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Abstract: - A Matlab/Simulink analysis is performed for the speed control of single phased permanent split 
capacitor (PSC) motors used in the application of air curtains. The Matlab/Simulink model is established for the 
PSC motor and the parameters are investigated according to the current, voltage, power and speed values. An 
Isolated Gate Bipolar Transistor (IGBT) is used for the driver circuit. The signal applied on the motor is Pulse 
Width Modulation (PWM) inverter. The speed tuning is obtained by changing pulse width using the PWM. The 
driver efficiency is an important factor especially for the motors that need to be active consistently. In this 
study, the efficiency of the driver circuit is calculated and suggested to be relatively better when compared to 
the conventional techniques.  
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1. Introduction 
Asynchronous motors are frequently used 

in industrial applications and residences due to 
their user friendliness, simple design and 
ability to be maintenance free and cheap [1]. In 
industrial applications, three phased 
asynchronous motors are used while single 
phased motors are preferred in household 
appliances because of their easiness in power 
access [2].  

Single phased asynchronous such as 
permanent split capacitor (PSC) motors, 
divided phase motors, fixed magnet 
synchronous motors and shaded pole motors 
are especially used in household appliances. 
There are many studies in the literature that 
investigate the control and analysis of those 
motors. Different types of PWM is used as the 
control signal in those studies [2-24].  

In this study, the performance analysis of a 
single phased fixed magnet asynchronous 
motor consisting of a main and a minor coil is 
evaluated by establishing the Matlab/Simulink 
model of a PWM controlled driver using 
IGBT. The performance analysis is evaluated 
according to the motor stage. The results and 
analysis are performed according to the fact 
that the study is designed as having six stages.  

 

2. Parameter Determination 
The minor coil and the capacitor which is 

connected to it in series are active during all 
the work stage of PSC motors. The capacitor is 
an oil paper capacitor which can be active 
continuously. Those kinds of motors are often 
preferred in household appliances such as 
aspirator and fan because of their silence in 
operation. The equivalent circuit that belong to 
those motors are given in Fig. 1. 
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Figure 1. The equivalent circuit of a single 
phased asynchronous motor having a 

continuous capacitor 
 

Several experiments are required in 
asynchronous motors in order to determine the 
motor parameters. In this study, DC test, 
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locked rotor and idle running experiments are 
performed. The test results are presented in 
Tables 1, 2 and 3.  
 

Table 1. DC experiment results 
DC experiment 

 Major Coil Minor Coil 
RDC 58 Ω 85 Ω 

 
Table 2. Locked rotor experiment results 

Locked Rotor Experiment 
 Major Coil Minor Coil 

RDC 58 Ω 85 Ω 

UBL 235 V 74 V 

IBL 1,4 A 0,510 A 

 
280 270 

 
Table 3. Idle running experiment results 

Idle Running Experiment 

NL 

580 580 

 
235V 235V 

 
920mA 920mA 

 

Where RDC is the coil resistance, UBL and 
VNL are voltages, IBL and INL are currents, θ 
and θNL are angles in the tables.  
 
3. Matlab/Simulink Model 

The current, the rpm, the voltage and the 
power values of the motor are obtained by 
using the determined parameters and the 
Matlab/Simulink model according to the stages 
of the motor. The parameter input screen view 
is given in Fig. 2.  
 

 
Figure 2. The motor parameters for Matlab 

The Matlab/ Simulink model is shown in 
Fig. 3.  
 

Figure 3. Matlab/Simulink model 
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4. Simulation Results 
PWM is used as the control signal of PWM 

motor. The control signal is generated according to 
the pulse width percentage. Fig. 4 shows PWM 
percentage with the motor stage. As it can be seen 
from the graph, the PWM percentage is increased as 
the stage increased. At the last stage, the PWM 
percentage is 99.9 %.  
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Figure 4. PWM rate according to the stage 

 
The stage-speed graph is given in Fig. 5. As 

expected, the motor speed increases as the stage 
increases.    
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Figure 5. The motor speed according to the stage 

 
The stage-current relationship is presented in 

Fig. 6. The current also increases with the increasing 
stage.  
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Figure 6. Motor current according to the stage 
 
Lastly, the stage-power relationship is given in 

Fig. 7. The increase in stage also increases the 
power.  
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Figure 7. The motor power according to the stage 
 
The efficiency of the driver circuit is measured at 

the 6th stage which is the last one. The efficiency of 
the driver is calculated as the ratio of the input and 
the output powers. As a result, the driver efficiency 
is obtained as 94.29 %.  
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5. Conclusion 

In this study, a Matlab/Simulink based analysis 
according to the motor stage is performed for PSC 
(permanent split capacitor) motors that are used in 
small machine tools, boilers, cooling fans and 
household appliances such as washing machines, 
dishwashers, hair dryers and aspirators.  

Recent Advances in Circuits, Systems and Automatic Control

ISBN: 978-1-61804-306-1 65



 

 

As a result of the analyses of the parameters 
obtained according to the motor stages, it is 
suggested that the driver circuit for IGBT transistors 
and PWM application are significant. Especially for 
the air curtains in aspirators, the speed control of the 
motor strongly depend on the driver capabilities.  

The simulation results show that the efficiency of 
the driver at the 6th stage of the motor is about 95 %. 
This percentage matches up with the desired 
efficiency for the driver.   
 
 
References: 

 
[1] Isik, M. F.; Guvenc, U.; Yanmaz, H., “AC 

Chopper Application and Benefits of Auxiliary 
Windings for PSC Motors” Elektronika Ir 
Elktrotechnika, vol.19, no.10, pp. 76-80. 
 

[2] Ba-Thunya, A.S.; Khopkar, R. ; Kexin Wei ;  
Toliyat, H.A., “Single phase induction motor 
drives-a literature survey.” Electric Machines 
and Drives Conference, IEMDC 2001. IEEE 
International, 2001, pp. 911 – 916. 
 

[3] Saleh, S.A.; Rahman, M.A., “Analysis and 
Real-Time Testing of a Controlled Single-Phase 
Wavelet-Modulated Inverter for Capacitor-Run 
Induction Motors."  Energy Conversion, IEEE 
Transactions on, vol.24, no.1, 2009, pp.  21-29. 

[4] Reicy, S.; Vaez-Zadeh, S. “Vector control of 
single-phase induction machine with maximum 
torque operation",  Industrial Electronics, 2005. 
ISIE 2005. Proceedings of the IEEE 
International Symposium on, vol.3, June 2005, 
pp.  923-928. 

[5] Zahedi, B.; Vaez-Zadeh, S. "Efficiency 
Optimization Control of Single-Phase Induction 
Motor Drives",  Power Electronics, IEEE 
Transactions on, vol.24, no.4, April 2009, pp. 
1062-1070. 

[6] Correa, M.B.R.; Jacobina, C.B.; dos Santos, 
P.M.; dos Santos, E.C.; Lima, A.M.N. 
"Sensorless IFOC for single-phase induction 
motor drive system",  Electric Machines and 
Drives, 2005 IEEE International Conference 
on, 2005, pp.  162-166. 

[7] Sobhani, S.; Talebian, M.E.; Nejad, H.V. 
"Elimination the centrifugal switch in Single-
phase Induction Motor(SPIM) to increase torque 
and efficiency",  Electric Power and Energy 
Conversion Systems (EPECS), 3rd International 
Conference on, 2013, pp. 1-7. 

[8] Najmi, E.S.; Rajaei, A.H.; Mohamadian, M.; 
Dehghan, S.M. "A novel dual output six switch 
inverter for driving two phase induction 
motor",  Power Electronics, Drive Systems and 
Technologies Conference (PEDSTC), 4th, 2013, 
pp. 248-253. 

[9] Foito, D.; Guerreiro, M.; Pires, V.F. 
"Diametrical inversion of a single-phase 
induction motor with a multilevel AC 
drive",  Electronics Conference (BEC), 13th 
Biennial Baltic, 2012, pp. 247-250. 

[10] Artal, J.S.; Caraballo, J. "Staircase 
modulation applied in a speed controller for 
small's single/two - phase induction 
motors",  Power Electronics, Electrical Drives, 
Automation and Motion (SPEEDAM), 
International Symposium on, 2012, pp. 259-264. 

[11] Guerreiro, M.; Pires, V.F.; Foito, D.; 
Cordeiro, A. "A multilevel voltage source 
inverter for two-phase AC motor drive 
systems",  Electrical Machines and Power 
Electronics and 2011 Electromotion Joint 
Conference (ACEMP), International Aegean 
Conference on, 2011, pp. 520-524. 

[12] Sobhani, S.; Yaghobi, H.; Majd, M.K. 
"Replace the centrifugal switch in single-phase 
induction motor with intelligent electronic 
device to improve performance and 
efficiency",  Environment and Electrical 
Engineering (EEEIC), 12th International 
Conference on, 2013, pp. 242-247. 

[13] Correa, M.B.R.; Jacobina, C.B.; Santos, 
P.M.; dos Santos, E.C.; Lima, A.M.N. 
"Sensorless Control Strategies for Single-Phase 
Induction Motor Drive System",  Power 
Electronics Specialists Conference, PESC '05. 
IEEE 36th, 2005, pp. 707-713. 

Recent Advances in Circuits, Systems and Automatic Control

ISBN: 978-1-61804-306-1 66



 

 

[14] Vaez-Zadeh, S.; Harooni, S.R. "Decoupling 
Vector Control of Single Phase Induction Motor 
Drives",  Power Electronics Specialists 
Conference, PESC '05. IEEE 36th, 2005, pp. 
733-738. 

[15] Kumar, B.; Srinivas, S. "Space vector 
based PWM of dual full-bridge VSI fed two-
phase induction motor drive",  Industrial 
Electronics (ISIE), IEEE 23rd International 
Symposium on, 2014, pp.  667-672. 

[16] Caruso, M.; Cecconi, V.; Di Tommaso, 
A.O.; Rocha, R. "Sensorless variable speed 
single-phase induction motor drive 
system",  Industrial Technology (ICIT), IEEE 
International Conference on, 2012, pp. 731-736. 

[17] Caruso, M.; Cecconi, V.; Di Tommaso, 
A.O.; Rocha, R. "Sensorless variable speed 
single-phase induction motor drive system 
based on direct rotor flux 
orientation",  Electrical Machines (ICEM), XXth 
International Conference on, 2012, pp. 1062-
1068. 

[18] Fating, V.S.; Jadhav, S.V.; Ugale, R.T.; 
Chaudhari, B.K. "Direct Torque Control of 
Symmetrical and Asymmetrical Single Phase 
Induction Motor",  Power System Technology 
and IEEE Power India Conference, 2008. 
POWERCON Joint International Conference 
on, 2008, pp.  1-4. 

[19] Guerreiro, M.; Foito, D.; Cordeiro, A. 
"Speed control of a single and two phase 
induction motors using the diametrical 
inversion",  Industrial Electronics, IECON, 34th 
Annual Conference of IEEE, 2008, pp.  1397-
1402. 

[20] Cresswell, C.; McEachern, A. 
"Representation of directly connected and drive-
controlled induction motors. Part 1: Single-
phase load models",  Electrical Machines, 
ICEM, 18th International Conference on, 2008, 
pp.  1-6. 

[21] Guerreiro, M.; Foito, D.; Cordeiro, A. "A 
phasor speed control of a single or two phase 
induction motor",  Electrical Machines, ICEM, 
18th International Conference on, 2008, pp. 1-
4. 

[22] Sinthusonthishat, S. "Comparison of 
Unsymmetrical Two-winding Induction Motor 
Performances Under Variable Speed Control 
Techniques",  Industrial Electronics and 
Applications, ICIEA, 2nd IEEE Conference 
on, 2007, pp. 1976-1980. 

[23] D. Jang and D. Yoon, "Space Vector PWM 
Technique for Two-Phase Inverter-Fed Single-
Phase Induction Motors," Proceedings of IEEE 
Conference, 1999, pp. 47-53. 

[24] G. Choe, A.K. Wallace and M. Park, "An 
Improved PWM Technique for ac Choppers," 
IEEE Transactions on Power Electronics, vol.4, 
no.4, Oct. 1989, pp. 496-505. 

 

Recent Advances in Circuits, Systems and Automatic Control

ISBN: 978-1-61804-306-1 67




