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Abstract— Electric Railway Traction Drive has been
introduced as a solution to the environmental problem
caused by the diesel or steam engines. Generally, an AC
electrified railway system is supplied with 25kV, 50 Hz AC
supply. It is fed to the traction motor after stepping down to
three phase, 400V, 50Hz with the help of a transformer. This
magnetically coupled transformer lead to high weight,
several losses and reduced efficiency. The railway electric
traction requires high voltage operation. This is achieved
with the help of multilevel inverter. Among the various
multilevel inverters, the cascaded multilevel inverter is best
suited for railway traction application because of its modular
structure and use of low rating devices. The single phase
induction motors are widely used in the railway traction
drive because of its low cost and weight, better torque
characteristics, high reliability and less maintenance due to
the absence of brushes. This thesis presents the application
of the cascaded multilevel inverter in the transformer less
railway traction drive. Cascaded inverters up to seven level
have been simulated to and that THD increases with the
increase in the voltage level. Various modulation
techniques- Phase Shifted Modulation, Level Shifted
Modulation were Implemented in the multilevel inverters to
and out the best modulation techniques among them. This
eliminates the need of a transformer in the railway traction
drives and also results in the reduction in the Total
Harmonic Distortion of the voltage to be supplied to the
traction motors.
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. INTRODUCTION

Steam and Diesel motors were thought to be a wellspring of
ecological catastrophe on wheels. Therefore, there was a
longing to enhance the efficiency and dependability of the
steam footing commute. This lead to the electrification of
the railroad framework. Electric footing commute has now
been thought to be an ancient method for transmitting
energy to the traction motor that can convey as much as 2
times the tractive force yield of comparable diesel traction.
It has high energy to-weight proportion which brings about
speedier AC celeration and higher tractive effort. Due to
enhanced speeding up, additional stations can be presented
with less time delay and henceforth, a gift to the minor
stations. There can be a further increment in the efficiency
through regenerative braking by reusing the vitality of the
easing off train in the plummeting slope. While sliding a
slope, vitality can likewise be dispersed by the on-board
resistors as warmth. The enhanced general execution and
less vibration brings about quicker, more solace capable,
smoother and calmer voyages for the travellers. The electric
footing drives obliges medium voltage and high power
operation. This can be accomplished with the help of
multilevel inverters. The footing transformer ventures down

the centenary voltage to a level helpful for footing engines.
This massive transformer lessens efficiency; add to weight,
cost and The changing situation of the force interest of the
world has lead to the advancement of different new power
converters and new power semiconductor devices. One of
them is the multilevel converter innovation that has been
essentially presented for mechanical application having
medium voltage and high power prerequisite. In the force
business, the medium voltage is in the scope of 2.3 kV t0 6.6
kV and high power extent is thought to be 1 - 50 MW. A
solitary force semi-conductor can't be associated with the
medium voltage matrices (2.3, 3.3, 4.16, 6.9 kV).
Henceforth, this multilevel converter has developed as an
answer for this. Additionally, a few semiconductor gadgets
can be associated in arrangement or parallel to meet this
voltage or force necessity. Yet, because of the distinctions in
their inborn qualities, they convey the voltages unevenly
bringing on the voltage of the devices to be more prominent
than their blocking voltage and henceforth influence the
devices to a more prominent degree. To defeat this issue,
multilevel converter has been presented. The three level
inverter presented by Nabae et al. lead the utilization of the
expression "multilevel' poor space. In. it is demonstrated
that the multilevel inverters can be straightforwardly
associated with the high voltage supply and can venture
down the voltage. Subsequently, it wipes out the need of the
transformer.

Il. MULTILEVEL INVERTER

The changing scenario of the power demand of the world
has lead to the development of various new power
converters and new power semiconductor devices. One of
them is the multilevel converter technology that has been
basically introduced for industrial application having
medium voltage and high power requirement. In the power
industry, the medium voltage is in the range of 2.3 kV to 6.6
kV and high power range is considered to be 1 - 50 MW. A
single power semi-conductor cannot be connected to the
medium voltage grids (2.3, 3.3, 4.16, 6.9 kV). Hence, this
multilevel converter has emerged as a solution to this. Also,
several semiconductor devices can be connected in series or
parallel to meet this voltage or power requirement. But due
to the differences in their inherent characteristics, they
distribute the voltages unevenly causing the voltage of the
devices to be greater than their blocking voltage and hence
affect the devices to a greater extent. To overcome this
problem, multilevel converter has been introduced . The
three level inverter introduced by Nabae et al. lead the use
of the term “"multilevel'In the late 1960s, the multilevel
converter innovation was presented. A few H-spans were
associated in arrangement to give multilevel ventured
waveform. This was called fell H-span converter. Around
the same time, a low power Flying Capacitor (FC) converter
was produced. As indicated by a patent that showed up in
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1975, the fell inverter integrated a staircase waveform from
a few DC sources. In late 1970s, the Diode Clamped
Converter (DCC) was presented. Later, in 1980s, the DCC
was called Neutral Point Clamped (NPC) converter. it is on
account of when it was utilized as a part of a three level
inverter, the mid-voltage was called as impartial point. As in
1981, Nabae, I. Takahashi and H, Akagi introduced the first
NPC PWM converter. The CHB was once more
reintroduced for the mechanical application in the mid-
1990s . So also, FCs were utilized as a part of medium
voltage converter in the mid 1990s. As of late, numerous
new multilevel inverter topologies are rising. Some of them
are blended level half and half multilevel cells, delicate
exchanged multilevel inverters , five level H-span NPC (5L
- HNPC), three level dynamic NPC (3L- ANPC), secluded
multilevel converter (MMC), fell grid converter (CMC),
transistor clipped converter (TCC), mixture NPC -CHB ,
half breed FC - CHB and some more.

There are different balance systems of the
multilevel converters. Some of them are Sinusoidal PWM,
Multicarrier PWM and so on.

Some of remarkable features of multilevel inverters are:
1) Because of the staircase output waveforms, THD is
lowered.
2) Efficiency is increased because they can be switched
at low frequency.
3)  Common mode voltages are reduced and hence the
stresses on the motor bearings are reduced.
4)  There exist no EMI problems.
The multilevel inverter classified into three types:
1) Diode clamped multilevel inverter
2) Flying capacitor multilevel inverter
3) Cascaded multilevel inverter

I11. MODILATION TECHNIQUES

This section portrays different regulation systems to control
the yield voltage of the multilevel voltage source inverter.
Comprehensively, these control procedures can be
characterized into Pulse Width Modulation (PWM),
Selective Harmonic Elimination (SHE) Modulation and
Optimized Harmonic Stepped Waveform (OHSM). The
PWM system can be open circle sort like sinusoidal PWM,
Space Vector Modulation, sigma delta and shut circle sort
like hysteresis current controller, direct current controller
and so on.

PWM can be thought to be a productive tweak
procedure as it doesn't require extra parts furthermore the
lower music can be disposed of or minimized leaving higher
request sounds which can be effectively sifted through while
the prerequisite of SCRs in this strategy with low turn-on
and turn-off times makes it extravagant.

PWM can be thought to be a proficient balance
method as it doesn't require extra segments furthermore the
lower music can be disposed of or minimized leaving higher
request sounds which can be effortlessly sifted through
though the prerequisite of SCRs in this procedure with low
turn-on and turn-off times makes it expensive.

IV. SPWM OF A SINGLE PHASE H- BRIDGE INVERTER

The basic SPWM techniques are unipolar pulse width
modulation and bipolar pulse width modulation which are

used in a single phase H —bridge inverter to vary its output
voltage.

A. Bipolar Pulse Width Modulation:

In this modulation, the gate pulses are obtained by
comparing a sinusoidal modulating signal or reference
signal with a high frequency carrier signal.

B. Unipolar Pulse Width Modulation:

The unipolar modulation normally requires two sinusoidal
modulating waves, which are of same magnitude and
frequency but 180 degree out of phase. The inverter output
voltage switches either between zero and +Vd during the
positive half-cycle or between zero and —Vd during the
negative half-cycle of the fundamental frequency. This
modulation is also possible with two triangular carrier
waves and one sinusoidal modulating signal.
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Fig. 2: Waveform for Unipolar Pulse Width Modulation

V. MULTICARRIER PULSE WIDTH MODULATION TECHNIQUES

The carrier based PWM techniques for cascaded multilevel
inverter can be broadly classified into: phase shifted
modulation and level shifted modulation. In both the
techniques, for an m level inverter, (m-1) triangular carrier
waves are required. And all the carrier waves should have
the same frequency and the same peak to peak magnitude.
1) Phase shifted pulse width modulation.
2) Level shifted pulse width modulation.
— In phase disposition PWM.
—  Phase opposition disposition PWM.
— Alternate phase opposition disposition PWM.
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VI. SIMULATION RESULTS

A. Output Voltage Waveform Of Phase Shifted Pulse Width

Modulation:
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Fig. 3: Output VVoltage Waveform of Five Level Inverter
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Fig. 4: THD Analysis of IPD Five Level Inverter

B. Output Voltage Waveform Of Level Shifted Pulse Width

Modulation:
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Fig. 5: Output Voltage Waveform of IPD Five Level
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Fig. 6: THD Analysis of IPD Five Level Inverter

;ww‘mu'

ST
..

:@ﬁML@@MLm

Fig. 7: Output Voltage Wave Form of POD Five Level
Inverter
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Fig. 8: THD Analysis of POD Five Level Inverter
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Fig. 9: Output Voltage Wave for APOD of Five Level

Inverter
FFT analysis
Fundamental (50Mz) = 146 7 THO= 27 62%
s 0
g e
a3
3 &
£ a
d J
> 2
o ._A__._l_._-_._A__ e
0 200 400 600 500 1000
Fraquency (Hz|

Fig. 10: THD Analysis of APOD Five Level Inverter

VII. COMPARISION OFTHD VALUES IN (%) OF OUTPUT
VOLTAGE OF FIVE LEVEL CASCADED INVERTER OBTAINED BY
IMPEMENTING VARIOUS MODULATION TECHNIQUES

Modulation THD in

type %) REMARK
Phase shifted

PWM 24.67%
Level shifted i.IPD 26.68% Phase shifted
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PWM method PWM is better
with low THD.
ii.POD 0
method 25.89%
iii.,APOD 0
method 27.52%
Table 1:

VIIl. CONCLUSION

Comparing to two modulation techniques phase shifted
PWM and level shifted PWM technique. The phase shifted
pulse width modulation technique is better with low total
harmonic distortion (THD).
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