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Abstract- This paper describes the measurement of poweorfaid total harmonic distortion based on
different pulse width modulation techniques. Prablstatement: The converters system generates wiscre
output waveforms which require large inductancasested in series with the respective load to gaadhe
desired current waveform. Mostly, output waveformne unexpected and it produces harmonic contaromati
high frequency noise, and additional power losdaspower electronic convertor system uses different
switching technique with single phase invertor.sTinicludes single pulse width modulation and midtipulse
width modulation. These pulse width modulation teghes produce distortion factor and high amount of
harmonic content in the output. Harmonic contewtusth be low for better performance in the powecttmic
convertor. Approach: For avoiding the problem imst®g system, we used sinusoidal pulse width metitur
with different switching techniques for reductiof distortion and harmonic content in the output afavm
without decreasing the inverter power output. ¥ tfevel of the inverter will be increased, the nensbof
components are increased. So, the switching sivildse increased. In that carrier based PWM scleeritee In
phase Disposition method is good compared to othethod. Results and Conclusion: The results of our
experiment indicate that the content of THD is by using SPWM with multi carrier switching teajue

in multilevel inverter. Unwanted operating charastics associated with PWM converters can be @mee
with multi-level converters, with the addition thhtgher voltage levels can be achieved The MATLAB
Simulink environment is used to simulate the result

Index Terms - Total harmonic distortion (THD), Power factor (PFSinusoidal pulse width modulation

(SPWM), Unipolar, Bipolar, Phase disposition tecfugs.

commutation with base or gate drive signals foirthe

1 INTRODUCTION controlled turn-on and turn-off. A standard single
Power electronics devices contribute important part

of harmonics in all kind of applications, such tetis

var compensators (SVC), power rectifiers, angbhase voltage or current source inverter are irhie

thyristor converters. The inverter converts dc potwe bridge or full bridge configuration. The single-gka

ac power at desired output voltage and frequenig. T units can be joined to have three-phase multiphase

dc power input to the inverter is obtained from aitopologies. Some industrial applications of investe

existing power supply network or from any otherare for adjustable-speed ac drives, induction hgati

source [1]. Inverter is an adjustable-frequencyage standby aircraft power supplies, UPS (uninterruetib

source because filter capacitor across the inpgower supplies) for computers etc.

terminals of the inverter provide a constant dk lin  According to the type of output supply required

voltage. According to the source inverters can bean be broadly classified into two types are as

broadly classified into two types are as follows: follows:
« Voltage source inverters « Single phase inverter
e Current source inverters e Three phase inverters

Generally a voltage—source inverter is one in Based on types of switches they are classified as a
which the dc source has small or negligibldorced commuted inverter and self-commuted
impedance. The voltage at the input terminals igverter. Based on view point they are classifischa
constant. A current —source inverter is fed witiseries inverter and parallel inverter. Bridge iteer
adjustable current from the dc source of higlglassified as a half bridge inverter and full bedg
impedance that is from a constant dc source. inverter.

A voltage source inverter employing thyristor as Multi-level inverters have emerged recently as
switches, some type of forced commutation iyery important role in the area of high power and
required, while the VSIs made up of using GTOsnedium voltage applications [2]. The multilevel
power transistors, power MOSFETs or IGBTSs, selfinverters are,

» Diode clamped multilevel inverters
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 Flying capacitor multilevel inverter energy sources. DC sources are easily interfactd wi

« Cascaded H-bridge multilevel inverter multilevel inverter for high power application.

An inverter is device which converts DC power This type of inverter does not need clamping diode.
into AC power at desired output voltage andt increases the voltage level. It synthesizes
frequency can be varied as per the requirement wRveforms with better harmonic spectrum and low
load. Inverters are used in industrial and mucheoth switching frequency hence it is used in high power
application. This paper describes the working dhversion.
voltage source single phase half bridge invertal, f
bridge inverter and multilevel inverter with diffet 2. METHODOLOGIES

switching techniques. Pulse width modulation technique is the generation

1.1 Single Phase Voltage Source Half Bridge of constant amplitude pulse by modulating the pulse

I nverter duration or width of carrier by using modulating
It includes two semiconductor power switchesignal- Each technique produced different output.

Sland S2. These switches are used as a BJT, IGB#SIC PWM techniques are as follows:

etc. It consists of anti-parallel diode D1and DBe3e (1) Single Pulse Width Modulation

diodes are called as feedback diode. Diode D1 #hd D () Multiple Pulse Width Modulation

provide the freewheeling operations and they are (3) Sinusoidal Pulse Width Modulation

needed only if load is inductive and capacitiver Fo

pure resistive load both diode are not in working-1 Single Pulse Width Modulation
condition. It consists of two switches operate N this modulation there is an only one outpuise
alternatively. per half cycle. Output signal is obtained by cormmar

In resistive load current waveform follows thef€ctangular reference signal with a triangular
voltage waveform therefore power factor of thewirc '€férence signal. The output pulse width can be
becomes unity, but in the case of capacitive laadl a V27Ying from 0 to 100 percent of duty cycle. The
inductive load the voltage and current waveform&€duency of both signals is same.
leading or lagging with respect to each other tiozee

power factor of the circuit is not constant. 2.2 Multiple Pulse Width Modulation

It is also called as uniform pulse width
modulation. In single pulse width modulation large
1.2 Single Phase Voltage Source Full Bridge amount of harmonic contents are produced. Output
Inverter voltage level is also reduced. These harmonic cosite
A single phase full bridge inverter consists of twecan be reduced by having the many pulse in ea¢h hal
arms. First arm consist of two switches S1, S3 argycle and all pulses are of equal width. The carrie
second arm consist of two switches S2 and S4. Thgnal is a triangular wave having frequency of fc.
type of inverter is used for high power applicationThe frequency fc of triangular wave determines the
The switches in each arm of inverter are operatingumber of pulses per half cycle.
alternatively. If switches in both arm having same
mode (On/Off) then it will be damage. In practice2.3 Sinusoidal Pulse Width Modulation
these switches are OFF for short period of timat th ~ The carrier signal and reference signal iseahiin
time is called as blanking time. Blanking time sed comparator. Output pulse is generated at the owatput
to avoid the condition of short circuit which iscomparator circuit. When magnitude of reference
produce in the circuit. In order to prevent thesignal is more than carrier signal, the output of
condition of short circuit dead time mechanism igomparator is high. It is observed that width & tut
used. pulses is not same. The width of pulse depend$en t
The Working of single phase full bridge inverterangular position of pulse. By varying the modulatio
divided into two conditions. In one half cycles,imiv  index we can vary the RMS value of output voltage.
S1 and S4 are turned on at that time switch S238nd The distortion factor and lower order harmonic get
are turned off. For the second half cycle S2 andsS3reduced [3, 4].
turned on at the same time S1 and S4 turn offutin s
way all the switches are not turned on simultanigous 3. SWITCHING TECHNIQUES
The output voltage of the inverter will change
alternately from positive half period and negatiedf
period.

Following are different switching techniquéieh
is used in the half bridge inverter, full bridgevémter
and multilevel inverter circuit.

(1) PWM with bipolar voltage switching

(2) PWM with unipolar voltage switching

(3) PWM with multicarrier switching

1.3 Single Phase Voltage Source Multilevel I nverter
Multilevel inverter is available in different

structure. There are two full bridge circuit aredisn

this inverter and they are cascaded with separ&te

source. DC sources are obtained from renewab e'1 SPWM with Bipolar Switching Technique
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Figure.1 consists of comparator circuit whish carrier modulation. Then the level shifted multircex
used to compare the reference voltage waveform (Vmodulation schemes further classified into three
with the triangular carrier signal (Vc). The Outmit subtype, they are (i)phase disposition method
the comparator is bipolar switching signal. If thig(ii)Alternative phase opposite disposition method a
scheme is applied to full bridge single phase iterer (iii)Phase opposite disposition method. Now we
then all switches S1, S2, S3 and S4 are turnechdn adiscuss phase disposition method used in multilevel
off simultaneously. invertor [4, 5].

In this multi carrier switching technique gttwo
comparator reference signals in unipolar technique are replace
Vr with two carrier signal and the one triangular sign
t unipolar technique is replaced by reference sim#oi

51 and $4 signal. When producing nth number of output level,

Vs N-1 of triangular carrier will be needed to be
- compared to the only sinusoidal signal. This method
$2 and 53 is used in 5-level inverter due to this; harmonic
distortion is much more reduced as compared to

unipolar switching technique which is used in thi f

bridge inverter circuit. In phase disposition teicjue,

Fig.1: Bipolar PWM generator a zero point is set as a reference point. The erarri
signals are set to be in-phase for above and belew
3.2 SPWM with Unipolar Switching Technique reference point (zero line).

Figure.2 indicates the process of compariagé

two signals to produce the unipolar voltage henég i 4 MATLAB SIMULATION

called as unipolar switching technique. In thisecas Tpig paper involves the simulation of power

the triangular carrier waveform is compared witld tW g|ectronic inverter circuit using SPWM in MATLAB

reference signals which are positive and negativ§imulink by using different switching technique.

signal. Comparators are used between the referensgrform the analysis of total harmonic distortion

waveform (Vr) and inverse reference waveformTHp) py using the FFT analysis and measurement of

(=Vr). The effective switching frequency is seenewh power factor (PF) is take place. Using SPWM and

the load is doubled and the voltage pulse amplitsde analyze the performance of THD and PF for single

half. phase half bridge inverter circuit using the bipola
switching technique, single phase full bridge iteer

Q]paratorl circuit by using the using the phase disposition

+ 51 technique.

/ We also perform FFT analysis for all models using

Dn sS4 power GUI module. We can also configure the
parameter with the help of power GUI module.
\Compara‘cor?_
S2
—\.r‘r_/
—I >0—53

Fig.2: Unipolar PWM generator

Wr

VC

The output voltage switches between 0 andard
between 0 and —Vdc. Because of this, the harmon
content of the output voltage waveform is reduced ¢
compared to bipolar switching technique. The
amplitude of the harmonics and its sidebands ishmu
lower for all modulation indexes thus making fiitey
easier. The harmonic is reduced by changing tt
modulation index.

] . . o ] Fig.3: Simulation circuit for half bridge inverter.
3.3 SPWM with multicarrier switching technique

Generally the carrier base PWM schemes are Figyre.3 shows the modeling of half bridge
classified into two types, they are (i) Phase elift jhyerter into MATLAB Simulink. The switching
multi carrier modulation and (i) Level shifted rtiul gjements used in the circuit are power MOSFET.
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There is no need for anti-parallel diode. It cotssif gating pulses for the power switching element used

two MOSFET, M1 and M2 semiconductor powerthe multilevel inverter. Phase dispositiorhtg@que

switches having the parameter of 0.1 FET resistanc® multicarrier switching technique. Multilevel

and initial diode resistance of 0@Q1 This is inverter is used as a five level inverter thereftire

controlled by SPWM model. When M1 is turned orfour carrier signals with respect to one reference

for the period of 0 to T/2, then instantaneous outp signal are used in the SPWM generation [6]. All the

voltage across the load is Vdc/2 at that time Mihis above simulation circuit is tested for differeniues

off state. When M2 is turned on for the period & T of load by changing the different modulation indesx

to T, instantaneous output voltage will appear etpua well as different modulation technique, for

-Vdc/2. comparative analysis of distortion factor and PF.
By changing the modulation index from SPWMcomparative analysis of distortion factor and PF is

block, this block is design for the generation oflepend upon different value of resistive load.

SPWM signal which are used as gating signal for

|- |

power switching elements. Different value of '_— =
modulation index produces different output valués ¢ ﬁ
PF, THD. | B
s e —— -
1"'— M 4
’—:I ! ﬁ I—E 1l m
— | —l e (S} []
e S —— %,
| —— Ml
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Fig.5: Simulation circuit for multilevel inverter

-

Fig.4: Simulation circuit for full bridge inverter i i i
Here we discuss the simulation result for the

Figure.4 shows the modeling of full bridgeresistive load when value of resistive load is éqoa
inverter into MATLAB Simulink. It consists of the the 100@ only. Figure.6 shows that by using FFT

two arms each arm consists of the two MOSFE?nalySiS THD is equal to 17.82% for the half bridge
having the FET resistance is 0.1 and initial diodi"verter whenthe load R is equal to 1000

resistance of O0.QL

In first arm consists of

MOSFET M1 and M3 and second arm consists ¢
MOSFET M2 and M4 as semiconductor powel
switching elements. When M1 and M4 kept on for the
one half period at the same time M2 and M3 is in of

state, then output voltage equal to the Vdc. Whén M~

and M3 kept on for the next half period at the sam
time M1 and M4 is in off state, then output voltage
equal to the —Vvdc/2.

This model uses the transformer in the ouspage
therefore the output voltage is increased up tiretks
level. THD is the measurement for different load an

©® Dispiay selected sgnal

© Display FFT window

Selected signal: 50 cycles. FFT window (in red): 5 cycles

T

Time (s)
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measurement of power factor is take place for Fig.6: THD measurement for half bridge inverter.

different load value. Figure.5 shows the modelifig o

the multilevel inverter into MATLAB Simulink. It
consists of two full bridge inverter circuits are
cascaded with different DC sources. It consistthef
8 MOSFET switches, which is controlled with the

help of SPWM model by using the phase disposition
are designed to

technique. This SPWM model

generate the SPWM pulses, these pulses act as the
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Fig.7: THD measurement for full bridge Inverter.

Figure.7 shows that by using FFT analysis THD is

equal to 3.61% for full bridge inverter when thado
R equal to 100Q. Figure.8 shows that by using the
FFT analysis THD equal to 1.70% for multilevel
inverter when the load R is equal to 1000

~Signal to analy
@ Display selected signal ® Display FFT window

Selected signal: 50 cycles. FFT window (in red): 10 cycles f
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H

Fig.9: Modulation index vs % total harmonic
distortion for different inverter.

In different types of inverter circuit not lgnto

measure the THD but also check the PF for different
circuit. Instead of R load we are taking readingRe
L load. Similarly, we discussed the simulation tesu

or the load when R is 100Dand L is 50mh only

when the modulation index is unity.

Table 2: For RL Load M=1

Fundamental (50Hz) = 360.7 , THD=1.70%
T T T T

Meg (% of Fundamental)

Harmonic order

Fig.8: THD measurement for multilevel inverter

It is observed that based on different valoés
resistive load (R), the THD is less for the multde

inverter as compared to the single phase full leridg
inverter and single phase half bridge inverter Bifd
is unity. In resistive load voltage and current

waveforms are in phase, so phase angle is not for

Half FUll 1 v ititevel
bridge bridge :

L oad . . inverter
inverter inverter THD% PF
THD% | THD% 0

500,

500m 21.63 16.75 3.52 0.95

h

800

Q,

500m 19.52 12.10 2.70 0.98

h

1000

Q,

500m 19.42 10.55 2.41 0.98

m h

and the value of PF is at unity.

Table 1: For R load R=100D

Table.2 shows the readings of THD and PF for

different values of R-L load when modulation index

equal to unity Graphical representation is shown in

Figure 10.
M odu- Half Full :
lati brid brid Multilevel
index | inverter | inverter | Verter | PF || 20 = Half ride
9 | t
M) THD% | THD% THD% 15 nverter
10 M Full Bridge
05 2424 369 173 5 Inverter
0.8 19.17 3.63 1.71 0 Multi level
A D N
1 17.82 | 361 1.70 s & Inverter
QQQ‘ QQ‘ QQQ\ m Power Factor
Table.1 shows the readings of THD and PF fer th| © B S
resistive load when R is equal to thelQOGor

different modulation index. Graphical representatio

is shown in Figure 9.

Fig.10: R-L load vs % total harmonic distortion
for different inverter circuit.
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5. CONCLUSION Transactions on Industry Applications, Vol.32,
No.3, pp.509-517, May/June 1996.

e[8] A. Nabae, |. Takahashi, and H. Agaki, “A New

Neutral-Point-Clamped PWM, Inverter”, |IEEE

Transactions on Industry Applications, Vol.lA-

17, No.5, pp. 518-523, September /October 1981.

P. M. Bhagwat, and V. R. Stefanovic,

“Generalized Structure of a Multilevel PWM

Inverter”, IEEE Transactions on Industry

Applications, Vol.IA-19, No.6, pp.1057-1069,

November /December 1983.

[10] T. A. Meynard, and H. Foch, “Multi-Level
Choppers for High Voltage Applications”, in
Proceedings of the European Power Electronics
and

Applications Conference (EPE 1992), Vol. 2, pp. 45

9" 50, March 1992.

[11] T. A. Meynard, and H. Foch, “Multi-Level
Conversion: High Voltage Choppers and
Voltage-Source Inverters”, in Proceeding IEEE-

This Project is implemented under the guidance of PESC’92,

Power converter system using different invert
was designed and implementdtl.was tested with
different parameter. This study represents analyiis
single phase SPWM with different inverter circut f
calculation of THD and PF for different inverter[9]
circuit. It is observed that for the resistive Ipad
minimum THD is obtained for multilevel inverter by
using phase disposition technique as compared to
single phase half bridge and full bridge invertad a
power factor unity is obtained. We also observed th
for the R-L load, minimum THD is obtained for
multilevel inverter by using phase disposition
technique as compared to single phase half bridde a
full bridge inverter and power factor is changeath
instant. This simulation results are tested usin
MATLAB Simulink power system.
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