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1. INTRODUCTION

3-phase AC induction motor are widely used in industry. It was designed to work under constant
speed and need an extra device to change its speed.

An inverter fed motor drive system has been vastly utilize in industry applications, especially on the
last decade when a various type of switches became available and could easily gotten. power losses (total
conversion losses) of inverter should be considered. PWM losses are caused by harmonic distortion of the
current and voltage waveform [1].

Harmonic distortions are the rate of ripple from a fundamental waveform. That can be happened due
to variations in load impedance or nonlinear magnetizing current. By using converters AC is converted to DC
or vice versa based on work requirement. Due to this process harmonics will be produced on the current
waveform these harmonics will produce harmonic on voltage waveform. The lower order harmonics (LOH)
have a strong impact on the fundamental waveform. the even harmonics are eliminated due to the symmetry
of waveform along axes [2].

The output current of 3-phase inverter has a huge THD higher than 33% [3]. THD should be
minimized to be suitable with the permissible limits setting in most of IEEE harmonic limitation standards
[4-5]. In addition to PWM, there are many other methods are used to reduce THD [6]. The multirate
sampling technique is applied for a 3-level carrier SVPWM of IM drive in order to reduce the torque ripple.
It employed multirate sampling times for data capturing, control and estimation of flux, torque and speed
signals. Whilst the other methods have been used the multilevel inverter which get lower harmonic distortion
than two level inverter, but the switching losses is increased due to the increase of number of switching as
well as the number of DC flying capacitor and clamping diodes are increased. To solve these problems, the
dual inverter (two two-level inverter) [7-8] is implemented instead of multilevel inverter. This Dual inverter

Journal homepage: http://ijeecs.iaescore.com



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 ) 689

improves the problems of multilevel inverter, such as it does not require the neutral point clamping diodes
and has a simple power circuit compared to the conventional three-level inverter [9-12]. It can be also
observed that the two two-level inverter was derived from 3-level cascade H-bridge inverter, in both states it
is utilized to minimize the number of required components [13]. However, the proposed scheme uses two
different DC voltage source with two two level inverter besides that the number of components are less. As
well as it is an important to utilize the energy which increases the application of dual inverter in microgrids
due to its flexibility and system stability.

2. RESEARCH METHOD
2.1. Three Phase Inverters

The inverters are used to convert the DC voltage into AC voltage with controlled voltage and
frequency. The waveform of the output voltage depends on the switching states of the six switches. Many
applications of inverters face three major requirements and limitations. The harmonic contents, the switching
frequency, and the best utilization of dc link voltage. In general, drive systems with low harmonic contents
are better than that with high harmonic contents. High switching frequency usually improves the quality of
the motor currents and consequently the whole performance of the drive system. However, high switching
frequency leads to more switching losses in the inverter switches. Also, high switching frequency is limited
by the switching capability and dead time of the switches [14]. The best utilization of the dc link voltage
depends on the applied technique of switching. A three phase two-level inverters voltage source inverter
(VSI) configuration is shown in Figurel.

Figure 1. Three phase inverter configuration

2.2. Dual Two-Level Inverter Fed Open-End Induction Motor

Dual two-level inverter is a type of multilevel inverters. The topology of this inverter, as shown in
Figure 2, is implemented by cascading two standard 3-phase inverters with a six-wire open-end load in
between. It is equivalent to a 3-level 3- phase converter which will require three insulated sources if it is
implemented as cascade H-bridge.

OEWIM

Figure 2. Dual Two-Level Inverter fed open-end winding induction motor with deferent DC source
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In this way, the required insulated sources are only two. Moreover, the converter is composed by
wide commercialized and very reliable parts which make its implementation quite easy. It is well suited for
automotive applications in which splitting the batteries bank is possible.

Dual two-level inverter consists of two standard 3-phase 2-level inverters with AC sides connected
to the same 3-phase open-end 6-wire induction motor and the DC sides connected to two different voltage
sources. It could be said that the dual 2-level inverter is a derivation of the 3-level cascade H-bridge like
standard 3-phase inverter is for the single-phase converter: in both cases the strong bond among the phases is
exploited to reduce the number of required components. Moreover, in Figure 3 two topologies exploiting one
single source are shown. In Figure 3 the series configuration is obtained splitting the single source through
the two capacitors feeding the inverters. Similarly, the parallel connection in Figure 3(b) has DC busses
parallel connected to the same source.

(o]

ERmo

i_ T{q@ Tm__{@ TEB__I@ load
Ts ) »
£33 "3 ®
N gl

Figure 3. Dual 2-level inverter with one source. (a) Series configuration; (b) Parallel configuration
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Independently of the configuration, this converter is implemented using two standard 3-phase
inverters. The advantage of this choice is the great availability and the high reliability of the components
because they are standards wide commercialized.

2.3. Space Vector Modulation

Space vector pulse-width modulation (SVPWM) is the most important PWM technique in motor
drives because of excellent steady-state and dynamic performances.

In SVM technique, the combined effect of three phases is considered as one vector [15-16].

2.4. Realization of SVM

Realization of SVM involves

Step 1: Determination of Vd, Vq, Vref and angle (0)

Step 2: Determination of time duration To, Ta, and Th

Step 3: Determination of the switching time of each transistor.

Firstly three phases (abc) are converted into two phases (dq) for simplicity, and its obtained using Park’s
transformation.

Here three phase voltages are defined as Va(h) ,VB (t), Ve (®) can be represented uniquely by a
rotating vector,
V =V, (t) +V5 (e +V, (e ??"
V, () =V, sin(et)

@)

Ve (t) =V, sin( ot - %ﬂ)

V. () =V, sin et + g;r)
where, 3

Three phase frames are converted into two phase frames using any transformation technique.
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V,] 2[1 -—1/2 _—a172 | "=
— < \Y/
V, 3|0 ./3/2 —J3/2 Vb”
cn (2)

The orthogonal two-phase system is given as (Vd, VQ):

qu :Vd + JVq (3)
2 11 3 3.
V;’q _3{[1%” _Erbu _Ercn] +j[\£_rbu _£1.512J:|
_§|:rcn +£_; +j-\f}llbu +[_;]; _Jif}.cu:|
V'dq = 2 [ 'an +C|"I'b” + ﬂz'l'ml
(4)

\Z
Where: % = reference voltage

1 . ﬁ _j2x
a:——+1§:e3 azz_l_jﬁ
2 2 ,and 2 2

Vool = (v F + (v, P (5)

V,
O = tan 1(—“]
Vd

The angle between Vd and Vref (or Vdq ) is calculated as: 0 =271
In a three-phase system, the vector representation is achieved by the transformation given in
Figure 4. The reference vector as a combination of adjacent vectors at sector 1 is shown in Figure 5.

(T2T)v2

© (MT)v1 Vi .l>
Figure 4. Relation between Stationary frames and Figure 5. Reference vector as a combination of
dqg frames adjacent vectors at sector 1
Switching time duration at any sector is calculated as:
Tz Ta Ta+Th Tz
J-V,-@r = J'Vldr+ J' V,dt + J'VO or Vs
0 0 Ta Ta +Tb (6)
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Ty =T:.u.'f.s'm[%—6J

)
Ty =T .mi.sin (6‘) @)
To =T, -Tq - Tp ©)
Where MI represent the value of modulation index
mi — ‘/§'Vref
Vdc (]_O)
1
fc = T_
The modulation index (MI) and switching frequency (sampling frequency s ) have impact on

total distortion and losses.

The SVPWM sequence of pulses contains a useful base frequency and abundant high frequency
harmonics. The set of high frequency harmonics are located nearby the carrier frequency and its multiples.
Nowadays, 2-20 kHz switching frequencies are common [17]. The high switching frequency improves the
harmonic spectrum by drifting the harmonics toward higher order, but this will increase the switching losses
when conventional PWM is used.

The SVPWM technique satisfies the requirements for the minimization of switching frequency used
with optimal switching losses [18].

The signal generation of space vector is compared to the triangular waveform to generate three
PWM pulses to which NOT gates are given to get the other three pulses. The control signal of space vector
PWM is given in Figure 6.

The carrier frequency (fc) used in our proposed system is 5 KHz, but in Figure 6 the user fc is 1
KHz to clarify how to compare the SVM signal with the carrier signal to get pulses. It’s clear that in SVM
there are only eight possible switching combinations for a three-phase inverter and those patterns are briefed
as shown in Table 1.

1 | 1 | 1 1 1 1 1 1 |
0 0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
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0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018
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Figure 6. generating pulses in space vector PWM

Table 1. Switching Patterns and Voltage of SVM

Voltage in Vector Switching Vectors Line-neutralvoltage Line-line voltage
VO 0 0 0 0 0 0 0 0 0
Vi 1 0 0 213 -1/3 -1/3 1 0 1
V2 1 1 0 1/3 1/3 213 0 1 1
V3 0 1 0 -1/3 213 -1/3 -1 1 0
V4 0 1 1 213 1/3 1/3 -1 0 1
V5 0 0 1 -1/3 1/3 213 0 1 1
V6 1 0 1 1/3 213 1/3 1 1 0
V7 1 1 1 0 0 0 0 0 0
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2.5. Block Diagram of SVPWM Fed Induction Motor Drive

The proposed technique is to reduce the total harmonic distortion in to allowable value. The total
system comprises of a SVM pulse generator, inverter circuit and an induction motor load.

Figure 7 illustrates the block diagram of a single inverter when connected to a load.

SVM
Generator

Induction
=tmotor load ——— output

DC Inverter
Source /

Figure 7. Block diagram of the system

The three-phase inverter has six power switches S1 to S6 and are controlled by switching variables
aa', bb', cc' as shown in Figure 1. When an upper transistor is switched on, i.e., when a, b or c is 1, the
corresponding lower transistor is switched off, i.e., the corresponding a’, b’ or ¢’ is 0.Therefore, the on and off
states of the upper transistors S1, S3 and S5 can be used to determine the output voltage. The output voltage
is measured and is given to the SVM controller. The control circuit regulates the output voltage. The SVM
treats the sinusoidal voltage as a constant amplitude vector rotating at constant frequency. SVPWM
technique approximates the reference voltage Vref by a combination of the eight switching patterns (VO to
V7). Three-phase voltage vector is transformed into a vector in the stationary d-q coordinate frame. The
vectors (V1 to V6) divide the plane into six sectors (each sector: 60 degrees). Vref is generated by two
adjacent non-zero vectors and two zero vectors.

The combined space vector diagram of Dual-inverter fed open-end configuration is similar to a
three-level NPC inverter with 19 distinct voltage vectors out of the total 27 switching states. Among these 19
voltage vectors 7 of them does not contribute any CMV across the machine phase windings as shown in
Figure 8. The two inverters are modulated using SVPWM strategy such that CMV of both inverters are equal
and CMV across machine windings is zero.

7 T A 24
3 D sg v e 7g ATsr
32 3 A -phase
42’ 82, 7., 3 _ee
> - ¥ 4

Figure 8. Combined Space vector diagram of Dual inverter

2.6. Open end Winding Induction Motor

Open-end winding induction machine is obtained by opening the neutral point of conventional star
connected induction machine which results in six terminals instead of three and requires two standard two-
level inverter on either sides of the machine as shown in Figure 9. The pole voltages at the two sets of
machine terminals are defined as the average of the pole voltages as:

ro Sr
_ 2 *\/ S

Vyo - (5 dc) y

Vbo Sb

(11)
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ro 1 )
Vy,o, = (§ *Vdc) S y
\VAR S
L bo b (12)
A Vrr' Vro —Vrior
AV |=]Vyo ~Vyror
AV, Vbo —Vp'o'
L= Vbb ° © (13)

From the difference of phase voltages, the common-mode voltage can be written as (7) and phase
voltages of OEWIM are given by (8).

Voo =Vo =

[2 -1 —1] AV,
4 2 4 AVyy:
3

-1 -1 2 | AVpp'

(14)

(15)

The conventional d-q model of a normal 3-phase induction motor is modified to compute the motor
phase current of the open-end winding induction motor drive as shown in Figure 9. The inputs for this model
are the PWM signals of the individual inverters and their DC link voltages. The pole voltages of the
individual inverters are then computed. Subtracting the pole voltages of inverter-2 from those of inverter-1,
the difference of pole voltages is obtained and supplied to the conventional d-q model of induction motor to
compute motor phase currents. Inverter is modeled using the basic output voltage equations [19-20]. Also it
is necessary to know in which sector the reference output lies in order to determine the switching time and
sequence [21-22]. The angle of the reference vector can be used to determine the sector as shown in Table 2.
Dynamic model of induction motor is implemented in Matlab to study the transient as well as steady state
behavior of the drive system. Table 2 shows the determination the switching sector.
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inverter 1 { Scl—
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3-ph

Vbol ™~ AVataz
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inverter 1

Vao.

; AVbib2 —’E

3-ph
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Figure 9. d-q model of an open-end winding induction motor

Table 2. Determination the Sectors

sector

degree

1

o U~ wWwN

0<© <60
60< 0O <120
120<© <180
180<© <240
240<© <300
300<© <360
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3. RESULTS AND DISCUSSION

The Matlab/ simulink of SVPWM is shown in Figures 10(a) and (b). As shown in Figure (10-a) and
(10-b) the model was done by mixing MATLAB m-file and Simulink model. The output of the subsystem
(duty) is the SVM signal Figure 6 which later will compare with triangular waveform to generate pulses as
clear in the main model Figurel0. The induction motor waveforms and the THD of input current will be as
shown in Figure 11(a) and 11(b).

It can be cleared that the THDi=6.07% which is a quite high value, it is unacceptable value.
Therefore, it proposed to use dual two-level inverter based on SVPWM with a suitable connection as shown
in Figure 12. The results of this model and THDi are shown in Figure 13(a), 13(b).
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Figure 10. SVPWM Simulink, a) main model, b) subsystem
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Figure 11. (a) Performance of induction motor, (b) (THD)i
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Figure 12. dual two-level inverter with SVPWM fed OEW induction motor Simulink
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Figure 13. Simulation results of OEW induction motor, a) output performance, b) (THD)i

It can be observed from Figure 13 that the THDi =0.39% and this is an acceptable value and gives a
good performance with low distortion.

4.  CONCLUSION

This paper utilizes space vector PWM to control the switching devices of the dual two-level inverter
of the open-end winding induction motor. It concludes that the total harmonic distortion for the current signal
has an appropriate value of 0.39%. Therefore, the quality of the current signal is improved. In addition, the
SVPWM reduces the controller execution time and also it saves the required memory capacity.
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