motor will be unbalanced and 

new capacitances must be used in order to balance the motor. 

Fig. 3 shows the positive-sequence equivalent circuit and 

negative-sequence equivalent circuit of the motor. 
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(a) Positive-sequence equivalent circuit 
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(b) Negative-sequence equivalent circuit 

 

Fig. 3.  Equivalent circuit. 

 

The positive-sequence current I


  and the 

negative-sequence current I


  can be obtained by using the 

symmetrical component method. Referring to Fig. 3, positive 

sequence current and negative sequence current in the rotor 

can be calculated as follows  
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Steady-state Performance Analysis. 

 

  

The steady-state performance analysis of the novel 

energy-efficient single-phase induction motor can be carried 

out using the symmetrical component method. 

 The positive sequence electromagnetic power and 

negative sequence electromagnetic power can be expressed 

as 
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Thus, the electromagnetic power of the motor can be 

obtained 

 

2 22 2
e e+ e- 2 23 3

2

R R
P P P I I

s s
 

 
   


           (18) 

    

The positive sequence mechanical power and negative 

sequence mechanical power can be deduced 
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Then, the mechanical power of the motor is 

 

+ e(1 )P P P s P                        (20)  

 

The output power can be calculated as follows 
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IV. STEADY STATE PERFORMANCE ANALYSIS



  

where, P0 and PΔ are the mechanical loss and stray loss, 

respectively. 
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V.   CONCLUSION

According to the result of the analysis, both ZC1 and ZC2

are impedances, i.e. the series connection of resistances and 

capacitances. The addition of resistance will result in ohmic 

loss and decrease the efficiency of the motor. To avoid the 

additional ohmic loss, only capacitors will be connected 

instead of impedances in Fig. 1. In this case, the motor cannot 

operate symmetrically. However, by suitable selection of 

capacitors, the currents in the three windings are 

approximately balanced at given load.


