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Studying the Total harmonic distortion (THD)for multilevel 

DC/AC Inverter 

المتعذد   DC/ACلمغيرات   (THD) دراسة عامل التشوية التوافقي  الكلي 

 المستوى
 خًٛس حسٍ** ىسٕسٍ ششٚف فهٛفم  *              د. خانذ إبشاْٛى ػجٛم *             ػبذا نكشٚ

جًٕٓسٚت انؼشاق-انبصشة-جايؼت انبصشة–ت انخشبٛت كهٛ -*لسى انفٛزٚاء  

جًٕٓسٚت انؼشاق-انبصشة -جايؼت انبصشة-كهٛت انُٓذست-**لسى انُٓذست انكخشَٔٛت ٔانكٓشبائٛت  

 

Abstract 
       This paper presents the generation of sinewave  AC voltage from DC battery  using 

Cascaded  multilevel inverters connected in series . The concept of multilevel  voltage source 

inverters and their topologies are described. The (Optimising stepped sinewave)  technique for a 

cascaded multilevel  inverter  is  presented  to  get  an ac  voltage  from a  dc power supply in 

order to decrease the   total harmonic distortion in the  output  voltage  of  the multilevel  

inverter  by  applying  two  techniques:  zero crossing and  nonzero crossing  for different steps . 

The  optimised  harmonic stepped-waveform technique is applied to the multilevel inverter 

using cascaded-inverters with  separated  dc  sources  for  3,5,and 7 nonzero  crossing  stepped  

sine  wave  by  using  Matlab  software . The effect of number of steps on the generated voltage 

has been analyzed .Total harmonic distortion is decreased  by 23.29% for  zero crossing stepped 

and by 22.29% for non-zero crossing stepped.    

Key words : Inverter, Zero crossing, non zero crossing, OHSW technique, Low switching 

frequency, AC and DC voltage, THD. 

 

 المستخلص

فٙ حطبٛماث انمذسة انؼانٛت.ْزا ا أصبح اسخخذاو يغٛشاث انخٛاس انًسخًش انٗ يخُأب انًخؼذدة انًسخٕٖ فٙ انسُٕاث الأخٛشة شائؼ

انبحث 
’

ٚؼُٗ بذساست يبذأ انخمهٛم يٍ لًٛت انخٕافمٛاث ٔانحصٕل ػهٗ فٕنخٛت يخُأبت يٍ يصذس يسخًش،حٛث حًج دساست 

جت ، الأٔنٗ ْٙ راث انخماطغ انصفش٘ ٔالأخشٖ راث انخماطغ انلاصفشٖ ، ٔلذ حًج انًماسَت بًُٛٓا َٕػٍٛ يٍ انًٕجاث انًخذس

نهحصٕل ػهٗ ألم لًٛت نؼايم انخشّٕٚ انكهٗ نهخٕافمٛاث  فبُٛج انذساست أٌ انُٕع انثاَٙ ْٕالافضم يٍ حٛث حمهٛم انخشّٕٚ فٙ 

 انجٛبٛت.انخٕافمٛاث ،أ٘ أٌ انًٕجت انخاسجت ْٙ ألشب إنٗ انًٕجت 

ٔلذ حى حٕنٛذ فٕنخٛت جٛبٛت يخُأبت يٍ يصذس يسخًش باسخخذاو حمُٛت انًغٛشاث يخؼذدة انًسخٕٖ يشبٕطت ػهٗ انخٕانٙ، ْزِ  

. انخشدد انًسخخذو فٙ ْزِ انخمُٛت حُخج ألم لًٛت نهخٕافمٛاث فٙ الإشاسة انخاسجت انًخُأبت ٔبانخانٙ حمهم يٍ اسخخذاو انًششحاث

( ٔلذ حًج يحاكاة 3،0،7شحز. حى حطبٛك ْزِ انذائشة ػًهٛاً ػهٗ انًٕجاث انًخذسجت راث انخماطغ انلاصفش٘ )ْ 05انذائشة ْٕ 

نهخماطغ   نهًٕجاث انًخخابؼت     %23.29 بًمذاس ٚخُالصأٌ ػايم انخشٕٚت انخٕافك  (Matlab)  .  انذائشة باسخخذاو  بشَايج 

نلاصفش٘ .حى انحصٕل ػهٗ ألم ػايم حشّٕٚ كهٙ فٙ حانت انًٕجت انًخذسجت نهًٕجاث انًخخابؼت نهخماطغ ا  %22.29انصفش٘  

 انسابؼت  حٛث كاَج لًّٛ ػايم انخشّٕٚ 

 (  .انُخائج انخٙ حى انحصٕل ػهٛٓا بُٛج أٌ انذائشة انًمذيت أػطج َخائج يخطابمت يغ انًؼادلاث انشٚاضٛت انُظشٚت . 5.50.7)  

 

I. INTRODUCTION 

       The dc-to-ac converters are known as inverters. The function of inverter is to change a dc input 

voltage to a symmetrical ac output voltage of desired magnitude and frequency. The output voltage 

waveform for an ideal inverter should be sinusoidal. However, the waveforms of the practical 

inverters are non sinusoidal and contain harmonics. For low – and medium-power applications, 

square-wave or quasi- square-wave voltages may be acceptable but for high power applications, 

low distorted sinusoidal waveforms are required. With the availability of high- speed power 
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semiconductor devices, the harmonic contents of output voltage can be minimized or reduced 

significantly by switching techniques. (Dewan, 1975)
[1]

 and (Williams, 1987)
[2]

.   

       Inverters are widely used in industrial applications e.g. variable –speed ac motor drives 

induction heating, and standby power supply. The input of the inverter may be a battery, fuel cell, 

solar cell, or other dc sources. The dc-ac inverter supplies the alternating output in two ways 

mainly, a stepped transition of voltage between the positive and negative voltage levels (known as 

modified square wave output inverters) or those that more smoothly alter the voltage between the 

two polarities(known as sinewave output inverters) which more accurately reflect the normal 

household supply.  

 The choice  between the two types will depend on the nature of the applications which are to be 

used. (Matsui et al,  2000) 
[3]

. 

          A new type of inverter, the multilevel voltage source inverter, has become popular in high 

voltage and high power applications. Multilevel inverters synthesize the ac voltage from several 

different levels of dc voltages. Each additional dc voltage level adds a step to the ac voltage 

waveform. For this reason, multilevel inverters can easily provide the high power required of a 

large electric drive. For example, cascaded H-bridges can be used to drive the traction motor from 

several separate dc source. A staircase waveform can be approximated to sinusoidal waveform with 

minimum harmonic distortion .(Tolbert and Peng, 2000)
 [4]

and (Tolbert et al ,2000)
[5]

 

The output voltage waveform of multilevel inverter is composed of a number of voltage levels 

starting from three levels and reaching infinity depending upon the number of the dc source. The 

m-level inverter consists of at least one phase wherein each phase has a full-bridge inverters with an 

independent dc source.(Tolbert et al,1999)
[6]

and (Lee.et al,2002)
 [7] 

The multilevel voltage source inverter has been recently applied in many industrial app         

lications such as power supply, FACTS , drive system, medium voltage adjustable speed motor 

drives , and harmonic filtering.(Menzies at al, 1994)
 [8]

. 

One of the biggest problems in power quality is the harmonic contents in the electrical system. 

Generally, harmonics may be divided into two types :    1) voltage harmonics,  and  2)  current 

harmonics. Current harmonics is usually generated by harmonics contained in voltage supply and 

depends on the type of load such as resistive load, capacitive load, and inductive load. Both 

harmonics can be generated by either the source or the load side. Harmonics generated by load are 

caused by nonlinear operation of devices, including power converters, arc-furnaces, gas discharge 

lighting devices…etc. Load harmonics can cause the overheating of the magnetic cores of 

transformer and motors. (Chiasson at al , 2003) 
[9] 

 

II. CASCADED H-BRIDEG 
Cascade multilevel inverter consists of a series of H-bridge (single-phase Full-bridge) inverter units 

as shown in Fig. (1). The function of this multilevel inverter is to synthesize a desired voltage from 

several separate dc sources, which may be obtained from batteries, fuel cell, or ultra-capacitors in 

HEV.( J. Chiasson at al, 2002) 
[10] 

Each separated dc source is connected  to a single-phase full-bridge inverter. Each inverter level 

can generate three different voltage outputs +Vdc , 0, -Vdc by connecting the dc source to the ac 

output side by different combination of the four switches, Sa1, Sa2, Sa3 and Sa4 . The ac output of 

different level of full-bridge inverters are connected in series such that the synthesized voltage 

waveform is the sum of all of the individual inverter outputs .(Bhagwat and Stefanovic ,1983)
   [11]

.  

 

       The number of output phase voltage levels is defined in a different way from those of two 

previous inverters. In this topology, the number of output phase voltage level is defined by : 

         m=2S+1 …………………….      (1)   

Where     S=The number of DC source  

               m=The number of output phase voltage levels 

The phase voltage is the sum of each H-bridge output which is given by:- 
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         VAN =V1+V2+V3+……. + Vs-1+Vs  ……… (0) 

Where    VAN= The phase voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

           In this work, the generation of stepped sinewave has been investigated theoretically which 

represents the main part of the stepped sinewave dc-ac inverter.Two types of stepped sinewave 

generation were used as maintained below: 

a-Zero crossing, and b- Nonzero crossing. 

 

              The first one indicates that one of the steps lays on the x-axis, while the second one 

indicates that all steps are up or down the x-axis, as shown in figures 2(a & b) .The effect of the 

switching angle with different number of steps on the generated voltage and total harmonic 

distortion has been analyzed in the two cases using "Matlab" Software. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. (1) : (a)Single- phase structure of a  m-level cascaded inverter. (b) Output      

Voltage Waveform of the H-bridge Cell series-connected Cascaded  Multilevel  

Inverter
 

A
m

p
li

tu
d

e 

(v
o

lt
) 

Time(sec) 
Time(sec) 

A
m

p
li

tu
d

e 

(v
o

lt
) 

(a) (b) 

Fig. (2). (a)Zero crossing stepped sinewave   (b) Nonzero crossing stepped         

sinewave 
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III. Harmonic Analysis of Stepped-Sinewave: 

        Stepped-sinewave can be generated by the summation of different square waves with different 

magnitudes and phase shift. The magnitude of each square wave can be determined as: 

(Ashour.2005)
 
 
[12]

     

E1 =V1                                               ...................... (3) 

E2 = (V2-V1)                                 …………….. (4) 

Ek =(Vk-Vk-1)                                    ……………. (5) 

Where  

V1 =Vmax sin [180/2N ]                        …………… (6) 

Vk =Vmax sin [(180*(2k-1))/2N]             …………. (7) 

The phase shift of each square wave can be determined as: 

     θn= (180*(k-1 )) /N                              …………..  (8) 

THD=
a1

)(


3

2an

                               …………… (9)     

Where: 

              a1    = rms of the  fundamental component 

              an   = The rms value of the n harmonic                                                      

               S  = number of source 

               n  = Degree of harmonics  

               V=Output voltage level 

              N=the number of steps  

               E= Amplitude of DC supply  

               K=Varies from 2 to N 

               θ= Degree of switching angle 

Equations (1) to (8) are solved to get the values of switching angle θ1 ,θ2 ….., θs and amplitude of 

the dc supply for different steps which gives minimum total harmonic distortion. The results are 

listed in Table (1). 

 

 

 

Switching 

angle 

(Degree) 

Amplitude of DC 

supply 

(Volte) 

Number of 

steps 
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IV  The Proposed Program of Cascaded Inverter 

         In this work a simulation program using "Matlab" software has been carried out to get the 

total harmonic distortion total harmonic distortion for different steps in two types nonzero crossing 

and zero crossing, where the total harmonic distortion is used to indicate the quantity of harmonics 

contents in the out put waveforms. 

This work focuses on two techniques to reduce the total harmonic distortion, the first one is in the 

switching angle, the second is in the amplitude of steps.  

The effect of switching angle with different number of steps has been analyzed using "Developer 

Fortran" program. 

Table (2) summarizes the total harmonic distortion and the switching angle at different number of 

steps. It may be observed that as the number of steps are increases, the total harmonic distortion 

decreases.  

          The second technique is realized by playing in the Y-axis on the zero crossing and non zero 

crossing  by using "Matlab" software. From this analysis it can be seen that the sine waveform can 

be generated as a result of the summation of different square waves, and the increasing number of 

the square wave steps will reduce the total harmonic distortion of the resultant generated wave. The 

simulation diagram  for simulating the steps (3 ,5 ,7 ,9, and 11) is shown in Fig. (3). The generating 

of stepped waves with the frequency spectrum for  the zero and nonzero crossing steps is shown in 

Figs. (4) to  (9) respectively for different steps. 

       The total harmonic distortion and different number of steps in zero and non zero crossing are 

listed in Table (3). The simulated results by using "Matlab" are shown in Fig. (10). It can be seen 

from the Table(3) that the total harmonic distortion decreases as the number of steps increases for 

both zero and nonzero crossing stepped sinewave . Total harmonic distortion is decreased by 

23.29% for zero crossing if the number of steps 11 with respect to 3 steps and total harmonic 

distortion is decreased by 22.29% for non zero crossing stepped if the number of steps 11 with 

respect to 3 steps. The simulated result from the comparison between the zero and nonzero shows 

θ=0 

θ=60 

θ=120 

E1=156 

E2=156 

E3=0 

 

3 

θ=0 

θ=36 

θ=72 

E1=96 

E2=156 

E3=60 

  

5 

θ=25 

θ=51 

θ=77 

E1=195 

E2=69 

E3=48 

 

7 

Table (1):Switching angle and amplitude of DC  for three, five, and seven steps 
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that the total harmonic distortion in nonzero crossing is less than the zero crossing stepped 

sinewave.  

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No of switching 

 Angles 

 

THD% 

3 11.5 

5 6.1 

7 4.9 

Fig(3):Simulated diagram for stepped 

sinewave signal 

Table (2): Total harmonic distortion and number of   

sweching angls 
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Fig (5): The spectrum analysis of seven and nine steps zero 

crossing sine wave signal 
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Fig (4):The spectrum analysis of three and five steps zero crossing 

  sinewave signal 
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Fig (6):The spectrum analysis of Eleven Steps 

 zero crossing sine wave  

Fig (9):The spectrum analysis of eleven Steps 

non zero crossing sine wave  
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Fig(7):The Spectrum analysis of three and five 

nonzero stepped sine wave signal 
Fig (8):The spectrum analysis of seven and nine Steps 

non zero crossing sine wave  

S
p

e
c
tr

u
m

 a
m

p
li

tu
d

e 

S
p

e
c
tr

u
m

 a
m

p
li

tu
d

e 

S
te

p
p

e
d

 s
in

e
w

a
v

e
 

v
o
lt

a
g

e 

S
te

p
p

e
d

 s
in

e
w

a
v

e
 

v
o
lt

a
g

e 

 

 

 

S
p

e
c
tr

u
m

 a
m

p
li

tu
d

e 



Journal of Kerbala University , Vol. 8 No.2 Scientific . 2010 
 

 28 

0 

5 

10 

15 

20 

25 

30 

35 

40 
45 

0 2 4 6 8 10 12 

Series 1:Nonzero crossing 

Series 2:Zero crossing  

Series 1:Nonzero crossing 

Series 2:Zero crossing  

Number of 

steps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

No of steps THD% in non zero 

crossing                     

THD% in zero 

crossing 

3 29.7 38.4 

 

5 17 29.2 

 

7 13.58 24.4 

 

9 13.52 17.8 

 

11 7.41 15.2 

 

  THD% 

Fig(01):Comparison between zero crossing and nonzero 

crossing  stepped signal with THD% 

Table (3): Comparison between zero and non zero crossing in stepped 

sine wave 
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Conclusion 
 

From the above study it can be concluded that the effect of number of steps on the generated 

voltage has been analyzed and the total harmonic distortion (THD) is decreased by 23.29% for zero 

crossing stepped and by 22.29% for non-zero crossing stepped. 
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LIST OF ABBREVIATIONS 
 

 

SYMBOL 

 

DESCRIPTION 

THD Total Harmonic Distortion 

OHSW Optimising Harmonic Stepped Sinewave 


