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 The objective of this paper is to performing power conversion in multiple voltage steps to obtain improved power 
switching losses, better electromagnetic compatibility, and higher voltage capability. A new inverter topology for a multilev
output. This topology is designed based on a switched capacitor (SC) technique, and the number of output 
number of SC cells. Only one dc voltage source is needed, and the problem of capacitor voltage balancing is avoided as well. 
arrangement is not very uncomplicated and simple to be extended to a higher level, but also its ga
the number of active switches is reduced. The operational principle of this inverter and the targeted modulation strategies a
and power losses are investigated. Finally, the performance of the proposed
of an 11-level prototype inverter. 

 
Keywords: H-bridge, multilevel inverter, selective harmonic elimination (SHE), sinusoidal pulse width modulation (SPWM), switched 
capacitor (SC).. 

 
INTRODUCTION 
  
 With the advancement of power electronics and 
emergence of new multilevel converter topologies, it 
is possible to work at voltage levels beyond the 
classic semiconductor limits [1]. The multilevel 
converters achieve high-voltage switching by means 
of a series of voltage steps, each of which lies within 
the ratings of the individual power devices. Among
the multilevel Converters, the cascaded H
topology (CHB) is particularly attractive in high
voltage applications, because it requires the least 
number of components to synthesize the same 
number of voltage levels. Additionally, due to its 
modular structure, the hardware implementation is 
rather simple and the maintenance operation is easier 
than alternative multilevel converters
multilevel voltage source inverter is recently applied 
in many industrial applications such as ac power 
supplies, static VAR compensators, drive systems, 
etc. One of the significant advantages of multilevel 
configuration is the harmonic reduction in the output 
waveform without increasing switching frequency or 
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ABSTRACT 

The objective of this paper is to performing power conversion in multiple voltage steps to obtain improved power 
switching losses, better electromagnetic compatibility, and higher voltage capability. A new inverter topology for a multilev
output. This topology is designed based on a switched capacitor (SC) technique, and the number of output 
number of SC cells. Only one dc voltage source is needed, and the problem of capacitor voltage balancing is avoided as well. 
arrangement is not very uncomplicated and simple to be extended to a higher level, but also its gate driver circuits are simplified because 
the number of active switches is reduced. The operational principle of this inverter and the targeted modulation strategies a
and power losses are investigated. Finally, the performance of the proposed multilevel inverter is evaluated with the experimental results 

bridge, multilevel inverter, selective harmonic elimination (SHE), sinusoidal pulse width modulation (SPWM), switched 

With the advancement of power electronics and 
emergence of new multilevel converter topologies, it 

to work at voltage levels beyond the 
. The multilevel 

voltage switching by means 
of a series of voltage steps, each of which lies within 
the ratings of the individual power devices. Among 

, the cascaded H-bridge 
topology (CHB) is particularly attractive in high-
voltage applications, because it requires the least 
number of components to synthesize the same 
number of voltage levels. Additionally, due to its 

the hardware implementation is 
rather simple and the maintenance operation is easier 
than alternative multilevel converters [5]. The 
multilevel voltage source inverter is recently applied 
in many industrial applications such as ac power 

R compensators, drive systems, 
etc. One of the significant advantages of multilevel 
configuration is the harmonic reduction in the output 
waveform without increasing switching frequency or 

decreasing the inverter power output
voltage waveform of a multilevel inverter is 
composed of the number of levels of voltages, 
typically obtained from capacitor voltage sources. 
The so-called multilevel starts from three levels. As 
the number of levels reach infinity, the output THD 
approaches zero.   
 To balance the voltage of dc link series 
capacitors, three main approaches have been 
proposed in the published papers: 
1) Using separate dc sources; 
2) Adding some auxiliary balancing circuits
3) Improving the control method by selecting 
redundant switching states. 
 In some proposed auxiliary balancing circuits, 
SMPS inductors or series-resonance circuits are 
adopted to transfer energy between unbalanced 
capacitors [7]. By auxiliary circuits, the transferred 
current or power can be controlled accurately, bu
additional feedback control strategies are also 
needed, so the control of these converters becomes 
more complicated, and converters are less reliable
The fourth leg is added to a traditional three
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inverter to balance the capacitors with its redundant 
states, which is able to substitute any other legs in the 
case of failure. But the detection of the voltages of 
capacitors and the directions of currents through the 
capacitors are needed. For a higher level converter 
[5], the detections become rather complex. For a 
three-level diode-clamped converter, the unbalance 
problems are solved well by such aforesaid 
approaches, but for higher level ones, more suitable 
approaches are still needed. 
 The multilevel converter topologies based on 
Switched capacitor converter and diode-clamped 
converter (MCT-BSD) are proposed in this paper. 
The switched-capacitor circuits are adopted to 
balance the capacitors under any load conditions, and 

they also participate in synthesizing the output 
voltage level. The diode-clamped circuits play the 
same role as those of the conventional diode-clamped 
multilevel converter [6]. The proposed topology can 
not only balance dc link capacitor voltages, but also 
boost the output voltages with kinds of boosting 
modes. Furthermore, the number of dc link 
capacitors is two less than those of the conventional 
diode-clamped multilevel converter [2]. The validity 
of the MCT-BSD is verified by simulations on a five-
level inverter [8]. The possibility to extend this 
structure to four, seven, or higher level converters is 
further discussed. Finally a three phase induction 
motor is driven thorough the proposed converter. 

 

 
 
Fig. 1: Basic Block Diagram of Multilevel Inverter. 
 
II. Dc–Dc Multilevel Converter Circuit Description: 
 The proposed multilevel inverter is cascaded by 
a dc–dc multilevel converter and a full bridge, as 
shown in Fig. 1. For its dc–dc converter section that 
consists of the number of n SC cells, it is capable of 
providing the number of n + 1 voltage levels 
according to different switching states. With the 
operation of the H-bridge, a total of 2n + 3 voltage 
levels can be produced, i.e., 0,±Vin,±2Vin, . . . ,±(n + 

1)Vin [1]. Without loss of generality, the following 
assumptions have been made for analysis. 
1) The values of all SCs Ci are large enough, and the 
voltage ripples across them are negligible. 
2) All the switching devices are ideal, i.e., no ON-
state voltage drop and on-resistance. 
3) Input power source Vin is ideal, i.e., it is constant 
and there is no series impedance. 

 

 
 
Fig. 2: Circuit Diagram for three phase multilevel inverter. 
 
 To control the flow of power in the converter, 
the switches alternate between two states. This 
happens rapidly enough that the inductors and 
capacitors at the input and output nodes of the 
converter average or filter the switched signal [4]. 
The switched component is attenuated and the 
desired DC or low frequency AC component is 
retained. This process is called Pulse Width 

Modulation (PWM), since the desired average value 
is controlled by modulating the width of the pulses. 
Two requirements which all low pulse number PWM 
candidates should observe are synchronism with the 
fundamental frequency and quarter and half wave 
symmetry. 
 Synchronism with the fundamental frequency 
means ensuring the switching frequency fc is an 



170            Mr.K.B. Bhaskar and Dr.T.S.Sivakumaran, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:168-176 

 

 

integer multiple of the synthesized fundamental 
frequency f1. That is, the pulse number N = fc / f1 
must be an exact integer [2]. The frequency spectrum 
of the PWM waveform will then consist of discrete 
frequencies at multiples of the fundamental 
frequency nf1, where n is an integer. Quarter and half 
wave symmetry ensures that no even harmonics will 
exist in the output spectrum. This can be achieved by 
choosing N odd. An important even harmonic which 
is eliminated is the DC component. No frequency 

components below the fundamental frequency 
(commonly referred to as sub-harmonics) will exist. 
This is important since an undesired harmonic 
component near zero frequency, even if small in 
amplitude, can cause large currents to flow in 
inductive loads [6]. The modulation methods used in 
multilevel inverters can be classified according to 
switching frequency.  
  

 

 
 
Fig. 3: Block Diagram of Three Phase Multilevel Inverter. 
 
 Methods that work with high switching 
frequencies have many commutations for the power 
semiconductors in one period of the fundamental 
output voltage. A very popular method in industrial 
applications is the classic carrier-based sinusoidal 
PWM (SPWM) that uses the phase-shifting 
technique to reduce the harmonics in the load voltage 
[4]. Another interesting alternative is the SVM 
strategy, which has been used in three level inverters. 
Methods that work with low switching frequencies 
generally perform one or two commutations of the 
power semiconductors during one cycle of the output 
voltages, generating a staircase waveform [6].  
 
III. Sinusoidal pulse width modulation (spwm) for 
multilevel inverter: 
 The fundamental methods pulse-width 
modulation (PWM) .The methods are divided into 
the traditional voltage-source and current-regulated 
methods. An advantage of the current-regulated 
methods is that there is a need to control the current 
directly since the higher-level control (vector control, 
reactive power control, active rectifier, etc.) nearly 
always outputs commanded currents. However, 
current controls typically depend on event scheduling 
and are therefore analog implementations which can 
only be reliably operated up to a certain power level. 
Some discrete current-regulated methods are 
presented herein, but due to their nature [7], the 
harmonic performance is not as good as that of 
voltage-source methods. Voltage-source methods 
also more easily lend themselves to digital signal 
processor (DSP) or programmable logic device 
(PLD) implementation. 

 SPWM for Multilevel Inverter is based on 
classic two level SPWM with triangular carrier and 
sinusoidal reference waveform. Only difference 
between two level SPWM and multilevel SPWM is, 
numbers of carriers are used in multilevel SPWM. 
For ‘m’ level inverter ‘m-1’ carrier are used. 
Interaction of particular carrier and reference is used 
to generate gating signal for particular 
complementary pair of switches in diode clamped or 
capacitor-clamped inverter, or particular cell in 
multi-cell inverter [7].  
Vertically shifted scheme comes with three variant, 
as shown in Fig 4 (a), (b) & (c) 
[1] All carriers are in phase (PH disposition) 
[2] All carries above the zero reference are in phase, 
but in opposition with those below (PO disposition) 
[3] All carriers are alternatively in opposition (APO 
disposition) 
[4] All carriers are shifted by 900.  
 One of the most straightforward methods of 
describing voltage-source modulation is to illustrate 
the intersection of a modulating signal (duty cycle) 
with triangle waveforms [4]. Figure 3.1 demonstrates 
the sine-triangle method for a Seven-level inverter. 
Therein, the a-phase duty cycle is compared with 
eight (n-1 in general) triangle waveforms. The 
switching rules are simply. 
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Fig. 4: Logical Modulation circuit for three phase multilevel inverter. 
 

 

 
 
Fig. 5: Modulation Waveform for seven level multilevel inverter. 
 

 
 
Fig. 6: Type of carrier waves. 

 

 
 
Fig. 7: Eleven-level staircase waveform. 
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IV.Three-Phase Induction: 
 The rotor receives its excitation by 
from the armature field. Hence, the induction 
machine is a doubly-excited machine in the same 
sense as the synchronous and DC machines. The 
basic principle of operation is described by Faraday’s 
Law [1]. If we assume that the machine rotor is at 
standstill and the armature is excited, then the 
armature-produced rotating field is moving with 
respect to the rotor. In fact, the relative speed 
between the rotating field and the rotor is 
synchronous speed. For this condition, the rotating 
field induces a large voltage in the rotor bars. The 
large voltage causes a large current in the squirrel
case which, in turn, creates a magnetic field in the 
rotor. The rotor magnetic field interacts with the 
armature magnetic field, and a torque is produced
[2], [3]. If the produced torque is larger than any load 
torque, the rotor begins to turn. As the rotor 
accelerates, the speed difference between the rotor 
and the armature field is reduced. This reduced speed 
difference (or slip) causes the induced rotor voltage
to be reduced, the rotor current to be reduced, the 

 
Fig. 8: Typical torque-speed characteristics of induction motor
 
Rotating Magnetic Field: 
 The basic principle of operation is described by 
Faraday’s Law. If we assume that the machine rotor 
is at a standstill and the armature is excited, then the 
armature-produced rotating field is moving with 
respect to the rotor. In fact, the relative speed 
between the rotating field and the rotor is 
synchronous speed. For this condition, the rotating 
field induces a large voltage in the rotor bars. The 
large voltage causes a large current in the squirrel
case which, in turn, creates a magnetic field in the 
rotor. The rotor magnetic field interacts with the 
armature magnetic field, and a torque is produced. If 
the produced torque is larger than any load torque, 
the rotor begins to turn. As the rotor accelerates, the 
speed difference between the rotor and the armature 
field is reduced [7]. This reduced speed difference 
(or slip) causes the induced rotor voltage to be 
reduced, the rotor current to be reduced, the rotor 
flux to be reduced, and the torque produced by the 
machine to be reduced. Eventually, the torque 
produced by the motor equals the torque demanded 
by the load, and the motor settles to an equilibrium 
rotor speed. This equilibrium rotor speed must be 
less than synchronous speed since there must be a 
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Faraday’s Law. If we assume that the machine rotor 
is at a standstill and the armature is excited, then the 

produced rotating field is moving with 
to the rotor. In fact, the relative speed 

between the rotating field and the rotor is 
synchronous speed. For this condition, the rotating 
field induces a large voltage in the rotor bars. The 
large voltage causes a large current in the squirrel-

in turn, creates a magnetic field in the 
rotor. The rotor magnetic field interacts with the 
armature magnetic field, and a torque is produced. If 
the produced torque is larger than any load torque, 
the rotor begins to turn. As the rotor accelerates, the 
peed difference between the rotor and the armature 

. This reduced speed difference 
(or slip) causes the induced rotor voltage to be 
reduced, the rotor current to be reduced, the rotor 
flux to be reduced, and the torque produced by the 

achine to be reduced. Eventually, the torque 
produced by the motor equals the torque demanded 
by the load, and the motor settles to an equilibrium 
rotor speed. This equilibrium rotor speed must be 
less than synchronous speed since there must be a 

slip to produce torque. A rotating magnetic field with 
constant magnitude is produced, rotating with a 
speed. 

( ) ( )
( )

( )

( )

( )

( )

( )

0 0 0

0 0

0

0

0

0

( ) ( ) ( ) ( )

sin 0 sin 120 120

sin 240 240

sin

0.5 sin 120

3
sin 120

2

0.5 sin 240

3
sin 240

2

mt a b c

M M

M

M

M

M

M

M

B t B t B t B t

B t B t

B t

B t X

B t X

B t y

B t X

B t y

ω ω

ω

ω

ω

ω

ω

ω

∧

∧

∧

∧

∧

= + +

= ∠ + − ∠

+ − ∠

=

 − − 

 
− − 
 

 − − 

 
− − 
 

1
sin( ) sin( )

4

3 1
( ) cos( ) sin( )

4 4

3
cos( )

4

3 3
sin( ) cos( )

4 4

3 3
sin( ) cos( )

4 4

M M

mt M M

M

M M

M M

B t B t

B t B t B t x

B t

B t B t
y

B t B t

ω ω

ω ω

ω

ω ω

ω ω

∧

∧

 + + 
 
 = + 
 
 − 
 

 
− − 
 +
 
+ − 
 

[ ] [1.5 sin( ) 1.5 cos( )M MB t X B t yω ω
∧ ∧

= −

 
 
 

December, Pages:168-176 

rotor flux to be reduced, and the torque produced by 
the machine to be reduced. Eventually, the torque 
produced by the motor equals the torque demanded 
by the load, and the motor settles to an equilibrium 

. This equilibrium rotor speed must be 
less than synchronous speed since there must be a 

Balanced three phase 
windings, i.e. mechanically displaced 120 degrees 

each other, fed by balanced three phase source.  
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Simulation Results: 
 The simulink circuit of DC-DC Multilevel 
converter shown in Fig 9. Fig 10 and Fig 11 shows 
the DC input voltage and DC output voltage of DC-
DC multilevel converter. Simulation of three phase 
inverter is shown in fig.12. 
 Fig.13 and Fig.14 shows the Output waveform 
of three phases Line to line voltage and phase to 

phase Voltage. The Total Harmonic Distortions 
(THD) for phase A, phase B, phase C are shown in 
Fig 18. Induction motor rotor measurement, stator 
measurements and mechanical parameters are shown 
in Fig.15, Fig.16, Fig.17.   
 

 

 
 
Fig. 9: Simulation of DC-DC Multilevel converter. 
 

 
 
Fig. 10: DC Input Voltage. 
 

 
 
Fig. 11: DC Output Voltage. 
 

 
 
Fig. 12: Simulation of Three phase inverter. 
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Fig. 13: Output voltage for Phase A inverter. 
 

 
 
Fig. 14: Phase to Phase output voltage for three phase inverter. 
 

 
 
Fig. 15: Rotor measurement of induction motor. 
 

 
 
Fig. 16: Stator measurement of induction motor. 
 



175            Mr.K.B. Bhaskar and Dr.T.S.Sivakumaran, 2015 /Journal Of Applied Sciences Research 11(23), December, Pages:168-176 

 

 

 
 
Fig. 17: Stator flux and voltage measurement of induction motor. 
 

 

 

 
 
Fig. 18: Total Harmonic Distortions (THD) for Phase A, B,C. 
 
 The various parameters involved in the design 
are tabulated in table-1 and table II for Proposed 
System and Existing System. Comparison of Input 

and Output parameter for Existing and proposed 
system are tabulated in Table III. 

 
Table 1: Input and Output parameter for three phase Multilevel Inverter Model. 

S.NO PARAMETER VALUES 
1 DC Input Voltage(Vdc) 48V 
2 DC-DC Multilevel Converter Output Voltage (Vdco) 230V 
3 Output Voltage of three phase inverter(Vaco) 230V(3Φ) 

4 
Output Power of three 

Phase inverter(Po) 
2500W 

5 3Φ Induction Motor Specification 
1HP,220V,50Hz, 

10Nm,150Wm 

6 

Total Harmonic Distortions (THD) 
Phase A 
Phase B 
Phase C 

 
 

27.47% 
22.24% 
26.95% 
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Table II:  Input and Output parameter for Single phase Multilevel Inverter Model. 
S.NO PARAMETER VALUES 

1 DC Input Voltage(Vdc) 36V 
2 DC-DC Multilevel Converter Output Voltage(Vdco) 170V 
3 Single Phase Inverter Output Voltage(Vaco) 170V(1Φ) 
4 Single Phase Inverter Output Power(Paco) 600W 
5 RL Load 35Ω,55mH 
6 Total Harmonic Distortions (THD) 36.26% 

 
Table III:  Comparison of Input and Output parameter for Existing and proposed system. 

S.NO PARAMETER 
EXISTING SYSTEM 

1Φ 

PROPOSED 
SYSTEM 

3Φ 
1 DC Input Voltage(Vdc) 36V 48V 
2 DC-DC Output Voltage(Vdco) 170V 230V 

3 Inverter Output Voltage(Vaco) 
170V 
(1Φ) 

230V 
(3Φ) 

4 Inverter Output Power(Paco) 600W 2500W 

5 Load 
35Ω,55mH 
(RL Load) 

1HP,220V,50Hz, 
10Nm,150ῳm 

(3Φ Induction Motor) 

6 

Total Harmonic Distortions (THD) 
Phase A 
Phase B 
Phase C 

 
36.26% 

27.47% 
22.24% 
26.95% 

 
VII.Conclusion: 
 In this paper, a new multilevel topology in 
eleven-level inverter fed induction motor drive is 
implemented. In eleven-level inverter circuit 
modified full bridge converter is used for reducing 
the switching devices and higher reliability. Here 
SPWM controller has less complexity when 
compared to other topologies. The THD of eleven-
level inverters observed that in the higher levels 
THD is reduced. The simulation results of proposed 
topology of eleven level inverter fed induction motor 
drive are verified using MATLAB. Finally, the 
operation and performance of the proposed inverter 
are verified with experiments on an 11-level inverter 
prototype.  
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