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Abstract— This paper presents several of the problems encountered with vector-controlled single-phase induction motor (SPIM), and 

discusses about the complex implementation of a vector controlled SPIM drive. The vector-controlled symmetrical two-phase induction 

motor (TPIM) is presented as a viable replacement for the vector-controlled SPIM. The implementation of the proposed vector-controlled 

TPIM is simple compared to the vectorcontrolled SPIM. All the TPIM parameters can be calculated simply and precisely. The proposed 

strategy for TPIM is derived from the indirect vector control strategy used for three-phase ac machines. Several differences between the 

vector control strategies for the TPIM and for three-phase ac motor are discussed. The validity of the proposed vector-controlled TPIM was 

verified by simulations. 

Index Terms— Vector-controlled single-phase induction motor (SPIM), vector-controlled two-phase induction motor (TPIM), unsymmetrical 

motor.   

——————————      —————————— 

1 INTRODUCTION                                                                     

Single-phase induction motors (SPIMs) are employed wide-
ly in the fractional power range, particularly in households 
where a three-phase ac electrical supply is not available. 
SPIMs are used typically to maintain a constant speed, for ex-
ample, in fans and vacuum cleaners. SPIMs normally require 
auxiliary winding and main winding as well as a capacitor to 
produce the starting torque. SPIMs are typically classified  
according to their starting technique: split-phase motor, capac-
itor (capacitor-run or capacitor-start) motor, and shaded-pole 
motor [1]. Fig.1 shows typical speed control of SPIMs by volt-
age control using the power switches. Fig. 1(a) shows a triac-
controlled strategy that adjusts the supplied voltage to the 
capacitor motor according to the load conditions. The capaci-
tor in a capacitor motor causes an auxiliary phase current to 
lead the main phase voltage, creating a large angle of dis-
placement between the currents in the two windings. This 
strategy can only control the speed of the capacitor motor over 
a narrow range owing to its fixed synchronous frequency. 
Since SPIMs are used in a range of applications at low power 
levels, the necessity of higher power efficiency and a workable 
adjustable speed control are of great importance [2]. Fig. 1(b) 
shows a two-leg inverter connected to an SPIM. When this 
inverter is used, the speed of the SPIM can be controlled over 
a wide range by adjusting the frequency. 

 
Several studies have concentrated on vector control strate-

gies for SPIMs (as “vector-controlled SPIM”) [4]–[10] because 
they are used widely. On the other hand, the SPIMs are classi-
fied as unsymmetrical two-phase induction motors (TPIMs) 
because the parameters of the main and auxiliary windings 
are not identical. 

 
Therefore, when the SPIM is operated by the vector control 

strategy, significant problems are generated due to unbal-
anced operation. This paper presents several problems en-
countered in conventional vector-controlled SPIMs and pro-
poses a vector control strategy for a symmetrical two-phase 
induction motor (TPIM) drive (as vector-controlled TPIM) as a 

viable replacement for the vector-controlled SPIM. The im-
plementation of the vector-controlled TPIM is simpler and 
more accurate than a vector-controlled SPIM because symmet-
rical TPIM are used instead of unsymmetrical SPIM. The vec-
tor control strategy for a TPIM drive is derived from the vector 
control strategies used in three-phase ac motor drives [11], 
[12]. The validity of the proposed symmetrical TPIM vector 
control strategywas verified by using MATLAB simulation. 

 
 
 
 
 
 

 
 

 

 

 

 

 

 

 
 
 
 
 
 

Fig. 1. Power converter for an SPIM drive. (a) AC voltage con-
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troller by triac. (b) Two-phase half-bridge inverter. 

2 CONVENTIONAL VECTOR-CONTROLLED SPIM MODEL 

2.1 SPIM Model 

SPIMs are classified as unsymmetrical TPIMs. Fig. 2 
shows the dq-axis equivalent circuit of an unsymmetrical 
TPIM in terms of the stationary reference frame [13]. This 
equivalent circuit is more complicated than that of three-phase 
induction motors because the auxiliary winding has more 
turns than the main winding. The dynamic SPIM model ne-
glecting core saturation and iron losses can be described using 
a stationary reference frame [13]. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Equivalent circuit of an unsymmetrical TPIM in a 
stationary reference 

 
2.2 Modified SPIM Model 

Many studies have concentrated on modified SPIM models 
 to eliminate the unbalanced operation. This section examines 
one of the SPIM models, which was presented by Correa [6]. 
The mutual inductances are not identical in the torque (6). The 
ac term of the electromagnetic torque can be eliminated by 
adjusting the stator currents frame. 

Fig. 3 illustrates the implementation of the vector-
controlled SPIM using the indirect field orientation. SPIM 
model is almost symmetrical when the machine undergoes an 

unbalanced operation only due to the turn ratio of the two 
windings. On the other hand, modeling of SPIM involves 
mathematical problems. 

Fig. 3. Implementation of the vector-controlled SPIM drive 
using the indirect field orientation. 

3 PROBLEMS IN VECTOR-CONTROLLED SPIM 

DRIVES AND ITS MANUFACTURING COSTS 

The capacitor motor is ordinarily used in the implementa-
tion of vector-controlled SPIMs because of their availability. 
The SPIM has different winding turns and wire diameters in 
their main windings and auxiliary windings. Therefore, elec-
tromagnetic theory states that the primary resistances of the 
main windings and auxiliary windings are proportional to the 
winding turns, and are inversely proportional to their wire 
area [14]. This means that the parameters of the two windings 
are not identical causing several problems in SPIMs used as 
unsymmetrical TPIMs. 

A. PROBLEMS FOUND IN SPIM MODEL EQUATIONS 

The SPIM modeling which apply to the unsymmetrical ac 

machine, are defined by employing a stationary reference frame. 

The mathematical problems regarding the conventional vector-

controlled SPIM are analyzed in this section. The SPIM model 

can be analyzed classically by revolvingfield theory [1]. Fig. 4 
shows the equivalent circuit of the main winding (or d-axis) when 

an unbalanced stator voltage is supplied to the SPIM.  
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Fig. 4. Equivalentmain winding circuit for SPIM under unbal-
anced operation 

B COMPLEX IMPLEMENTATION OF THE VECTOR-
CONTROLLED SPIM 

Conventional vector-controlled SPIM methods have con-
centrated mostly on eliminating unbalanced operation because 
vector control strategies are based on a balanced drive system 
involving symmetrical motors. Therefore, the implementation 
of a vector-controlled SPIM drive is more complex than that a 
vector-controlled symmetrical motor. 

C DIFFICULTY IN MEASURING THE SPIM 

PARAMETERS 

The parameters for ac machines need to be measured 
precisely to operate a vector-controlled ac machine without 
error. The parameters for symmetrical machines can be calcu-
lated precisely using the no-load test and locked-rotor test. On 
the other hand, unsymmetrical motors produce negative and 
positive torque during operation. This makes measuring the 
parameters more complicated [1].  

 
In addition, modeling, renewing, and optimizing sin-

gle-phase capacitor motors are difficult compared to symmet-
rical motors [17], [18]. Therefore, many calculations and itera-
tions of measuring tests are needed to determine the SPIM 
parameters. In [18], numerous computer calculations were 
proposed to obtain precise measurements of the SPIM param-
eters. Therefore, unsymmetrical machines as SPIM is not 
proper to control the speed motor by using a vector control 
strategies, and symmetrical motors should be used as a re-
placement.  
 
D DIFFICULTY IN CALCULATING THE TURN 
RATIO 

The turn ratio of a SPIM is ordinarily defined as the ratio of 
the main winding turns to the auxiliary winding turns. But it  
is precisely defined as the ratio of the effective main winding 
turns to the effective auxiliary winding turns. If the value of 
turns ratio of aSPIM is not exact, the implementation of the 
vector-controlled SPIM shown in Fig. 3 cannot maintain bal-
anced operation. 

 
Although the characteristics of the SPIM are poor, vector 

control strategies for SPIM have been attempted because 
SPIMs are used widely and are inexpensive. Researchers, 
however, need to make a special order to acquire TPIMs for 
their experiments because the TPIMs are not manufactured.  

 
Therefore, the TPIM cost is higher than SPIM due to cus-

tomization, but it is not overly high because a TPIM can be 
constructed using the same facilities as an SPIM or a three-
phase induction motor. If TPIMs become popular, the real cost 
of a TPIM will be lower than that of an SPIM because the 
TPIM does not require a capacitor. On the other hand, special 
motor drives, for example, the five-phase induction motor and 

synchronous reluctance motor drives, which have not been 
manufactured in any quantity until now, have been studied 
for future use owing to their advantages. 
 

4 VECTOR CONTROL STRATEGY FOR TPIM 

DRIVE 

 This section proposes a vector control strategy for sym-
metrical TPIMs (as “ vector-controlled TPIM “) as a replace-
ment for the vector-controlled SPIM. Historically, the vector 
control strategies have concentrated on three-phase ac ma-
chines and have not been attempted in symmetrical TPIM un-
til now. The vector-controlled TPIM can solve several of the 
problems that plague the vector-controlled SPIM, and can con-
trol the speed of the TPIM precisely. 
 
A. TRANSFORMATION OF PHASE CURRENT EQUATIONS 

 
The phase current equations in terms of the stationary ref-

erence frame must be transformed to that in terms of the syn-
chronous reference frame in the vector control. 
 
B. SYMMETRICAL TPIM MODEL 
 

Symmetrical TPIMs have two identical stator windings that 
are arranged in an electrical quadrature. Since the rotor wind-
ings are forged as a squirrel cage, the parameters of dq-axis 
are identical to each other 
 
C. INDIRECT VECTOR CONTROL FOR SYMMETRICAL TPIM 
 

Vector control strategies have been developed focusing on 
three-phase ac motors [11]. On the other hand, the vectorcon-
trolled TPIM as a replacement for vector-controlled SPIM has not 
been proposed until now, even though it is similar to the vector-
controlled three-phase ac motors. This paper proposes a simple 

indirect vector control strategy for TPIM, which can be applied to 
the low-power motor drive system. The currents supplied to the 
machine need to be oriented in phase and in quadrature for the 
rotor flux. Fig. 5 shows the implementation of the indirect vec-
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torcontrolled TPIM drive. 
Fig. 5  Implementation of a indirect vector-controlled three-phase 

ac motor 

D. DIFFERENCES BETWEEN THE VECTOR-CONTROLLED 

TPIM AND THE VECTOR-CONTROLLED THREE-
PHASE AC MOTOR 

The vector control strategy for symmetrical TPIM is de-
rived from the vector-controlled three-phase ac machine. 
Three-phase ac motors are operated by a rotating mmf. The 
abc→dq transformation and inverse transformation are omit-
ted in the implementation of the indirect vector-controlled 
TPIM, as shown in Fig. 3, whereas transformations are needed 
in the indirect vector-controlled three-phase ac machine, as 
shown in Fig. 5. Two output currents in a TPIM drive system 
can be measured using only a single current sensor [19], 
whereas the three output currents can be measured using two 
current sensors in a three-phase acmotor drive system. 

 
The arrangement of two stator windings in the slots of 

TPIM is simpler compared to three-phase ac machines. There-
fore, the TPIM drive system is useful in low-power motor 
drive applications and in areas where only a single-phase 
voltage source is available. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

5 SIMULATION RESULTS 

The proposed strategy was verified by simulations using 
MATLAB. Table I lists the parameters of the TPIM model (rat-
ed voltage: 220 V, rated current: 5 A, rated power: 1.4 kW, rat-
ed speed: 1760 r/min, and the number of poles: 4), which can 
be calculated using the no-load test and locked-rotor test. Fig. 
6 shows the SIMULINK model of the voltage controlled single 
phase induction motor drive.  

 
The proposed vector control strategy is useful for low-

power motor drives and in areas where a single-phase voltage 
source is available. The validity of the vector control strategy 
for the symmetrical TPIM was verified through simulations.  

 
The vector-controlled TPIM was derived from the indirect 

vector control concept for three-phase ac machines. In add 

tion, several differences between the control strategies for the 
SPIM and three-phase ac motors were explained. 

 

 

 

 

 

 

 

 

 
 
 
 

Fig. 6 SIMULINK model of single phase voltage controlled induction motor 

Fig. 7 SIMULINK model of single phase vectror controlled induction motor 
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Fig. 8 SIMULINK model of two phase induction motor in stationery reference frame 

Fig. 9 SIMULINK model of DTC of three phase induction motor using SVM based matrix converter  

Fig. 10 Output waveforms for current, Torque, speed and voltage of DTC of two phase induction motor  
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6 CONCLUSION 
 
This paper presented the problems encountered in the 

conventional vector-controlled SPIM, and explained that 

the vector control strategies for the SPIM drive are not 

needed in the low power level field. The vector-

controlled TPIM was presented as a replacement for the 

vector-controlled SPIM. The proposed vector-controlled 

TPIM has several advantages. The implementation of 

the proposed vector-controlled TPIM is simpler than 

that of the vector-controlled SPIM. The parameters of 

the TPIM can be calculated simply, whereas parameter 

measurements for an SPIM are difficult. The vector con-

trolled TPIM is useful to the low power motor drive ap-

plications at area where the voltage source in the drive 

system can be supplied by the dc battery or single-phase 

ac voltage source. 

The vector-controlled TPIM was derived from the in-

direct vector control concept for three-phase ac ma-

chines. In addition, several differences between the vec-

tor control strategies for the TPIM and three-phase ac 

motors were explained. 

The proposed vector control strategy is useful for 

low-power motor drives and in areas where a single-

phase voltage source is available. The validity of the vec-

tor control strategy for the symmetrical TPIM was veri-

fied through simulations using MATLAB/SIMULINK. 
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