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Abstract — This paper presents a fundamental study of two type s multilevel inverters comprising
of Cascaded H-Bridge and Diode Clamped for harmonic reduction for high power applications.
The application of multilevel inverters is capable to minimize the number of harmonic contents in
low voltage electrical distribution system. This study discusses a three phase comparative analysis
between multi-level circuits diode clamped inverter and cascaded H-Bridge inverter with
sinusoldal pulse width modulation (SPWM) strategies. Nine levels SPWM inverter with switching
Junctions are used for the operating principles to alleviate harmonic components of the output
voltage of multilevel inverters. Simulation results show that the Total Harmonics Distortion for
voltage (THDy) of the output for the both multilevel inverters are decreased and have been
achieved lower contents based on IEC standard. Copyright © 2013 Praise Worthy Prize S.r.d. -

All rights reserved,
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Nomenclature
SPWM  Sinusoidal Pulse Width Modulation
THDy  Total Harmonics Distortion for voltage
THD Total Harmonic Distortion
NPC Diode Clamped Inverier
CHB Cascaded H- Bridge Inverter

I Introduction

The concept of multilevel inverter was introduced by
Nabae in 1981, and currently it is widely used for
electricity and high power distribution applications.

In multilevel inverter the output voltage and current
with various levels can be generated using voltage
inverters and the quality of output current and voltage of
multilevel inverter can be deterrined by high frequency
switching techniques and lower switching frequency at
semiconductor and reduced harmonic content [11,[2].

Two-level inverters have disadvantages for high
frequency operation because the losses of switching and
device ratings constraints [3]. Multilevel inverter
topologies are comprising of flying capacitors (FC),
diode—clamped (NPC) and cascaded H-bridge cells with
separated DC sources (CHB) [4].The main disadvantages
of diode-clamped multilevel inverters with operated at
complex PWM controller in order to generate the output
of cascaded H-bridge multilevel inverter and its module
has its own DC voltage source. The Control structure and
operation of this inverter is better than the other inverters
[3]. The aim of this study is to investigate the
performance of two types multilevel inverters comprises
of diode clamp and H-Bridge for harmonics reduction
especially for industrial application.
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Multilevel inverter has been presented for the formula
of phase Voltage [4]. The Total Harmonic Distortion
(THD) for voltage and current can be calculated by using

Egs. (1)>-(3):
\f 2 He
THD = 17=2

1
i, (1)
where, H, represents the equals of the nth harmonics at
frequency nw, and H,= is the equals of the fundamental
component, which frequency is wy:

4B s
h, =Ezk=]cos(nak) )
p, =25 let Hy=h and H,=h
H—Ezhlcos(nak) et Hi,y=h, and H =
let Hyy=h, and Hy=hy
w {1 s ?
- [;’— Zkzlcos (e )]
THD = (3)

ZLlcos (noe )

Several switching methods have been employed in
static converter for reducing the output of harmonic
content. Pulse width modulation (PWM) techniques have
been developed for mulii-level inverter so extensively in
recent years,
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More sinusoidal PWM (SPWM) techniques for
inverters are advanced from the inverter on two levels.

In contrast, Phase Disposition (PD) modulation of a
NPC is harmonically high quality due to direct harmonic
energy altogether with carrier harmonic. It is depend on
harmonic cancelatiori across the two phases {line-to-line
voltage). Several PWM-procedures for multilevel
inverters are available in [5]. In this study, we present the
comparative analysis between multi-level circuits diode
clamped inverter and cascaded H-Bridge inverter with
(SPWM) strategies to mitigate total harmonic distortion
nine (odd) levels. Another way of realizing is use CAS-
SPWM method {6]. The topologies of multilevel inverter
can be described as shown in Fig. 1.
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INVERTER

INVERTERS
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FLYING CAPACITOR
BRIDGL INVERTR

Fig. 1, Multilevel Inverter Topologies

The aim of this study is to implement the carrier
frequency parameter with modulation index for
achieving the low harmonic distortion. The simulation
was implemented by using MATLAB/SIMULINK
toolbox environment.

Each inverter was integrated with sinusoidal pulse
width modulation (SPWM) strategies. Nine (odd) levels
SPWM inverter with switching functions were used for
the operating principles.

1I. Multilevel Inverter

The schematic diagrams of the two-level inverter,
three levels inverter, and the N-level inverter can be
described in Figs. 2. All the capacitors comprises to a
voltage of V. The output voltage of a 2, 3 and N-level
inverter illustrate in Figs. 3(a), (b), and (c) respectively.

1 Vdc’,N_l-r—l
Vddj’- qu/N_JE——'_.;‘
Vde — -
N e IE“HH
.
L}

Vde/2| vde/N-1 —T—

i
I Vde/N-1 __I: l

{a) (b} e

Figs. 2. The inverter diagram of electronic schematic of (a} 2-levels
(b) 3-levels (c) N-levels(Rodriguez et al., 2002)
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Figs. 3. Output Voltage of (a) 2-levels (b) 3-levels () N-levels
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HI. Moultilevel Inverter with
PWM Methods

There are two basic approaches that can be used to
generate the PWM signals for multilevel inverters as
follows [7]:

1. Sinusoidal or “Sub harmonic” Natural Pulse Width
Modulation (SPWM).

2. PWM-space vector modulation which is based on
rotated vector in multilevel space. It can be used to
extend two-level conirol strategies to higher levels.

There are several strengths in PWM inverters in
comparison to square-wave inverter [8] such as: (i) it can
reduce undesired harmonic voltages, (ii) it can control
the output voltage, (iii) it has higher quality power factor.

By choosing suitable pulses number per half cycle, it
is possible to eliminate the lowest order harmonic. On
the other hand, Carrera considered several approaches for
carrier bands required in multilevel PWM [9].

The techniques of the carrier PWM approaches with
several variant of phase relationships for a (MLI) {10] are
given as follows:

1) The carriers are in phase disposition (IPD).

2) Phase opposition disposition (POD), the carriers are
in phase if these carriers are above the zero reference,
but they shifted by 180° from those carriers if they are
below the zero reference.

3) Phase Disposition (PD), each of the carriers is shifted
by 2/ (N-1) radians.

JITL 1. Sinusoidal or “Sub harmonic” Natural Pulse
Width Modulation (SPWM)

In SPWM algorithms, the quality of the output voltage
is being considered good if the modulation index (MI) to
be in the range of less or equal to 1.0, In case of MI is
greater than 1, if the cost quality of output wave is
decreased then the voltage magnitude increases. The
maximum voltage Normally SPWM inverter is capable
to generate maximum voltage around 79%. The
maximum voltage is generated by square wave inverter.

The advantages of the inverter is the highest output
voltage that can be produced from the given dc voltage
of the input [7]. The effect of carrier frequency will
produce a sinusoidal fundamental output and its
harmonic contents are considerably high at high
frequency level. However its low frequency harmonics
content is minimal, the modulation approach is shown in
Fig. 4.

IV. Topologies Multilevel Inverter

iV.1. Topology of Neutral Point Clamped Inverter
{NPC)

The diode clamped topology is also known as neutral
point clamped topology.

The main merit of the NPC topology is that it requires
only one DC source similar to two-level inverter and
gives better performance.
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Fig. 4. Modulation techniques SPWM

However, with the increment in level », not only the
number of clamping diodes increases, but also the
problem of ensuring the DC-link balance becomes more
severe [11].

In Fig. 5, we show three-phases of nine-level diode-
clamped inverter. The nine-level can be achieved by
using 16 switches for each phase is constituted (8
switches for high leg and 8 switches for bottom leg). The
three-phase shares common dc bus. The clamping diode
can he used to restrict safe working level for the voltage
across each capacitor.

Fig. 6 depicts the 3 line-line output voltage wave for
9-level multilevel inverters. The output voltage is a 9-
level staircase wave. Therefore, the m-level diode-
clamped inverter has a (2m-1)-level output voltage and
an m-level output phase voltage [12].

V.2, Topology of Cascaded H-bright Inverter (CHB)

Multilevel inverters consist of a series of connected H-
bridge inverters to produce sinusoidal wave voltage.

Each cell contributes for the output voltage as
summation [13]. The output has 2n+1 number whereas
the # is the cell’s number.
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Fig. 5. Three-phase nine-level diode clamped inverter
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Fig. 6. Qutput voltage of a 9-level multilevel inverter

Total harmonic mitigation can be optimized by
adjusting the switching angles [14]. In comparison to
dicde clamped or flying capacitor, the development of
inverter is cheaper. This is because the multilevel
inverters very little number of components.

The three-phase nine-level cascaded H-bridge can be
seen in Fig. 7. In cascaded H-bridge, each low voltage H-
bridge portion has its own DC-link voltage source. The
Control structure of this inverter i better than the other
inverters [7]. Similarly to previous inverters, this inverter
has nine levels. This inverter includes 4 H-bridge
inverters that are connected in one lag cascaded form.

The 9-level cascaded H-bridge has been built using 16
switching devices T15].
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Fig. 7. Three-phase connection structure of 9-level cascade inverter
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Figs. 9-10 show the MATLAB/SIMULINK

4V o L
é }Wﬂ Can simulation diagrams of a three-phase diode clamped and
r o JCan cascaded H-Bridge multilevel inverter. In this simulation
0 lf \m p p the constant SPWM was used.
] /}\ 7 In diode clamped configuration it using § switches
o L“Lq GTO thruster while in Cascaded H-Bridge requires 48
it \ switches GTO thruster.
4V, 1 N L , The carrier frequency used in this designed is about
2500.
Yead
8, n-8 l V1. Diode Clamped Multilevel Inverter Results
Yeus I | The simulation result shows in Fig. 11. The 9-level
e, ',r|:~~{33,i I ' | diode clamped_ multilevel inv‘erter output voltage
N J—-— ' waveform for line to neutral with MI is equal to 1,
a2 — Output voltage 315.5 V rms value.
8, =82 11 i When the MI decreased to 0.8 as shown in Fig.12, the
Vear v, inverter output voltage equal to 285.4 V rms value.
8 The number of steps for both figures are 9 (#=9) for
i 9 j the quarter wave and in the case of the full wave the

number of steps is 18 (2n=18,#=9).
Fig. 8. Waveforins of the 9-level cascade inverter

that is shown in Fig. 7 TABLEI
DIODE CLAMPED AND CASCADED H-BRIDGE PARAMETERS

. . Parameter Value

V. Simulation Results Modulation Index M=1,08

DC Voltage Vde =100V
In order to validate the performance of the proposed Output Frequency 50 Hz
schemes, a simulation model for a three-phase dicde Carrier Frequency 2500

clamped and Cascaded I-Bridge Multilevel inverters GTO thruster 8 and 48 switches

were developed and its parameters as shown in Table 1.
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Figs. 9. Block diagram for Diode Clamped
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The simulation result are shown in Fig. 13 for the 9-
1 level diode clamped multilevel inverter output voltage
5 waveform for line to line in case of number of steps level
Gto1 (=15

has increased to 18 for the quarter wave and 36 steps
level for the full wave with MI = 1.

The output voltage produced is about 542.7 V rms
(b) Switching GTO thruster value, When MI decreased to 0.8 the output voltage
value is equal to 492.9 V rms as shown in Fig. 14. The

— [

_ number of steps level used is similar as in Fig. 13.
s ety | = . THDy for voltage of the output diode clamped
powergul c multilevel inverter has been measured when MI=1. It is
found that the value of THD, for voltage is around 3.9%
as shown in Fig. 15. FFT analysis is shown in Fig, 16
Az that is the Diode clamped multilevel inverter output. The
N ) THD, for voltage obtained of the output diode clamped
B cifed D multilevel inverter when MI=0.8 is lower than MI=1 and
S < i dus u its value is 3.07%.
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(c) One lag phase block diagram Diode Clamped Inverter Time (sec)
Figs. 10. Block diagram for Cascade H-Bridge Fig. 13. Line Voltage MI=1
Copyright @ 2013 Praise Worthy Prize S.r.l. - All rights reserved International Review of Automatic Control, Vol. 6, N. §

622

e




——

Rosli Omar, Mohammed Rasheed, Marizan Sulaiman

Line Voltage (v)

-1000 t i i

0 0.02 6.04 0.06 0.08 0.1

Time (sec)
Fig. 14. Line Voltage MI=0.8
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Fig. 16. Harmonic Voltage M=0.8
V.2, Cascaded H-Bridge Multilevel Inverter Results

The simulation result shows Fig. 17 that the 9-level
Cascaded H-Bridge multilevel inverter output voltage
waveform for line to neutral with MI is equal 1. The
output voltage produced is about 262.2 V rms value.

When the MI decreased to 0.8 as shown in Fig. 18, the
inverter output voltage is equal to 202.8V rms.

The number of steps for both figures are 9 (#=9) for
the quarter wave and in the case of the full wave the
number of steps is 18 (2rn=18,n=9).

The simulation results are shown in Fig.19. for 9-level
Cascaded H-Bridge muitilevel inverter output voltage
waveform for line to line in case of number of steps
level has increased to 18 for the quarter wave and 36
steps level for the full wave with MI = 1. The output
voltage produced is about 452.8 V rms value. When MI
decreased 1o 0.8 the output voltage has equal to 3497V
rmas value in Fig. 20. The number of steps level used is
similar as in Fig. 19
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THDy for voltage of the output Cascaded H-Bridge
multileve! inverter has been measured when MI=1. It is
found that the value of THD, for voliage is around 2.92%
as shown in Fig. 21. FFT analysis shows Fig. 22 that the
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Cascaded H-Bridge multilevel inverter output.

The THD, for voltage obtained of the output Cascaded
H-Bridge multilevel inverter when MI=0.8 the value
equal to 3.58%.
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Fig. 22. Harmonic Voltage M=0.8

TABLETL
CoMPARISON NINE LEVEL OF DIODE CLAMP AND CASCADED H-
BRIDGE INVERTERS WITH DIFFERENT MODULATION INDEX

(mM=1, M=0.8)

M 1 0.8
Phase Voltage Diode Clamped 3155 285.4
Cascaded H-Bridge 262.2 202.8
Line Voltage Diode Clamped 5427 4829
Cascaded H-Bridge 452.8 349.7
THD Diode Clamped 3.90%. 3.07%.
Cascaded H-Bridge 2.92% 3.58%

VI. Conclusion

The fundamental study of a three-phase multi-level
circuit diode clamped (NPC) and Cascaded H-Bridge
{CHB) multilevel inverter has been done. The analysis of
both types multilevel inverter show that the line voltage
of the output diode clamped is higher than Cascaded H-
Bridge due to losses available in dicde clamped
multilevel inverter.

However it is found that the THD, for voltage of both
multilevel inverters are capable to reduce harmonic at
acceptable level based on IEC standard.
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