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Abstract— AC drives are commonly used in industries in
many applications. Voltage and frequency can be varied
with AC drives. DC voltage can be applied to the input of
the inverter and it changes into AC voltage of essential
voltage and frequency but there are certain limitations of
total harmonic distortion and DC utilization. For
improvement of voltage and current quality, pulse width
modulation techniques are implemented. Sinusoidal pulse
width modulation procedure is most mutual and very easy
method for implementation but it has higher total harmonics
distortion, lower DC utilization factor and incapable of over-
modulation compared to other techniques. Space vector
pulse width modulation technique has better output voltage
and current quality. It has lower total harmonics distortion
and higher DC utilization factor. In this paper, SPWM and
SVPWM methods simulated and these two methods are
implemented to an asynchronous machine connected with
voltage source inverter and analyzed the performance.
Voltage and current THD are shown. The simulation work is
done in MATLAB / Simulink.

Key words: Sinusoidal Pulse Width Modulation, Space
Vector Pulse Width Modulation, Total Harmonics
Distortion, Induction Motor

I. INTRODUCTION

In last two or three decades, AC drives replace DC drives
because it has some disadvantage like higher initial cost,
higher maintenance cost but its control is very easy and
better torque response. A converter that changes a DC
voltage into an AC voltage named as an inverter. It is simply
DC-AC converter. The amplitude and frequency of the
symmetric output voltage can be varied. There are two
methods for varying the amplitude of output voltage, by
varying DC voltage or by a gain of an inverter. If the DC
voltage is fixed, not controllable then it can be varied by
controlling the gain, which can be controlled by PWM of an
inverter. The output voltage of the ideal inverter should be a
sine wave, but in practice, it would be a square wave which
contains some harmonics. The gain of the inverter is defined
as the AC output voltage to the DC input Voltage [8]. PWM
is the best technique from another external technique. THD
reduces with increasing the frequency of the carrier wave. It
is implemented to the inverter for producing AC voltage
from a DC voltage [1]. Output waveform quality, system
loss and efficiency have been directly affected by this
technique [2]. SPWM and SVPWM are most attractive
control PWM techniques in the real world [3, 4]. SVPWM
can raise the voltage utilization by 15.5% than SPWM [7].

Il. SINUSOIDAL PULSE WIDTH MODULATION

SPWM technique is very easy PWM technique [5]. In this
technique, a sinusoidal reference signal of the fundamental

frequency is compared with the high-frequency carrier
signal, and then the pulses are produced. When the
measured value of sine wave is greater than that of
triangular signal, then the output signal will be ‘high’ and
otherwise, it will be ‘low’. Then the pulses are produced
which are given to the switches of the inverter for
controlling.

Where Ac is the highest amplitude of the triangular
wave, Am is the highest amplitude of sine wave, and Vdc is
dc bus voltage of the inverter.
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Fig. 1: Basic diagram of SPWM model

I1l. SPACE VECTOR PULSE WIDTH MODULATION

SVPWM has several advantages like wide linear modulation
range, less switching loss, increase DC utilization factor,
less harmonic distortion, direct implementation and less
computational calculation. The SVPWM method can be
implemented on input current and output voltage so the
flexibility in the choice of switching vector has been
increased and it is also useful in unbalance condition. The
main aim of this method is to get a reference vector(Vref).
This approximation can be done with average output method
of the inverter in a small period of a time.

Fig. 2: Switching sequences in three-phase inverter

In Fig. 2, there are eight switching vectors, in which six
vectors are known as active vectors (V1 - Ve) plus two zero
vectors (Vo, V7). We are using ‘1’ for above and ‘0’ for
below switches of the inverter when it is on. Zero vectors
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can be achieved either by made on upper switches V;(111)
or lower switches V(000) of all three legs [6].

Voltag | Vector Phase Voltage Line Voltage
e
Vector Al B| C Vao Vbo Vco Vab Vbc Vca
Vo 0|0l0| O 0 0 0 0 0
Vi 1/0{0] 2/3 |-1/3|-1/3] 1 0 -1
V> 1{1{0] 1/3 | 1/3 |-2/13| O 1 -1
V3 0|1|0|-1/3| 2/3 |-1/3| -1 1 0
\A o|1|1|-2/3|1/3 |13 ]| -1 0 1
Vs 0|0|1]|-1/3|-1/3]| 2/3 0 -1 1
Vs 1(0|1| 1/3|-2/3| 1/3 1 -1 0
V7 11|11 O 0 0 0 0 0
Table 1: Switching Vectors, Vphase and Viine
A. Implementation of Space Vector Pulse Width
Modulation
1) Calculatlon Of Vd-axis, Vq-axis, Vreference and angle (9)
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Fig. 3: Reference vector in a-b-c and d-q plane
Where Vgaxis = direct-axis voltage, Vgaxis =
quadrature-axis voltage and Vieference = reference voltage, ®
= angular frequency and f = fundamental frequency.
FI’0m Flg 3, Calculate Vd.axis, Vq_axis, Vreference and angle (9)
as follows:

Ve = Voo —V,, -€0560° —V_ -c0s60°
1 1 1)
= Vao - _'Vbo - _'Vco
2 2
V_axis = 0+V,, -€0s30° -V, -c0s 30"
)
=0 'Vau + ﬁ'vbo - ﬁ'vco
2 2
The two-phase quantity can be transformed by equation (3).
[ 1 1 v 1
v, 1 1 > 11Vao |
| d—aXIS|:g‘ 2 2 ly | (3)
[V . J 3] 3 3l bo]
g — axis LO N _7J|V |
2 2 | co

From (3), we can find Vg.axis and Vg.axis components and get
the amplitude of the reference vector. The magnitude of the
reference voltage vector is:

\ 24V 2 4)

q-axis

reference | — d —axis

The angle is defined by trigonometric function as:

Htanl(://qam}thﬂft (5)

d —axis

2) Calculation of the time duration:
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Fig. 4: Reference vector at sector-1
From Fig. 4, duration of the switching time gets as below in
sector-1:
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T _ T1_ T]+T2_ T _
_[Vreference = ,[Vl -dt + J. V2 -dt + J‘ V0 -dt (6)
[¢] o] T T, +T,
T Vit = T,V, +T,-V, @
|(cos z W‘
— [cos(a)l 2 T1] 2 3
T'Nreterence '|Sin(a) ‘:Tl'g‘vdc'\‘OJ'FTZ'g'VdC'I ” } (8)
. ] sin[—]
™))
)
sin| ——a«a
T,=T-a — 3 ) where, 0<a <60° 9)
sin[Z
3
sin(a)
T,=T-a-
sin [ZJ (10)
3
1 Vreference
oo Ty =T (T, +T,) where, T :T and a:zi (11)
7'Vdc
3
Switching time duration in any sector
’\ET N _reference
le—lv -sin{ﬂn—aj (12)
Vi 3
\/E'T N _reference
T, = L [cosa -sin Eﬁ - sina ~cosﬂzz] (13)
Ve 3 3
’\/gT N _reference _1
gy T ] [ (a -t ,,D (14)
Vi 3
‘\/gT . 7reterence -1 -1
T, =N‘[—cosa.sinnn+sin a.cosn—n] (15)
Vi 3 3

The general calculation to receive the duty times in the rest
of the sectors is given by (13) and (15).
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3) Calculation of the switching time of each switch:
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Fig. 5: Switching pattern of switches in 3-phase inverter
The switching scheme for the inverter is shown in following

Table 2.

Let’s we have Ta = Ty + Tot+ (To/2), Te = T1 + (To/2), Tc =

T2+ (To/2), To = Tol2, Then

Sector | Upper switch | Lower switch
Sa: TA Sa’: TD
1. Sp=Tc Sp=Tg
Sc: TD Sc TA
Sa=Ts Se=Tc
2. Sp=Ta Sy=Tp
Sc: TD Sc TA
Saz TD Sa TA
3. Sp=Ta Sy=Tp
Sc= TC Sc TB
Saz TD Sa TA
4, Sp=Ts Spy=Tc
SC: TA Sc’: TD
Sa: TC Sa’: TB
5. Sp=Tpb Sp=Ta
Sc: Ta Sc’: To
Sa: TA Sa’: TD
6. Sp=Tpb Sp=Ta
Sc: TB Sc’: TC

Table 2: Switching Time Calculation at Respective Sector
In Fig. 6, Comparison of SPWM and SVPWM is
shown maximum control voltage. SVPWM uses more

effectively the dc supply voltage than that of SPWM.

In

SVPWM, when plotting the locus of the reference vector, it
finds a circle of a radius of 1/N3Vpc whereas, in SPWM, the
radius of the circle gets only 1/2Vpc. So voltage utilization
in SVPWM is 1.1547 times of SPWM.

1:":

Fig. 6: Locus compari

son of maximum linear control
voltage

IV. SIMULATION AND SIMULATION RESULT

The converter is simulated in MATLAB environment with
following values of parameters.

Parameters Value
DC voltage 580 V
Fundamental Frequency 50 Hz
Switching Frequency 20 kHz
Mechanical Torque 10 N-m
Modulation Index 0.9
Induction Motor 4 KW, 400 V, 50 Hz, 1430 rpm

Table 3: Simulation Parameters
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Fig. 8: Modelling of SVPWM technique
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Fig. 10: Simulation diagram of an induction motor with
inverter using SVPWM and SPWM techniques
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Fig. 11: Different waveforms for SVPWM (a) reference
voltage (b) inverter phase voltages (c) current waveform
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Fig. 14: Study of inverter voltage FFT (a) SVPWM (b)
SPWM techniques
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Fig. 15: Study of inverter voltage FFT (a) SVPWM (b)
SPWM techniques

V. CONCLUSION

The study and comparative analysis of induction motor with
SVPWM and SPWM techniques have been done in
MATLAB / Simulink. Switching time of SVPWM is
calculated for voltage source inverter. We concluded that
voltage and current quality is better using SVPWM
technique than that of SPWM. The output voltage and
current of the voltage source inverter used SVPWM has
much more fundamental component and less total harmonics
distortion. The speed of the induction motor also higher in
using SVPWM in a steady-state condition. In these studies,
modulation index in both methods kept at 0.9, but the
fundamental rms component is 1.15 times in SVPWM than
that of SPWM.

Parameter SVPWM | SPWM

Phase voltage of Inverter(rms) 226.9 228.2
Fundamental Component

Peak 301.1 260.6

rms 212.9 184.3

THD (%) 64.52 79.65

Load Current(rms) 4.828 4.757
Fundamental Component

Peak 6.601 6.471

rms 4.667 4.576

THD (%) 16.33 18.48

Speed(rpm) 1472 1462

Table 4: Comparison between SVPWM and SPWM
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