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Abstract—Three phase induction motors are representing
one of electrical machines is widely used in industrial
application, there are many methods to control speed of
induction motor. Such as changing the number of stator
poles, controlling supply voltage etc. The varying voltage
and frequency of three phase supply is a modern method of
speed control. In this method can a large amount of energy
saving to do so using VFD, the power electronic inverter is a
main part of a variable frequency drive. In this paper
proposed the simulation of inverter with three types of space
vector pulse width modulation SVPWM technique. It is
modern and it became a popular PWM for voltage source
inverter VSI, the model having advantages for easy control,

low cost and achieved to satisfy the requirements of the user.

The model is a simulation and analyzed using (SimPower in
MATLAB/SIMULINK) environment. The purpose of this
paper is to analyze, comparison, and study a three-phase
induction motor drive using three types of SVPWM. The
simulation results which illustrate the performance of
SVPWM system were plotted and discussed. These results
are shown variable speed tracking of SGI squirrel cage
induction motor, with large scale industrial mechanic load.

Index Terms—SVPWM, SGl, VSI, VFD

I.  INTRODUCTION

A DC machine was used for a long time in the industry
as a powerful variable speed drive, because of its
characteristics like simple controller and fast response.
Whereas, AC machines were considered as a constant
speed drive when operated at constant voltage and
frequency. In the last two or three decades, we have seen
extensive research and development efforts for variable
speed AC machine drive technology, because of the
widely developments in power electronics technology
and power semiconductor devices, which lead to replace
the major variable speed applications use the DC machine
by AC machine drives. This devotion to AC machine
comes from the many advantages of AC machines with
respect to DC machines The main advantages of AC
machine are, lower cost, light weight (20% to 40% lighter
than an equivalent DC machine), easy maintenance
compared with DC machine, the squirrel cage type it is
lower inertia and losses because it doesn't consist of
armature  winding and commutator. Have no
commutations and brushes problems, which allow a
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machine to operate in dirty and moist environments. For
these features AC drives are replacing DC drives and they
are used in many industrial and domestic applications [1],
[2]. A speed control of AC motor important in industrial
applications, there are many ways of controlling, a
modern and popular one is the constant ratio (V/f), in this
method varying the fixed voltage & frequency of three
phase supply, to do that, using an inverter with PWM
technique. In this paper study SVPWM inverter type, the
proposed SVPWM inverter it successfully to change the
fixed DC voltage to three phase variable frequency and
variable voltage, the synchronous motor speed is given by
the equation as [3].
120
N, =2 m
p

where, Ng: Synchronous speed (r.pm), f: Fundamental
frequency (Hz), P: Number of poles.

The gap between synchronous speed, and rotor speed,
is called the slip.

Ns - Nr
S = 2
0 @
Also can write
120f(1 — s)
N = ——— (3)

where N,.: Rotor speed (r.p.m), S: Slip

Il. THE MAIN COMPONENTS OF (VFD)

In the variable frequency drive a three phase AC
voltage of the supply is rectified into DC, the LC-filter
used to reduce ripple, the DC voltage after filtering
supply inverter. The six signals of PWM fed the power
electronic switches such as (GTO, BJT, IGBT and power
MOSFET) [4]. The inverter output feeding induction
motor, the basic concept of this process as shown in the
following block diagram Fig. 1 and Fig. 2.

A. Full Bridge Rectifier

A full wave three phase bridge rectifier, has six diodes
are used to build as shown in Fig. 2a, convert three phase
supply (50Hz 480V) or higher, into DC voltage with
ripple to limit that ripple used filter [1]

_ 3V3Y,

Voe — (4)
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where Vp.: Output voltage of rectifier (V), V;,: Peak

amplitude of phase voltage of supply (V).

B. DC-Link

The main parts of DC-Link is capacitor and inductors
it connected in series between, full bridge rectifier and
inverter, as shown in Fig. 2b. [4] The capacitors
connected shunt across inverter this topology called a
VSI voltage source inverter. The L.C filter in DC -link is
designed to provide a limiting a current in DC bus in
normal operation of the VFD, also reduced currents
harmonic, moreover, improved the power factor across
rectifier [5].

C. Inverter

Represent a primary section for VFD, the main part of
inverter is power electronic switches, such as (MOSFET
or IGBT), the Isolated Gate Bipolar Transistors (IGBT)
are very fast electric switches. Can switching by applying
small positive voltage across a gate and source, the
device will turn ON, also can operate with a high
switching frequency (2KHz to 15KHz). The three phase
inverter topology shown in Fig. 2c, sometimes called
VFD as inverter [3].

Figure 1. Shows a varlable—frequency drive system

-

YV YYY

Figure 2. a: Three phase Rectifier circuit, b: DC-link circuit, and c:
three phase inverter circuit.

I1l. CONTROL

The control strategy adjusts the ratio (V/Hz) by using
Pulse Width Modulation (PWM) techniques, to produce a
varying pulse width, which means that produced varying
amplitude in inverter output voltage. The carrier
frequency is represented a speed of turning (ON and OFF)
switches, it is noted that the carrier frequency increase
leads to get more sinusoidal in inverter output waveform.
[6] To maintain the (V/f) ratio is constant, so as lead to
stator magnetic flux remain constant, if varying only the
frequency and same voltage is applied to AC machine,
that caused an increase in stator magnetic flux till to the
saturation magnetic core, this lead to a low performance
of motor [4].
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Vo, = 4.44kfN,, (5)
% = 4.44kN,, (6)

And:
T=k.by L, )

where ¢,,: Magnetizing flux (W.b), N: Number of turns
per phase. Vp,: Stator voltage (V). K: Constants depend
on the Machine design, T: Shaft torque (N.M), I,: Rotor
current (A) depends on the load [5].

To avoid saturation in stator magnetic core, keeping
the (V/f) ratio constant, to maintaining motor torque
constant at all speed below the rated speed must be
remain the flux is a constant value from (7), which is
keeping the (V/ f) ratio constant. If reduce the motor
speed to 50%, the voltage reduced to (V/2) and frequency
(f/2), that keeping a stator flux constant, which is given
constant output torque [7], [8].

There are four basic types of control for AC drive:

1) Volt-per-hertz it is a scalar control method,
providing variable speed by keeping (V/ f) ratio
constant. This type of control used for application,
such as fan and pump, it provides constant torque
with fair speed, represents a low cost method.

2) Sensor less vector this method of control produce,
high starting torque with batter speed.

3) Flux wvector control, this method of control
provides high accuracy speed and torque by using
closed loop feedback.

4) Fielded oriented control, this method proved more
control to the AC motor perimeter, such as speed
and torque, it gives the best performance of AC
motor equal, to the DC motor.

IVV. SPACE VECTOR PULSE WIDTH MODULATION
TECHNIQUE FOR VSI

A. Voltage Source Inverter (VSI)

A voltage source inverter VSI must have a stiff voltage
source at the input that is Thevenin impedance must be
ideally equal to zero. Thus is can be represented a large
capacitor connected at the input, if the voltage source is
not stiff. The Fig. 3, shows a practical VSI consist of
power bridge devices with three output legs [9], each
consisting of two power electronic switches each of the
switches has freewheeling diodes, and the inverter is
supplied from a DC source (either battery or diode-based
bridge rectifier via C or L.C filter) [5].
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Figure 3. Voltage Source Inverter (VSI) topology.
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In VSI always the semiconductor switches, remain
forward biased due to the DC supply voltage, therefore,
self-controlled forward or asymmetric blocking devices,
[2], are suitable for inverter such as, (GTOs, BJTs, IGBTS
and power MOSFETSs). One important characteristic of
the VSI, is that the inverted AC voltage wave is not
affected by the load parameters [3].

B. Principle of SYPWM

A digital SVPWM are becoming popular in PWM
inverter, the traditional triangular carrier method has been
overcome, by the SVPWM. Because of its high
performance characteristics in inverter applications, it has
found widespread applications in recent years. With a
pulse width modulation PWM. [10] The inverter can
thought as three separate push-pull drive stages, which
create each phase waveform independently. However,
SVPWM treats the inverter as a single unit with a
machine mechanic load, the machine load neutral is
normally isolated [11], which causes interaction among
the phases. This interaction was not considered before in
PWM. The space vector PWM method considers this
interaction of the phases and optimizes, the harmonics of
3-phase isolated neutral load. [1]
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Figure 4. Hexagon boundary with six sectors.
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Figure 5. Reference vector at sectorl.

In SVPWM technique, the three phases (A, B, C)
coordinate system are transferred to two frames axis (X,
Y), [9] which are a complex axis frame the (X-axis)
represents a real axis, and (Y-axis) represents a direct
imaginary axis. The “ V,,” is referring to voltage vector,
this vector rotating at a constant angular frequency (®), in
SVPWM (V,, V,, V3, V,, Vs, V) represent vectors in plan,
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this plan divide into six sectors, each sector, having (n/3)
or (60°), as shown in Fig. 4, a reference voltage “ V" is
synthesized by adjacent two nulls zero vector (V; to V),
and two zero vector (V, & V), as shown in Fig. 5. The

radius of inside circle is (% Vpe) - The outputs three

phase sinusoidal voltage cycle is rising when reference
voltage is revolving in space, the cycle is completed
during one revolution of (V) [3].

Generally, each sector of the hexagon is divided into
(sub-sectors), in which the reference voltage “ V,,” will
move in angular steps (©.t), the width of the steps (sub-
sector angle), depends on the maximum permissible
switching rate of the power electronic devices, whenever
step width is small and switching frequency is high, the
output fundamental voltage will be close to sinusoidal [9].

V. IMPLEMENTATION OF (SVPWM)

There are two methods can be implemented the
SVPWM [12]. The first by sector selection based on
modulation the second by SVPWM based on the carrier
frequency. In this paper implemented these types:

a. SVPWM based on the sector selection.

b. SVPWM without sector, based on the carrier

frequency.

c. SVPWM based on the carrier frequency with

reduced switching.

A. Implementation of SVPWM with Sector Selection

This method can be summarized by the following steps

Step A: Determine (Vy,Vy,Vy, ) and angle (0)

Step B: Determine time duration (T, T, T,)

Step C: Determine the switching time of each power
transistor (S;, to Sg,).

Step A: Determine (Vy, Vy, V,,) and angle (0): to
understand the theory of SVPWM [9], the idea of a
rotating space vector and, axis transformation is very
important. Any three quantities can be expression by two
axis frames ( Vi, Vy ). [9], [10], [13], [14] the
transformation procedure can easily done by the
following formula [3].

[Vx] _ Z[COS(O) cos(120°) cos(—120°) ®)
V,1 ~ 3[sin(0) sin(120°) sin(—120°)
V
Ve 21 —1/2 -1/27[a
or [Vy] “3lo V32 —\/§/2] Vf ©)
The result of the matrix is given:
2 1 1
Vi=3 (Va—35W — V) (10)
V3 V3
V=2 (O, + 2V, — 2Ve) (12)
When
Viy = Vx +jVy (12)
2 1 1 . (V3 V3
Vo =3[ (=30 —3%) +i (3% -2 %)]
_ 2 1 V3 1 3
=5+ (=5 +59)Vo+ (5 -8) Wl
Vey = = [V + aV, + a?V,] (13)
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where 1
2T 2T T5= -
a=—%+j§=e’?,anda2=—%—j§= es fs

. where (Ts), is the sampling time period of the switching
To find () from (12): frequency ( f;), and (Vpc) DC link voltage. The

= /()2 + V,)? (14)  modulation index is:
V3V,
_ —1/Vy I xy
6 =tan (Vx) (15) m; -
0 =2nfr.t . . .
The time interval (T; and T, ), satisfies the reference

Step B: Determine time duration (T;, T,, T, ): The  voltage, but (T,), fill up the remaining gap in (Ts), as
space reference voltage “V,,”, moves from state-1 to  shown in Fig. 6, Fig. 7, and Fig. 8 [1].

Xy »
state-2 by time sharing PWM between (V; & V) [3], [13], T :
for example in Fig. 5 if the vector “V,,” Lies in sector-1 L __sgon T L _Ww T
- T2 T T, (T2 T2 BT T2 T 0T T2 T2 T T, (T2
the PWM adjusted between V; (100) and V, (110) by the S -, : ML :

duty cycle of each (T; & T,), is respectively the zeroes 3 : ‘ | eess—
vectors (V, (000) & V,(111)) of duty cycle (T,) [1]. ) s} —

The volt-second duration at Sectorl is: AORR RN

v iviv vl viviviviviviy

T,+Tq To .
v ydt _f V1d+f Vzdt+f (Voor V)dt £

0 T+T,
Figure 6. Switching time of (S, to S¢) at Sector (1, 2).
TV = TV + TyV, + T, (VyorVy) (16) T
where: (V, or V;) =0V at output of the inverter. ™ sn?mm T, T, suT-;I-oM T
T T T .T_,./l’ T, T, T“fl:ToﬂZ T T, Tr|Tne L,.LT“”:T“Z T, T, T2
Vg = =V + =V, + (Vyor V;) = 17 o — ——
b s T | E——
. . | |
Also from Fig. 5, can be found (V,,, Vpn ), Of sector ) Vo v v vtve o veove v v v v o vilv v v,
one. | |
AL AL -“ : :
Viy - Ts sm(? -0)= T sm(?) : :
and 2 ' '
Viy - Ts sin(0) = V,.T, sin (?T[) Figure 7. Switching time of (S, to S) at Sector (3, 4).
where (Vyy= Van+Vpy), and from (17): PErTe— PETTT—
T T Te2, T, Ty T«fz:T“/z T, T, T2|te T, T Tﬂfz:mz T T, Ty
Vi = T—; V, Vo = T—Z v, S I 020 | I |
L —
SV = 2v. sin®®— g “ssi_—_
an — V3 Xy Sln( 6 ) Yy Vs Ve oV, i Voo Ve Ve V| Ve o v VeV E Vv, Ve VY,
_ 2 . 8y : :
Von = EVXY sin(6) ;\ !
If: 5 !
2 3 .
_ Ju-13
Vh(u) = §VDC AR Figure 8. Switching time of (S, to S,) at Sector (5, 6).
where (u: 1, 2, 3...6) the phase voltages space vectors The Switching time duration at any sector in the
V,(100) = ZVDC , and after “60°” V,(110) = =2¢. hexagon.
That leads to V, n—1m
v T1=\/§V—Tsm(——6 %)
T, =V3 22T, sm(— -0) (18) pe
Voe °
Vv —\/——T sm(—— 0) (21)
T, =V3 Vx_yTS sin(8) (19) Vbc
DC
ny . (Tl -1 )T[
To=Te—T, - T, (20) T, =V3 = Tosin(6 — ————) 22)

DC
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0<06=<60

where (n) is the number of sectors (1 to 6), and (&) sub-
sector angle.

Step C: Determine the switching time of each
switching device (S;to Sg): The switching sequence
pattern for each power electronic switch device, as shown
in Fig. 6, Fig. 7 and Fig. 8. Table | is summarizing the
switching time for each sector [9].

TABLE I. SWITCHING TIME FOR EACH SECTOR

Sefr:;)rs Upper switching (S;, Ss, Ss) | Lower switching (S, Se, S;)
To To
Sl= T1+T2+7 S4=7
To To
1 S3=T2+7 56=T1+7
To To
55:? SZZ T1+T2+7
To To
51: T1+7 . S4: 124'7
2 = =2 -0
S3 T1+T2+2 Se >
To To
SS=7 S, = T1+T2+7
T,
sl=70 Sa=T +T, +—
T, T,
3 =T, +T, += —
S3 L+ 2+2 Se >
TO TO
SS=TZ+E SZ=T1+7
To To
51:? . S4: T1+12+7
0 0
4 S3=T1+7 S6_T2+7
To To
55:T1+T2+? 52:7
To To
51: ';Z‘F? S4: T1+7
5 53=7° Se=Ty+ T, + —
TO TO
SSZ T1+TZ+7 5227
Sy = T, 4T, 40 5, = D
1= Tl 2 2 4 — 2 T
0 0
6 53=? S6=T1+T2+?
TO TO
SS_ T1+7 SZ_ T2+7

B. SVPWM Based on the Carrier

The carrier based on SVPWM is efficient, fast, and
easier implementation, this technique is based on
comparing the duty cycle ratio as shown in Fig. 9, with
the triangular waveform, a triangular waveform
frequency is (f,), it can be set by the user [12], the digital
pulses are arranged as same as sinusoidal pulse width
modulation [15].
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C. SVPWM Based on a Carrier with Reduce d
Switching

The SVPWM based on a carrier with reduced
switching ratio, is the batter implementation of SVPWM
because, the switching ratio can be reduced to 33%, that
leads to reduce the heat of switches, the method based on
choosing one side either mini or max from three control
signals [12], as shown in Fig. 10

1
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Figure 9. Duty cycle ratio of SVPWM based on the carrier.
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Figure 10. Duty cycle ratio of SVPWM based on a carrier with reduced
switching.

VI. SIMULAT THE (SVPWM) UsING MATLAB

A. (SVPWM) with Sector Selection

The SIMLINK block in the Fig. 11 shows calculate
(Viy) & (0), in Fig. 12 are shown MATLAB SIMLINK
block to generate six sectors, the (T;, T, & Ty/2) is
implementation form equations ((20), (21), (22)), by
using S-function as shown in Fig. 13. From Table I, and
compared with high frequency triangular waveform, that
can be generated transistor switching signal (S; to Sg),
Fig. 14 illustrates this process. The MATLAB subsystem
blocks of the SVPWM based on sector selection are
shown in Fig. 15.
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Figure 13. Implementation the (T, T, & T,/2)

Sector(] - 6)

Repeating
Sequence

Figure 12. Blocks to generate six sectors (1 to 6). Figure 14. Implementation the transistor switching signal (S, to Sg).

Angle and Reference
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Sector Sector(1 6)

——]
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Figure 15. Blocks model to the SVPWM based on the sector selection technique.
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Figure 16. MATLAB/ SIMULINK blocks shown, how can calculate ( V/f) ratio.

B. Implementation of (SYPWM) Based on Carrier, and 2) Using a mini-max MATLAB block to find the
SVPWM Reduced Switching highest value and the lowest value from the three
signals in the Fig. 16.

3) Add the maximum signal to the minimum and the
output is multiplied by 0.5 to reduce a magnitude.

The implementation are summered briefly by this step
1) Generate three sinusoidal waveforms as shown in

Fig. 16.
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4) Subtract the output from step (3), from three
sinusoidal waveforms in the step (1) as shown in
Fig. 17.

5) Comparing the output from step (4), with the
triangle waveform, (magnitude=1 and carrier
frequency f; ). The overall (MATLAB
SIMULINK) scheme of SVPWM based on carrier
as shown in Fig. 17, and the scheme of SVPWM
with reduced switching as shown in Fig. 18.

ol

]
=

cic NOT pulses

ol

Repeating
Trangle

Figure 17. MATLAB/SIMLINK scheme of SVPWM based on the
carrier.

Duty cycle ratio

VII. (MATLAB/SIMLINK) ANALYSIS OF SVPWM
INVERTER BASED ON (VFD)

A. Design Values for Proposed VFD MATLAB Model

e Types of simulation: Discrete backward Euler,
sample time (10L5).

o Rectifier and DC link filter: in this paper we will,
assume, the three phase rectifier, and filter is a
constant DC source (DC-Link voltage = 630V), as
shown in Fig. 19.

e SVPWM specification: switching frequency f :
8KHz, rated frequency, f,.: 50Hz.

e Inverter: Universal Bridge block in the
(MATLAB/SIMULINK). The inverter
specification are listed in the Table A.l in the
Appendix (A).

B. Asynchronous Machine Specification

Squirrel cage Induction motor, the motor parameters
and specification are listed in the Table A.2, in the
Appendix (A).

C. Load Specification

The mechanical load is assuming large scale industrial
fan, which is shown in Fig. 20, the model is built using
the equations in (MATLAB/ SIMULINK).

s T, = K ()’ (23)
CﬂA—\—1 PO
CrtB — T=—
,I pulses w
crtC|
Three Sinusoidal Signal \/\/\/ r = %:30) = g I‘ed/SeC (24)
Repeating ot 5.4X746
Trangle Ty = Tro710 = 269 = 27 (25)
Figure 18. MATLAB/SIMLINK scheme of SVPWM based on a carrier From (23)
with reduced switching ratio. 27 s
= Grer ~ 120x10 (26)
Dscrete.
WetedSs
powergul
Three Phase V and Current
=
Space vecto PWM Ioverter ol 500;‘:' toruge
Filtermg voltage (V) =
Palses rnm
L n Wb ‘ voltage(V) Tabe(A)
. L RMS Vine: after LPF
“ 5 - Swixk ‘
—  DC -Link voltage e Load /'
B «B ] line Volnge (V) [—-Tm—
e A o )
’ c._l = :t ~ -/\” m—M %-dﬁhx) Nr(rpm) | TeN.m)
e Measurement V -1 Asynchronous Machine
SHP 400V 50 Hz

“ Electromagnetic torque (N M)

Stator Current (A)

Measurement

Figure 19. Subsystem block diagram of (VFD) based SVPWM inverter, feeding three phase squirrel cage induction motor.
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Figure 20. lllustration of large scale industrial fan.

Calculated the ratio (V/f): The asynchronous machine
rated line to line voltage is: (400V), and phase voltage:
(230.94V), or (0.995) P.u if the base voltage (230.99V),
the frequency given a base speed (1430 r.p.m), is (50Hz),
the ratio (K,=4.6). The MATLAB blocks and using S-
functions to implanted three sinusoidal control signals
(Crt,, Crtg Crt), with varying magnitude (46 to 230) V,
or (0.19 to 0.995) P.u. The variability in the magnitude
depends on this ratio (4.6*f,), in the Fig. 16 shows
generate three signals with varying magnitude. The
function of the saturation (1) in the Fig. 16, is
determining minimum and maximum of the rated
frequency (f minis fr max ), @nd the saturation (2) it used
to determine a minimum and maximum magnitude
(Vr mini» Vi max ), also this parameter can be set by the
user, the (V/f) calculated scheme having one variable at
input, and three signals in output side, the (f,.) referred to
user required frequency. The three phase sinusoidal
waveforms [16].

Crty, =V Sin (21f,-t)
Crtg =V Sin (27f,t + 2m/3)
Crt; =V Sin (2nf,t — 2m/3)

where t =10 Sec
_ 23094 _

r 50

46 7

VIIl. SIMULATION RESULTS

The simulation results will consist of two parts. The
first part will show the System performance without any
change in frequency. The second part will show the
System performance after frequency variation with
different value. The parameters of the induction motor are
listed in Table A.2, in the Appendix (A). Fig. 21(a, b, c)
shows the Total harmonic distortion in the stator current
waveform in three types of SVPWM at no load, in Fig. 22
(a, b, c), the THD of the stator current when the machine
running under load conditions, and the THD for line
voltage in three types of SVPWM are shown in Fig. 23(a,
b, ¢). The THD for voltage & current under two
conditions are listed in Table Il. The stator current when
using three types of SVPWM is shown in Fig. 24 (a, b, c)
& Fig. 25 (a, b, c). The line voltage for three types of
SVPWM after 2-order low pass filter having cut off
frequency (4*f,), are shown in Fig. 26 (a, b, c). The
electromagnetic torque (N.M), and rotor speed (r.p.m) is
shown respectively in Fig. 27(a, b, ¢) and Fig. 28 (a, b, ¢),
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under operating system at rated frequency with a large
industrial fan attached to the motor. Table Ill and Table
IV will show the System performance after variation
frequency, the line voltage, and rotor speed is listed.

FFT window: 1 of 300 cycles of selecled signal
= T

T T T T T T T T

40
g
E 20F
T
o
o 0

20k 7

1 1 1 1 ] 1 1 1 - r/
002 0022 0024 0026 0028 003 0032 003 0036 0038
Time (s)
Fundamental (50Hz) = 42,19, THD= 8.66%
T T T T T T T T T T
~ 251 ]
=
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E 15}
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Figure 21a. THD (%) of current waveform at no load for SVPWM
based on the sector at f,.=50Hz.
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Figure 21b. THD (%) of current waveform at no load for SVPWM
based on the carrier frequency at f,=50Hz.
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Figure 21c. THD (%) of current waveform at no load for SVPWM
based on the carrier frequency with reduced switching at f,.=50Hz.

FFT window: 1 of 300 cycles of selected signal
T T

T T

Signal mag.

e ]

| f L | L L "
0.02 0022 0024 0026 0028 003 0032 003 0036 0038
Time (s)

Fundamental (50Hz) = 43.22, THD=7.19%
T T T T T T

sl T
=R
@
£
3
c 15F
=1
I
5
§1I:l--
g
= 51
o |_||_|rli—||_|l'|l_|l‘ll—||—|r—||—||—|.-‘.—..—.—.
i) 2 4 6 8 10 12 14 16 18
Harmonic order

Figure 22a. THD (%) of current waveform at load condition for
SVPWM based on the sector at f,=50Hz.
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Figure 22b. THD (%) of current waveform at load condition for
SVPWM based on the carrier frequency at f,.=50Hz.
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Figure 22c. THD (%) of current waveform at load condition for
SVPWM based on the carrier frequency with reduced switching at
f=50Hz.
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Figure 23a. THD (%) of the line voltage waveform for SVPWM based
on the sector at f,.=50Hz.
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Figure 23b. THD (%) of the line voltage waveform for SVPWM based
on the carrier frequency at f,=50Hz.
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Figure 23c. THD (%) of the line voltage waveform for SVPWM based
on the carrier frequency with reduced switching at f,.=50Hz.
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Figure 24a. Stator current (A) :: ;tcl)DWM based on the sector at
f»=50Hz.
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Figure 24b. Stator current (A) for SVPWM based on the carrier fre-
quency at f,.=50Hz.
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Figure 24c. Stator current (A) for SVPWM based on the carrier
frequency with reduced switching at f,,=50Hz.
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Figure 25a. Three phase current (A) for SVPWM based on the sector at
f,=50Hz.
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Figure 25b. Three phase current (A) for SVPWM based on the carrier
frequency at f,.=50Hz.
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Figure 25c. Three phase current (A) for SVPWM based on the carrier
frequency with reduced switching at f,.=50Hz.
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Figure 26a. Three phase line voltage (V) for SVPWM based on the
sector after (2nd-order low pass filter) at f,=50Hz.
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Figure 26b. Three phase line voltage (V) for SVPWM based on the
carrier frequency after (2nd-order low pass filter) at f,=50Hz.
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Figure 26¢. Three phase line voltage (V) for SVPWM based on the
carrier frequency with reduced switching after (2nd-order low pass filter)

at f,=50Hz.
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Figure 27a. Electromagnetic torque (N.M) under load condition for
SVPWM based on the sector at f,.=50Hz.
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Figure 27b. Electromagnetic torque (N.M) under load condition for
SVPWM based on the carrier frequency at f,.=50Hz.
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Figure 27c. Electromagnetic torque (N.M) under load condition
SVPWM based on the carrier frequency with reduced switching at

f=50Hz.
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Figure 28a. The rotor speed (r.p.m) for SVPWM based on the sector at

f,=50Hz.
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Figure 28b. The rotor speed (r.p.m) for SVPWM based on the carrier
frequency at f,.=50Hz.
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Figure 28c. The rotor speed (r.p.m) for SVPWM based on the carrier
frequency with reduced switching at f,.=50Hz.
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TABLE Il. TOTAL HARMONIC DISTORTION FOR THREE TYPES OF

SVPWM
Modulation THD volt- No- load Load
Types age (%) THD current THD current
(%) (%)
M, 99.61 8.66 7.19
M, 68.42 20.35 12.46
M, 85.03 16.15 13.50

TABLE Ill. PERFORMANCE OF THREE TYPES OF SVPWM INVERTER
IN VARIABLE FREQUENCY DRIVE SYSTEM

Status | f, M, | M, | Mg [ M [ M, [ M,
No (Hz) Speed (r.p.m) Line voltage (V)
1 10 295 296 296 186 | 205 | 205
2 15 434 442 443 205 251 252
3 20 577 587 586 252 | 290 | 286
4 25 718 730 733 288 | 325 | 336
5 30 853 873 871 313 | 355 | 367
6 35 985 1014 | 1010 | 333 | 393 | 385
7 40 1113 1155 1154 356 | 420 418
8 45 1242 | 1294 | 1281 | 380 | 445 | 426
9 50 1367 | 1429 | 1400 | 401 | 469 | 430

M;: SVPWM based on the sector selection. M,: SVPWM based on
carrier. M5: SVPWM based on reduced switching.

TABLE IV. THE SYSTEM PERFORMANCE AT HIGH SPEED APPLICATION
WITH MINIMUM ELECTROMAGNETIC TORQUE (T,=1.5N.M)

Staus | f, | My | M, | My | My [ M, | Mg
No (Hz) Speed (r.p.m) Line voltage (V)
1 60 1788 | 1791 | 1793
2 70 2083 | 2090 | 2083
3 80 2375 | 2386 | 2381
4 90 2665 | 2684 | 2674 401 469 430
5 100 | 2957 | 2977 | 2967
6 120 | 3532 | 3565 | 3549
7 140 | 4098 | 4147 | 4124

In above results the following notices can be recorded,
the Total harmonic distortion THD is shown in Table Il
have excellent value in two cases, In our case of variable
frequency, the rotor speed is shown in Table Il and Table
IV, for three types of SVPWM, it can be seen clearly in
the Table I1l, the constant torque region from state (1 to
9). Which is given a wide range of speed below the rated
frequency. The system good performance at high speed
application with minimum Electromagnetic torque
(T,=1.5N.M).

IX. CONCLUSION

This paper can be drawn through the following idea's
importance of speed control of AC motor which is a main
part in industrial processes. The PWM techniques that
was studied are wvery suitable for real time
implementation due to their simplicity, robustness and
ease of tuning.

The SVPWM technique gives an excellent
performance with low Total harmonic distortion THD.
The paper proposed the inverter with three types of
SVPWM technique. Feeding three phase induction motor
with large scale fan as mechanical load. The simulation
results in Table 1. Show the Total harmonic distortion of
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motor current in load and no-load conditions, under load
condition is very small and acceptable. The inverter
output current in load operation is very close to the
sinusoidal wave, Moreover, the inverter with SVPWM
technique is giving a better performance at low frequency,
the waveform of output current in SVPWM based on
sector selection is better than other types it content low
THD at load is (7.19%), were acceptable and approved by
the user, the oscillation in electromagnetic torque is
minimum compares with others methods, the SVPWM
based on the high carrier frequency without sector
selection is a simple, and easy implementation ,this
methods contain a fair and acceptable THD. Moreover.
The proposed inverter with three type of SVPWM
techniques is recommended for application in the variable
frequency drive VFD.

APPENDIX A

TABLE A.1. INVERTER SPECIFICATION

Quantity Value
Power electronic switches 6-IGBT
Snubber resistance 1x10°

Snubber Capacitance 0

Internal resistance (Ron) 0.0001Q
Fall and tail time[Tf Tt] [1 2]psec
Forward voltages [Device, Diode ] [0.7 0.3]

TABLE A.2. SPECIFICATION AND PARAMETERS OF THE PROPOSED

MOTOR
Quantity Value
Number of phase 3
Mechanic power 5.4 HP, 4AKW
Rated voltage 400 v
Rated frequency 50 HZ
Rotor speed 1430 r.p.m
Number of poles 4
Synchronous speed 1500 r.p.m
Slip speed 0.047

Motor parameters & types of frame

Reference frame Stationary
Stator resistance 1.405Q
Rotor resistance 1.395Q
Stator inductance 5839 mH
Rotor inductance 5839 mH
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