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Abstract: This paper presents a simulation of a space-vector Pulse Width Modulation (SVPWM) inverter
feeding a three-phase induction motor. The SVPWM inverter enables to feed the motor with a higher voltage
with low harmonic distortions than the conventional sinusoidal PWM inverter. The voltage/frequency control
method is used for open loop speed control of induction motor.
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1. INTRODUCTION

Induction motors are widely used in both industrial and household applications due to their excellent
specifications. They are simple in structure(An induction motor does not require mechanical
commutation, separate-excited or self- excitation for all or part of the energy transferred from stator to
rotor, as in universal, DC and large synchronous motors.), rugged, reliable (maintenance less) and
economical.

In the past, application such as electric overhead cranes were using dc drives or wounded rotor motors
(WRIM) with slip rings for rotor circuit connection to variable external resistance allowing
considerable range of speed control. Resistor losses associated with low speed operation of WRIM is
a major cost disadvantage, especially for constant loads [1].

With the development of semiconductor power electronics, in most of industrial variable-speed
applications, DC and WIRM drives are being displaced by Variable frequency Drive-fed cage
induction motors [2].

Pulse Width Modulation technique is one of the most popular methods and started to be used in the
control of VFD-fed AC motors in the 1960s [3].There are different algorithms for PWM control such
as Delta-modulation, Delta-Sigma modulation, Space Vector modulation, and so on.

The space vector pulse width modulation (svpwm) has become an approved PWM technique for
three-phase voltage-source inverters in the control of AC motors [4].

In compared with the conventional sinusoidal PWM inverters, the svpwm is used to offer 15%
increase in the dc-link voltage utilization and low output harmonic distortions [5].

The paper presents the detailed Matlab simulation of SVPWM inverter feeding a three-phase
induction motor.

2. SPACE-VECTOR MODULATION TECHNIQUE

The power circuit model of a three-phase voltage source inverter is shown in Fig 1. V¢ is the inverter
input voltage and V, V,, V. are the output voltages applied to the star-connected motor windings.S;
through Sg are the six power switches, which are controlled by switching variables a, a’, b, b’, ¢ and
c¢’. The on and off states of the lower power switches are opposite to the upper one in a leg.
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Figl. Power circuit model of a three-phase voltage source inverter

There are eight different combinations of switching states as follows: (000), (100), (110), (010), (011),
(001), (101), and (111), which makes eight active space vectors and two zero vectors that are shown
in the complex space-vector plane in fig.2.V,, V- are called zero vectors and do not cause a current to
flow to the motor, so the line to line voltages are zero. The other six vectors, V; throughVg can
produce voltages to be applied to the motor terminals. The magnitudes of all six active vectors are
equal and there is a 60° phase displacement between each two adjacent vectors.

The general expression for the eight voltage vectors is [6]:

2 (k—Dm _
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0 k=107

The maximum fundamental phase voltage magnitude that may be produced by the inverter for a given
dc link voltage occurs under six-step operation, and is given by:
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Im qaxis
vi (010) ﬁ V2 (110)
I " I
\‘.Lv
‘?\ 7
Vq i§_ _________ Ir:j
Pea)
v+ (011) (000)~\ o) 7 vi (100) Re
(lll)/ (t, /T, )vi vd d axis
JAY VI
V3 (001) vV Vé (101)

Fig. 2. Principle of the space vector modulation
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The desired voltage space at any particular instant may be written in Cartesian coordinate as:

—

Vref =V +]V;] (23)
Which,

[Vier | = /de +V/ and a=tan’ (::—‘;) (2.4)

as it shown in figure 2.
Also, the relation between reference voltage vector, V¢, and line to neutral voltages, Va, Vp,and Vo,
is as follows, which is shown in Fig 3.

= 2
Vief = 5[1.Van +a.Vy, +a®.V,] (2.5)

2
where: a = ¢/3"

4
and a® = e’/3" represent the spatial operators.
Therefore, relation between Vg, and Vg4 using Clarke transformation is as follows:

1 1
Vap 2|t 7 7 |[Ven
v|=3, v ||V (2.6)
! 0 5 =% Ve

The objective of SVPWM technique is to approximate the reference voltage vector V . using the eight
switching states. In the each sector Vg is obtainable by switching on, for a proper time, two adjacent
vectors. Presented in fig 2 the reference vector V¢ can be implemented by the switching vectors of
V1,V2 and zero vectors VO,V7.

The reference voltage vector V. is sampled with the fixed clock frequency f=1/T,.
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Fig3. Construction of space vector according to the definition (2.5)

The times t1 and t2 are obtained from simple trigonometric relationships as described in Fig.4.
t t
Vier = () Vi + () V2 (2.7)

(F) Vi =V cosa —BC = V,,r cosa — DCtan 30" = Vi cosa — V¢ sina tan 30°
N

1 2 . o
= Vier (cos a— Esin a) = ﬁvref (sin 60 cosa — cos 60 sin a)
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As the amplitude of V1 and V2 are equal to 2V/3, hence:

t; = V3T, L sin(60 — a) (2.8a)
dc

t; = V3T, Lsina (2.8b)
dc

After calculation of t1 and t2 from equations (2.8) the residual sampling time is reserved for zero

vectors VO and V7.

To = TS - (tl + tz) = to + t7 (29)

The equations for t1 and t2 are identically for all space vector modulation methods.

The only difference between the other types of SVM is the placement of zero vectors at the sampling
time.

The basic SVM method is the modulation method with symmetrical spacing zero
vectors (SVPWM). In this method times t0 and t7 are equal:

to = t7 = TO/Z (210)
For sector number n (n=1... 6), the above equations can be generalized as follows:

_ Vref : n
t, = V3T, Vo sin (En - a) (2.11a)
t, = V3T, “’/df Gsin(a — =) (2.11b)
to =17 = To/2 as: (2.10)

After computing the active and zero state times for a particular modulation cycle, it is possible to
produce the switching signals, Sa, Sh, and Sc to be applied to the inverter. Inverter switching signals
for SVPWM in sector 1 is shown in fig.5 and summarized in Table | for all vectors.

Fig5. Inverter switching signals for SVPWM in Sector 1
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Tablel. Switching on Time at Each Sector

Upper Switche es|Lower S witches
Sector
(S1,52,53) (S4,S5,56)
1 S =t +ty+Tp/2 Sy =Ty/2
S3=t2+T0/2 56=t1+T0/2
55=T0/2 52=t1+t2+T0/2
2 51 =t1+T0/2 S4=t2 +T0/2
53 =t1+t2+T0/2 SGZTO/Z
S5 =Ty /2 S, =t +t, +Ty/2
3 S1=Ty/2 So=t1+t, +Ty/2
S3=t1+t, +Ty/2 Se =Ty/2
55=t2+T0/2 52=t1+To/2
4 Sl =T0/2 S4=t1+t2+T0/2
53 =t1+T0/2 Ssztz +T0/2
Ss =t +t, +Ty/2 S, =Ty /2
5 S1=t,+Ty/2 S, =t +Ty/2
S3=Ty/2 Se =t +t, +Ty/2
Ss =t +t, +Ty/2 S, =Ty/2
6 S =t +t, +Ty/2 S, =Ty/2
S3=Ty/2 Se =t +t, +Ty/2
Ss =t +Ty/2 S, =t +Ty/2

3. SVPWM SIMULATION

The SVPWM inverter simulation which feeding a three-phase induction motor has been done using
the Matlab software package. The simulation is performed under the following conditions: Vy.=
366V, switching frequency= 50 kHz, and three-
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Fig6. Block diagram of SVPWM simulation system [13]

phase induction motor (2238VA, 220V (rms), 60Hz,Rs=0.435 ohm, R,’=0.861ohm, L.=0.002H,
L,’=0.002H,Lm=69.31H, J=0.089kg.m"2, and p=2). The block diagram of SVPWM simulation
system is shown in Fig.6.

The load torque(Tm) changes abruptly from 0 to 11Nm at t=0.5s and from 11 to -11Nm at t=1.5s. A
P1 Voltage/Frequency control method is used for open loop speed control of induction motor.

The stator current at different loading conditions is shown in Fig.10 (a). As it clear in Fig.10 (b) the
motor current has low harmonic distortion. Reference speed and actual speed are shown in Fig.11. It
can be seen that actual speed follows the reference speed with a reasonable accuracy.
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Fig10. (a) Stator current during load changing
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Fig10. (b) Stator current at Tm=11 Nm.
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Figll. Reference speed (red), actual speed (blue)
4. CONCLUSION

In this paper, a detailed simulation study of drive system consists of SVPWM inverter and a three-
phase induction motor has been introduced. The voltage/frequency control is used for speed control of
induction motor with a reasonable degree of accuracy. The advantages of the proposed drive system
are confirmed by the simulation results. The SVPWM inverter is used to offer increase in the output
voltage and low output harmonic distortions compared with the conventional sinusoidal PWM
inverter.
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