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Abstract – This paper represents the application of inverters in the
railway traction system without the use of transformers. The
proposed system is designed by replacing transformer with a
cascaded rectifier inverter circuit. The output of this
configuration is fed to induction motor which helps in the
movement of the tractive system. The PWM technique is used in
the inverters to provide the gate pulses to the inverter. The overall
system is simulated using MATLAB/Simulink software to get the
desired output.
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transformer leads to high weight, several losses and reduced
efficiency. The railway electric traction drive system requires
high voltage operation. This is achieved with the help of
multilevel inverters. Among all the multilevel inverters,
cascaded multilevel inverters are best suited for railway
traction applications because of its modular structure and the
use of low rating devices. The three phase induction motors
are widely used in the railway traction drive system because
of its low cost, less weight, better torque characteristics, high
reliability and less maintenance due to the absence of the
brushes.

1. INTRODUCTION

2. SYSTEM MODEL

Due to improvement of fast switching, power electronic
inverters are becoming popular for various industrial drive
applications. In the recent years, high power and medium
voltage drive applications have been installed. To overcome
the problem of limited semiconductor voltage and current
ratings, some kind of special series and/or parallel
connections are necessary. Due to their ability to synthesize
waveforms with a better spectrum and attain higher voltages,
multilevel inverters are receiving attention in the past few
years. The multilevel inverters were introduced as a solution
to raise the converter output voltage above the voltage limits
of the semiconductors that were used earlier. The multilevel
voltage source inverters are recently used in many industrial
applications such as AC power supplies, static VAR
compensators, drive systems etc. One of the major advantage
of multilevel configuration is the harmonic reduction in the
output waveforms without increasing switching frequency or
decreasing the inverter power output.

The block diagram of traction system using inverter and
rectifier configuration is shown in fig.1. It consists of 25kV
AC supply, rectifier and inverter configuration circuit,
induction motor. The 25kV AC supply from the pantograph
is initially fed to the rectifier, where the 25kV AC gets
converted to 415 volts DC. Then this DC this passed to
inverter, which further converts this 415 volts DC to 400
volts AC.

Electric Railway Traction System
Electric railway traction drive system has been introduced as
a solution to environmental problem that are caused by the
use of diesel or steam engines. Generally, an AC electrified
railway system is supplied with 25kV, 50Hz AC supply. It is
fed to the traction motor after stepping down it to three
phase, 415 V, 50 Hz with the help of a transformer. This

Fig.1. Block diagram of railway traction system using
rectifier inverter configuration.
The AC output voltage from the rectifier inverter circuit is
further passed to filter circuit to remove the unwanted signals
and the output voltage waveforms of the inverter circuit that
is further fed to the induction motor. This induction motor
further helps in operation of the traction system. The inverter

18

INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (IJITE)
VOLUME-09, NUMBER-01, 2015

circuit used here is a three phase two level inverter. The gate
pulses to IGBT based inverter circuit is provided using PWM
generator i.e. the PWM control technique is used to generate
the gate signals which are further fed to the two level
inverter. The induction motor is used in the traction system,
since it is advantageous over DC motor which was used from
the past few decades.

ISSN: 2395-2946

supply is cut off, the voltage gradually becomes zero and
during braking a constant DC supply is used. The
electromagnetic torque developed by the induction motor
drive can be seen in Fig.3. At starting, a high torque was
developed. After sometime, the supply is cut off, hence
torque approaches zero and after that a negative value when
DC dynamic braking is applied and the torque became
negative and this is the braking torque

3. PROPOSED METHODOLOGY
Stator current

400

The proposed transformer less traction system used in the
railways using cascaded rectifier inverter configuration is
shown in fig.2. A 50Hz , inverter source feeds a 50 Hz, 3730
VA load through an AC-DC-AC converter. The 415 volts, 50
Hz voltage is first rectified by a six pulse diode bridge. The
filtered DC voltage is applied to an IGBT two level inverter
generating 50 Hz. The IGBT inverter uses PWM (pulse
width modulation) technique at a 2 kHz carrier frequency.
The circuit is discretised at a sample of 2 µs.
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Fig.3. Output waveforms of speed, torque, current of induction
motor.
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Fig.2. Proposed simulink model of transformerless traction
system using rectifier inverter configuration.
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The load voltage is regulated at 1pu by a PI voltage regulator
using abc_to_dq and dq_to_abc transformations. The first
output of the voltage regulator contains the three modulating
signals used by the PWM generator to generate the 6 IGBT
pulses. The second output produces the modulating index.
The output waveforms of this circuit is shown in the
following figures. A positive current indicates a current
flowing in the IGBT, whereas a negative current indicates a
current flowing in the anti-parallel diode.

Fig.4 shows the output rms current of the inverter that is
supplied to the induction motor. Fig.3 shows the stator
current of the induction motor. It can be seen that when a DC
supply is given to the IMs, the stator current is also a DC.

4. SIMULATION/EXPERIMENTAL RESULTS

5. CONCLUSION

It can be seen that the supply voltage of 25kV has been
reduced to 400V which is the rated voltage of motor. When

It is found that the cascaded multilevel rectifier and inverter
can be used in the traction drive of the railway system. It can
step down the supply voltage to the rated voltage of the

Fig.4. Output waveforms of inverter circuit used in the traction
system.

19

INTERNATIONAL JOURNAL OF INNOVATIVE TRENDS IN ENGINEERING (IJITE)
VOLUME-09, NUMBER-01, 2015

ISSN: 2395-2946

area of interest are
Transformers.

Power electronics, Power Systems,

induction motor. Hence, it eliminates the need of the
transformer. This leads to a transformer less railway traction
drive. This further improves efficiency, causes reduction in
floor area, reduction in losses.
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The levels of the inverters can be further increased in order
to improve the efficiency of the system. The inverter that is
used in the traction system can be used using various other
modulation techniques. Direct torque flux control strategy,
Vector control technique can be used in the induction motor
of the traction system.
REFERENCES
[1] Samir Kouro, Mariusz Malinowski et. al., “Recent Advances
and Industrial Applications of Multilevel Converters”, IEEE
Transactions on industrial electronics, vol.57, no.8, pp. 25532580, Aug 2010.
[2] Farhad Shahnia and B.B.Sharifian, “Harmonic analysis and
modelling of transformerless electric railway traction drives,”
13th International conference on Electrical Drives and Power
Electronics (EDPE), Dubrovnik, Croatia, 26-28 Sep 2005.
[3] R. J. Hill, “Traction Drives and Converters”, 2nd IEE
Residential Course on Railway Electrification Infrastructure
Systems, IEE Digest, vol. 2005, Issue 1087, Canterbury, UK,
23-27 May 2005.
[4] R. J. Hill, “Electric railway traction Part 2 Traction drives with
three-phase induction motors”, Power Engineering Journal, pp.
143-152, Jun 1994.
[5] www.clw.indianrailways.gov.in.
[6] V. Naga Bhaskar Reddy, V. Narasimhulu, Dr. Ch. Sai Babu,
“Control of Cascaded Multilevel Inverter by using carrier
based PWM technique and implemented to Induction Motor
drive,” International Journeal on Automatic Control and
System Engineering (ICGST-ACSE Journal), vol. 10, Issue 1,
Dec 2010.
[7] http://en.wikipedia.org/wiki/Railway electric_traction
[8] K. Thiyagarajah, V. T. Ranganathan, B. S. Ramakrishna
Iyengan, “A high switching frequency IGBT PWM rectifier /
inverter system for AC motor drives operating from single
phase supply”, IEEE Transactions on Power Electronics, vol.
6, no. 4, pp. 576-584, Oct. 1991.
[9] Adrian David Cheok, Shoichi Kawamto, Takeo Matsumoto
and Hideo Obi, “ High power AC/DC converter and DC/AC
inverter for high speed train applications”, in Proceedings of
IEEE TECON 2000, vol. 1, pp. 423-428, 24-27 Sep 2000.

AUTHOR'S PROFILE
Sanghvi Shukla has received her Bachelor of Engineering
degree in Electrical & Electronics Engineering from Oriental
College Of Technology, Bhopal in the year 2013. At present
she is pursuing M.Tech. with the specialization of Power
Electronics in Oriental College Of Technology, Bhopal. Her
20

