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Abstract 
This work presents a new Rotor Field-Oriented Control (RFOC) technique for single-phase 

Induction Motors (IMs). The proposed method uses two rotational transformations, which extract from the 
steady-state equivalent circuit of single-phase IM. It is proved by using proposed rotational 
transformations, the single-phase IM asymmetrical equations change into symmetrical equations. In the 
proposed technique, the assumption of (Mq/Md)

2=Lqs/Lds=a2 which is usually used in other FOC of single-
phase IMs, is not considered. Performance of the proposed technique is assessed using 
MATLAB/SIMULINK. Extensive simulation results show the performance and correctness of the proposed 
method. 
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1. Introduction 
Single-phase Induction Motors (IMs) have been broadly employed in low power 

applications. In these applications the motor operate at low efficiency, fixed speed and consume 
about 10% of electrical energy. During the last decades, single-phase IM drives have been 
thoroughly discussed by researchers. Single-phase IMs with two main and auxiliary windings 
can be considered as two-phase IMs, since these stator windings are displaced 90ο from each 
other. A Four-Switch Inverter (FSI) topology is used in this paper as illustrated in Figure 1, has 
been proposed as a low cost solution for single-phase IM drives [1, 2].  

Variable speed drives can provide reliable dynamic systems and important savings in 
energy custom and costs of the electrical machines [1-11], [13-16]. Recently, some high 
performance single-phase IM drive systems were proposed. In these schemes, rotor and stator 
Field-Oriented Control (FOC) principles are adapted to the single-phase IM model [1-3], [6-10]. 
Winding asymmetry due to the different inductances and resistances of the main and auxiliary 
stator windings in single-phase IM causes extra coupling between windings. This asymmetry 
effects on the motor operation and produces torque and current pulsations [11]. By using a 
transformation matrix, the compensation of the single-phase IM asymmetry was presented in 
[2]. In the previous methods for vector control of single-phase or unbalanced two-phase IMs, the 
assumption of (Mq/Md)

2 = Lqs/Lds is normally applied [2-3], [6-10]. The differences in the d and q 
stator with considering of (Mq/Md)

2 = Lqs/Lds and without considering of(Mq/Md)
2 = Lqs/Lds, are 

reflected in the speed and hence the torque responses of the drive system. In this paper, a new 
RFOC strategy for single-phase IM drive is investigated. In the proposed scheme, the backward 
component in the stator voltages due to this assumption ((Mq/Md)

2 = Lqs/Lds)as previously 
ignored in [2-3], [6-10] will be taken into account. The remainder of this work is organized as 
follows. The modeling of the single-phase IM is presented in section 2. In section 3, the main 
idea of proposed vector control for single-phase IM discussed and subsequently a new control 
strategy based on RFOC is presented. The effectiveness of the proposed method is verified 
using MATLAB/SIMULINK and presented in section 4. Finally, conclusion is presented in 
section 5. 
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2. Modeling of the Single-Phase IM 
The basic drive system which is studied in this paper is shown in Figure 1.  
 
 

 
 

Figure 1.  Single-phase IM Drive System 
 
 

Neglecting the core saturation, the electrical and mechanical equations of the single-
phase IM in the stator reference frame (superscript “s”) are given as follows (All of the 
parameters in Equation (1) have been defined in [2]): 

 

     (1) 
 

 
3. Equations of Proposed RFOC for Single-Phase IM 

Steady-state equivalent circuit of the single-phase IM can be shown as Figure 2 [12]. In 
this Figure, Vm, Va, Im and Ia are the main and auxiliary voltages and currents, "a" is the turn 
ratio (α=Na/Nm) and "j" is the square root of "-1". Efm, Efa, Ebm and Eba are the forward and 
backward voltage of magnetizing branch of the main and auxiliary windings. Rf, Rb, Xf and Xb 
are the forward and backward stator resistance and inductance in main winding. Rlm, Rla, Xlm 
and Xla are the leakage resistance and inductance of the main and auxiliary winding. With 
following change of variables:  

 

      (2) 
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Figure 2. Steady-state Equivalent Circuit of the Single-phase IM 
 
 

Figure 3 can be simplified as two balanced forward and backward circuit as follows [13, 
14]: 

 
 

 
 

Figure 3. Simplified Equivalent Circuit of Single-phase IM  
 
 

Where: 
 

       (3) 

 
 
As you can see, the equivalent circuit of single-phase IM splits to two circuits, each of 

them indicates a balanced motor which rotates in the forward and backward direction. By 
considering Figure 3 and Equations (3) we have: 

 

     (4) 
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Equation (4) is the transformation matrixes for changing the variables from unbalanced 
form to balanced form (e.g., Figure 2 to Figure 3). With substation of Equations (5) in equations 
(4), we can obtain Equation (6) and (7).  

 

      (5) 
 

Rotational transformation for voltage variables: 
 

        (6) 
 

Rotational transformation for current variables: 
 

        (7) 
 
In this equation, θe is the angle between the stationary reference frame and rotating 

reference frame. It is expected by using (6) and (7), unbalanced single-phase IM equations 
change into balanced equations form. By applying of these rotational transformations to the 
equations of single-phase IM and without the assumption of(Mq/Md)

2 = Lqs/Lds, we have (in the 
previous presented methods for FOC of single-phase IM the assumption of (Mq/Md)

2 = Lqs/Lds is 
considered [2-3], [6-10]): 

Rotor voltage equations: 
 

      (8) 
 

After simplifying the equations of rotor voltages can be written as: 
Rotor voltage equation: 
 

     (9) 
 
Rotor flux equations: 

       (10) 
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After simplifying the equations of rotor flux can be written as follows: 
Rotor flux equation: 
 

         (11) 
 
Electromagnetic torque equation: 
 

       (12) 
 
Therefore, we have: 
 

        (13) 
 
Stator voltage equations: 
 

     (14) 
 

Equations of stator voltage can be simplified as following equation: 
 

   (15) 
 
Generally, Equation (15) are included two terms; forward terms (superscript “e”) and 

backward terms (superscript “-e”). It is because of unequal main and auxiliary resistances and 
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inductances in the single-phase IM equations. Equation between forward and backward term is 
as follows: 

 

       (16) 
 
As expected, using proposed transformation matrixes (Equations (6) and (7)) equations 

of the rotor voltage, flux, torque and stator voltage are obtained like balanced motor. In RFOC 
method, the rotor flux vector is aligned with d-axis; (λdr

e = ׀λr׀, λqr
e = 0), based on this 

assumption, Equation (15) can be classified as follows: 
 

       (17) 
 

Where: 
 

       (18) 

 
 
In Equation (18), vds

d-f, vds
d-b, vqs

d-f and vqs
d-b can be generated by Decoupling Circuit and 

vds
ref-f, vds

ref-b, vqs
ref-f and vqs

ref-b can be generated by current PI controller as it is shown in Figure 
4. 

According to (9), (11) and (13), the equations of RFOC can be formulated and shown as 
Equation (19) and Figure 5 respectively (In Equation (19), Tr is rotor time constant). 

 

  (19) 
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Figure 4.  Vector Control of Single-phase IM According to Equation (18) 
 
 

 
 

Figure 5. Vector Control of Single-phase IM According to Equation (19) 
 
 

4. Results and Comparisons 
4.1. Performance Evaluation 

The proposed controller based on Figure 4 and Figure 5 is applied to a commercial 0.25 
hp single-phase IM with the nominal values and parameters as in Table 1. The developed 
scheme performance is then simulated with different values of rotor speed. Extensive simulation 
results are presented to evaluate the proposed single-phase IM drive performance. 

Figure 6, illustrates the reference and the real rotor speed signals towards two different 
steady-state rotor speed values (the reference real speed varies from zero to the rated and 
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rated to zero value. A load torque equal to 1 N.m is introduced at t = 9 s and removed at t = 11 
s). It is seen that the real rotor speed signals are so accurate that hardly can be distinguished 
from the corresponding reference speed signals even after applying load torque (the oscillation 
of speed is about 0.2 rpm in steady-state and after applying load torque). The motor 
electromagnetic torque is also shown in Figure 6(b). It can be seen that the electromagnetic 
torque has a quick response with no pulsations.  

 
 

(a) (b) 
 

Figure 6. Simulation Results of RFOC at Zero and Nominal Command Speed; (a) Speed, (b) 
Torque 

 
 

 
(a) 

 

 
(b) 

 
(c) 

 
Figure 7. Simulation Results of RFOC for a Trapezoidal Command Speed; (a) Stator currents, 

(b) Speed, (c) Torque 
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             Figure 7 shows simulation results of the command and actual rotor speed according to 
proposed method for a trapezoidal command speed from 500rpm to -500rpm. It is evident from 
Figure 7(b) that the real speed follows the command speed. The auxiliary and main stator 
currents and electromagnetic torque for trapezoidal command speed are shown in Figure 7(a) 
and Figure 7(c) respectively. In this case, as can be seen in Figure 7(b), by using proposed 
controller, the speed oscillation at steady-state is ~ 0.07rpm at rotor speed of 500rpm. 

Figure 8 and Figure 9 shows the good performance of the proposed drive system for 
controlling single-phase IM in the difference values of speed (±500rpm, ±1000rpm and 
±1700rpm) and at very low speed operation respectively. It can be seen from Figure 6-9 that the 
dynamic performance of the proposed drive system for vector control of single-phase IM is 
extremely acceptable. 

 
 

 
(a) 

 
(b) 

 
Figure 8. Simulation Results of RFOC in the Difference Values of Command Speed; (a) Speed, 

(b) Torque 
 
 

(a) 
 

(b) 

Figure 9. Simulation Results of RFOC at Low Speed Operation; (a) Speed, (b) Speed Error 
 
 

4.1. Comparisons 
Based on Equation (15), the difference in the d and q stator voltages between the 

conditions in which the supposition of (Mq/Md)
2 = Lqs/Lds is considered (e.g., [2-3], [6-10], [14-16]) 

and otherwise is as following equation: 
 

      (20) 
 
An evaluation between the steady-state rotor speed response of the RFOC with 

considering of (Mq/Md)
2 = Lqs/Lds and with no considering of (Mq/Md)

2 = Lqs/Lds is demonstrated in 
Figure 10. Small magnitude of oscillations at the rated reference rotor speed can be observed in 
the speed responses when the supposition (Mq/Md)

2 = Lqs/Lds is employed. As can be seen in 
Figure 10, by using conventional controller (supposition (Mq/Md)

2 = Lqs/Lds), the speed oscillation 
at steady-state is ~ 0.2rpm at rotor speed of 1800rpm but by using proposed controller the 
speed oscillation reduced ~ 0.08rpm at rotor speed of 1800rpm. 
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It is concluded in comparison with the previous proposed schemes for FOC of single-
phase or two-phase IMs (e.g., [2-3], [6-10], [14-16]),the proposed controller in this research 
produces fewer ripples in the torque and speed. 

 
 

 
(a) 

 
(b) 

 
Figure 10. Simulation Results of Comparison between Speed Response in Single-phase IM (a) 

not assuming (Mq/Md)
2 = Lqs/Lds (b) assuming (Mq/Md)

2 = Lqs/Lds 
 
 

 
5. Conclusion 

An accurate technique for speed control of single-phase IMs based on RFOC has been 
presented. The proposed method employs rotational transformations that transform the 
unbalanced single-phase IM equations into equations of RFOC that has the same structure as 
the balanced motor. Unlike other RFOC method implemented for the single-phase IMs, the 
proposed technique does not utilize the supposition (Mq/Md)

2 = Lqs/Lds. Simulation results proved 
the technique validity. 
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