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The multi-level inverter MLI has an important role in modern technologies due
to its advantages. On the other hand, its circuits need a large number of
switches, capacitors and DC sources. This paper introduces a new topology for
a MLI with a reduction in number of switches, no need for capacitors in

Accepted Jan 25,2019 exchange for an increase in number of levels in the output. The proposed
model is operated in symmetric and asymmetric modes with the presence of
resistive and inductive loads. Whereas, (5 and 9) output levels were obtained

Keywords: in symmetric and asymmetric modes, respectively. In contrast, the number of

switches was halved and without need for capacitors, compared to the
conventional MLI topologies. not a secret that reducing the number of switches
has the effect of reducing cost and complexity, in addition to the problems of
balancing the voltage on capacitors. The programming environment used to
build the proposed model of the MLI was MATLAB/Simulink, where the
validity of the hypotheses contained in this paper were proved and the obtained
results are identical to what was planned under different loads and different
operation modes. In addition, the paper included a comparison study among
the proposed topology and conventional topologies in terms of the number of
switches, capacitors and sources.

Multi-level-inverter

New topology MLI

Increase in number of levels
Symmetric/ asymmetric mode
Matlab/simulink

This is an open access article under the CC BY-SA license.

Corresponding Author:

Mohammed D Albakhait,

Department of Electrical Power Engineering Techniques,

Electrical Engineering Technical College, Middle Technical University,
Al-Dorah, Near the monastery of monks, Baghdad, Iraq.

Email: mohammedalbakhait@mtu.edu.ig

1. INTRODUCTION

In recent decades, the topologies of the multi-le vel inverter (MLI) have become very popular in the scientific
and industrial fields. This came because of the capabilities of this type of inverters to induced an output power with
high efficiency, indeed, much better than its conventional two-level inverter[ 1]. Actually, The multi-level inverter is
a result of a great development in semiconductor switches industry technology. Where these mutations in the quality
of electronics switches and its speed response, in addition with an urgent need to MLI in industrial fields, all of this
led to the birth of the first multi-level inverter. Therefore, the MLI is a combination of the capabilities of electronics
switches, DC sources or links, and a suitable control algorithm. This interaction is led to generate an output voltage
in a staircase wave form which is closest as possible as to the sinusoidal waveform [2-5].

There are three main conventional topologies of the MLI that are widely used in practical and commercial
applications, namely, Neutral Point Clamped (NPC), Flying Capacitor (FC) and Cascade H-Bridge (CHB) MLI [6,
7]. As a literature review of a multi-level inverter, Nabae et al who generated three voltage levels using the neutral
point clamped (NPC) method first devised this type of inverter in 1981. Another modification of multilevel inverter
topology was introducing flying capacitor MLI in mid of last decade of twentieth century by Meynard, Foch and
Lavieville et al [8-12]. Recently, a modern MLI topographies have been developed, with the aim of overcoming on
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some of the problems found in this type of devices. One of these topographies is active clamped (ANPC) whitch
presented by Bruckner et al. [13] which aims to overcome the imbalance in the sharing of switching losses between
the outer and inner switches of MLI. An other topology named as hybridised cascaded H-bridge (HCHB) MLI which
presented by Odeh and Nnadi [14] which is used more auxiliary/clamping switches for enhancement of the harmonic
profile of waveforms in the output. Another classification of the MLI, named as modular multilevel converter (MMC)
that presented by Lesnicar and Marquardt. The (MMC) has a simplified construction and redundancy and modular
extension to any output level in compare with traditional CHB MLI [15].

The main problem in MLI is how to get a large number of levels in output with a minimum number of
swithes, capacitors and DC sources. Nowday, researchers focus their efforts on reducing the number of DC sources,
switches, and improving the process of balancing the voltage between capacitors with more output levels and less
harmonics distortion.[16-21]

This paper introduces a new method for MLI topology. Whereas, five and nine levels have gotten from the
proposed circuit in case symmetric and asymmetric modes respectively. On the other side, a reduction in number of
switches required to perform the function of MLI without need for capacitors, while inspect the circuit at resistive and
inductive loads. The computer model for the proposed circuit was designed using MATLAB/Simulink, in order to
verify the correctness of the expected results of the proposed topology.

Topics in this paper are arranged as follows: second section describes the proposed topology design, and it
consists of two sub-sections for the topology's operation condition, symmetric and asymmetric, respectively. Third
section is a comparison between the proposed MLI and the conventional types of MLI in terms of number of switches,
capacitors and DC sources requirements to produce a nine levels in the output. Fourth part will be a presentation of
the computer model of the proposed MLI and its results for the two aforementioned operation modes. Finally, fifth
section deals with a summary of the idea in this paper and future work.

2. DESCRIPTION OF PROPOSED MULTI-
LEVEL INVETER TOPOLOGY )

Figure 1 illustrates the basic components of 57 s1
the proposal model for a multi-level inverter. The |_ S5
power circuit of the inverter is consisting of a two DC
voltage sources connected to the load via a group of +
eight unidirectional switches. Switches (S1 & 52), (583 "(‘) \-zCD
& 54), (S5 & 56), and (57 & S58) are complementary Load
switches, though, they cannot be turned on at the same
time, because that will generate a short-circuit across
one of DC voltage source or both of them in the same )
time. All the eight switches have to stand the maximum 1
load current at ON-state and block the inverse voltage

at OFF state. Indeed, in the proposed MLI topology
there are a three switches turn-on to generate each level Figure 1. Proposed topology of MLI

of output voltage. So, the load current is shared among

these three switches and that will reduce the rating power requirements when choosing the switches type. The multi-
level inverter that uses DC sources of equal value is classified as symmetric, while the type that uses DC sources of
different voltage value is asymmetric type [22-25]. The symmetric type has its drawbacks, such as: It requires a larger
number of electronic switches and their related drive circuits for each of them, and a large number of DC-links, and
this is what makes this type larger in size, cost, and very complex, especially for higher voltage levels in the output.
On the other hand, the symmetric type has an advantages of being better in balancing the voltages between capacitors,
and more flexibility in operating with faults conditions, because it includes more than one way (redundant states) to
generate the same level of voltage. On the other hand, the asymmetric multi-level inverter type can drive a higher
number of output levels for the same number of electronic switches and DC links compared to the symmetric type
[26-28].

3. RESEARCH METHOD
There are two modes to operate the proposed MLI depending on the value of the two dc voltage sources. First
mode is symmetrical mode with V1 = V2. Moreover, the second mode is asymmetrical mode with V1 # V2.

3.1 Symmetrical Mode (25-5L-8SW) MLI
For symmetrical mode the two DC voltage source have the same value V1 = V2 = Vdc. due to this equality
in value of sources the number of levels in output is five level only. The switching state strategy applied to

semiconductor switches to get these five-voltage levels illustrated in Table 1.
Table 1. Switching state of symmetrical (25-5L-85W) MLI
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SI S2 S3 S4 S5 S6 S7 S8 Vo (V)
0 0 1 0 0 1 1 0 +2 Vo
0 1 1 0 0 1 0 0 +1 Ve
0 0 0 1 0 1 1 0 two state give +1 V.
1 0 1 0 1 0 0 0 0V,
0 1 0 1 0 1 0 0 two state give zero level
1 0 0 1 1 0 0 0 -1V
0 0 1 0 1 1} 0 1 two state give -1 V.
0 0 0 1 1 0 0 1 2V,

As shown clearly in above table, there are more than one way to get some levels in the output, and that give
flexibility in case of switches faults. Fig. 2 shows the path of connection among two DC sources and load via
semiconductor switches.

Peak output voltage in this case is:

%.U:H‘FVZ:ZVGC D

Where V,, is peak output voltage, V; and V are the first and second DC source respectively and
V. is the voltage value of DC source.

The summation of peak inverse voltage that appear across any of semiconductor switches is called
total standing voltage TSV. However, TSV is an important factor in choosing the semiconductor switches
of power circuit. The value of TSV is equal for each pair of complementary switches, as given in following
equation [1].

Vews: = Vpwsz = Vdc
Vew.ss = Vpwsa = Vdc
Vpvss = Vpw.sg = Vdc
Vev.s7 = Vpiss = 2Vde
Where Vv sk is the peak inverse voltage, and k=1, 2..., 8. The resulting TSV is calculated as:

(2)

TSV =2 X (Vpiys1 + Vewss + Vprv.ss + Vpvsy) = 10V, 3)
(a) (» (©
) (e) )

Figure 2. path of connection in
| | each  switching  states  of
| w b : - symmetrical (2S, 5L, 8SW) MLI
[ = 19 ' T (@ Vo= 42Ve, (b & ) Vo =
+1Vae,(d &e) Vo=0,(f & g) Vo

=-1Vye, (h) Vo= -2V,

® ' M

3.2 Asymmetrical Mode (28-9L-88W) MLI

In this mode the two DC voltage source are unequal in its values, V1 = Vdc, whenever V2 =3 Vdc. As have
been mentioned before in introduction, the asymmetrical mode enhance the operation of MLI by increase number of
levels in compare with symmetrical mode for the same number of sources and switches. So the number of levels in
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output is increase to 9 level in current mode with the same circuit design before. To induced these nine level a critical
conditions of Switching must be followed. The following logical strategy that shown in Table 2, illustrates the
switching table for the eight switches that compose the power circuit of the proposed MLI at asymmetrical mode.
For asymmetrical mode, there is one state only can achieved by two path of conduction switches whiches 0
volt level. Figure 3, showes the path of conduction between DC sources and load through semiconductor switches.
Table 2. Switching state of an asymmetrical (25-9L-85W) MLI

S1 S2 S3 S4 S5 S6 57 S8 Vo (V)
0 0 1 0 0 1 1 0 +4V,
0 1 1 0 0 1 0 0 +3Va
0 1 1 0 1 0 0 0 +2 V.
1 [ S B 0 0 1V
1 0 1 0 1 0 0 0 0V
1] 1 0 1 0 1 0 0 two state give zero level
0 1 0 1 1 0 0 0 -1V
1 0 0 1 0 1 0 0 -2 Vuc
1 0 0 1 1 0 0 0 -3 Ve
LU 0 1 10 0 1 -4 Vae
Ln s L - -
(€] ) (@
:
= o - L " 1™ 2
) @ ®
=" L - i= L = "
T r T T S
(= o) €Y
Figure 3. path of connection in each switching states of
Lw Fia asymmetrical (25, 9L, 85W) MLI (a) V, = +4Vy, (b) V, =
[ T R +3Vie, (€) Vo = 42V, (d) Vo = +1Vy, (e & ) V= 0,(g) V.
= -1V, (h) Vo=-2Vg, (1) Vo =4V
@

The peak output voltage is given as:

Voo =Vi+ Ve =V +3Vye =4V
The summation of peak inverse voltage that appear across any of semiconductor switches is called total
standing voltage TSV. However, TSV is an important factor in choosing the semiconductor switches of power circuit.
The value of TSV is equal for each pair of complementary switches, as given in following equation [1].

(4)
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Vewst = Vpysz = 3 Vde
Vewss = Vpyse = 3 Vdc (5)
Vpryss = Veyse = Ve
Vewsy = Vpysg = 4Vdc
So, the TSV is calculated as follow:
TSV =2 X (Vpys1 + Vervss + Vervss + Vesy) = 22V, O]

4. COMPARATIVE STUDY
This section is view for a comparative between the proposed topology of MLI with two sources, eight
unidirectional switches at asymmetric operation mode, and conventional topologies of MLI (NPC, FC and CHB). the
proposed topology has been compared in terms of number of power switches, power diode, isolated DC supply, DC
bus capacitors, and balancing capacitors for the same number of levels in the output. Table 3 shows a numerical
comparison among aforementioned topologies. the table shows that the proposed topology generates the same number
of levels in the output with a smaller number of semiconductor switches and no need for capacitors (-). The number
of isolated DC source is higher than NPC and FC topologies, but that against decrease the number of power switches
in half, and for sure, that will mean reduce number of gate drive circuit [7].
Table 3. Comparison of electronic components and other requirements for the proposed MLI topology [ 7]

MLI Topology Number of Power Power  Isolated DC DC bus Balancing
levels switches diode supply capacitor Capacitors
NPC 9 16 12 1 4 -
FC 9 16 1 4 6
CHB 9 16 4 4 -
Proposed topology 9 8 2 -

5.  SIMULATION AND RESULTS

The proposed topology of MLI shown in Figure 4 have been simulated using MATLAB/Simulink
environment. This proposed topology and its representation in MATLAB will prove the possibility of reducing the
number of switches and DC sources. In return of that, the proposed topology obtaining a higher number of levels in
the output voltage. All that by using a control method to govern these switches, and to govern the electric power flows
through theses switches.The circuit consist of two separated DC source, eight unidirectional MOSFETS switches and
load. Gates pulses are generated for each switch individually to insure following of switching states strategies. The
Model of proposed MLI operate in two modes, symmetrical (V| = Vz = 100V) and asymmetrical (V, = 100 V, Vy =
3V, =300 V) to produce five level and nine level respectively, from the same power circuit.

T

MAS

Figure 4. Matlab Model of Proposed MLI

5.1 Symmetrical Mode (25-5L-8SW) MLI. Results

As mentioned before, symmetrical mode has two equal DC sources. Due to that limitation, levels in the
output are limited to five level only. Moreover, the switching states of power switches have designed in such a manner
to achieve these levels. The fundamental switching frequency techniques modulation has been used. There are several
techniques under this topic, and the technique used to control the switches in the proposed topology is called a nearest
level control modulation (NLCM), which is used due to its easy control and implementation especially when working
on high level inverter. Figure 5 shows the pulses of the eight switches, these pulses must insure not turn on any of two
complementary switches at the same time to avoid short-circuiting the sources. Whenever, Figure 6 shows NLCM in
symmetrical mode and illustrate the five levels in output.

Figure 7 illustrate output voltage and current on the resistive load (R=25 Q). The wave forms of voltage and
current have the same shape waveform, and in same phase. To illustrate the current waveform clearly, it has been

Title of manuscript is short and clear, implies research results (First Author)




6 m) ISSN: 25024752

multiplied by the value of ten. Figure 8 shows output voltage and current waveform at (R = 25, L = 80mH). Noticed,
there are a phase shift between voltage and current in the load, whereas, the current waveform lagged by (45°).

' 2 . - e et po nene L noie 2 g w2 o e o [T we e o 1]
§; Pulses 5 Pulses
T ], 3
u}—l ! I i I 1
’ " [l B T R S LR w2 e M6 oW g 2 &k 0gE oW 0@
$: Pulses 8, Pulses
, iF
—_— 1
1 1 { " |
l [T ™ 0% o m wm m om0 W@ oo 0e oe OB ooz 00w ome o om
S Pubses 87 Pukes
! [
! b
W ome 00X oW O a0 oW amE  ama o O wm oM 06 e O L2 LW oM wh o
S Pulses 55 Pulses

Figure 5. Pulses of the 8 switches of symmetrical (25-5L-85W) MLI

Figure 6. NLCM of symmetrical (25-5L-85W) MLI

V¥, 110 )
s 8

EEN

Vo viie" A

Figure 7. output voltage and current waveform of Figure 8. Output voltage and current of symmetrical
symmetrical (25-5L-8SW) MLI at (R = 250Q) (25-5L-8SW) MLI at (R=250, L = 80mH)

One of the most important advantages of a MLI over a conventional two-level inverter is that it can construct
a voltage waveform at the output with a much lower ratio of total harmonic distortion (THD). Figure 9 shows total
harmonic distortion of output current to (2S-5L-8SW) MLI. The value of fundamental harmonic is 7.478A with THD
equal to 19.64%. The total harmonic distortion of current waveform can be reduced significantly with inductive load.
Whenever, figure 10 illustrate THD of the output current which is equal to (3.52%).
PO — R —

" 2 3 a 0 . T . . ) —f ¥
[IE——— U -

Figure 9. FFT analysis of output current of Figure 10. FFT analysis of output current of
symmetrical (25-5L-8SW) MLI at (R = 25€) symmetrical (25-5L-8SW) MLI at (R=25Q, L= 80mh)

5.2 Asymmetrical Mode (28-5L-8SW) MLI. Results

A nine levels can induce in asymmetrical mode from the same power circuit topology of MLI. However, to
get these nine levels, the switching states of the eight power switches have to follow the strategy illustrated in Table
2. Figure 11 shows the pulses used to trigger MLI's switches. As a reminder, it is not allowed to turn on two
complementary switches at the same time. Whene ver, Figure 12 shows the nearest level control modulation technique
(NLCM) which is used to generate pulses of switches in asymmetrical operation mode. Also, its illustrate the nine
levels in the output voltage.

[ —

Moa % of Fondummest
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The output voltage and current are shown in Figure 13. Which is in the same phase and shape, because the
load is a pure resistive R=30 Q. Figure 14 shows the output voltage and current at RL load, whereas R =30 Q and L
= 45mH. The output current is approximately a sinusoidal waveform with lagging phase shift about (22.5°) due to
inductive load, which operate as a low pass filter. Also, the output current waveform multiplied by 10 to illustrate its
shape clearly.

The FFT analysis of output current is shown in Figure 15, the fundamental harmonic is 11.8A with THD is
equal to 14.27%, most of this distortion is due to odd multiples harmonics of the fundamental harmonic. This value
of THD is reduce by inductive load. However, the current waveform has been shown clearly in FFT analysis at Figure
16. The recorded THD in the output current is equal to 6.12%, most of this THD due to odd harmonics of fundamental
harmonic.

o P [ o com [E] o1
5, Pulses s Pubses
o T et 1] ] i e [T o T [ Gz = ) o o oo oo
S; Pulses S, Pubses
0 o 2 e ooe T 00 e aow a0 @ . =L = - ~ = - ,, -
S Pulses 7 Pulses
o = [T [ (L] ant o o J ] amz a0 woon wom oor . " oo )
8y Pulses Su Pulses

Figure 11. Pulses of the 8 switches of asymmetrical (25-9L-8SW) MLI

Figure 12. NLCM of asymmetrical (25-9L-8SW) MLI

VML
LML

. T e o e T = T

Figure 13. output voltage and current waveform of Figure 14. Output voltage and current of asymmetrical
asymmetrical (25-9L-85W) MLI at (R = 30Q) (25-9L-85W) MLI at (R=30€0, L = 45mH)
i I
i i
e’ i
i: i
— i ] 0 i l 0 3 0 ] " L ;__)__.T__I__T__!__:__e__;__:__
Figure 15. FFT analysis of output voltage of Figure 16. FFT analysis of Io of asymmetrical (25-
asymmetrical (25-9L-8 SW) MLI at (R = 30Q) 9L-8SW) MLI at (R=30€2, L=45 mh).

6. CONCLUSION

This paper presented a new topology for the MLI. The proposed topology takes into account the importance
of reducing the switches of power circuit while increasing the number of levels in the output. The proposed circuit has
produced nine/five levels of output for the asymmetric/symmetric operation condition respectively, with reducing
number of switches in half, no need for capacitors and with two asymmetric or symmetric DC sources, as shown in
Table 3. As a reminder, reducing the number of switches results in a reduction in the number of drive circuits, less
complexity, in addition to reducing its size and lowering its cost. On the other hand, the lack of need for capacitors
saved us from the complications and problems of voltage distribution and balancing it between these capacitors.

The circuit was modeled using MATLAB environment, and the circuit was operated under both resistive and
inductive loads. The effect of the presence of inductive reactance is observed on reducing the THD in the output
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current to (3.52%, 6.12%) in the symmetric and asymmetric operation modes respectively. This proposed model can
be developed to reach a greater number of levels in the output, thus more reducing in THD by adding more DC links
and switches.
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