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This paper presents the comparative analysis of n-level inverter. An n-level inverter has many
advantages,such as reduced Total Harmonic Distortion (THD), the dv/dt is low and the EMI from
the system is low, lower switching frequencies can be used and hence reduction in switching
losses. In this paper the generalized n-level inverter is developed in Matlab/Simulink environment.
The n-level inverters are triggered by Sinusoidal Pulse Width Modulation Technique. The
2-level, 3-level and 5-level inverter results are analyzed in terms of fundamental voltage and

THD.

Keywords: Fundamental voltage, n-level inverter, SPWM, THD

INTRODUCTION

Recently, with the dramatic improvements in
high voltage technologies, High Voltage
Insulated Gate Bipolar Transistor (HVIGBT)
and Gate Commutated Thyristor (GCT) are
expanding the area of their application. For
the high performance ac drive systems at
increased power level, high quality inverter
output with low harmonic loss and torque
pulsation is necessary. In case of the
conventional two-level inverter configuration,
the harmonic contents reduction of an inverter
output current is achieved mainly by raising the
switching frequency.

From the aspect of harmonic reduction and
high dc-link voltage level, three-level approach

seems to be the most promising alternative.
The harmonic contents of a five-level inverter
are less than that of a two-level and three-level
inverter at the same switching frequency and
the blocking voltage of the switching device is
half of the dc-link voltage. So the n-level inverter
topology is generally used in realizing the high
performance, high voltage ac drive systems.
While increasing modulation index, the total
harmonic distortion will be reduced and the
voltage will be increased. This paper discuss
the comparative analysis of different n-level
inverter in terms of fundamental voltage and
THD. For the high performance ac drive
systems at increased power level, high quality
inverter output with low harmonic loss and
torque pulsation is necessary. In case of the
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conventional two-level inverter configuration,
the harmonic contents reduction of an inverter
output current is achieved mainly by raising the
switching frequency. However, the harmonic
contents of a n-level inverter are less than that
of a two-level inverter at the same switching
frequency and the blocking voltage of the
switching device is half of the dc-link voltage.

Variable speed electric drives
predominately utilize three-phase machines.
However, since the variable speed ac drives
require a power electronic converter for their
supply. Supply for a three-phase variable
speed drive is provided by a Voltage Source
Inveters (VSI). Anumber of PWM techniques
are available to control a two-level three-phase
VSI. The most widely used pulse PWM
techniques for three-phase inverters are the
carrier-based sinusoidal PWM (including the
offset addition) and the space vector PWM
(SVPWM). These techniques have been
extensively discussed in the literature (1-15).
The number of voltage vectors of a two-level
of phases increases. Asimulation is preferred
for different modulation indices for n-level VSI.
The number of switched required for two level
inverter is 6 switches, 3-level, 5-level and 7-
level inverter required 12, 24 and 36 switches
respectively. This paper analysis the
comparison between the n-level inverters in
terms of fundamental voltage and THD.

POWER CIRCUIT OF
N-LEVEL INVERTER

Figures 1 and 2 shows the power circuit and
block diagram of n-level voltage source
inverter,the input supply is obtained from the
rectifier (DC), the output of the DC is given to
the n-level inverter, the output of the VSI is

Figure 1: Power Circuit of n-level Voltage
Source Inverter

Figure 2: Block Diagram Representation
of n-level Voltage Source Inverter
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connected to the three-phase induction motor
load. The n-level inverter switches are
triggered by multi carrier SPWM technique.
The switches in the voltage source inverter can
be turned on and off as required. In the simplest
approach, the top switch is turned on and off
only once in each cycle, a square wave
waveform results. However, if turned on several
times in a cycle an improved harmonic profile
may be achieved. In the most straightforward
implementation, generation of the desired
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Figure 3: Multi-Carrier Sinusoidal Pulse
Width Modulation

Figure 4: Three Level Voltage Source
Inverter
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output voltage is achieved by comparing the
desired reference waveform (modulating
signal) with a high-frequency triangular ‘carrier’
wave as depicted schematically in Figure 3.
The fundamental frequency is 50 Hz, the carrier
frequency is greater than fundamental
frequency. The MI is ratio of amplitude of
fundamental to the amplitude of carrier
waveform.

M| = Vac
Vcarrier

DESCRIPTION OF THREE
LEVEL INVERTER

Figure 4 shows the power circuit of 3-level
voltage source inverter. The three-level inverter
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topology is generally used in realizing the high
performance, high voltage ac drive systems.
The 3-level inverter requires 4 switches in one
arms, totally 12 switches are used in this
circuit. The harmonic reduction and high dc-
link voltage level, three-level approach seems
to be the most promising alternative. The
harmonic contents of a three-level inverter are
less than that of a two-level inverter at the same
switching frequency and the blocking voltage
of the switching device is half of the dc-link
voltage. The number of switches required for
5-level and 7-level inverter is 24 and 36
switches respectively.

MODELING OF THREE-
PHASE INDUCTION MOTOR

High performance drive control, such as vector
or field oriented control is based on the
dynamic D-Q model of the machine. Three
phase machine can be represented as a two
phase equivalent with d_-g_ corresponding to
stator direct and quadrature axes that are fixed
on the stator axis and d -q, corresponding to
rotor direct and quadrature axes that are
rotating with a fixed speed on the rotor axis.
The effect of time varying inductance can be
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eliminated by referring the stator and rotor
variables to a common reference frame which
rotates at any speed. A three phase induction
motor can be modeled by the following steps
as follows. A 3Q inverter with its pulse given
through SPWM technique is used to provide
a 3Q supply to the induction motor

Va =V cosge
Vb=V coqQge—a)
Ve=V cos(e—2a)

..(1)
where

a2

3 ,Qe:IWe

The first two rows of the matrix define
variables that will lead to fundamental flux and
torque production. The last row defines the
zero sequence components. Equations for
pairs of x-y components are completely
decoupled and do not contribute to torque
production when sinusoidal distribution of the
flux around the air-gap is assumed. Stator
variables in stationary reference frame are
transformed to synchronous reference frame.
In this transformation the g-axis of the voltage
variable is aligned to zero and only the d-axis
variable is present for easy control.

(\/dsJ ( Cosqe S nqe j* (VCBJ
Vis) \—sing, cosqe) (Vi

The stator and the rotor voltage equations
in synchronous reference frame are given by
Equations (3) and (4)

2

Vis® = idsel%-i-%y de—VV§/ gs

..(3
Vcse :iqseRs-l-%y qe+VV§/ (0 5 ®)

Va :iaeR+%y dar® — (We -Wry o°
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Flux Expressions are obtained by
rearranging the Equations (3) and (4)

Yy ds = | Vs — idseR-l‘V\%/ qse

Yy qse = :\/qse — iqseR—Vvy o’

Vis” —las R+ (V\b -Wry q’e

ydsez_ ..(5)

Yy qse = \/qse— iqseR;— (We -Why a®

Current expression in terms of flux linkage
and leakage inductance of the motor

e :y qse[l_lr + Lm] - Lny qre
(LIsLIr + Liskm+ LmLIr)
_y dse[l_lr + Lm] - Lny ar®
 (LisLir + Liskm+ Lo
e :y qe[LIs+ Lm] - Lny qse
(LlsLIr + Lirkm + Lml_ls)

iy© Ly qe[LIs+ Lm] - Lny ds
(LIsLIr + Lirkm + LmLIs)

o

ias®

iq

..(6)

Transformation of stator current in
synchronous reference frame to stationary

reference frame
is® —singe ) (is®
Ios® CO0SQ e o
To obtain the three phase stator current from

the stator currents in stationary reference frame
by 2Q to 3Q transformation

COS( e
[ N
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fa=ig COSOe+ics’SiNQe
ib=lg’Coq(ge—a)+is*SiN(ge—a)
icziqs‘S COS(qe—za)+idsSSin(Qe—a)

.(8)

Electromechanical torque and rotor speed
of the five phase induction motor is obtained
by (9) and (10) respectively

Te= p* Lm* (iqsid —idsiq)

= p*(y qud—y dsiqr) (9)
(P, (Te-Ti=B)
Wr—j2 —— ..(10)

SIMULATION RESULTS

The n-level inverter is simulated with the above
said switching scheme and the results are
observed. The input DC is fixing to 1 volt,
switching frequency of the VSI is chosen as
10 kHz and the fundamental frequency is set
to 50 Hz. The simulation results are discussed
and compared in different modulation indices.
The Figures 5 and 6 shows the simulation
results for 3-level voltage source inverter.
Figure 5 shows the phase voltage of 3 level
inverter at modulation indices 1 condition. Itis
found that increasing modulation indices the
fundamental voltage is increased and total
harmonic distortion is reduced. Similarly the
simulation results are obtained 5-level inverter.
Table 1 shows the simulation results for
different 3-level inverter its seen that when
increasing modulation Indices the THD is
reduced and the fundamental voltage is
increased. Table 2 shows the simulation results
for different 3-level inverter its seen that when
increasing modulation Indices the THD is
reduced and the fundamental voltage is
increased. Table 3 shows the comparative
analysis of 3-level and 5-level inverter at

Figure 5: Phase Voltage of Three-Level
Voltage Source Inverter
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modulation index 1 condition. It is seen that
maximum voltage and minimum THD is
observed in the 5-level inverter. Figure 7 shows
the three-level voltage source inverter fed three-
phase induction motor drive results. It is

Figure 6: Line Voltage of Three-Level
Voltage Source Inverter
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of 3-Level Inverter

Table 1: Line Voltage and Phase Voltage

v, A
M RMS THD RMS THD
0.2 0.07784 211.44 0.04466 211.61
0.4 0.2132 109.32 0.1232 109.11
0.6 0.3409 56.68 0.1968 56.95
0.8 0.4111 43.19 0.2677 43.22
1 0.5943 35.26 0.344 35.31

of 5-Level Inverter

Table 2: Line Voltage and Phase Voltage

VL VDh
MI
RMS THD RMS THD

0.2 0.1249 110.65 0.0252 111.25
0.4 0.2132 109.32 0.1232 109.11
0.6 0.3409 56.68 0.1968 56.95
0.8 0.4111 43.19 0.2677 43.22
1 0.6152 16.27 32.52 25.59

Table 3: Comparative Analysis of 3-Level
and 5-Level Voltage Source Inverter

Line Voltage Line Voltage
of 3-Level Inverter of 5-Level Inverter
Ml
RMS THD RMS THD
1 0.5943 35.26 0.6152 16.27

Motor Drive

Figure 7: Three-Level Voltage Source
Inverter Fed Three-Phase Induction

Torque=50

observed that load is maintained 50 Nm and
corresponding stator current, speed and motor
torque are found. From the simulation results
the motor torque follows the load torque.

CONCLUSION

This paper presents the comparative analysis
of n-level inverter. The n-level inverter is
developed in matalab/simulink environment.
The performance of the multi-level inverter is
analyzed for different modulation indices. The
reduced THD of n-level inverters are very
useful in high power and power quality
application. The integrated 3-level inverter fed
induction motor results are obtained. From the
simulation results increasing modulation index
THD is reduced. If increasing the more number
of levels the THD is reduced significantly.
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