
International journal of advanced scientific and technical research                        Issue 2 volume 5, October 2012          

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 

 Page 179 
 

New Variable Amplitude Carrier Based Pulse Width 

Modulation Techniques for Three Phase Diode Clamped 

Five Level Inverter using Triangular Reference 
 

C.R.Balamurugan#1, S.P.Natarajan*2, S.Sumathi#3 

 
#1,3Department of EEE, Arunai Engineering College, Tiruvannamalai, Tamilnadu, India  

*Department of EIE, Annamalai University, Chidambaram, Tamilnadu, India  

 

ABSTRACT 

 

         This paper presents the comparison of Variable Amplitude Pulse Width Modulation 

(VAPWM) techniques for the three phase Diode Clamped Multi Level Inverter (DCMLI). A 
three phase DCMLI is controlled in this paper with Triangular PWM (TPWM) reference and 

Variable Amplitude (VA) carriers. The variation of Total Harmonic Distortion (THD) in the 
inverter output voltage is observed for various modulation indices. Simulation is performed 
using MATLAB-SIMULINK. By comparing conventional PWM techniques with the variable 

amplitude techniques, it is observed that VAPWM provides output with relatively low distortion 
and relatively higher fundamental RMS output voltage.  
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INTRODUCTION 

Multi Level Inverter [MLI] is a promising inverter topology for high voltage and high power 
applications. This inverter synthesizes several different levels of DC voltages to produce a 

staircase (stepped) wave that approaches the pure sine waveform. MLIS have better power 
quality, lower voltage ratings of devices, lower harmonic distortion, lower switching frequency 
and losses, higher efficiency, reduction of dv/dt stresses and give the possibility of working with 

low speed semiconductors in comparison with the two level inverters. Numerous MLI topologies 
and modulation techniques have been introduced and studied extensively but most popular MLI 

topologies are the diode clamped, flying capacitor and cascaded multilevel inverte rs. Radan et al 
[1] introduced an evaluation of carrier based PWM methods for multilevel inverters. Rodríguez 
et al [2] discussed about multilevel voltage source converter topologies for industrial medium 

voltage drives. Aghdam et al [3] developed an analysis of multi carrier PWM methods for 
asymmetric multilevel inverter. Ramkumar et al [4] proposed a novel variable amplitude carrier 

band control strategy for single phase cascaded sources inverter. McGrath and Holmes [5] dealt 
with a general analytical method for calculating inverter DC link current harmonics. Patangia 
and Gregory [6] made a survey on a class of optimal multilevel inverters based on sectionalized 

PWM modulation strategy.      Tang et al [7] proposed a new diode clamping multilevel 
converter with reduced device count and DC voltage balancing control. Palanivel and Dash [8] 

introduced multicarrier pulse width modulation based three phase cascaded multilevel inverter 
including over modulation and low modulation indices. Sujanarko et al [9] introduced advanced 
carrier based pulse width modulation in asymmetric cascaded multilevel inverter.  Mukherjee and 
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Gautam Poddar [10] discussed a series connected three level inverter topology for medium 
voltage squirrel cage motor drive applications. Sedghi e t al [11] proposed a new multilevel 

carrier based pulse width modulation method for modular multilevel inverter.  Sambath et al [12] 
carried out performance evaluation of multi carrier based PWM techniques for single phase five 

level H-bridge type FCMLI. In this paper various new schemes adopting the constant switching 
frequency variable amplitude multicarrier CFD concepts with triangular reference are developed 
and simulated for chosen three phase DCMLI. Performance indices like %THD, VRMS 

(indicating the amount of DC bus utilization), CF and FF related to power quality issues have 
been evaluated, presented and analyzed.  

 
MULTILEVEL INVERTER 

The operation of a multilevel inverter can be described as an optional stacking of a number of 

DC voltage source stages which is dependent on a certain time of operation such that each stage 
is stacked (forward or reverse) or bypassed. MLIs also have some issues such as requiring a big 

number of semiconductor switches which increases as the number of steps/levels increases and 
complex design for synchronous gate drivers for different levels. There are many types of 
multilevel inverter topologies in its history starting from the series H-bridge design followed by 

the diode clamped, which utilizes a bank of capacitors to split the DC bus voltage and then the 
switched flying capacitor (or capacitor clamped) topology.An inverter design can also cascade 

these fundamental topologies to make hybrid topologies to improve power quality. The main 
concept of DCMLI is to use diodes to limit the voltage stress on power devices. A DCMLI 
typically consists of (m-1) capacitors on the DC bus where m is the total number of pos itive, 

negative and zero levels in the output voltage.        

 
 

Fig 1: Three phase DCMLI 

 
The order of numbering of the switches is Sa1, Sa2, Sa3, Sa4, Sa1‟, Sa2‟, Sa3‟ and Sa4‟. The DC 

bus consists of four capacitors C1, C2, C3 and C4 acting as voltage divider. For a DC bus voltage 
Vdc, the voltage across each capacitor is Vdc/4 and voltage stress on each device is limited to 
Vdc/4 through clamping diode. The middle point of the four capacitors „n‟ can be defined as the 
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neutral point. The principle of diode clamping to DC link voltages can be extended to any 
number of voltage levels. Since the voltages across the semiconductor switches are limited by 

conduction of the diodes connected to the various DC levels, the inverter is called DCMLI. The 
switches are arranged into 4 pairs (Sa1, Sa1‟), (Sa2, Sa2‟),    (Sa3, Sa3‟) and (Sa4, Sa4‟). If one 

switch of the pair is turned ON, the complementary switch of the same pair must be OFF. The 
output phase voltages Van ,Vbn and Vcn  have five states: Vdc/2, Vdc/4, 0, - Vdc/4 and – Vdc/2. Four 
switches are triggered at any point of time to select the desired level in the five level DCMLI. 

Fig.1 shows a conventional three phase five level DCMLI.  
 

MODULATION STRATEGY 

The most popular method of controlling the output voltage is to incorporate PWM control within 
the inverters. In this method, a fixed DC input voltage is applied to the inverter and a controlled 

AC output voltage is obtained by adjusting the ON and OFF periods of the inverter power 
semiconductor devices. It is generally recognized that increasing the switching frequency of the 

PWM pattern reduces the lower frequency harmonics by moving the switching frequency carrier 
harmonics and associated sideband harmonics further away from the fundamental frequency 
component. The modulating/reference wave of multilevel carrier based PWM strategies 

employed in this work is triangular.  
 

 
 

Fig 2: A sample SIMULINK model developed for chosen three phase multilevel inverter for 
VAAPODPWM technique 

As far as the particular reference wave is concerned, there is also multiple Control Freedom 
Degree (CFD) including frequency, amplitude, and phase angle of the reference wave. The 

chosen PWM strategies utilize the CFD of vertical offsets among inverted sinusoidal carriers. 
The principle of such strategies is to use several inverted rectified sine carriers with three phase 
triangular modulating signals. For an m level inverter, m-1 carriers with the same frequency fc 

and same peak-to-peak amplitude Ac are used. In VAPWM technique, carrier amplitude is 
chosen differently which is found to reduce the THD and increase the fundamental RMS voltage. 

The reference wave has the amplitude Am and frequency fm and it is centered in the middle of the 
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carrier signals. The amplitude modulation index ma and the frequency ratio mf are defined as 
follows: 

m
a=

* c

A
m

n A  

c
f=

m

f
m

f
 

 

This paper focuses on six PWM strategies described are below: 

 

PHASE DISPOSTION PWM (PDPWM) STRATEGY 

In this method all carriers have the same frequency, amplitude and phase but they are just 

different in DC offset to occupy contiguous bands. Since all carriers are selected with the same 
phase, the method is known as PD strategy. The carrier arrangement for this strategy is shown in 

Fig.3 . 

 
 

Fig 3: Modulating and carrier waveforms for PDPWM strategy (ma=0.8 and mf=40) 

 
 

ALTERNATIVE PHASE OPPOSITION DISPOSITION PWM (APODPWM) 

STRATEGY  

In APOD strategy each carrier is phase shifted by 180 degrees from its adjacent one as shown in 

Fig.4 

 
 

Fig 4: Modulating and carrier waveforms for APODPWM strategy (ma=0.8 and mf=40) 
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VARIABLE FREQUENCY PWM (VFPWM) STRATEGY 

The number of switching for upper and lower devices of chosen MLI is much more than that of 
intermediate switches in PDPWM using constant frequency carriers.  

 
 

Fig 5: Modulating and carrier waveforms for VFPWM strategy (ma=0.8, mf=40 for upper and 
lower switches and ma=0.8, mf=80 for intermediate switches) 

 
In order to equalize the number of switchings for all the switches, variable frequency PWM 

strategy is used as illustrated in Fig.5 in which the carrier frequency of the intermediate switches 
is properly increased to balance the number of switchings for all the switches.  
 

VARIABLE AMPLITUDE PDPWM (VAPDPWM) STRATEGY   

This method is same as PDPWM method except that intermediate carriers are having variable 

amplitude compared to upper and lower carriers. The carrier arrangement for this strategy is 
shown in Fig.6.  

 
 

Fig 6: Modulating and carrier waveforms for VAPDPWM strategy (ma=0.8 and mf=40) 
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VARIABLE AMPLITUDE APODPWM (VAAPODPWM) STRATEGY   

The VAAPODPWM is same as APODPWM method except that intermediate carriers are having 

variable amplitude compared to upper and lower carriers.  The carrier arrangement for this 
strategy as shown in Fig.7. 

 
Table 1. %THD of output voltage of chosen DCMLI for various modulating indices 

 
ma 

 
%THD 

 

PD VAPD APOD VAAPOD VF VAVF 

1.0 39.01 33.03 40.72 29.85 38.60 33.08 

0.9 43.23 35.19 46.67 32.79 43.02 35.18 

0.8 47.71 36.75 53.51 35.20 47.21 36.95 

0.7 53.73 38.26 63.44 37.43 53.66 38.41 

0.6 61.41 40.09 75.51 41.10 61.82 40.24 

 
 

 
 

Fig 7: Modulating and carrier waveforms for VAAPODPWM strategy (ma=0.8 and mf=40) 
 

VARIABLE AMPLITUDE VFPWM (VAVFPWM) STRATEGY   

This VAVFPWM is same as VFPWM method except that intermediate carriers are having 
variable amplitude compared to upper and lower carriers.  The carrier arrangement for this 

strategy as shown in Fig.8 
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Fig 8: Modulating and carrier waveforms for VAVFPWM strategy (ma=0.8, mf=40 for upper and 

lower switches and ma=0.8, mf=80 for intermediate switches) 
 

SIMULATION RESULTS 

Simulation studies are performed by using MATLAB-SIMULINK to verify the proposed PWM 
strategies for chosen three phase diode clamped five level inverter for various values of ma 

ranging from 0.6 – 1 and corresponding %THD values are measured using FFT block and they 
are shown in Table 1. Table 2 shows the VRMS of fundamental of inverter output for the same 

modulation indices. Table 3 shows the form factor for different modulation indices which are 
calculated using RMS voltage and DC component from FFT plots. Table 4 shows crest factor 
evaluated using peak voltage and RMS voltage from FFT plots.  Table 5 shows the distortion 

factor for different modulation indices. Figs.9-20 show the simulated output voltages of chosen 
DCMLI and the corresponding FFT plots with different strategies but only for one sample value 

of ma=0.8. Fig.9 shows the five level output voltage generated by PDPWM strategy and its FFT 
plot is shown in Fig.15. From Fig.15, it is observed that the PDPWM strategy produces 
significant 3rd, 5th, 33rd ,34th and 40th  harmonic energy.Fig.10 shows the five level output voltage 

generated by APODPWM strategy and its FFT plot is shown in Fig.16. From Fig.16, it is 
observed that the APODPWM strategy produces significant 3rd ,5th ,7th ,13th ,23rd ,27th ,31st ,33rd , 

37th  and 39th harmonic energy. Fig.11 shows the five level output voltage generated by VFPWM 
strategy and its FFT plot is shown in Fig.17. From Fig.17, it is observed that the VFPWM 
strategy produces significant 3rd ,5th ,7th ,36th ,37th  and 40th   harmonic energy .Fig.12 shows the 

five level output voltage generated by VAPDPWM strategy and its FFT plot is shown in Fig.18. 
From Fig.18, it is observed that the VAPDPWM produces significant 3rd and 40th  harmonic 
energy. Fig.13 shows the five level output voltage generated by VAAPODPWM strategy and its 

FFT plot is shown in Fig.19. From Fig.19, it is observed that VAAPODPWM strategy produces 
significant 3rd ,5th ,7th  ,27th ,33rd ,35th ,37th and 39th harmonic energy. Fig.14 shows the five level 

output voltage generated by VAVFPWM strategy and its FFT plot is shown in Fig.20. From 
Fig.20, it is observed that VAVFPWM strategy produces significant 3rd ,36th ,37th ,38th   and 40th  
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harmonic energy. The following parameters are used for the simulation Vdc=440V, R=100ohm, 
fc=2000Hz, fm=50Hz    

 
 

 
 

Fig 9: Simulated output voltage generated by PDPWM technique for R load  
 

 
 

 
 

Fig 10: Simulated output voltage generated by APODPWM technique for R load  
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Fig 11: Simulated output voltage generated by VFPWM technique for R load  

 

 
 

Fig 12: Simulated output voltage generated by VAPDPWM technique for R load 
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Fig 13: Simulated output voltage generated by VAAPODPWM technique for R load  
 

 
 

Fig 14: Simulated output voltage generated by VAVFPWM technique for R load 
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Fig 15: FFT spectrum for PDPWM technique 
 

 
 

Fig 16: FFT spectrum for APODPWM technique 
 

 

Fig 17: FFT spectrum for VFPWM technique 
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Fig 18: FFT spectrum for VAPDPWM technique 
 

 
 

Fig 19: FFT spectrum for VAAPODPWM technique 
 

     

Fig 20: FFT spectrum for VAVFPWM technique 
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Table 2. % VRMS of output voltage of chosen DCMLI for various modulating indices  

 
 

ma  

 
Vrms 

 

PD VAPD APOD VAAPOD VF VAVF 

1.0 124.6 147.0 130.3 158.5 124.8 146.9 

0.9 112.6 139.2 116.8 151.0 112.8 139.3 

0.8 101.9 132.3 104.3 143.9 102.2 132.3 

0.7 89.4 123.9 87.4 133.9 89.5 123.9 

0.6 75.9 115.7 68.4 123.9 75.5 115.5 

 

 
Table 3. Form Factor (FF) of output voltage of chosen DCMLI for various modulating indices  

 
 

ma 

 
Form Factor 

 

PD VAPD APOD VAAPOD VF VAVF 

1.0 14.47 20.56 INF 15850 14.50 20.46 

0.9 11.61 17.36 INF 15100 11.82 17.37 

0.8 9.37 15.15 INF 14390 9.61 15.56 

0.7 7.60 13.95 INF 13390 7.55 14.46 

0.6 5.64 12.42 INF 12390 5.53 12.75 

 

 
Table 4. Crest Factor (CF) of output voltage of chosen DCMLI for various modulating indices  

 

 
ma 

 

Crest Factor 
 

PD VAPD APOD 
 

VAAPOD VF VAVF 

1.0 1.4141 1.4136 1.4144 1.4164 1.4142 1.4138 

0.9 1.4138 1.4137 1.4143 1.4139 1.4140 1.4134 

0.8 1.4141 1.4149 1.4141 1.4141 1.4138 1.4142 

0.7 1.4140 1.4140 1.4141 1.4144 1.4142 1.4148 

0.6 1.4137 1.4140 1.4141 1.4140 1.4139 1.4135 
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Table 5. Distortion Factor (DF) of output voltage of chosen DCMLI for various modulating 
indices 

 

 
ma 

 

Distortion Factor 
 

PD VAPD APOD 

 

VAAPOD VF VAVF 

1.0 0.472 1.596 0.284 1.727 0.473 1.599 

0.9 0.217 1.703 0.503 1.687 0.279 1.718 

0.8 0.289 1.747 0.803 1.618 0.329 1.745 

0.7 0.227 1.749 1.374 1.480 0.239 1.685 

0.6 0.601 1.575 2.068 1.098 0.538 1.656 

 

CONCLUSION 

In this paper various new schemes adopting the constant switching frequency variable amplitude 
multicarrier CFD concepts with triangular reference are developed and simulated for chosen 

three phase DCMLI. Performance indices like %THD, VRMS (indicating the amount of DC bus 
utilization), CF and FF related to power quality issues have been evaluated, presented and 
analyzed. It is observed from Table 1 that VAAPODPWM strategy provides output with 

relatively low distortion for all the six strategies developed. VAAPODPWM is also found to 
provide relatively higher fundamental RMS output voltage (Table 2). Table 3 displays FF for all 

chosen modulating indices. Table 4 shows CF for all modulating indices. Table 5 displays DF for 
all chosen modulating indices. It is also observed that PWM strategies developed with variable 
amplitude carrier are found to perform better than conventional strategies. The results indicate 

that appropriate PWM strategies have to be employed depending on the performance measure 
chosen in a particular application of MLI based on the required criteria of output voltage quality 

(Peak/RMS value of the fundamental, THD and dominant harmonic components).  
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