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Abstract - Railway is the one of the most popular and widely used ways for massive public transportation. The low-
frequency line transformer in todays AC  rail vehicles suffers from poor efficiency and a substantial weight. Future traction 
drives may operate directly from the mains without this transformer. To achieve high speed rail, a feasible concept by 
replacing line frequency transformer with medium frequency transformer ,thus by increasing the frequency of transformer 
will reduce the weight of transformer .A  Power Electronic Transformer (PET) topology with multiport bidirectional 
resonant DC-DC converters is proposed where several medium-frequency multi-winding transformers is applied to realize 
the isolation. The power balancing could be realized by common flux linkage of the transformer and voltage balancing can 
be achieved by using optimization technique. The front end converter use high voltage IGBT based power switch with 
cascaded H bridge configuration and load end converter use various multilevel converter approach  for feeding induction 
motor drives. 
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I. INTRODUCTION 
 
High speed railway is the one of the major milestone 
of future rail technology in world wide. Railway is 
the one of the most popular and widely used ways for 
massive public transportation. The modern trends 
demands, the transportation  for the  passengers with 
greater  comfort and convenience with high efficient 
engine. Moreover we should consider the energy 
efficiency on system as well as on grids. 
One of the major hurdles in the conventional traction 
locomotives is the use of line frequency transformer 
(LFT).The purpose of LFT is used to reduce higher 
voltage from catenary to suitable voltage, which is 
then fed to the converter bridges. LFTs are bulky and 
heavy due to the nature of low operating frequency 
even with its efficiency being greatly compromised to 
increase the power density. This bulky LFTs is one of 
the major obstacle for high speed locomotives. 
High-speed rail is the system which includes 
specialized rolling stock and specially designed  
tracks for achieve greater speed for locomotives. 
Future new lines in excess of 350 kilometers per hour 
widely considered to be high-speed and existing lines 
with 120 kilometers per hour. The first high speed rail 
concept was introduced in Japan in 1964 and was 
widely known as the bullet train. High-speed trains 
normally operate on specially designed  tracks of 
continuously welded rail .In India now running with 
medium speed rail of about maximum of 130 km/hr, 
research are going on  to change present technology  
to high speed technology. 
Line frequency traction transformer on the electric 
locomotives and Electric Multiple Units (EMUs) is 
commonly used nowadays. It has some obvious 
drawbacks: large size and weight, load regulation 
factor not fit for sudden braking of traction. To 

improve the availability and flexibility, and decrease 
the size and weight of the transformer a variety of 
medium frequency transformer (MFT) isolated 
topology is proposed. This kind of converter topology 
is known as a power electronic transformer (PET). 
While High-Speed Rail (HSR) is most often designed 
for passenger travel, some high-speed systems also 
offer limited freight service. Due to stiff upfront as 
well as maintenance costs, ridership realities, and 
flexibility for inter-operation with existing railways, 
nations nowadays opting for high speed rail. 
 
II. INTERNATIONAL REVIEW STATUS OF 
HIGH SPEED RAIL 
 
In recent years high speed rail considered as greatest 
challenges in the field of  rail transport system. The 
high speed rail (HSR) networks are defined as tracks 
which is suitable to run locomotives  speed sequal to 
or greater than 250kmph. 
Japan was the first country to adopt high HSR, 
building a high speed line between Tokyo and Osaka. 
Many other countries have since followed. Today, 
there is a significant appetite for HSR development 
around the world, with 21,472km in operation, 
13,964km under construction and a further 16,347km 
planned. 
France led the way in Europe with the introduction of 
the Train à Grande Vitesse (TGV) in 1981. Other 
countries, such as Germany, Spain and Italy, now 
operate fairly extensive networks. 
More recently, other European countries have begun 
to develop HSR networks. Since 2009, new high 
speed lines have opened in the Netherlands and 
Belgium to enhance the rail services; Austria has had 
an operational line since 2012; and Switzerland, 
Portugal, Sweden, Poland and Russia are either 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-10, Oct.-2018, http://iraj.in 

A Review on Power Electronic Transformer for High Speed Electric Locomotives 
 

41 

constructing new HSR networks or planning new 
routes. HSR services now account for around a 
quarter of passenger rail travel within the European 
Union. 
In Asia, Taiwan has had an eight-station line running 
along the west coast from the capital Taipei since 
2007. Turkey has had the Ankara-Eskisehir section of 
its main route from Ankara to Istanbul in operation 
since 2009, with the Polatli-Konya route opening in 
2011. South Korea has had a number of lines in 
operation since 2004. 
China stands out as having made significant strides in 
developing HSR in just over a decade. It now has the 
largest network in the world: 9,867km of dedicated 
passenger lines are in operation; with a further 
9,081km under construction and 3,777km planned. 
Many countries have already implemented  high-
speed rail to connect major cities, including China, 
France, Germany, Italy, Japan, the Netherlands, 
Poland, Portugal, Russia, South Korea, Spain, 
Sweden, Taiwan, Turkey, the United Kingdom with  
Other countries are still under developing state 
various research are going on. 
 
III. CONVENTIONAL SYSTEM OF ELECTRIC  
LOCOMOTIVE 
 
The history of railway begins from the introduction of  
steam engines on  ancient periods.Steam engineis is 
the  first engine which creates a significant role the 
field transportaions like railway,road ways and 
waterways.After the steam engine ,diesel engine play 
a significant place on railways .Its a pure Internal 
compustion(IC)engine working with lower efficiency. 
After the period of diesel engine ,another system 
called diesel electric engine were introduced .The 
main difference between diesel engine and diesel 
electric engine is, in diesel engine only internal 
compustion engine will rotate the shaft where as on 
diesel electric engine, diesel engine will rotate the 
shaft of elctric generator which inturn drives the main 
shaft of locomotives. Presently electric locomotive 
play a significant  role on rail transportation .In 
electric locomotive no IC engines are there only  
electric motors are available to drive the traction load. 
The Fig. 1  shows the block diagram of conventional 
electric locomotive. 

 

 
Figure 1: Block diagram of conventional locomotive 

In this system, from high voltage catenary 25kV 
voltage is fed to Line frequency transformer which 
then converts to lower voltage for converters. Since 
line frequency transformer working with 50 Hz 
frequency, its become heavy and bulky because as the 
line frequency is inversely proportional to the size of  
transformer. The converter converts AC to DC and 
then fed to traction inverters which converters DC to 
AC .This ac is then applied to traction motors, which 
is coupled in the axle of locomotives. Normally cage 
induction motors are preferred on locomotives. The 
two sets of motors are connected in such a fashion 
that one set is connected to on the front axle and other 
set is connected to back end of the axle of electric 
locomotive. 
 
IV. BASIC STRUCTURE OF POWER 
ELECTRONIC TRANSFORMER 
 
The conventional line frequency transformer (LFT) 
based traction system is shown in Fig.1.The catenary 
voltage is stepped down to a lower level by the LFT 
before fed to the converter. Since the LFT is 
operating under the line frequency (50 or 60 Hz), it is 
heavy and bulky. In order to reduce the weight, size, 
and cost, the LFTs for railway tractions are usually 
optimized for maximum power per weight. 
Consequently, they are heavily loaded and their 
efficiency is largely compromised to about 90–92%. 
However, even in this case, the LFT is still heavy, 
bulky, and one of the major weight contributors. The 
LFT is approximately about 15% of the weight of a 
whole locomotive for 25 kV/50 Hz systems. Hence, 
the LFT based traction systems cannot meet the major 
features and requirements of future railway tractions. 
On the other hand, with the developments on power 
electronic devices and soft magnetic materials, Power 
Electronic Transformer (PET) based systems become 
feasible for railway tractions and provides an 
alternative to achieve higher power density and 
efficiency.The Fig.2 shows the basic structure of 
Power Electronic transformer (PET) with traction 
motors . 

 
Figure 2: Basic Structure of PET 

 
A Power Electronic Transformer is a combination of 
converters integrated with medium frequency 
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transformer. The line frequency catenary voltage is 
transferred into a medium frequency voltage by the 
front-end converter. Through Medium Frequency 
Transformer (MFT), this voltage is transferred to the 
secondary side with the amplitude being able to be 
changed. The medium frequency voltage of the 
secondary winding is shaped again by the output 
converter to obtain the required voltage for the load. 
The unique features of PET based systems is as 
follows: 
 

1) The transformer is operating at a medium 
frequency (100 Hz to 10 kHz) instead of the 
line frequency (50/60 Hz). 

2) In order to operate transformer at a medium 
frequency, both the front-end and output 
power electronic converters are 
indispensable. 

3) The front-end converter is directly 
connected to the catenary, it needs to 
withstand the highest voltage which could 
occur on the catenary. Consequently, the 
front-end converters have to be built by 
using high-voltage power devices. 

4) Due to limited switching frequency of high-
voltage power devices, the terminal voltages 
of the MFT usually are pulsed but not 
sinusoidal. 

 
V. VARIOUS CHALLENGES ON  PET BASED 
TRACTIONSYSTEM 
 
The proposed PET topology with multi port 
bidirectional resonant DC-DC converters for electric 
traction applications is shown in Fig. 2. The number 
of secondary windings of multi-winding transformer 
is determined by the requirements of loads. All 
windings of the transformer are linked by the same 
flux; therefore the load power can be naturally 
balanced by the energy delivery within different 
windings through the common transformer flux .The 
major challenges on PET configuration with multi-
winding medium frequency transformers (MW-MFT) 
are as follows: 

1) Since front end converters are connected in 
series balancing of voltage distribution is 
complex 

2) High voltage power switches is required to 
meet the grid. Since there is no transformer 
is placed at front end 

3) Balancing voltage on load side is critical. If 
any variation in voltage on load side it will 
vary speed of each motor ,there by it’s a 
chance of derailment of locomotive. 

4) Design of  medium frequency transformer to 
sustain the load. 

 
Since All windings of the transformer are linked by 
the same flux; therefore the load power can be 
naturally balanced through the common transformer 

flux .On these way a part of balancing problem can 
be solved The other  advantages of multi winding 
medium transformer is the power density of multiport 
PET is higher than the typical PET. The efficiency of 
the Resonant multiport PET is higher than the typical 
PET configuration, the core  loss also lower in multi 
winding medium frequency transformers. The 
secondary DC links of different transformers are 
paralleled to achieve power balancing 
The design of Medium transformers here play 
significant roles..The main purpose of using this 
transformer for the galvanicisolation between the 
high voltage coming from the AC grid and the low 
voltage connecting the load. The second role is to 
provide the suitable voltage adaptation for various 
converters sets.The basic problems that are 
encountered in the design phase of an MFT are 
highlighted. The core loss and copper loss are also 
consider during the design of medium frequency 
transformer. Based on the load requirement only we 
should select the frequency of the transformer. The 
size of  a transformer can typically be related to the 
area product, Ap 

 
When designing a MFT, all of the parameters present 
in must be carefully considered. The main idea 
behind the PET is to replace the bulky LFT with a 
compact MFT with operating at a higher frequency 
(f), normally in the range of several kHz. While 
increasing the operating frequency (f) leads to a 
reduction of transformer size (Ap), high insulation 
requirements have a negative effect on the window 
utilization factor (Ku), resulting in a low filling factor 
of the window area due to the required amount of 
insulating material. This is especially true in the case 
of the MFT for PET, where due to the lack of 
applicable standards, the MFT is usually designed to 
meet the same requirements as the direct AC line 
connected LFT. Therefore, the required level of 
insulation is nearly independent of all the other 
parameters since it is purely related to the system 
requirements. 
Voltage equalization of primary side DC links could 
be done by CHBR. In Cascade H bridge rectifier, 
converter sets are arranged in series configuration and 
switching angle of each converter bridge can be 
determined by the controller .There by proper voltage 
is distributed on front end of the dc link of PET. 
Voltage fed to traction motorsin the load end can be 
balanced by using optimization technique. 
 
VI. PARTICLE SWARM OPTIMIZATION 
METHOD FOR VOLTAGE BALANCING 
 
Particle swarm optimization (PSO) is a population 
based stochastic optimization technique  inspired by 
social behaviour of bird flocking or fish schooling. 
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PSO shares many similarities with evolutionary 
computation techniques such as Genetic Algorithms 
(GA). In PSO, the potential solutions, called particles, 
fly through the problem space by following the 
current optimum particles. Each value in PSO 
compares with other set value and assigned to new 
value. This value is called best value. Then with this 
best value PSO compare with new set value. So by 
changing values of the set by progressively it reached 
to final best value. This value is called as global best 
value. 
 
In the proposed system, particle swarm optimization 
technique play an important role in balancing two 
voltages fed to traction motor drivesThe traction 
inverter fired only when the both dc link is same for 
both converter and meet the set value. Thus by 
keeping the best value, PSO technique overcomes the 
voltage balancing problem.The flow chart of voltage 
balancing in traction motors using PSO as shown in 
Fig.3 

Figure 3: Flow chart of voltage balancing using PSO. 
 
Thus by implementing this optimization technique on 
traction drive using power electronic transformer ,we 
achieve high efficient and high speed traction drive 

for running future electric locomotives on the field 
railways 
 
CONCLUSION 
 
A Power electronic transformer (PET) with 
converters integrated with medium frequency 
transformer is introduced. By replacing bulky line 
frequency transformer with PET total weight of the 
locomotive can be reduced .There by achieving the 
high speed drive for running locomotives in future. .A  
PET topology with multiport bidirectional resonant 
DC-DC converters is proposed where several 
medium-frequency multi-winding transformers is 
applied to realize the isolation. The power balancing 
could be realized by common flux linkage of the 
transformer and voltage balancing can be achieved by 
using optimization technique.The front end converter 
use high voltage IGBT based power switch with 
cascaded H bridge configuration and load end 
converter use various multilevel converter approach  
for feeding induction motor drives. 
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