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ABSTRACT : Single phase induction motors (SPIMs) are widely used motor due to the availability of single 

phase supply in virtually every home. They are reliable, robust, and cheap, applied in the production line of 

industries, and are also used in homes, offices etc. They are associated with some problems like, not self 

starting, low starting torque, high starting current, inability to carry heavy loads etc. This paper on SPIM with 

two identical stator windings is aimed at analyzing the machine with two equal stator windings in order to solve 

some of these problems with SPIM in order to enhance its performance. The machine equations are established, 

modeled using direct-phase variable model. The equations are simulated using embedded MATLAB function 

block simulink to verify its performance in terms of stator currents, electromagnetic torque and rotor speed. The 

dynamic performance of the machine was further verified as load torques was applied. The simulation results 

demonstrated the feasibility of the proposed scheme and also show some level of improvement. 

Keywords: SPIM with two identical stator windings, MMF harmonics, Total Harmonic Distortion (THD), 

MATLAB Simulink block, in-rush (IR) current.   

 

I. INTRODUCTION 
SPIMs are small motors, mostly built in the fractional horsepower range. These motors are widely 

employed for low power applications. In these applications, the machine runs at constant frequency and is fed 

directly from the alternating current (A.C) grid with any type of control strategy. SPIMs are used in a wide 

variety of commercial and industrial applications [1]. These motors are widely used due to their energy 

availability characteristics [2]. They are commonly used in small rating where three phase supply is not usually 

available [3]. It has no inherent starting mechanism since it is normally operated with only one stator winding 

and therefore some special arrangements, such as providing an auxiliary winding in the stator, has to be made 

for making it self-starting. It requires just one power phase for its operation [4]. They are reliable, robust, and 

cheap, and are also used in homes and offices for air conditioners, refrigerators, washing machines, furnace fans, 

and garbage disposals. The auxiliary winding is disconnected from the circuit by a centrifugal switch as the 

rotor attains close to maximum speed. This motor is associated with some problems like, not self-starting, 

cannot accommodate heavy loads due to low power factor, it has low starting torque, high starting current, low 

efficiency, which makes for great energy wastage [5]. The increasing concern for energy provision is causing 

more demand for the efficiencies of electric motors and appliances which use them. A motor with two identical 

windings in the stator is conceived to improve the conventional motor. The conventional capacitor run SPIM is 

manufactured either with single or double capacitor with the aim of improving the starting and running torque of 

the motor [6]. Mera and Câmpeanu [7] investigated the maximum efficiency for a given torque measurements 

made with large number of fixed value capacitors. It was concluded that the value of the starting torque 

increases with the capacitor. Also, for a high starting torque, the capacitor must have a high value. Mohd and 

Gurmeet [8] further investigated the electromagnetic field analysis of the execution of single phase capacitor run 

induction motor using composite rotor conductor and confirmed that, rotor geometry and rotor winding are the 

real components that assume an essential part in streamlining the performance of the machine. 

A lot of methods have been employed in modeling induction motor, some of these models are: the D-Q 

axis model [9, 10, 11], 2D finite element model [12], Generic Algorithm [13] in order to investigate machine 

performance.  

It is obvious from the findings that, all the papers reviewed worked with a conventional SPIM with 

non-identical windings on their stator frame. The purpose of this paper is to investigate and improve the 
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conventional SPIM performance by making the two windings in the stator identical. This work shall provide a 

drive with lower torque ripples and a drive with lower current per watts, etc. 

 

II. MODE OF OPERATION 
This paper is to employ direct-phase variable model in analyzing the proposed machine with two 

identical windings in the stator. The two windings in the stator occupy 50% each, having identical number of 

pole, and are interwoven such that they occupy the same slot space. Both windings in the stator are sinusoidally 

distributed, and, therefore unlike conventional SPIM, the net flux in the stator core is a rotating sine wave. So 

there is no need for capacitor, however, the voltage can be two phase or with the use of two phase power 

electronic drive [14]. The rotor is a squirrel cage type. The two identical windings in the stator frame are 

displaced by 90 electrical degrees. The flux due to the current flowing in each phase winding is sinusoidal with 

a positive direction. The instantaneous values of these two fluxes set up by the two windings produce a resultant 

flux, whose value is a vector sum of these two fluxes at any time. It is obvious that the resultant flux is constant 

in magnitude, which implies that, it is equal to the maximum flux due to either phase and is making one 

revolution per cycle, meaning that the resultant flux rotates synchronously. Due to the fact that both windings in 

the stator are symmetrical, the circulating harmonic currents originated from mutual leakage coupling between 

the stator windings. This machine can be applied in all areas where SPIMs find applications. 

 

III. ANALYSIS OF THE MACHINE 
 In analyzing this machine, the following assumptions are made, they are: 

 The stator windings are portrayed by orthogonal sinusoidal distributed windings. 

 The rotor windings ar and br are sinusoidally distributed. 

 The rotor winding of the machine is short-circuited (𝑣𝑎𝑟 = 𝑣𝑏𝑟 = 0). 

 Saturation, slotting effect, eddy current and temperature effects are neglected. 

 The airgap distance between the stator and rotor is uniform. 

 

3.1 Stator Design Layout 

The stator windings layout configuration is designed for the SPIM with two identical stator windings as 

shown in Fig 1.0. The windings of this motor are configured to be identical after careful studying an identical 

conventional motor configuration whose stator layouts are non-identical. The waveform acquired gives the 

desired MMF sinusoidal waveform. This four-pole motor stator has 24 slots; it implies that the motor has 6 slots 

per pole with the auxiliary and the main windings distributed along the slots in the stator. 
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                                           Figure 1.0:  SPIM with two identical stator windings layout 
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3.2 Mathematical Model 

Fig. 2.0 is a four pole SPIM with two identical stator windings, portrayed by orthogonal sinusoidal 

distributed windings with equal windings on the stator, which implies that both windings in the stator are 

symmetrical. The angular displacement about the stator is denoted  𝜃𝑠  and its axis is as-axis. The angular 

velocity of the rotor is 𝑤𝑟  and 𝜃𝑟  is its angular displacement. Since the axes of the main and auxiliary stator 

windings are already orthogonal, for simplicity in analysis, the stationary a-b axes may be aligned with the 

orthogonal axes of the physical winding as shown in Fig. 2.0. 

 

 
Figure 2.0: Cross section of SPIM with two identical stator windings 

 

 3.2.1 Derivation of Stator and rotor voltage equations 
The voltage equations for both the stator and rotor are derived with respect to their self and mutual 

inductances from Fig 2.0 as presented: 

                       𝑉𝑎𝑠 = 𝑟𝑎𝑠 𝑖𝑎𝑠 + 𝑝𝜆𝑎𝑠                                                                                        (1)                                                                                 

                    𝑉𝑏𝑠 = 𝑟𝑏𝑠 𝑖𝑏𝑠 + 𝑝𝜆𝑏𝑠                                                                                        (2)                                                                                 

                    𝑉𝑎𝑟 = 𝑟𝑎𝑟 𝑖𝑎𝑟 + 𝑝𝜆𝑎𝑟                                                                                       (3)                                                                                      

                    𝑉𝑏𝑟 = 𝑟𝑏𝑟 𝑖𝑏𝑟 + 𝑝𝜆𝑏𝑟                                                                                       (4)                                                                                                                                                      

   

The 𝑝 denotes differentiation with respect to time  
𝑑

𝑑𝑡
        

 

Equation 1-4 can be summarized as shown in equation 5   

    𝑉 = 𝐼𝑅 +  
𝑑

𝑑𝑡
 𝐿𝐼  ; where, 𝜆 = [𝐿𝐼]                                                                             (5)                                                                                                                                                                      

Expanding 
𝑑

𝑑𝑡
 𝐿𝐼  in equation 5 and making  

𝑑𝐼

𝑑𝑡
 the subject, yields              

                               

 
𝑑𝐼

𝑑𝑡
=

1

𝐿
  𝑉 − 𝐼  𝑅 + 𝑤𝑟

𝑑𝐿(𝜃)

𝑑𝜃
   , where 𝑤𝑟  = 

𝑑𝜃

𝑑𝑡
  ; 𝑅 = diag[𝑟𝑎𝑠   𝑟𝑏𝑠   𝑟𝑎𝑟   𝑟𝑏𝑟 ];   

                                                     

𝑉= 

𝑉𝑎𝑠

𝑉𝑏𝑠

0
0

 ; 𝐼 =  

𝑖𝑎𝑠

𝑖𝑏𝑠
𝑖𝑎𝑟

𝑖𝑏𝑟

 ; 𝐿 = 

 
 
 
 
(𝐿𝑎𝑠𝑎𝑠 + 𝐿𝑙𝑠) 𝐿𝑎𝑠𝑏𝑠 𝐿𝑎𝑠𝑎𝑟 𝐿𝑎𝑠𝑏𝑟

𝐿𝑏𝑠𝑎𝑠 (𝐿𝑏𝑠𝑏𝑠 + 𝐿𝑙𝑆) 𝐿𝑏𝑠𝑎𝑟 𝐿𝑏𝑠𝑏𝑟

𝐿𝑎𝑟𝑎𝑠

𝐿𝑏𝑟𝑎𝑠

𝐿𝑎𝑟𝑏𝑠

𝐿𝑏𝑟𝑏𝑠

(𝐿𝑎𝑟𝑎𝑟 + 𝐿𝑙𝑟 ) 𝐿𝑎𝑟𝑏𝑟

𝐿𝑏𝑟𝑎𝑟 (𝐿𝑏𝑟𝑏𝑟 + 𝐿𝑙𝑅) 
 
 
 

 

      let, 𝐿𝑖𝑗 =
𝜇𝑜𝑟𝑙

𝑔
 (𝑁𝑖 cos 𝜃 𝑁𝑗 𝑠𝑖𝑛𝜃) 𝑑𝜃 

2𝜋

0
, where, 𝐿𝑖𝑗 = 𝐿𝑎𝑠𝑎𝑠 , 𝐿𝑎𝑠𝑏𝑠 , 𝐿𝑏𝑠𝑎𝑠  etc.                                                                                                                                    

Leakage inductances of phase-a and phase-b stator windings are 𝐿𝑙𝑠  and 𝐿𝑙𝑆  respectively, while those of 

the rotor windings are 𝐿𝑙𝑟 (𝐿𝑙𝑅). The self and mutual inductances values were obtained from the inductance 

calculation embedded in the MMF waveform code.                                                                                                                                                                                                                                                                                                                                                   
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3.2.2 Torque Equation 

The torque equation for the machine is presented as: 

𝑇𝑒 =  𝑃 2  (𝑖𝑎𝑏𝑠 )𝑇 𝛿

𝛿𝜃𝑟
 
𝐿𝑠𝑟 cos(𝜃𝑟) −𝐿𝑠𝑟 sin(𝜃𝑟)
𝐿𝑆𝑟 sin(𝜃𝑟) 𝐿𝑆𝑟 cos(𝜃𝑟)

 𝑖𝑎𝑏𝑟                                              (6) 

Expanding equation 6 yields equation 7: 

  𝑇𝑒  =  𝑃 2   𝐿𝑠𝑟 𝑖𝑎𝑠(−𝑖𝑎𝑟 sin(𝜃𝑟) − 𝑖𝑏𝑟 cos(𝜃𝑟)) + 𝐿𝑆𝑟 𝑖𝑏𝑠 (𝑖𝑎𝑟 cos 𝜃𝑟 − 𝑖𝑏𝑟 sin(𝜃𝑟))   (7) 

The inductance 𝐿𝑠𝑟  is the amplitude of the mutual inductances between stator and rotor windings. 

The torque and rotor speed are related by 

    𝑇𝑒 = 𝐽  
2

𝑃
 𝑃𝜔𝑟 + 𝑇𝐿                                                                             (8) 

 

IV. MODELING USING MATLAB/SIMULINK 
Matlab/Simulink models were developed to examine the SPIM with two identical stator windings. The 

equations from (1)-(5) and (8) are modeled using direct-phase variable model and implemented in an embedded 

MATLAB Simulink block with the oscilloscope displaying the results as presented in Figure 3.0. The 

parameters used for this simulation were obtained from the open and short circuit tests performed on an identical 

conventional SPIM as presented in Table 1.0 

                                                                  

 
Figure 3.0: Simulink model of the SPIM with two identical stator windings 

 

Table 1.0: Machine Data for SPIM 

         𝐿𝑙𝑠=0.002H;                                                                               Moment of inertia, J=0.015; 

         𝐿𝑙𝑆=0.002H;                                                                               Number of main windings, 𝑁𝑎=24; 

         𝐿𝑙𝑟 =0.0015H;                                                                             Number of auxiliary windings, 𝑁𝑏=24; 

         𝐿𝑙𝑅=0.0012H;                                                                            Turn windings on rotor, 𝑁𝑟=33; 

         𝑟𝑎𝑠  =2.3Ohms;                                                                            Number of pole, p=4; 

        𝑟𝑏𝑠  =2.3Ohms;                                                                             Effective stack length, 𝑙 =0.15 

        𝑟𝑎𝑟 =1.6Ohms;                                                                              Airgap radius, R=0.099 

        𝑟𝑏𝑟=2.1Ohms;                                                                              mu=4*pi*10^-7   

 

V. RESULTS AND DISCUSSION 
The simulation results are obtained from the simulink model in Fig 3.0, the results are presented in Fig. 

5.0 to 9.0. The objective of this paper is to investigate the performance of the induction motor with two identical 

windings in the stator. The results are discussed as shown in different sections. 
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5.1 MMF Distribution in the Air Gap  

Fig. 4 is a result obtained from MATLAB code written using the number of windings designed on each 

slot of the stator with respect to Fig.1.0, the aim is to investigate if the motor waveforms for the two windings 

(Main and Auxiliary) are sinusoidal and identical. This is because the MMF distribution in the air gap is 

determined by the number of slots and the coil in each slot. It is obvious from the result that, they are. They 

contain harmonic components with one fundamental component which are identical with a THD of 0.2073 for 

both windings as seen in Fig. 5.0. This implies that the motor can be powered by an A.C. voltage.   

      

                                                                                      Legend 

 
 

 
Figure 4.0: MMF distribution of the main and auxiliary winding for the SPIM with two identical stator 

windings 

 

 
                                                  (a)                                                                                   (b)                            

Figure 5.0 (a) and (b): identical winding harmonics components for the main and auxiliary windings in the 

stator of the SPIM with two identical stator windings, with THD of 0.2073. 

 

5.2 Stator Current 

The machine result in Fig. 6 and Fig. 7 show the waveforms and envelops of the stator currents. Fig 6.0 

is the main winding stator current plotted against time while Fig 7.0 is the auxiliary winding stator current 

plotted against time. Fig. 6.0 shows that when voltage is supplied to the machine, it starts with the main winding 

IR current of 43.0 A and drops to 8.00A at no-load, at time 1.5s when load torque was applied and as the load 

appreciates; the machine maintained that value of current for a long time before obtaining the full-load current 

of 11.00A. This result is related in Fig. 7.0 which proves the configuration of the windings is identical.    
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Figure 6.0: Main winding stator currents for SPIM with two identical windings (a) waveform (b) Envelope of 

current 

 

 
(a)                                                                                  (b) 

Figure 7.0: Auxiliary winding stator currents for SPIM with two identical windings (a) waveform (b) Envelope 

of current 

 

5.3 Electromagnetic Torque 

Fig. 8.0 is the result obtained for plotting electromagnetic torque against time. It is obvious from the 

figure that the motor starts with a high starting torque, at time 1.5s when load was applied and as it kept 

increasing, the electromagnetic torque kept appreciating in order to accommodate the load torque until it 

acquires a full-load torque of 9.8Nm.  

 

 
Figure 8.0: Electromagnetic torque SPIM with two identical windings 

 

5.4 Rotor Speed 

Fig 9.0 shows the rotor speed plotted against time. On application of the voltage, the motor starts 

smoothly and the speed increased before the attainment of full nominal speed of 377 rad/sec at no load. This is 

the expected speed of a 4-pole 60Hz induction motor. At 1.5 seconds when the load torques was applied and as 

the load kept appreciating, the speed was maintained for a considerable time before it starts subsiding to a full 

load speed of 358 rad/sec at allowable slip of 0.05. 

 

IR CURRENT=43.00A 

NL CURRENT=8.00A 

FL CURRENT=11.00A 
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Figure 9.0: Rotor speed during starting and its response to load torque for the SPIM with two identical windings 

               

VI. CONCLUSIONS 
The SPIM with two identical windings circuit was designed; the machine equations were generated 

from the circuit in Fig. 2.0 and resolved using embedded MATLAB function block. The simulation results show 

the feasibility of the proposed motor in terms of machine characteristics such as the stator currents, the torque 

and speed. It has been established that; this motor operates with low IR current; high starting torque with a rotor 

speed that support heavy loads. Apart from that, although the machine will have slightly more conductors in the 

stator; however, the increased output per current will entail a significant reduction of running cost in terms of 

low volt-ampere, entailing a lower Watts per ampere. 
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