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ABSTRACT

This paper presents a new five level diode clamped multilevel inverter
topology which can be used for low-medium power industrial
applications. In this work proposes single phase five level Diode
Clamped Multilevel Inverter (DCMLI) topology using an auxiliary
switch is presented, the number of power devices required to implement
afive-level output. Thetopology istested in the design of a 5 levels diode
clamp multilevel inverter simplified; circuit operation is presented,
simulated and validated with experimental tests performed on a
laboratory prototype. In this paper, the concept of a 5-level diode-clamp
and modulate principle are implemented to control the output waveform
approaching to the sine-wave as close as possible. The simulation result,
the output voltage waveform presents better harmonics profile.

Keywords—Diode clamp multilevel inverter, Total harmonic distortion, Single-phase induction

motor control.

and reduced EMI emission that can be achieved thi¢h
1. INTRODUCTION multiple DC levels that are available for synthesfsthe
output voltage. New diode clamping multilevel inesr
Developed DC link capacitor voltage balancing itheee
phase diode clamped inverter controlled by a dispetce
vector of line to line voltages. Simulations arefpened
using MATLAB-SIMULINK. Harmonics analysis and
evaluation of performance measures for various Hatidn
indices have been carried out and presented.

Recently, single-phase induction motor is widelydisn
buildings and industries because of its compace,siz
endurance and cheap price. However, industrial osect
requires improving its efficiency by employing \aus
controls to improve the efficiency and to save ggpem this
paper, the concept of a 5-level diode-clamp and uiate
principle are implemented to control the output afavm
approaching to the sine-wave as close as possibl
Therefore, controlling approach of voltage and diesacy
supplied to stator coil in order to control the orospeed
efficiently according to actual operations which swa
developed by [1-2] is employed. In recent yeargugtry X7 cr |‘ /e
has begun to demand higher power equipment, whoet n — _/
reaches the megawatt level. Controlled AC drivegh@ N
megawatt range are usually connected to the mediun /T
voltage network. Today, it is hard to connect algirpower
semiconductor switch directly to medium voltagedgriFor "0
these reasons, a new family of multilevel invertbess (@) ®) (©

emerged as the solution for working with highertzgé Figure.1: One Phase Leg Of An Inverter With (A) Two
levels. The inverters with voltage level 3 or maee | gyels (B) Three Levels, And (C) N Levels.
referred as multi level inverters. Multilevel inters have ’ ’

become attractive recently particularly because tlod 2 MULTILEVEL INVERTER TOPOLOGY
increased power ratings, improved harmonic perfocea
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The general structure of the multilevel inverter tis
synthesize a sinusoidal voltage from several levefls
voltages typically obtained from capacitor voltegmurces.
Multilevel inverters are being considered for anr@asing
number of applications due to their high power téljin
associated with lower output harmonics and lowel
commutation losses. Multilevel inverters have beeoam
effective and practical solution for increasing gowand
reducing harmonics of AC load.
The main multilevel topologies are classified irttree
categories:

» diode clamped inverters

« flying capacitor inverters

» cascaded inverters
In a three-phase inverter system, the number ofnmai
switches of each topology is equal. Comparing witte
number of other components, for example, clampioges
and dc-link capacitors having the same capacity ypet,
diode clamped inverters have the least number pdcitors  Figure.2: Diode-Clamped Multilevel Inverter Circuit
among the three types but require additional clagpi Topologies. (A) Three-Level. (B) Five-level
diodes. Flying capacitor inverters need the mostlrer of
capacitors. But cascaded inverters are consideydthang
the simplest structure.

The diode-clamp inverter type is used for
experimentations in this article. Such inverter &g the
technique of proportional stepping harmonic elirtiora
type to control switching equipment in the circddr
providing appropriated waveform and increasing
efficiency at high loading. The diode-clamp and miatke
principle are implemented to control the output afavm
approaching to the sine-wave as close as possible. 1. Voltage level Y= V442, turn on the switches S1andS2.

2. Voltage level Y= 0, turn on the switches S2 and.S1
3. Voltage level Y= - V4d2 turn on the switches $32.

Figure.2(a) shows a three-level diode-clamped cderén
which the dc bus consists of two capacitors, C1,Fa2 dc-
bus voltage ¥, the voltage across each capacitor g2/
and each device voltage stress will be limited twe o
capacitor voltage level M2 through clamping diodes. To
explain how the staircase voltage is synthesizes neutral
thepoint n is considered as the output phase voltafgrence
point. There are three switch combinations to sysitte
three-level voltages across a and n.

2.1 DIODE-CLAMP MULTILEVEL INVERTER
Figure.2 (b) shows a five-level diode-clamped coterein

The most commonly used multilevel topology is which the dc bus consists of four capacitors, C2, C3,
the diode clamped inverter, in which the diodeseduas the and C4. For dc-bus voltageyy the voltage across each
clamping device to clamp the dc bus voltage so as tcapacitor is /4 and each device voltage stress will be
achieve steps in the output voltage. Thus, the roantept limited to one capacitor voltage level &4 through
of this inverter is to use diodes to limit the powievices clamping diodes. The order of numbering of the chét for
voltage stress. The voltage over each capacitoremuh phase ais S1, S2,53,S,, S, S'and &
switch is Vdc An n level inverter needsn{l) voltage For example to have,d2 in the output, switches
sources, 2{-1) switching devices andhi{l) (n-2) diodes. By S1 to S4 should conduct at the same time. For ealthge
increasing the number of voltage levels the quaditythe  level four switches should conduct. As it can bensin
output voltage is improved and the voltage wavefornirable.1 the maximum output voltage in the outputalf of
becomes closer to sinusoidal waveform. the DC source. It is a drawback of the diode clainpe

multilevel inverter. This problem can be solved using a
two times voltage source or cascading two diodenpkd
multilevel inverters. The output voltage of a 5dédiode
clamped multilevel inverter all of the voltage léwhould
have the same voltage value.

The switching angles should be calculated in such &
way that the THD of the output voltage becomesoasds
possible. The switching angle calculation methodt tis
used in this thesis is the harmonic elimination hmdt In
this method the lower dominant harmonics can be
eliminated by choosing calculated switching angles.
Table-1 shows the output voltage Ilevels and the
corresponding switch states for one phase of tbearhfive
level DCMLI. The switches are arranged into 4 p#fs
S (S D), (S ), (S, ). If switching sequence as
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given in table 1. State condition 1 means switch @&0d 0
means switch OFF.
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Tablel: The switching state of diode
inverter.

clamp multilegl

The steps to synthesis the five level phase a twiptage
in this work are as follows:

1. For phase a output voltage of~0, two upper switches
S;, Siand two lower switcheS,; and Sare turned on.

2. For an output voltage ofa}#de4, three upper switches
S,, S5, S, and one lower switch;Sare turned on.

3. For an output voltage of }:V /2, all upper switches;S
through Q are turned on.

4. To obtain the output voltfagel of ¥ -Vyd4, upper switch
S, and three lower switches SS, and S'are turned on.

5. For an output voltage of,¥= -V4d2, all lower switches
S, through S are turned on.

The phase a output voltage Van has five statgg2 Wy/4,

0, - Vgd4 and - \§J/2. The gate signals for the chosen five
level DCMLI are developed using MATLAB-SIMULINK.
The gate signal generator model developed is tefted
various values of modulation index. Diode clamped
multilevel inverter is a very general and widelyeds
topology. DCMLI works on the concept of using diede
limit voltage stress on power devices.

3. REDUCED SWITCHING TOPOLOGY

For practical implementation, the switching stateas
to be converted into transistor signals. Once thasistor
signals are established, general expressions éoaiphase
line to ground voltage & the a-phase componentefC

currents can be written as
Vo= HanVnot Han-Vnaot . #HaVio (1)
Mbo= HonVnot Hon-1Vnaot ... +Hpvio  (2)
Veo= HenVnot Herr1Viagt ... +Heavio  (3)

The Node Currents for the “n” level inverter areegi by
h= Hanl e+ Hpnlp+Henl

’n—l = (Han-l)l a+(an—1)| b+(ch-]) I c
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I1= Had atHpalp+Heal (4)
The above relationships may be programmed
simulation software that simulates one phase oficaled
clamped inverter. A number of blocks can be corewct
together for a multiphase system. For more simudati
details, the transistor & diode KCL & KVL equationsay
be implemented. This allows inclusion of the dewotiage
drops & also the individual device voltages & cutee

To express this relationship, consider general N
level diode clamped structure. Through the clamgiation
of diodes, the blocking voltage of each transistorthe
corresponding capacitor voltage in the series bank
Finally the capacitor junction currents may be esped as
the difference of two clamping diode currents. &se of a
five level inverter, the expression reduces to

into

ClpVcl = -Idc+Ha3la+Hb3lb+Hc3lc (5)

ClpVc2 = -(Idc+Halla+Hbllb+Hclic) (6)
4. SIMULATION RESULTS

The simulation results obtained for a five levelltifevel
inverter as given below:-

Dlole clamped I Hesel eerer

2

:

éz

i

(=Eng

EZ

sl

al

=5y

BT

:

&

gt

(=Eng

&

L

Figure3: Simulink Model of a Five Level DCMI.
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(A) OUTPUT VOLTAGE

Current(in amp)
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Figure 4: Output Voltage & Current of a Five Level
DCMI.

5. CONCLUSION

This paper has presented a new topology for theledio
clamped multilevel inverter. This multilevel topglp has
been presented for industrial application. The waylof the
inverter is explained in detail. The main concepttlis
inverter is to use diodes to limit the power desie®ltage
stress. The diode clamp multilevel inverters haseome an
effective and practical solution for largest outfeutels and
the smallest Total Harmonics Distortion percentablee
simulation result, the output voltage waveform pres
better harmonics profile.

NOMENCLATURE

In Above Simulation Results:

Figure 1&2 represents the variations in output agk of a
3level multilevel inverter where

X axis-.Time in sec.

Y axis- Phase Voltage & Current.

Vdc- DC bus voltage.(between capacitor & switch)
DCMLI- Diode clamp multilevel inverter.

THD- Total Harmonic Distortion.
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