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Abstract:

Multi-level inverter used in applications that require high power and medium voltage. It can be
used in: homes, factories, as well as in the military and medical aspects. This paper deals with study of
Cascaded H-bridge and comparison between different levels for this type (three level, five level and
seven level are presenting in this study). The comparison based on the design, the cost and the total
harmonic distortion. The design tends to be more complicated when increasing the number of levels
because of using more sources, more H-bridges and more connection wires. The control becomes more
complexity as well as the inverter will be expensive and heavy as compared to low levels. Considering
to the results of Matlab\ Simulink which illustrate the total harmonic distortion is being low when
increasing the level and this will be an important matter in the output voltage. The level number of

multi-level inverter is choosing according to the type of load.
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l. Introduction:

Development of the industries has led to
increased need for using high power equipment
in megawatts level. For purpose of providing
energy to this equipment the multilevel inverter
appeared. Multilevel inverter is a device which
converts Direct Voltage Source (DCV) to
Alternating Voltage Source (ACV). It consists
of a group of semiconductor and generates
stepped voltage with staircase waveform.
Increasing the number of steps lead to smooth
signal with reduces distortion and the shape of
the wave approaching to sine wave. There are
many power applications need multilevel
inverter such as variable speed drive, flexible
AC transmission systems (FACTS) and
renewable energy such as wind, full cells and
photovoltaic [1,2]. There are different
topologies of multilevel inverter: Neutral point
clamped multilevel inverter or Diode clamped
multilevel inverter [3,4], Fly capacitance

multilevel inverter and Cascaded H-bridge
multilevel inverter [5,6]. Neutral point clamped
multilevel inverter and Fly capacitance
multilevel inverter are single DC source but
Cascaded H-bridge multilevel inverter uses
multi DC source. Cascaded H-bridge multilevel
inverter preferably employ instead of the other
two types because it’s required less number of
components but also need separate DC source in
each level [7]. The multilevel inverter obtains an
alternating current output voltage with a
staircase waveform [8].

The main features of multi-level inverter are:[9]
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1. Less distortion and lower dv/dt of output

voltage.

Minimum distortion of input current.

3. They generate smaller common-mode
(CM) voltage, thus reducing the stress in
the motor bearings. In addition, using
sophisticated modulation methods, CM
voltages can be eliminated.

4. Operate with low switching frequency,
which reduce switching loss.

N

Multilevel inverter circuits have been
appearing for more than 30 years. First appeared
in 1975.[10]

Il. Cascaded H Bridge Multilevel Inverter
(CHBMLI)

The set of H-Bridge (Full Bridge)
inverter with separate DC Sources are connected
in cascade to configure the cascaded H-Bridge
multilevel inverter [11]. Figure (1) shows the
circuit diagram of an n level inverter. The
output voltage generates by each single H-
bridge of an inverter have three different value
of voltage: +Vpc, 0 and —Vpc. The output
voltage generated by cascade H-Bridge inverter
is the total voltage generated by each H-bridge
cell [12].The required number of semiconductor
switches are 2(n-1) where n is the number of
level. The number of DC sources is equal to the
number of H-Bridge cells. The cost and the
weight of this inverter is less than Diode
clamped multilevel inverter and Flying
Capacitor multilevel inverter but the losses of it
are more as compared with the other two types
[13]. The voltage unbalance of H-bridge
multilevel inverter is very low. It can be used in
many applications such as motor drive system,
photovoltaic cell, solar and fuel cell.
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Figure (1). Circuit diagram of an n level inverter [12]

i. Single phase three level CHBMLI of output voltage of this level is shown in figure
Figure (2) shows the circuit of single (3). The three levels are + Vpc, 0 and -Vpc.
phase three level CHBMLI. The circuit Different operation cases of three level CHB
consisting of single DC source and four inverter are explained below in tablel.
switches (single H-bridge cell). The waveform

Tablel. Switches status of three level CHBMLI [14]
Output
voltage
1 0

Case S11S,|S3| S,

1
2 1
3 0 0
4 0

52 |

Figure (2). Circuit of single phase three level CHBMLI [14]
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Figure (3). Output voltage waveform of three level CHBMLI [14]

ii. Single phase five level CHBMLI

Figure (4) shows the circuit of single
phase five level CHBMLI. The circuit
consisting of dual DC sources and eight
switches (two H-Bridge cells). The output
voltage of five level inverter is generated by two

H-bridge cell. The voltage of the first H-Bridge

cell is V; and the second H-Bridge cell is V.
The total voltage of five level inverter is the
sum of V; and V,. Figure (5) shows the
waveform of output voltage of this level. The
five levels are 0, +Vpe, +2 Vpc, -Vpe and -
2Vpc. Different operation cases of five level
CHB inverter are explained below in table2.

Table2. Switches status of five level CHBMLI [14]
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Case Voltage

2]
et

w
N

wn
w

wm
~
(@]
ol
wn
(<3
wn
3
wn
©

1 0

+Vpe

+2Vpc

+Vpc

0

-Vbc

-2Vpc

OINO|OI B WIN
o000k, F

-Ve

RPIFRPIRPRPRPOOOIOo

PR IOORFR OO

olo|r|r|or ko
o|lo|or|r|r|kr ik
R ===]=]l=]
ok |k ir|lo|o|lr|kr
=== =]=)

60



JOURNAL OF MADENT ALELEM COLLEG VOL 10

NO1 YEAR 2018

s6 |

su@
vDC1 D)
5
o
vDC2 i) G

5
3

Figure (4). Circuit of single phase five level CHBMLI [14]
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iii. Single phase seven level CHBMLI
Figure (6) shows the circuit of single
phase seven level CHBMLI. The circuit
consisting of twelve switches (three H-Bridge
cells) and three DC sources. The waveform of
output voltage of seven level multilevel inverter

LV

Figure (5). Output voltage waveform of five level CHBMLI [14]

is shown in figure (7). The seven levels are 0,+
Vbe, +2 Vpe, ,+3 Vpe, - Vbe -2 Vpc and -3
Vpc. Different operation cases of seven level
CHB inverter are explained in table3.
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Table 3. Switches status of seven level CHBMLI [14]

Case \S)(;ig;te Sl Sz 83 S4 S5 Se S7 Sg Sg SlO 511 812
1 0 1/011j]0|2]0j1]0]1]0]1]0
2 +Vpc |1 /002|201 ]0]1]0]|1]0
3 +2Vpc |1 0|0 |2 {12001 ]1]0]|1]0
4 +3Vpc |1 0|02 (212(0]0|1]1]0]0]|1
5) +2Vpc | O |1 (0}2|2/0(0{2|212|0|O0]|1
6 +Vpe (O (10|12 |0(1]j0|2(1]0]0]|1
7 0 oj1/0y1j0(2|0(1j0]2]0]1
8 -Vpc |O|1(1}j0|O0O|212(0f|2|0| 1|01
9 2Vpc |02 |1(0j0|2|1]0j0]212]O0]|1
10 | 3Vpc |O |2 (10|01 100|212 |10
11 2Vpc O |2 |0|1j0|2|12]0j0]2]1]|O0
12 -Vpc |O|1(0}1]O0|12(0|2|0| 1|10

5‘-1J: 1 J[:_‘.-I]r 53
YDC1 - |
@ | !_
52 J:: -.}r _![j-.‘m
vocz (1)
VvDC3 )

Figure (6). Circuit of seven level CHBMLI [14]
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Figure (7). Output voltage waveform of seven level CHBMLI [14]

Table 4. Comparison between three level, five level and seven level of CHBMLI / phase

Parameters Three level Five level Seven level
Number of cells 1 2 3
Number of switches 4 8 12
THD 52.23% 26.63% 18.01%
Cost Less Medium More
Weight Less Medium More

I11. Sinusoidal PWM techniques (SPWM)

Different multicarrier techniques are
used to decrease the distortion of multilevel
inverter [15]. SPWM is one of these techniques,
the sinusoidal wave is a modulating signal and
the triangular waves are carrier signals. An n
level inverter need (n-1) carrier signal [16]. The
pulses of gates are generated as a result of
comparing a sinusoidal modulating signal with a
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triangular carrier signals. Figures (8, 9 and 10)
Shows carrier signals with a reference
modulating signal of three, five and seven level
CHB inverter respectively. The carrier signals
are in the same phase and amplitude but
different from each other in the dc level [17].
The main advantage of this technique is
decreasing the size of the filter to minimum and
therefore reduces the cost, size and weight of an
inverter.
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Figure (8). Carrier and Reference signals of three level CHBMLI
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Figure (9). Carrier and Reference signals of five level CHBMLI
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Figure (10). Carrier and Reference signals of seven level CHBMLI
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V. Results: Matlab\ Simulink 2010 version 7.11.0. The

Design of CHBMLI and the results of figures below show the results of three, five and
output voltage waveforms, output current seven level respectively with resistive and
waveforms and values of THD are obtained by inductive load (R=100Q and L=0.5H).

Qutput voltage waveform
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Figure (11). Output voltage waveform of three level
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Figure (12). Output current waveform of three level
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Figure (13). THD of three level
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Figure (16). THD of five level
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Figure (17). Output voltage waveform of seven level
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Figure (18). Output current waveform of seven level
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Figure (19). THD of seven level
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V. Conclusion:

This paper deals with the study
and comparison of cascaded H-Bridge
The

comparison has three different level

topology with different levels.

three, five and seven level and the
method of control which use is SPWM.
The MATLAB\Simulink
appears less distortion at high level i.e.
(THD)

decreases with the increase in the number

result of

total harmonic  distortion
of level. The output voltage waveform of
high level is improving and approaching
more to the sinusoidal waveform. The
output current of seven level is more than
output currents of five level and three
level. These are the advantages of
increasing the number of level. But the
cost, size and weight are increasing as
well as the design is more complicated in

high level of Multilevel Inverter.
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