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CONTROL OF TWO-PHASE INDUCTION MOTOR 
USING A CONVENTIONAL THREE-PHASE BRIDGE INVERTER  

 
Abstract: This paper describes the control of two-phase induction motor using a conventional three-phase 
bridge inverter. Two-phase induction motors in comparison with conventional three phase motors have the 
advantage of a simple stator current vector control. The physical phase currents themselves represent the 
coordinates of the stator current vector. For this reason two-phase induction motors are ideal for educational 
purposes as well as for experiments verifying various control strategies (for example sensorless speed control). 
The inherently best inverter topology for a two-phase induction motor consists of two single-phase bridge 
inverters. However, using a conventional three-phase bridge inverter may be an interesting alternative 
described in this paper. 
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1. Introduction 

Induction motors as well as synchronous 
motors require for operation rotating magnetic 
field generated by stator currents. The simplest 
principle of creating a rotating magnetic field is 
based on idea of using two equal stator 
windings having a mutual angle shift of /2, 
where the currents of the windings have a sine 
and a cosine waveform respectively. Of course, 
for balanced rotation of the resulting magnetic 
field it is necessary that the shape of the 
magnetic field of an individual winding along 
the air gap should be sinusoidal. The correct 
shape of the magnetic field is obtained by 
correct arrangement of individual turns within 
the stator. The described way of arrangement of 
two stator windings along with a squirrel-cage 
rotor creates a two-phase induction motor with 
one pole pair in the stator. It is possible to 
create a stator having multiple pole pairs where 
the angle shift between the windings is 
expressed as /2p. The purpose of using 
multiple pole pairs is to obtain lower angular 
speed and higher torque of the motor. 

Although a two-phase induction motor is 
relativle simple (in comparison to a three-phase 
motor)  from the point of view of understanding 
and mathematical description, the praxis prefers 
using three-phase induction motors (where the 
angular shift between the windings is expressed 
as 2/3p). The reason is minimizing the number 
of stator terminals and using a symmetric multi-
phase power line. Additionally, a three-phase 
induction motor requires a three-phase bridge 
inverter consisting of six transistors, whereas 
the two-phase induction motor requires for each 
phase a single-phase bridge inverter consisting 

of four transistors. Of course, there is 
a possibility to connect one end of the windings 
of a two-phase induction motor into one 
terminal and obtaining three stator terminals 
compatible with a three-phase bridge inverter. 
However, in such case the bridge inverter 
should generate asymmetrical system of 
voltages that results in less effective 
exploitation of the inverter, i.e. the converter 
cannot operate at its maximum power. 
This paper deals with using a conventional 
three-phase bridge inverter for controlling 
a two-phase induction motor. Apart from 
certain drawbacks this unusual way of 
controlling a two-phase motor itself is 
interesting and can be applied any time 
a programmable three-phase bridge inverter of 
sufficient power is available, first of all at 
experiments verifying various control strategies 
and for educational purposes too. 

2. Low level of control 

Fig. 1 shows the connection of the two-pahse 
stator winding to the three-phase inverter.  

 
Fig. 1  Schematic diagram of a two-phase 
induction motor to a three-phase bridge 

inverter 
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Using of LC filters for smoothing the phase 
currents is optional. u0(t) is the input DC 
voltage, u1(t), u2(t) and u3(t) are the phase 
average voltages referred to the negative pole of 
the input DC voltage. The average values are 
referred to one repeating period of PWM. The 
low level control of the motor consists in 
calculating the voltages u1(t), u2(t) and u3(t) 
from the required terminal voltages u13(t), u23(t) 
and the input voltage u0(t). Additionally, these 
voltage values are transformed to the 
corresponding PWM parameters of the 
individual branches of the inverter. The 
transformation is dependent on the measured 
value u0(t), that is typically represented by a DC 
voltage with a considerable ripple. At very 
precise control the calculation of the PWM 
parameters includes compensation of the non-
linear voltage drop of the inverter, depending 
on the current values at the inverter terminals. 

 

2.1 Steady-state 

In steady-state the time functions 

(t)u(t)(t) = uu 3113   (1) 

(t)u(t)(t) = uu 3223   (2) 

represent two sinusoidal time functions with 
mutual phase shift of /2. Having defined the 
functions by equations 

) t((t) = Uu m  sin13  (3) 

) t((t) = Uu m  cos13  (4) 

where Um is the resulting amplitude of the 
phase voltages u13(t) and u23(t),  and  are the 
parameters of the sine and cosine functions, it is 
necessary to find the functions u1(t), u2(t), u3(t) 
that correspond to equations (3) and (4) and fall 
within the interval (0, u0). This task gives an 
infinite number of results. The proposed choice 
is described by equations 

1 01 2 2 sinmu (t) = u (t) U ( t )         (5) 

2 01 2 2 sinmu (t) = u (t) U ( t )         (6) 

3 01 2 2 cosmu (t) = u (t) U ( t )         (7) 

where '= - /4. In comparison to other 
possible choices where the theoretical limit of 

amplitude Um is less than 1/√2U0m (where U0m 
is the minimum value of u0), at this choice the 
theoretical limit of the amplitude Um is equal to 
1/√2U0m. It is evident from the fact that the 
amplitude of the voltage u12(t) resulting from 
equations (5) and (6) is equal to √2Um, that 
must be less than U0m. 

2.2 Transient state 

Unlike the steady-state, at a general transient 
state the phase voltages u13(t), u23(t) are 
represented by general time functions, usually 
resulting from the higher levels of  control (for 
example current control). Because the steady-
state of the motor is a special case of a general 
transient state, the calculation algorithm for 
a general transient state should be designed to 
result in equations (5), (6), (7) in the steady 
state. The proposed calculation algorithm is 
based on equations 

 1 0 13 231 2u (t) = u (t) u (t) u (t)    (8) 

 2 0 13 231 2u (t) = u (t) u (t) u (t)    (9) 

 3 0 13 231 2u (t) = u (t) u (t) u (t)    (10) 

Additionally, in the case that the resulting 
values do not fall within the interval (0, u0), 
they must be replaced by the nearest value from 
the interval, i.e by zero or by u0. As the result 
the movement of the stator voltage vector is 
limited for a certain region in the vector space. 
Fig. 2 a) shows the region limiting the 
movement of the voltage vector that result from 
the proposed calculation algorithm. Fig. 2 b) 
shows the region representing the physical 
limitation of possible voltage vectors. 

 
Fig. 2  Limitation of the voltage vector in the 

vector space 

The calculation algorithm resulting in limitation 
according to Fig. 2 b) should be more 
complicated than the calculation algorithm 
proposed here and would have no practical use. 
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The circle in Fig. 2 a) and 2 b) represents the 
voltage vector trajectory corresponding to 
maximum possible voltage amplitude in steady-
state. Evidently the maximum amplitude is 
equal to 1/√2U0m. 

3. Example of current control algorithm 

Current control algorithm is a calculation 
algorithm of stator voltage vector based on 
a given reference stator current vector and 
measured stator current vector. Having obtained 
the stator voltage vector components, the 
equations (8), (9), (10) transform the vector 
components into the values u1(t), u2(t) and u3(t) 
representing the physical voltages at the  three-
phase bridge inverter outputs. For current 
control of the two-phase inducton motor the 
following current control algorithm was used 
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where i1r(n)  and i2r(n) are the reference stator 
phase currents, i1(n) and i2(n) are the measured 
stator phase currents in the last control step, 
i1(n-1) and i2(n-1) are the measured stator phase 
currents in the previous control step, u13(n) and 
u23(n) are the resulting stator voltage vector 
components before limitation, u‘13(n-1) and 
u‘23(n-1) are the limited stator voltage vector 
components obtained in the previous control 
step. The stator reference currents can be 
obtained from higher levels of control but for 
steady-state they can be obtained simply as sine 
and cosine time functions. 
The parameter A has influence on how fast is 
the current control loop. At low values of A the 
parameter B can be set to zero. At higher values 
of A the paremeter B compensates the overshoot 
of current control loop step response. At certain 
maximum value of A the overshoot can be no 
longer compensated by the paremeter B and 
additional increasing of A leads to instability of 
the current control loop. The most convenient 
way of finding proper values of A and B is 
making experiments on real system increasing 
the values A and B step by step and observing 
the step response of the current control loop. 

 

 

4. Practical result 

Fig. 3 and Fig. 4 show the phase currents of the 
two-phase induction motor ac current control in 
steady-state. The reference currents are defined 
as a sine and cosine time functions at the 
frequency of 50 Hz. 

 

Fig. 3  Phase current waveforms at the steady-
state (speed is sufficiently low) 

 

Fig. 4  Phase current waveforms at the steady-
state (speed is nearly synchronous) 

Fig. 3 shows the situation where the speed of 
the motor is sufficiently low and the required 
phase voltages are sufficiently small. Fig. 4 
shows the situation where the speed of the 
motor is nearly synchronous (no load steady-
state condition) and the required phase foltages 
are higher than the inverter can create. 
Therefore the voltage values resulting from 
equations (5), (6), (7) must be limited to fall in 
the interval (0, u0). As the result, the current 
control is disrupted and the waveforms of the 
phase currents are deformed, as evident from 
Fig. 4. 
The measurements was made on a small two-
phase motor designed for operation at RMS 
phase currents of 0,3 A at 50 Hz using a three-
phase bridge inverter working at U0m = 300 V. 
The choosen reference current was a bit higher 
(0,35 A). 
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5. Conclusions 

The present contribution shows a conventional 
three-phase bridge inverter using for controlling 
a two-phase induction motor. 

The phase currents waveforms of the two-phase 
induction motor ac current control in steady-
state were by measuring on the real motor 
checked. The measurements was made on 
a small two-phase motor designed for operation 
at RMS phase currents of 0,3 A for different 
speeds: sufficiently low and nearly synchronous 
motor speed. 
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