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Abstract- The wide application and usage of electrical traction system presents utilities with planning and 

operation challenges. Electric railways impose several power quality problems to the utility grid. Such as generated 

large negative sequence components (NSCs), undesirable harmonics, cause system voltage and current unbalance. 

Harmonics and unbalanced voltage also may cause negative effects on the components of the power system such as: 

overheating the transformers and the transmission lines, vibration and cause torque reduction of rotating machines, 

additional losses of lines and transformers, interference with communication systems, malfunctions of protection 

relays, measuring instrument error. All these problems have become more and more significant. This paper is an 

attempt to quantify and assess the impact of electrical traction on the grid side through a V/V transformer. Firstly in 

this paper, the typical utility power grid and traction power supply system model are designed. Then, the traction 

system is integrated with the power supply system through a V/V transformer. Two cases of the connection are 

considered. The first case, when the traction system is connected to one side of transformer. The second case, when 

there is a balance traction load on the both transformer side. Finally, PSCAD simulation is used to analyze the power 

system quality and to estimate the harmonics that are generated in the traction and power supply system sides due to 

this integration. The simulation results show that, in the both cases, high levels of voltage and current harmonics are 

generated in the traction side. These harmonics are generated only on the phases that the traction is connected to 

them, while the other phase will not be affected. Also, it is observed that, the generated harmonics at the traction 

load side have also been transferred to the power supply system side though the transformer.  

Key words Electric traction, Negative sequence components, Harmonics, Power quality, V/V transformer, 

PSCAD Simulation. 

 

تحجياً كبيخاً لسيشجسي التذغيل إن التطبيق الؽاسع وإستخجام القطارات الكيخبائية وتغحيتيا مؼ الذبكة القؽمية يعتبخ  –السدتخمص
مؼ مذكلات  في ظيؽر العجيجالدكغ الحجيجية الكيخبائية  تتدبب. ويتطمب التخطيط السدبق والسحكػ لإستيعاب ىحا الشؽع مؼ الأحسال

التؽافقيات غيخ السخغؽب فييا ،  وبالتالي ظيؽر . ومؼ ىحه السذاكل ظيؽرمخكبات التتابع الدالبالعامة يخباءشبكة الكطاقة جؽدة 
مثل:  القجرةقج يؤدي الجيج التؽافقي وغيخ الستؽازن أيزاً إلى تأثيخات سمبية عمى مكؽنات نعام و . في عجم تؽلدن الاحسالتدبب والتي ت

في  وزيادة السفاقيج الكيخبائيةالشقل ، والاىتداز ، ويؤدي إلى تقميل عدم الجوران للآلات الجوارة ،  ارتفاع درجة حخارة السحؽلات وخطؽط
لمقخاءات الخاطئة لأجيدة القياس  شتيجة ك،  بطخيقة خاطئة مخحلات الحساية وعسلطؽط والسحؽلات ، والتجاخل مع أنعسة الاترالات ، خ

. ىحه الؽرقة ىي محاولة لقياس مؽضع إىتسام وججيخة بالبحث والتحميل العسيقيؼأصبحت  . كل ىحه السذاكلالسؽصمة مع ىحه السخحلات
أولًا في ىحه  .V / V مؼ خلال محؽل أنعسة القجرة الكيخبائية متسثمة في الذبكة القؽمية لمطاقةعمى  القطارات الكيخبائيةوتقييػ تأثيخ 

. تػ  V / V مؼ خلال محؽل القجرةمع نعام  القطار الكيخبائيدمج  تػ. ثػ ، ئيالؽرقة ، تػ ترسيػ كل مؼ نعام القجرة والقطار الكيخبا
لحالة ، ابجانب واحج مؼ جؽانب ىشالغ قطار كيخبائي مؽصل. الحالة الأولى عشجما يكؽن التذغيلعتبار حالتيؼ مؼ لإا الأخج في 

لتحميل   PSCAD يدسي  محاكاةبخنامج استخجام  تػ،  بعجىا. كل مؼ جانبي السحؽل مؽصل بيسا قطار كيخبائي، عشجما يكؽن الثانية
أنو ،  الشتائجأظيخت. نتيجة لتؽصيل ىحا الشؽع مؼ الأحسال بشعام القجرة لسحؽلاالتؽافقيات الستؽلجة في جانبي  وتحميلجؽدة نعام الطاقة 

نتقمت ج إقؽلجة تالسؽحظ أن ىحه التؽافقيات ول تؽافقيات الجيج والتيار في جانب القطار.مدتؽيات عالية مؼ  تؽلجت، في كمتا الحالتيؼ
ىحه التؽافقيات تعيخ فقط عمي الأطؽار التي يترل بيا القطار الكيخبائي. أما باقي  .القجرة السغحيإلى جانب نعام  عؼ طخيق السحؽل

 .الإطؽار فإنيا لػ تتأثخ بيحه التؽافقيات إطلاقا
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INTRODUCTION 

Nowadays, with rapid growth of the population 

over the world, the need for a reliable and fast 

transportation system has been increasing 

significantly. Among all the different typs of the 

transporation systems, the electrical trains have 

been acquiring momentum and special concern 

and importance. They have been a preferred option 

due to their high performance, low maintenance 

cost, and lack of greenhouse-gas emissions. 

However, the traction system has a negative 

impact on the power system and may cause 

problems in the utility grid. These problems are 

including: large negative sequence components 

(NSCs), undesirable harmonics and low power 

factor, more system losses, overheating the 

rotating machines, malfunction of protection 

relays and measuring instruments 
[1] [2]

.  

Moreover, the electric traction is changing its 

position continuously, therefore, it is considered as 

a dynamic load due to the non linearity feature. 

According to that, the power demands is varying 

with the time and it is controlled by the operating 

conditions, such as starting, accelerating, 

decelerating and breaking the traction, Also, the 

absorbed power from the utility side is a function 

of  the railroad profile due to ascent and descent 

grades, curvature radius and rolling resistance.  

In addition to that, the number of the passengers 

and the weight of the traction are affecting 

significantly on the consumption of power, and 

since the train is committed to travel with different 

speeds in every section in order to be maintained 

in the railways. Thus the voltage and current are 

varying continuously with the time 
[3]

. 

In the AC traction system, the unbalanced voltage 

is the main problem, whereas the harmonic 

generation must be taken into account for the DC 

system. These harmonics are produced due to the 

converter systems which are connected with the 

substations. Unbalanced voltage and current could 

have a large effect on the power system and the  

 

other components connected to it. This effect has a  

different forms such as: reducing the torque of 

rotating machines, vibration, overheating the 

transformers the transmission lines and increase 

their losses, interference and overlapping with 

adjacent communication systems, raising electric 

and magnetic field (EMF) to humans near the 

transmission lines 
[4]

.  The generated harmonics  

may cause maloperation or miss the lock of the 

protection relays because it is injecting (NSCs) or 

composite voltage components. This will cause 

malfunction of phase-difference High-frequency 

protection system, and sometimes the high level of 

some individual harmonics might trigger system 

inductors, capacitors resonance, amplified the 

resonant and threat the power grid 
[5]

. 

The power electronics devices are essential part of 

the electrical traction system. They are 

representing the connection ring between the 

power supply system and the traction side. 

Because they are rectifying the alternative current 

in to direct current. However they are affecting 

negatively in the power system quality. The main 

components of the rectifiers that are used in the 

recertification circuits are powerelectronics. The 

rectifier that are common used either 6 or 12 pulse 

rectifier, and in most cases it produces odd 

harmonics only 
[6]

. 

The major problems caused by the electric traction 

are the voltage unbalance and the harmonics. 

These problems are representing  big challenge for 

the utility; because they will affect negatively on 

the whole power system. The  unbalance of the 

voltage occurres because the single traction system 

is connected between two lines and the harmonics 

produced due to the rectifier circuits which are 

used to rectify the AC current 
[7]

.  

Also, the nonlinearity nature of the traction load 

produces large amount of harmonics at the load 

side and then these harmonics will be proppagated 

to the grid side. Many countries over the world 

have adopted the electrical train as the main 

transportation sustem. Therefore, they conducted 

intensive researches on the impact of these trains 

on the the power supply system and their impact 

on the power quality. However, China is the most 

country that has developed a model of an electrical 

train. Thus, a Chinese experience will be discussed 

in the following section 
[9]

.   

China is the biggest country in terms of the 

population and the result of that it was necessary 

to develop the transport system in order to meet 

this challenge. It has been adopting the metro-

transit system to be the main transport system in 

China. Recently electrified railway has developed 

rapidly, particularly with the opening of the 
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Beijing-Tianjin inter-city train and the 

advancement of the Beijing-shanghai high-speed 

railway construction, of the traction load in power 

system load proportion is more and more big 
[10]  

[14]
.  

The traction system in China composes of AC-DC 

and AC-DC-AC traction which is affecting 

adversely on the network. The major problem of 

the DC traction is the harmonics that produced by 

the traction. These harmonics are injected in to the 

utility side which have a large influence on the 

power quality of the utility power system network. 

Also, in china a single phase AC voltage about 25 

KV is considerd the main feeder to the electrical 

traction system. This causes a sever unbalance in 

the 3-phase power supply system 
[15] [17]

. 

The authors in Ref.
[18]

, discussed the impact of a 

high speed railway (HSR) with speed of 350 km/h 

on the utility grid. To analyze the effect of electric 

traction on utility voltage wave, the adopted model 

called CRH2C. This model uses rectifier and 

inverter. Both of them have been design with 

diode base. A typical Chinese model of  High 

Speed Rail (HSR) connected to a power supply 

system, is presented in Ref. 
[19]

.  In this model, the 

efficiency of AC-DC-AC transformation 

determines the amount of absorbed current from 

the power supply system, when the traction needs 

to speed down, it transfers to the breaking mode, 

and in that case, the traction motors will act as 

generators, while the converters work as inverters. 

Most of the frequent methods that are used to 

present the traction load have represented the 

traction load by an equivalent admittance.  

This is called constant impedance model or by an 

equivalent impedance which is called constant 

current model. However, these models are not 

valid to represent a dynamic activity of a system, 

which is the actual situation for the electric 

traction during its journey. Furthermore, the 

parameters of the system are vulnerable and can be 

affected by the other tractions connected to the 

same power supply 
[19]

.  

In Ref. 
[20] [21]

, another Chinese model has been 

developed. In this model, the authors have adopted 

a real time simulation in large-scale power grid by 

using Advanced Digital Power system Simulator 

(ADPSS). It gives more accurate results than the 

previous studies. Authors in Ref 
[20]

 mentioned 

that, some dynamic conditions such as the slope of 

the road and the friction force have not considered. 

Autotransformer has been used to step-down the 

voltage from 25 KV to 1.5 KV. The secondary 

side of the transformer connected with a thyristor 

based converter circuit in order to rectify the 

current from AC to DC. 

From the previous literatures, it is clearly seen 

that, most of studies have demonstrated 

measurements and utilized recorded data for 

assessing Power Quality (PQ) problems. Of 

course, the outcome results from field test are 

more accurate than the results that come from 

model-based simulation and reflect the real PQ 

issues and actual physical situation. However, 

model-based simulation is compulsary for the 

prediction process; it gives an overview about 

prospective conditions in future by simulating 

unrealistic cases. Furthermore, model-based 

simulation is more effective in system planning 

and enables the utility to take the required 

precautions for expected abnormal cinerios. 
 

The Objectives   
The objectives of this paper can be concluded as 
follows: 
Conducting an intensive literature survey on the 
electrical train and its impact on the power system 
quality. Then, designing an electrin model for the 
DC type, this model will be represented by DC 
motors connecting to an AC/DC converter. After 
that, power supply system will be installed by 
obtaining Thevivnin equivalent for the network. 
The most important part of the paper is to integrate 
the electric train model with power supply system 
on the PSCAD. This integration will be 
accomplished through a special type of transformer 
which is a V/V transformer. This will enable us to 
analyze the voltage and current waves of the power 
supply system in both cases. The first case, when 
there is only one traction connected at one of the 
V/V transformer terminals which is representing 
the unbalance case. The second case when there is 
a balance load on the two transformer terminals. 
Total harmonic distortion of the voltage and 
current waves will be analyzed on the traction side 
and the power supply side to study the impact of 
such kind of load on the power system quality. 
 

Proposed Model and Research Methodology 

The electric traction is considered as a dynamic 

load because it is varying its position all the time 
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during the journey. The power electronics 

elements in particular the thyristor and IGBT are 

playing a very important role in the controlling 

process of the traction speed.  

The PSCAD Software has been adopted to 

establish the simulation model of the electric 

traction. Then this model has been used to analyze 

and study the behavior of the traction and its 

impact on power quality of the power system 

supply through a V/V transformer. Fig. 1 shows a 

schematic diagram of a traction system connected 

to a power supply system through a V/V 

transformer. 

 

Fig. 1. The wiring diagram of three-phase V/V 

transformer. 

To study the impact of the electric traction on 

power system an electric railway system model 

has been developed by using PSCAD. Then, this 

model has connected to 110 KV/ 25 KV power 

supply system through V/V transformer as shown 

in Figure 2. 

The proposed model consists of two parts: 

The first part, is the utility grid which is 

represented by Thevinin equivalent of the network 

connected to a transmission substation which is 

stepping down the voltage from 110 KV to 25 KV 

through V/V transformer.   
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Fig. 2. The PSCAD model of electric railway system 

connected to  V/V transformer. 

The second part, is the electric traction system, 

which is consisting of the contact line system and 

rails connected to the V/V transformer which is 

reducing the voltage from 110 KV to 25 KV. This 

voltage will be applied to the rectifier circuit 

which is built of resistances connected in series 

with the diode and the parallel RC elements. The 

traction model is represented by a 6 DC motors. 

Each 3 of them are connected in parallel, these 

motors are represented by the back electromotive 

force (e.m.f), the main field inductance and 

armature resistance. 
 

Simulation Results and Discussion 

When the circuit breaker (CB) in Figure 2 is 

opened, the electric traction system will be 

connected only to the left arm of the transformer, 

while the right arm will be unloaded. This 

represents unbalanced loading condition of the 

transformer. Thus the harmonics will flow only 

through the phases that the traction is connected 

with, which are phase B and phase C, while phase 

A will not be affected. The voltage and current 

waves at the DC rectifier side is shown in Figures 3 

and 4 respectively. 
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Fig. 3. Voltage waveform on 110 kV side of traction 

substation transformer. 
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Fig. 4. Current waveform on 110 kV side of traction 

substation transformer. 

The current wave at PCC has been analyzed. The 

harmonics spectrum of the total current at 110 KV 

side has been plotted as shown in Figure 5. 

Harmonic Magnitude of The Left arm current  at 110 KV side

0.2

0.0

KA [1]  0.158213  

Fig. 5. Harmonics of the total current at 110 KV 

side. 

The individual harmonics at 110 KV side for 

phase A, B and C are shown in Figures 6, 7 and 8 

respectively. 

 

Fig. 6. The current harmonics of phase A on 110 KV 

side. 

Harmonic Magnitude of Phase B

0.2

0.0

kA [1]  0.0358698  

Figure 7. The current harmonics of phase B on 110 

KV side. 

Harmonic Magnitude of Phase C

0.2

0.0

kA [9]  0.00224512  

Figure 8. The current harmonics of phase C on 110 

KV side. 

From the harmonic current wave spectrum in 

Figure 5, it is obvious that at the PCC the lower 

odd harmonics are the dominant (3
rd

, 5
th
, 7

th
, 9

th
 

and 11
th
). 

From Figures 7 and 8, it is very clear that phase B 

current is substantially equal to phase C current. In 

this case the imbalance is 100% because the 
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current will flow only through the left arm on 25 

KV side of the transformer and a large amount of 

(NSCs) have been generated due to the 

unsymmetrical load on the both sides of the 

transformer and this affected each of phase B and 

phase C and polluted the power system by 

injecting a large amount of harmonics into the 

system where phase A has a very little effect as 

shown in Figure 6. Because there was no flow of 

the current through it at the secondary side of the 

transformer. 

The second condition when the traction load  is 

symmetrical on the both side of the V/V 

transformer. This condition can be satisfied by 

closing the (CB) in Figure 2. The system became 

balanced and the harmonic spectrum on 110 KV 

side is plotted as shown in Figure 9. 

 
Harmonic Magnitude of Phase A

0.2

0.0

kA [1]  0.0377368  

Fig. 9. The current harmonics of phase A on 110 KV 

side. 

 

Harmonic Magnitude of Phase B

0.2

0.0

kA [1]  0.0652829  

Fig. 10. The current harmonics of phase B on 110 

KV side. 

Harmonic Magnitude of Phase C

0.2

0.0

kA [1]  0.0365284  

Fig. 11. The current harmonics of phase C on 110 

KV side. 

Figures 9, 10 and 11 show clearly that, when the 

load is symmetrical on the both sides of the 

transformer the harmonic spectrum is substantially 

equal on each of phase B and phase C, and the 

harmonic of phase A which is the common 

between the two sides of the transformer has a 

greater value than the other two phases.  

Figures 12 and 13 show that the total current 

harmonics on both sides of the transformer was 

equally due to the symmetry of the load. 

Harmonic Magnitude of The Right arm Current at 110 KV side 

0.2

0.0

kA [1]  0.163798  

Fig. 12. The current harmonics of the right arm 

current on 25 KV side. 

Harmonic Magnitude of The Left arm current  at 110 KV side

0.2

0.0

KA [1]  0.158206  

Fig. 13. The current harmonics of the left arm 

current on 25 KV side. 
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The rms value of the current for each of phase A 

abd B has measured and it found equal 107 for 

both of them.  

It can be clearly seen that in the both cases of the 

loading conitions, a large amount of harmonics 

have been injected to the primary side of the 

substation transformer. But the distribution of this 

harmonics depends upon the load condition. 

 

CONCLUSION 

The fast development and the wide  of the 

electrical traction over the world has envolved the 

electrical power system with new type of loads. 

These loads have high power ratings and un 

predictable due to the nature of its operation. 

Electrical trains are nonlinear load which means 

that it absorbes variable amount of current and 

thereby power from the utility side. Unconstant 

absorbtion of power leads to presence of many 

power quality issues in the network. Therefore, 

these type of loads should be subjected for an 

intensive study and analysis.  

This paper shows that the electric traction system 

has a large impact on the electric power system. 

The traction system has a nonlinearity nature 

because it is moving continously from one point to 

another and it is varying its position continously. 

The syudy shows also that, the connection of a 

traction to a power supply system is generating a 

large amount of harmonics on the phases that the 

traction is connected to them, while the other 

phase will not be affected.  

Also, the study shows that the harmonics that are 

genertaed at the traction load side will be 

transferred to the utility side throgh the 

transformer. So, any other load connected at the 

utility side will be affected as well. 
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