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Abstract

This paper  proposes  the modeling ,implementation and simulation of
three phase induction motor driver, using voltage- fed space vector pulse
width modulation technique (SVPWM).The sources of total harmonics (i.e.
total effective harmonics,inter-harmonics,and  sub-harmonics) and how it
affects on drive system and their affects on the supply power network are
studied.

A developed formula of total harmonics distortion factor (THD) including
,Jnter -harmonic, and sub- harmonic has been introduced while in the
previous studies are neglected.

The  effect of inter-harmonics and  sub-harmonics on the  performance
parameter of total harmonics distortion factor , switching losses factor
(SLF) and quality factor (QF) has been deduced.

Modeling , and simulation of the system using PSIM software are also
presented.

All results are obtained by studying the waveforms of voltage and current at
the source and load sides with different speeds of motor drive.

The simulation and experimental result are consistent with theoretical
studies and excellent , they indicate that the model is accurate and
practicable.

Keywords: Harmonics, Inter-and Sub-harmonics,SVPWM, inverter,Induction Motor .
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1. Introduction
method is an
Computation-

S VPWM
PWM method is

advanced,
intensive

possibly the best among all the
PWM  techniques for  voltage
source inverter, its advantage
like good dc utilization and less
harmonics distortion in the
output waveform, it has been
finding  widespread  application
in recent years [1,2].

SVPWM contain two sides,
source side consist of (dc- link)
rectifier and the other side
define as a load side consist of
voltage source inverter feeding
induction motor as show in
Figure (1).The two sides
generate a wide spectrum of
harmonic components
(effective;Harmonics, Inter-

harmonics and Sub- harmonics)
which deteriorate the quality of
the delivered energy and
increase the energy losses as
well as decrease the reliability.
The other mainly disadvantage
in the form of short picks and
spikes, can cause malfunctioning
or even braking down of power
electronic equipment. So
harmonics are one of the major
power and system quality
concern. The behavior and
performance study of SVPWM
drive induction motor related to
harmonic effect is based on
effetive harmonics only which is
measured in the supply and load

the

side voltage. While the inter-
harmonics and sub- harmonics
are neglected in previous
searchs.In this paper total
harmonics distortion factor
(THD) including inter-
harmonics, and sub- harmonics
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has been introduced with whole
drive system [3, 4, 5].

There are three components
spectrum, which can
classified as follows:

of
be

(i)Harmonics  whose  frequencies
are integer multiples of
fundamental frequency, called

effective harmonics,

(i)Harmonics  whose frequencies
are  non-integer  multiples  of
fundamental frequency, called
inter- harmonics and

(iti)Harmonics whose
frequencies are below the
fundamental  frequency, referred

to as sub- harmonics.
2.1nter-harmonicsandSub-armonics
According to Fourier theory,
a predict waveform can be
expressed as a sum of pure sine
wave of  different  amplitude
were the frequency of each
sinusoid is an integer multiply
of  fundamental  frequency  of
waveform A frequency that is
an integer multiply of
fundamental frequency called
harmonic  frequency i.e fp=hfi
where f; and h are the
fundamental frequency and
integer number respectively .
The following equation provides
a simple effective mathematical
definition:

Dc f=0Hz (f=h*f, where h=0) .... (1)
. (2
©)

Sub-harmonic f > OHz and f<fy.. (4)

Harmonic f= h*f;

Inter-harmonic f # h*f

There are two basic
mechanisms for the sources and
generation of inter &sub
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harmonics. The first is the
generation of components in the
sidebands of the supply voltage
frequency and its harmonics as a
result of changes in their
magnitudes and/or phase angles.
These are caused by rapid
changes of current in equipment
and installations, which can also
be a source of voltage
fluctuations Disturbances are
generated by loads operating in
a transient state, either
continuously or temporarily, or,
in many more cases, when an
amplitude modulation of
currents and voltages occurs.
These disturbances are of largely
random nature, depending on the
load changes inherent in the
processes and equipment in use.

The second mechanism is the
asynchronous switching (i.e. not
synchronized  with  the  power
system frequency) of
semiconductor devices in

SVPWM drive [6, 7].

3. Harmonics calculation
3.1Traditional (THD) Factor

It is the ratio of the root mean
square of the harmonic content
to the root mean square value of
the fundamental guantity,
expressed as a percentage of the
fundamental [2] When the
value of current have a harmonic
the THD classify in two type:

a. Current Total Harmonic

Distortion:

THDI = sz=2(ll%rms) /Ilrms * 100%)
.(5)

Where:

Liyms= rms value of the total

effective harmonics component, (for

current)

Iiyms= rms value of the fundamental
component. (for current)

K = running number of the total
effective  harmonic component (for
current).

B.Voltagetotalharmonic Stortion

THDV = Z?:Z sz‘r‘ms /VleS *

100% ... (6)
Where:

Virms = tms value of the total
effective  harmonic  component  for
voltage.

Virms = Value of the fundamental

component for voltage
K = running number of the total
effective component for voltage.

3.2Totallnter-harmonicsDistortion
Factor (TIHD)

It is the ratio of the root mean

square of inter harmonic component

to the root mean square value of the

fundamental quantity [8, 9].

TIHD = [¥*,Q%/Q;. ... (7)
Where:

Q1 = rms value of the fundamental
component

Q; = rms value of the inter-
harmonics

i = running number of inter-
harmonics

n = total number of considered inter
-harmonics

the Q; every point harmonic in the
signal spectrum after the
fundamental except the total
effective  harmonic component .but
this make the measure  more

complex so we take the magnitude
of (Q;) every (5HZ). TIHD classify
into two terms:

1-TIHDy, Voltage total
harmonics distortion factor.

inter-
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2-TIHD; Current total inter

harmonic distortion factor .

3.3 Total Sub- harmonic Distortion
factor (TSHD)
It is the ratio of the root mean
square of the sub  harmonic
component to the root mean square

value of the fundamental quantity
[10].

TSHD = / S CE/ Q1 (8)
Where:

Q1 = rms value of the fundamental
component

C; = rms value of the sub-harmonics
j = running number of sub-
harmonics

S = total number of considered sub-

harmonics

When (C;) the spectral component of

sub-harmonics group of harmonics

before the fundamental.

TSHD classify into two terms:

1- TSHDy Voltage Total Sub-
harmonics Distortion Factor.

2- TSHD, Current Total Sub-
harmonics Distortion Factor.

3.4 Calcaulation of
Harmonic (THDT

It is mean the summation of all

Total

effect of the effective harmonic
component, inter-harmonics and
sub-harmonics  and  express  as
shown below:

THDT=TIHD+TSHD+THD.... (9)
The (THDT) is very useful to know
the true effect of  harmonic
distortion on the signal (i.e current
or voltage waveforms) for the
source side and the load side . The
quality of network power and the
optimization of the drive system are
also related. THDT classify into two
term:

1- THDTy: summation  of

harmonics for voltage.

total

2-THDT;: summation of  total
harmonics for current.
4. Switching Losses Factor (SLF)

& The Quality Factor (QF)

SLE = X7 _jiz ... (10)
Where:
i, =The instantaneous value  of
inverter current.
Jj = the order of switching instant of

inverter current at each (P).

P = Number of pulses of total
effective harmonics
component.

MZ
QF = 100m (11)

These values are very important to
know the quality of output inverter

current at  different  modulation
index  (M),especially  when  the
harmonics, inter-harmonics and sub-
harmonics are included in signal
current as in  this  work(using
THDT)) [11,12].

5. Proposed Model

The space vector pulse width
modulation (SVPWM) inverter fed
three-phase  induction motor  was

built in lab. The system design and
the  implementation have  been
given in details [13].

The performance
simulation has been established
using PSIM  program  package.
PSIM program provides a powerful
and efficient environment for power
electronics and motor control
simulation.  PSIM's  graphic  user
interface is intuitive and very easy
to use. A circuit can be easily setup
and edited. The simulation results
can be analyzed easily using various
post-processing  function in  the
waveform display program [14].

The blocks and their parameters
of  modified SVPWM inverter are
given in the followings:

analysis and
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1-Space vector calculation, vector
location, and time interval
calculation blocks. Then;
2-The circuit of voltage source
Inverter drive induction motor are
shown in fig.2.
In this work the overall system is
simulated using developing

simulation program (PSIM) when
analysis the signal in the program
the steady state time have been
taken every 5 Hz. Therefore the
waveform analysis become easy[15]
6.SimulationandExperimental

Results
The data of parameter values as the
following: -

The data of induction motor is 3-

phase ,380v ,1100 watt , 2pole,
2800 rpm , 50 Hz, Rs=6Q,
Xs=25.13Q , Rr=15Q (referred to
stator) , Xr=12.5Q (referred to

stator) , and Xm=300Q .

The rectifier parameters are C=
880 uF , L= 16 mH and the supply
voltage =220v, 50 Hz .

The results at no load operation are
performed because the effect of
total harmonic distortion THD is
higher[7].
Five steps of different modulation
indices; 90% , 80% ,70% , 60% and
50% of rated (i.e different voltage
and  speeds) are  taken into
calculation to give all possible range

of total harmonic analysis and
effects.
6.1Current Analysis

The phase motor and input

supply current of SVPWM inverter
are analyzed using Fourier series .
The simulation analysis is done
using PSIM program to obtain total

harmonics (total effective
harmonics ,inter-harmonics,and
sub-  harmonics)  for  complete
switching frequency (i.e. the

switching frequency of real
building model which is equal
2KHz).The most important
performance current  parameters ;
THDT, , THD, , TIHD;, and
TSHD; were obtained for phase and
supply current as shown in figures
(3),and (4) respectively. Then the
quality factor QF and switching
losses factor SLF of phase current
were also calculated as shown in
Figures (5). For more clearness
some example results of time and
frequency  current  analysis  for
modulation index ( 0.9) of phase
and supply currents as shown in
Figures (6),and (7) respectively.

The simulation results  which
were calculated in the above
figures are tested experimentally
as  shown in  figures  (3/E,
4/E,5/E,6/E,and7/E).

6.1.1 Phase current comparison
By examining the results in Table
(1) &fig.5,the following  remarks

can be recorded :

1- The best value of the quality
factor of drive system is that occurs
at modulation indices (0.8 ,and 0.9).

2- The quality factor (QF) value
determine  the quality of
inverter current (equationll)

It is value also effect on
optimization of drive system
.The best quality factor is at
0.9 modulation index , but if
the effect of inter-harmonics
and sub-harmonics is
neglected as in  previous
studies (i.e the THD;is only
taken) the best value of (QF)
is at 0.8 modulation index as
shown in figures(5 & 5/E).
6.1.2 Supply current comparison
The results of Table (2) leads to the
following remarks:
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The summation of total harmonics
(THDT, ) for supply current have
been become maximum value at 0.7
modulation index. This is because

the two parameter values of inter-
harmonics (TIHDy) and sub-
harmonics (TSHDy) are also
maximum at M=0.7 for the
simulation and experimental results
therefore the quality of current
supply is related to the modulation
index value.

6.2Voltage Analysis

Any distortion on the output
voltage of inverter from effective
harmonic component or inter
harmonic and sub harmonic  group

will be effect on the normal stability
operation of the motor and losses.
So the analysis of voltage is very
important at  different  operating
points. Therefore  the performance
parameter THDT, ,THDy  TIHDy
, TSHDy as shown in figures [(8)
and (8/E)], beside an example of
time and frequency analysis of
phase voltage also calculated as
shown in figures (9) and (9/E),for
two cases carried , simulation and
experimental respectively.
6.2.1 Voltage Comparison

Table (3) leads to the following

remarks:
The summation of  total harmonics
(THDTy) values increases

gradually when modulation index
is decreases (i.e the maximum at
M=0.5). but the inter-harmonics
(TIHDy) and sub-harmonics
(TIHDy) values are changed at
random manner (i.e the
maximum values of (TIHD,) and
(TIHDy) at 07 and 0.8
modulation index respectively) .

7. Conclusions

A new study of harmonics distortion
including inter-harmonics and  sub-
harmonics has been presented.

The effect of inter-harmonics and

sub-  harmonics in  performance
parameter of total harmonic
distortion (THDT ,TIHD , and

TSHD ) , switching losses frequency
(SLF) , and the quality factor (QF)
have been deduced .

simulation  method of SVPWM
drive system using PSIM software
for study the total harmonics has
been developed. .The model enables
the researcher to change any
parameter of the drive system in the
software which can provide
convenient for future total
harmonics analysis and studies to all
type of converter .Therefore the
results of simulation and
experimental are  consistent  with
theoretical studies, they indicate that
the model is accurate and
practicable .

Due to simulation and experimental

results the following notes are
concluded :-
1. The minimum value of  (THDT;)

of phase currentat M =0.9..
2.The maximum value of (TIHD; ,
TSHD,) for phase and supply
current atM=0.7.
3.The maximum values of (TIHD, |,
TSHDy) in between M = 0.7 and
0.8.
4.The maximum value
factorat M =0.9.
The optimum working of the drive
system is between modulation index
0.8 and 0.9 .And the effects of inter
harmonics and sub-harmonics must
be taken in the case of THD
calculation.

of quality
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Table (1) phase current comparison performance parameter at no load.

M Simulation results Experimental results
THD, TIHD, | TSHD, | THDT, | THD, | TIHD, | TSHD, | THDT,
% % % % % % % %

0.5 186.6 1.7 0.41 188.7 187 2.3 0.55 | 189.8
0.6 186.2 1.38 0.54 188.1 186 1.9 0.81 | 188.7
0.7 185.3 14.5 5.7 205.5 184 3.2 6.1 203.3
0.8 186 4 2.1 192.1 187 5.7 3.1 195.8
0.9 184 4.7 1.7 190.4 185 4.2 2.2 191.4

Table (2) supply current comparison performance parameter at no load.

M Simulation results Experimental results

THD, | TIHD] TSHD| THDT, | THD,| TIHD, | TSHD,| THDT,

% % % % % % % %
0.5 186.6 1.7 0.41 | 188.7 187 2.3 0.55 189.8
0.6 186.2 1.38 | 0.54 | 188.1 186 1.9 0.81 188.7
0.7 185.3 145 | 5.7 205.5 184 3.2 6.1 203.3
0.8 186 4 21 192.1 187 5.7 31 195.8
0.9 184 4.7 1.7 190.4 185 4.2 2.2 191.4
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Table (3) Voltage comparison performance parameter.

M Simulation results Experimental results

THDy | TIHD]| TSHD,| THDT, | THDy| TIHD| TSHD,| THDT,

% % % % % % % %
05 1006 |27 [002 |[1033 96.2 |22 [008 |9848
0.6 |80 235 [ 003 |82.35 773 [18 |01 79.2
07 [387 47 037 | 86.07 351 |43 028 |783
0.8 |297 387 |0.42 |6882 284 [322 [037 |60.9
09 |[364 16 012 [3812 342 [11 [022 |[3552

rectifier inverter

Figure (1) Voltage source inverter with dc-link rectifier side
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Figure (7/E) Time and frequency analysis of supply current at no-load

119.5

99.5 4,98 48%
96.2% 4

795 4

595 :
395 - h :
73 A A 35.52%
(c). = R 322%eees 2%
5 28.4% oo ;
H - n i A ¥
195 : . : ; A ;
: = o :
. : - E
- g (d) i A E
o - - - o= il N ~
£ 008% 0.19&18% &0.28% .0.37% Do R 11%
05 06 07 08 09

Y axis%

—+—THDTY
sssosfsoccs THDY
= & =TIHDV
i TSHDY

Figure (8) Harmonics analysis of Voltage at no-load{ (a) THDT (b) THDy,

() TIHDy (d) TSHDy }

2453




. & Tech. Journal, Vol. 29, No.12, 2011 Harmonics Study of 3-phase Space Vector
PWM Inverter

Vohase
! ' ' i
380,007} s <ciase ool EU A o o0 i i T e S R U A ey o (B e = A MR e .........
10000 -4t ‘ I il ........ | ............ H ......... | ............... o
1 e IiIE L i i | " 11 1' | | | | ‘
o W0 SN O RO O SO
| Vimll mll
5000 -SRI LEM M. ... IR - SR ||| . | . .
| | | | |
-100.00 | | 3 | |
T ! | | - i
15000? .......................................................... e e e e e R e R PR LT i
1.00 1.05 110 115 1.20
Time (s}
Vohase
140,00 é. ............................... e LS das adat dasent iabanes deaaandcie abbChde shatddactsede b
130003 ...................................................... \ ......................................................
10000 | :
8000:‘ ....................................................... O S eadridessmanasiniednl eorisahesobibud sbnidaoebande s
5000 |
0o |
2000 | *
Ooi - A - - - - -~ A A l’l 'A Jl tl A ‘l 4
00 0.50 1.00 150 00
Fraquancy (KHz)

Figure (9) Time and frequenter analysis of VVoltage at no-load at M=0.9
(Simulation state)
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