
IEEJ Journal of Industry Applications
Vol.6 No.6 pp.429–434 DOI: 10.1541/ieejjia.6.429

Paper

Instantaneous Vector Control of Four Switch Three Phase Inverter Fed
Induction Motor Drive

Ufot Ufot Ekong∗a)
Student Member, Mamiko Inamori∗ Member

Masayuki Morimoto∗ Fellow

(Manuscript received Jan. 23, 2017, revised May 25, 2017)

This paper proposes a transformation matrix to generate two phase reference voltage signals for Four Switch Three
Phase Inverter (FSTPI) using vector control. The feasibility of the control strategy is verified by proving the power
invariance before and after the transformation. Simulation and experimental results have verified the validity and ef-
fectiveness of the proposed method to obtain instantaneous response in different operating conditions and provide fast
speed response.
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1. Introduction

Pulse Width Modulation (PWM) voltage source inverter
fed induction motor drives are widely used from consumer
products to industrial applications. Much research has been
conducted on Four Switch Three Phase Inverter (FSTPI) (1)–(19).
Some of these researches have proposed FSTPI to reduce
cost (1) (2), others as an emergency drive during inverter failure
of the conventional three phase inverter (3) (4).

Prior work performed on FSTPI focused on the Space Vec-
tor PWM (SVPWM) method to generate signals for FSTPI
have been reported. Three kinds of space vector modulation
techniques that made the voltage vector track a desired cir-
cular trajectory was proposed in (5). The same author also
extended his previous work by compensating the voltage er-
ror (6). Various space vector modulation strategies have also
been proposed to compensate the voltage errors caused by
the DC-link center tap voltage fluctuation (7)–(11).

SVPWM has been reported to offer good dynamic per-
formance and reduction in torque ripple (12). Furthermore,
SVPWM applied to an FSTPI drive experiences modula-
tion and unbalanced current problems, of which compensa-
tion techniques are proposed (13) (14). Nevertheless, in order
to implement this control method, complex algorithms are
required. These algorithms require high performance con-
trollers for heavy calculations and, in some cases, increase
the cost of the drive (15). SVPWM fed FSTPI drive has also
been reported to have limitations with implementation be-
cause a different strategy is required depending on the af-
fected phase of the inverter. Therefore, 3 different startegies
must be prepared which will take up lots of memory space in
the controller (16).

A less complicated method and easily implementable
method of generating signals is still required. In order to
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realize this objective a sinusoidal PWM technique in time
domain is a preferable method. To date, no paper has con-
sidered or developed a method to generate sinusoidal PWM
for FSTPI.

Earlier results using the conventional open loop volts per
hertz (V/F) control system, reported an inadequacy of torque
at low speed regions (17). In order to apply Four Switch Three
Phase Inverter to high performance motor drives that require
full torque at low speed regions, a control method that can
produce full torque at zero speed is required.

Previous work, analyzed that FSTPI drive using vector
control can achieve a three phase balanced current (18). How-
ever, no paper has reported information on the torque charac-
teristics of Four Switch Three Phase Inverter using coordinate
transformation algorithm.

In this paper, a new transformation matrix to generate sinu-
soidal PWM signals for FSTPI in time domain is proposed.
Design strategy, some simulation and experimental results in-
cluding torque characteristics of the FSTPI drive using vector
control will be presented and discussed.

2. Four Switch Three Phase Inverter

2.1 Structure of Four Switch Three Phase Inverter
The circuit of FSTPI is shown in Fig. 1. FSTPI consists

of four switches, A and B phases are connected to the U and
W phases of the induction motor respectively. The V phase
of the motor is connected to the center potential of the DC
source.
2.2 Principle of Four Switch Three Phase Inverter
The V connection of a three phase circuit is shown in

Fig. 2. As shown in Eq. (1), VA and VB are the AC power
source which has a phase difference of π/3. When these two
phase power supply voltage (VA, VB) is applied to a three
phase load, a three phase balanced voltage Vun, Vvn and Vwn,
is generated as shown in Eq. (2). Therefore, it can been seen
that a two phase AC power supply with a phase difference of
π/3 can drive a three phase motor. This is the basic working
principle of an FSTPI drive.
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Fig. 1. Structure of Four Switch Three Phase Inverter
Circuit

Fig. 2. Four Switch Three Phase Inverter Power circuit
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3. Sinusoidal PWM Technique for FSTPI

In the Control strategy of the conventional vector control
fed three phase inverter motor drive, a three phase sinusoidal
reference voltage Vu, Vv, Vw is generated. Since vector con-
trol is conducted in dq axis, the output voltage reference is
Vd, Vq, which is transformed into voltage vector axis (αβ)
using inverse park transformation to Vα, Vβ as shown in
Eqs. (3) and (4). This voltage vector (Vα, Vβ) is then trans-
formed using inverse Clarke transformation to a sinusoidal 3
phase reference voltage (Vu, Vv, Vw) used to generate PWM
signals for the inverter as shown in Eqs. (5) and (6).

In the two phase αβ axis to UVW axis transformation, a
constant K =

√
2/3 is multiplied in order to retain the same

power before and after the transformation. The following
condition are also required for the transformation; θ = ωt,
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Fig. 3. Block diagram of the proposed system
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3.1 Proposed Control Strategy The block diagram
of the proposed system is shown in Fig. 3. In the case of
FSTPI, a two phase voltage reference that has a phase dif-
ference of π/3 is required to generate PWM signals. In this
paper a new transformation matrix is proposed to generate
signals for FSTPI by creating a transformation matrix.

The proposed transformation matrix is shown in Eq. (7).
The matrix is applied to the two phase voltage vector ref-
erence (Vd, Vq) to transform the signals into a two phase
scalar reference voltage (VA, VB) as shown in Eq. (8). In
this new transformation matrix, a constant K =

√
2/3 is also

required to facilitate power invariance of the transformation.
The following condition are also required for the transforma-
tion; θ = ωt, Vd =

√
3V , Vq = 0.
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The reference voltage (VA
∗, VB

∗) in Eq. (9) is a sinusoidal
waveform of the same amplitude but with a phase difference
of π/3. This reference voltage can be used to generate PWM
signals to drive the FSTPI.
3.2 Power Invariance In order to mathematically

validate the proposed transformation matrix, the power in-
variance is calculated. Power invariance indicates that the
power before and after the transformation is the same. The
global condition to prove power invariance before and after
transformation is shown below in Eq. (10). Where [C] is the
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proposed transformation matrix, [C]−1 is the inverse of the
proposed matrix and [C]t is the transposed matrix.

In order to calculate power invariance, the proposed trans-
formation matrix [C] in Eq. (7) must be a three rows and three
columns matrix. Therefore, the transformation matrix axis is
rewritten as Vdq0 to VAB0 as shown in Eq. (11). From the cal-
culation results, Eqs. (13) and (14) are the same, this proves
the power invariance of the proposed transformation matrix.

[C]−1 = [C]t. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (10)
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4. Vector Control

Vector control is a control procedure for operating an in-
duction motor that results in fast dynamic response and en-
ergy efficient operations at all speeds. It maintains high ef-
ficiency over a wide range and allows for precise dynamic
control of speed and torque.

The block diagram of a vector control fed FSTPI drive is
shown in Fig. 4 and its basic equations are given below (15)–
(18). Vector control accomplishes instantaneous commuta-
tion with velocity feedback from the motor ωr and a feed for-
ward slip command ωs. The stator current of the motor cur-
rent is decomposed into magnetizing (flux producing) com-
ponent Id and torque component Iq. These components are
then decoupled and controlled individually. The magnetiz-
ing component Id, varies slowly and is kept constant for fast
response. As shown in Fig. 4, the speed, Id and Iq reference
is compared to the feedback value and the error is processed

Fig. 4. Vector control block diagram for FSTPI

Table 1. Motor and Inverter Parameters

through a PI controller. The output command after vector
control Vd, Vq is transformed to two phase voltage refer-
ence signal VA, VB. This reference signal is used to generate
PWM signals by the inverter and finally transmitted to the
motor.
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M
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (15)
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ωs
∗ =

Mr2

L2ϕ2
∗ Iq · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (17)
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5. Simulation Results

To verify the proposed control strategy, a simulation model
for FSTPI is designed and implemented. PSIM software is
used for the simulation. The main circuit consists of four
IGBT switches. In the analysis, the inverter switches are con-
sidered as ideal switches. The V phase is assumed to be bro-
ken down and connected to the center potential of the DC
source. The specification of the induction motor and inverter
parameters are shown in Table 1. The torque command is set
from 0–1.49 Nm (0% to 100% of the rated torque).
5.1 Reference Voltage The output reference voltage

(VA, VB) for the FSTPI during operation at motor speed
400 rpm and load torque 1.49 Nm is shown in Fig. 5. The
results show that the voltage reference signals after using the
proposed transformation matrix has a phase difference of π/3.
5.2 Motor Current Waveforms The current wave-

forms of the motor during operation at 400 rpm and its rated
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Fig. 5. Voltage Reference (Simulation)

Fig. 6. Motor current waveforms (Simulation)

Fig. 7. Speed response (Simulation)

Fig. 8. Instantaneous speed torque response (Simulation)

torque (1.49 Nm) is shown in Fig. 6. The result shows that
the three phase current waveforms of the motor are balanced.
5.3 Dynamic Response Characteristics The dy-

namic response of the system during various speed and load
conditions is shown in Fig. 7 and Fig. 8. To examine the re-
sponse of the drive due to step change in speed, the speed
command is increased by 20% at t = 1second from 300 rpm
to 500 rpm at full load condition.

Figure 7 shows the motor reaches its command speed in
less than a second with negligible oscillations.

The speed and torque response due to increase in load is
also examined as shown in Fig. 8. During the start-up oper-
ation, the motor speed command is set at 500 rpm and load
torque at 0 Nm. After 2 seconds the load torque is stepped up
from no load condition to 1.49 Nm (rated torque).

The results show that the motor current amplitude in-
creased in order to handle the increase in torque. Further-
more, when the torque is increased speed slightly falls but
recovers in less than a second. These results show the drive
has fast dynamic response under different load conditions.

Fig. 9. Experimental System

Fig. 10. Voltage Reference (Experiment)

6. Experimental Results

The feasibility of the proposed transformation matrix
method for FSTPI is verified by experimental implementa-
tion. The same inverter is used for both the two phase and
three phase experiments. V phase of the motor is connected
to the center potential of the DC source. The specification of
the induction motor and the inverter parameters for both two
and three phase inverters are shown in Table 1.

The experimental system configuration is shown in Fig. 9.
PE-Expert 3 is the digital system which is equipped with a
Digital Signal Processor (DSP), Analog Digital (AD) con-
verter and PWM functions. As shown in Fig. 9, the program
signals are transmitted from the host computer to the DSP of
the PE-Expert3.
6.1 Reference Voltage Figure 10 shows the wave-

forms of the reference voltage (VA, VB) at motor speed
500 rpm and its rated torque 1.49 Nm. The results illustrates
the reference voltage has a phase difference of π/3.
6.2 Motor Current Waveforms The waveform of

motor current at speed 500 rpm and rated torque (1.49 Nm)
is shown in Fig. 11. The results show the proposed FSTPI
drive can achieve a three phase balanced motor current.
6.3 Response Characteristics To evaluate the per-

formance and verify the response characteristics of the pro-
posed control method, the system is tested under different
load conditions. The motor speed is set at a constant 500 rpm
and the load torque is set from 0–1.49 [Nm].

The response characteristics of the speed and motor cur-
rents are shown in Fig. 12. The torque command is increased
from 0% to 100% at t = 2 seconds. The results show that as
the load torque increases, the motor current amplitude also
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Fig. 11. Three phase motor current waveforms (Experi-
ment)

Fig. 12. Instantaneous response of an FSTPI

Fig. 13. Speed and Torque response of an FSTPI drive

increases.
Under the same load conditions, the speed response to

increase in load torque is shown in Fig. 13. The results
show that when the load torque is increased the motor speed
slightly falls below the command speed but recovers instan-
taneously.

Figure 14 illustrates the response of motor speed when
the load torque is reduced and increased repeatedly from
1.49 [Nm] to 0 [Nm] and 0 [Nm] to 1.49 [Nm]. The results
show that when the load torque is reduced the speed increases
slightly above the command speed but returns back to the
command speed in less than a second.

Due to Mechanical loss in the experimental system, in a no
load condition, when the torque command is set as T = 0 Nm,
0.17 Nm is developed.

Fig. 14. Instantaneous Torque response of an FSTPI
drive

Fig. 15. Torque-speed characteristics of a three-phase
induction motor

6.4 Speed-Torque Characteristics The speed torque
characteristics of an FSTPI fed induction motor drive is
shown in Fig. 15. For comparison purposes, the result of a
three phase inverter drive is also shown in Fig. 15. The max-
imum torque is set at 1.49 Nm (rated value). The experiment
results show that;

1. From zero speed region to medium speed region
(approx.600 rpm) both in an FSTPI and three phase
inverter drive, equivalent torque can be obtained.

2. In the FSTPI drive, maximum torque attainable
speed with regard to the torque command (1.49 Nm)
reduces above 600 rpm (base speed). However, in
a three phase inverter drive, up till 1250 rpm (rated
speed), maximum torque can be achieved. Compar-
ing the speed characteristics of an FSTPI and three
phase inverter drive, the maximum torque attainable
speed reduces by approximately 50%. This is because
as shown in Eq. (2), the voltage utilization of an FSTPI
compared to a three phase inverter drive reduces by
1/
√

3.

7. Conclusions

In this paper, a less complicated and easily implementable
control strategy is proposed by creating a transformation ma-
trix to generate PWM signals for FSTPI. The power invari-
ance of the transformation matrix is verified mathematically.
The feasibility of the proposed strategy is verified by sim-
ulation results and validated by experimental results under
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different speed and load conditions. The results obtained
and presented in this work indicate that the proposed con-
trol method is capable of instantaneous speed and torque re-
sponse.

Furthermore, this control strategy is suitable for motor
drives that require full torque from low speed regions. Fur-
ther study to improve the speed torque characteristics of an
FSTPI drive in high speed regions will be done by propos-
ing a flux weakening control method for Four Switch Three
Phase Inverter.
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