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Abstract— In the proposed work a reduced count CHBMLI is 

designed using total eight number of switches and three DC 

voltage sources to generate a 11 level multilevel inverter. The 

implementation of the proposed topology is carried out for 

various level shifted sinusoidal carrier based PWM 

techniques. The performance analysis of the proposed 

topology is evaluated for resistive, inductive and induction 

motor load. The THD analysis has been done for the various 

loading and it is found that the proposed topology has better 

harmonic characteristics as compared to the conventional 

topologies. 

Keywords: Multilevel converter, Total Harmonic distortion 

(THD), Neutral point clamped, Cascade H-Bridge (CHB), 

Level shifted Pulse Width Modulation (LSPWM)   

I. INTRODUCTION 

H Bridge is now a day used in high power AC supplies and 

adjustable speed drive application. A Cascaded H Bridge 

Multi level Inverter (CHB-MLI) is made by the series 

combination of H bridge (single phase full bridge) inverter 

unit in each of its three phases. Every H Bridge unit consists 

of its own dc sources, which will be a battery unit for an 

induction motor and fuel cell or solar cell. Every SDC 

(separate D.C. source) is concerned with the single phase full 

bridge inverter. The AC terminal voltages are connected in 

series by the help  different combination of the four switches 

that is Vdc, -Vdc and zero. The AC output of the full bridge 

converters which are in same phase are connected in series 

and are able to obtain the voltage waveform which is the sum 

of the converters output. Also the number of output voltages 

is in a total different way from those of the DC and FC type. 

Here in the proposed topology the number of output voltage 

levels is obtained by m = 2N +1, where N is the number of 

DC sources. For example, in case of a seven level CHB-MLI 

the total number of DC sources are three and the total number 

of full bridge converter is also three. If the conducting angle 

at different converter level is controlled then minimum 

harmonic distortion can be obtained. A quasi square 

waveform is produced by each H bridge unit by phase shifting 

the positive and negative phase legs switching timings. Each 

of the switching devices conducts for 1800, independent of 

the pulse width of the quasi square wave. The entire switching 

devices current stress equal by this switching method. The 

power will flow from the batteries through the cascaded 

inverters to the motor in the motoring mode. The cascaded 

converter acts as rectifiers and power will flow from charger 

to the batteries in the case of charging mode. If regenerative 

braking is used then the cascaded converter is can also use as 

a rectifier the help in recovering the kinetic energy. The 

cascaded inverters are also used in parallel HEV 

configuration. With the help of this new converter the 

problem of extra clamping diodes or voltage balancing 

capacitors can be overcome. The combination pair of the 180° 

conducting method and pattern -swapping scheme make the 

voltage and current stresses of the cascade inverter’s   the 

equal and battery voltage balanced. Identical H -bridge 

inverter units can be used, therefore improving modularity 

and Manufacturability and to a high extent reducing 

production costs. Battery -fed cascade inverter prototype 

driving an induction motor at speed of 50% and 80% that is 

rated speed both the voltage and current are almost 

sinusoidal.  EMI and the common mode voltage are very less 

than what would be obtained from a PWM inverter because 

of the excessively low dv/dt and sinusoidal voltage output. 

The main advantages of utilizing the cascade inverter in an 

induction motor are: 

1) This makes an  induction  motor  more  accessible/safer  

and also  open  wiring  is possible  for  most  of  an  

induction motor power system. 

2) Earlier  230  V  or  460  V  motors  can  be  utilized,  thus  

higher  efficiency  is  expected  as compared to low 

voltage motors. 

3) There is no EMI problem or common -mode 

voltage/current problem occurs. 

4) Low voltage switching devices can also be used.  

No charge unbalance problem appears in both 

charge mode and drive mode. CHB-MLI  are very useful in 

case of  an  induction  motor (IM) that  has  many number of  

separate  dc  sources (batteries)  each  for  the  individual  H 

bridges,  these  inverters  are  not  an  option  in case of series 

hybrid IMs because we know that CHB-MLI are not easy to 

be connected back -to-back. In case of series-configured IMs 

where an on-board combustion engine produces ac power 

with the help of  an  alternator  or  generator,  a  multilevel  

back -to-back  diode  clamped  inverter  drive  can  best 

interface with the source of ac power and yet still it is easily 

meet the high power and/or high voltage requirements of the 

IM. 

IMs usually have an AC voltage source produced 

from an alternator or combustion -engine generator.  A 

rectifier will convert this AC voltage into DC voltage for the 

electric energy storage devices on board – batteries or 

capacitors.  An inverter will help in converting the DC 

voltage into a variable voltage and variable frequency AC in 

order to drive the main IM.  

In this paper the effect of connecting IM to 

CHBMLI is evaluated. The CHB proposed here is the hybrid 

type which has very less component requirement as compared 

to conventional topology.  

II. CHBMLI WITH PULSE WIDTH MODULATION TECHNIQUES 

Cascaded MLI or series H-bridge inverter is a very popular 

MLI topology especially for high and medium voltage range.  

In 1975 the series H -bridge inverter are introduced.  

CHBMLI has been utilized in a vast range of applications. 

Due to its flexibility and modularity it is widely used in high-
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power applications, especially series or shunt connected 

FACTS controllers. The CHBMLI produces its output same 

as sinusoidal voltage waveforms by combining number of 

isolated voltage levels. As the number of H-Bridge converter 

increases it increases the VAR without redesign the power 

stage. This in turn reduces the converter failure. The 

combination of single phase full bridges makes a phase for 

the inverter. Phase-shifted transformers can also supply the 

cells in medium-voltage systems in order to provide high 

power quality in the utility connection.  

The switching devices connected in CHBMLI are 

triggered using numerous PWM techniques which are 

available in literature. In this paper level shifted carrier based 

PWM techniques is employed to provide gating pulses to the 

power semiconductor devices. Level shifted PWM 

techniques are broadly of four types; phase opposition 

disposition, alternate phase opposition disposition, carrier 

overlap, variable frequency.  In this paper the proposed 

CHBMLI topology is tested for various loading condition 

using all the four above mentioned level shifted PWM 

techniques. 

III. PROPOSED WORK 

In the proposed work a reduced count CHBMLI is designed 

using total eight number of switches and three DC voltage 

sources to generate a 11 level multilevel inverter as shown in 

Fig.1. The three DC voltages are connected in series with 

each other. The value of the DC voltage sources is Vdc, 2Vdc 

and 2Vdc.  That means if Vdc is 100Volts then the other two 

voltages will be 200volts. Four PWM techniques are used to 

obtain the result. Fig. 5.2 shows a Matlab/Simulink model of 

a MLI using eight switches and three DC sources to produce 

11 level output voltage.  

 
Fig. 1: Proposed configuration of CHB-MLI 

It consists of eight switches which are turned ON 

simultaneously in order to generate 11 level output voltage. 

The switches used are MOSFET due to their numerous 

number of advantages such as:- 

1) Inexpensive. 

2) Requires less maintenance. 

3) Long life.  

4) Easy avaibility. 

Other type of switches can also be used in place of 

MOSFET such as IGBT, GTO etc. 

 
Fig. 2: Simulink Model for single phase 11 level inverter 

IV. RESULT AND DISCUSSION 

Four different PWM techniques are used and they are In-

phase disposition, Alternate phase Opposition disposition, 

Carrier wave and variable frequency. Triangular wave 

generators are used to produce these methods. Simulation 

results of a three phase 11level inverter are shown using four 

different PWM techniques and also their Total Harmonic 

reduction is shown. A comparison between these methods is 

also discussed. The simulation is performed using MATLAB. 

The proposed topology is test for R and RL load and 

Induction Machine (IM) load. THD of the output voltage and 

current waveforms are analyzed for all the three types of load. 

The simulation results for the proposed topology are 

presented in this chapter. The table for parameter selection is 

shown in Table 1 below. The FFT analysis tool is used to 

evaluate the performance of the proposed topology. The THD 

of source voltage and load current are calculated for three 

loading conditions mentioned above. The results obtained are 

filtered using LC filter and the THD are compared using with 

filter and without filter topology.   

Components Ratings 

R load 124 ohms 

RL load 115 ohms and 182mH 

switching frequency 10khz 

LC filter 1e-3 H and 1e-6 F 



Performance Evaluation of 11-Level Cascaded H-Bridge Inverter with Reduced Component Count 

 (IJSRD/Vol. 7/Issue 06/2019/129) 

 

 All rights reserved by www.ijsrd.com 591 

frequency=50 Hz 0.96mH 

input voltage 450 V 

IM specifications 

nominal Power for IM 0.5HP 

voltage 160rms 

speed 1440 rpm 

frequency 50 Hz 

Main winding stator Rs, Lls 2.02ohm, 7.4mH 

Main winding rotor Rr, Llr 4.12 ohm, 5.6mH 

Main winding mutual 

inductance Lms 
0.1772H 

Auxiliary winding stator Rs, 

Lls 
7.14ƒ, 8.5mH 

inertia J 0.0146kgm2 

Fig. 3 shows the output waveform of the proposed 

topology when connected with R load. Fig. 4 shows the 

output voltage waveform when connected with the RL load 

of single phase 11 level inverter. Fig. 5 shows the output 

voltage waveform when connected with IM load. Fig. 7 

shows the characteristic of IM. The THD analysis for all the 

operating conditions are presented in Table 2 and Table                                                               

3. Table 4 presents the comparison of component requirement 

for the proposed topology as compared to the conventional 

topologies. 

 
Fig. 3: Output voltage of 11 level CHB-MLI for R load 

using APOD PWM. 

 
Fig. 4: Output voltage of 11 level CHB-MLI for RL load 

using CO PWM 

 

 
Fig. 5: Output voltage of 11 level CHB-MLI for IM load 

using CO PWM 

 
Fig. 6: Waveforms of IM load for main winding voltage and 

current, auxiliary winding voltage and current and stator 

voltage 

Level Shifted 

PWM techniques 

Without Filter With Filter 

R load RL load R load RL load 

IPD 0.22 0.27 0.27 0.27 

APOD 0.36 0.37 0.25 0.37 

CO 1.80 1.81 1.80 1.81 

VF 0.47 0.47 0.38 0.47 

Table 2: comparison of THD for output voltage using 

different PWM techniques 

Level Shifted 

PWM techniques 

IM load 

With filter Without filter 

IPD 0.72 0.98 

APOD 0.8 1.7 

CO 1.19 1.81 

VF 0.47 0.87 

Table 3: comparison of THD for output voltage for 

induction motor load 

Parameter 
Eleven level topology: m=11 

FC NPC CHB Proposed CHB 

Switching devices 20 20 20 8 

Diodes 20 20 20 0 

Clamping Diode 0 90 0 0 

Capacitor balance 45 0 0 0 

DC bus 10 10 5 3 

Table 4: comparison of the component requirement for 

various MLI topologies 
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V. CONCLUSION 

Level shifted PWM control is implemented in this paper to 

design the hybrid MLI for different 11 levels at various 

loading conditions. It is observed that the proposed inverter 

has superior features compared to conventional multilevel 

inverters in terms of the component count, control 

requirements, cost, and reliability. The efficiency of the 

inverter is also better as compared to conventional topologies. 

It is possible because of generating only positive carriers for 

pulse width modulation control. As the hybrid inverter 

requires low rated dc sources, fuel cells, photovoltaic arrays 

can also be used as dc sources. 
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