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Abstract
The feeder protection system is an important
part to ensure the safe operation of traction power
supply systems. Research on the feeder protection of
traction network based on adaptive parameter
calculation to analyze its characteristic can apply
adaptive protection in the feeder protection better.
Specific approach is: Firstly, the harmonic
components of the feeder voltage and current value
can be calculated with a Fourier algorithm, and then
the impedance value and comprehensive harmonic
content value can be calculated. Finally, the system
parameters are set according to the theory of adaptive
protection, whether there is a fault can be determined
by monitoring the current state. After analyzing the
data generated by the protection program and
simulation model, it was shown that the feeder
protection method based on the adaptive parameters
can quickly distinguish the normal and fault
conditions. Compared with traditional protection
methods, adaptive protection method is simple,
reliable, and easy to maintain, and it can effectively
reduce the error.
Keywords: traction power supply, traction network,
adaptive parameter, feeder protection; harmonic
calculation

1. Introduction
The benefits possessed by rail transportations
are safe, economical, fast, environmental and etc,
which are incomparable among the others. Railways
general use electric traction locomotive as a means of
transport, and the electric locomotive is fed by a
traction power supply system through the traction
network. The load current of the traction network is
obviously different from that of the common power
grid [1]: a. Traction load current is pulsating high
current. b. The traction load current contains a lot of
harmonics. c. The magnitude of the traction load
current is often close to the short circuit current in the
far end. In the traction power supply system, power
supply, traction transformer and other important parts
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take the strategy of redundant backup. However, the
traction network has no backup, and its failure rate is
the highest. Therefore, whether the traction network
can work properly is very important for the reliability
of railway power supply.
Adaptive protection is a new type of relay
protection, which appeared in 1980s with the
development of microcomputer protection [2, 3]. The
setting value of conventional protection is set in
advance and maintained in operation, while the
adaptive protection can change the setting value and
even protection principle according to the change of
state in the running of the system, which greatly
improved the reliability of relay protection. The
application of adaptive protection in the over current
protection of smart grid was proposed by [4]. [5] put
forward the adaptive criterion protection, according
to different fault signals to change the protection
strategy. Adaptive fault location was proposed by [6].
[7] applied the adaptive principle to shunt reactor
compensation.
At present, the feeder protection of electric
power systems usually uses distance protection as the
main protection, and distance protection is also
usually adopted as the main protection of traction
networks, and researches at home and abroad are
mostly based on distance protection [8,9]. More and
more research results of new types of relay protection
based on the change of current and voltage have been
put forward with the rapid development of
microcomputer protection in recent years [10]. These
new principles mainly include the principle of
adaptive distance protection [12-15], the principle of
power frequency variation distance protection [16,
17], the principle of traveling wave based distance
protection [18-21], the principle of switchable
distance protection, and the principle of over current
element with harmonic suppression distance
protection [22]. [12] and [13] use the neural network
algorithm and ant colony algorithm, respectively, to
make the adaptive distance protection more reliable
and more intelligent. Based on the geometric
characteristics of the measured voltage and current,
the effective protection in high resistance was
achieved in [14]. The adaptive principle proposed by
[15] reduced the adverse effects of power swing on
relay protection. By analyzing the variation of the
parameters in the interval of the fault, the fault
location was effectively realized in [16]. [18] usedg
traveling wave polarity information to distinguish
external and internal faults and to avoid a voltage
dead zone method. [19] proposed a novel protection
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by using voltage fault component polarity to judge
the fault line. [20] put forward the method of using a
wavelet transform to extract signals, which makes the
communication of traveling wave differential
protection decrease, and the sensitivity of the
protection improved. [22] put forward a kind of
protection about an unsymmetrical earth fault, which
was based on traveling waves.
The adaptive protection is considered as the
subject of this study, where the basic principle is
analyzed, and the used method and protection effects
are studied by an established calculating program and
simulation models. As a result, it proves the benefits
of adaptive protection applied to feeder protection.

2. Traction Power Supply System
At present, modes of power supply usually
used in traction power supply systems directly feed
systems such as direct feeding system with return
wire(DN), booster transformer feeding system(BT),
autotransformer feeding system(AT). Among which
the modes of DN and AT are more widely used.
Because these two power supply methods used the
same feeder protection principle, the feeder
protection of DN was researched as the object only.
[23] introduced the traction power supply system in
detail, and there is only the introduction of several
main parts of the traction power supply system.
As is shown in Figure 1, the power supply
mode of DN added a return wire parallel with the
traction network, and for every certain , a connection
wire is set to make the return wire and rail parallel.

in one side when a fault occurs, the other side can
cross the power supply. Therefore, the power
supply flexibility and the operation reliability are
increased.

3. Adaptive Feeder Protection
3.1 Characteristics of Traction Load
Traction network feeder protection generally
uses distance protection as the main protection and
current breaking protection as an auxiliary protection.
The traction power supply is a single phase
system, and compared with the conventional power
system, distance protection has no process of phase
selection. However, their loads are quite different,
and, mainly, the traction load current has a lot of
harmonics, moving at a fast speed; and when closing
the switch after the pantograph passing through phase
separation, there will be an inrush current.

3.2 Adaptive Distance Protection
In Figure 2, there are two kinds of operating
characteristics [24]. Impedance of the protected wire
is measured by an metering unit, and the protection
will take action if the measured impedance falls in
the area.
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Figure 1: Diagram of DN power supply system
Three-phase AC 220kV or 110kV current is
transformed into 27.5kV single-phase AC current
through the traction transformer of traction substation.
The fast moving locomotive is powered by a traction
network. A traction network includes feeder, contact
wire, return wire and neutral section insulator. A
feeder is used to connect with the pantograph of
locomotive, and return wire parallel to the rail and
return current, and a neutral section insulator
separates the two phases of power supply region, so
that the locomotive can pass smoothly. Section post
(SP) is usually located in the division of adjacent
power supply section, which is used to connect the
two feeding sections. In this way, after a power is cut
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The action characteristic of quadrilateral
impedance elements in Figure 2 can be described as:
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In (1), Rk——measured resistance;
Xk——measured reactance.
The polygon action characteristic of impedance
elements is a combination of
impedance action
characteristics, which is composed of a variety of
reactance action characteristic, resistance action
characteristic and broken line action characteristic.
These action characteristic can be designed and
adjusted according to the actual needs.
Adaptive distance protection, main protection
of feeder protection, can adjust the setting values
dynamically according to the current harmonic
content. To introduce the research object,
comprehensive harmonic content (KΣ) should be
introduced firstly [25]:
K 

I 2  I3  I5  I7
I1

1
 '
 Rset  1  K Rset



X '  1 X
 set 1  K  set

(3)

where Rset and Xset are resistance and reactance
setting value, respectively.
The action characteristic of adaptive feeder
distance protection is shown in Figure 3.
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where I1, I2, I3, I5, I7 are fundamental waves and
second, third, fifth, seventh harmonics, respectively.
The reason third, fifth and seventh harmonics are
selected is these three odd harmonics are highest in
load currents, and second harmonic happens when
closing the switch after the pantograph passing
through a phase separation; there will be an inrush
current which contains large amount of second
harmonic. The setting values are adjusted according
to the comprehensive harmonic content:

X
X set

In Figure 3, φ1 is a deviation angle to avoid an
inrush current. φ2 is a capacitive deviation angle. φline
is impedance angle of wire. The characteristic
boundary changes with the comprehensive harmonic
content. Its action characteristic equation is:

b

3.3 Adaptive Current Instantaneous Trip
Protection
The traction current is sometimes close or even
larger than the short circuit current of traction
network. In the current instantaneous trip protection,
the integrated harmonic content is also used to set the
adaptive parameter. Adaptive current instantaneous
trip protection equation is as follows:
 I1  KI   Iset

 I2
 I  K 2.set
 1

(5)

where I1 and I2 are the fundamental and second
harmonics. K2.set is the setting value of second
harmonic content. IΣ is the comprehensive harmonic
current.

3.4 Configuration and Setting of Feeder
Protection for Traction Network
The protection object of the research is the
feeder of a double track railway, which is shown in
Figure 4. This power supply can decrease the voltage
drop in the normal operation of the traction network,
increase line capacity and reduce power loss. It can
be seen in Figure 4 that the two wires end of this
section are parallel. In normal operation, the circuit
breaker of 1QF, 2QF and 3QF are closed.
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Figure 3: Adaptive distance protection operating
characteristic
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Figure 4: Diagram of double line power supply
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3.4.1 Calculation of Impedance
The line with 1QF is up direction, and 2QF is
down direction. Let the self-impedance of traction
network per kilometer be Z1 and mutual impedance
be Zm. Short-circuit point is in the down direction,
where Lk is from traction substation, and the voltage
drop to traction substation is ΔU. The total magnitude
of two lines is I = I1 + I2. Let the measured
impedance of 1QF be ZΙ and 2QF be ZⅡ.
According to Kirchhoff's law, the ZΙ and ZⅡ
can be calculated. The results are shown in Equations
(6) and (7).

Z   (2 L  Lk )( Z1 

Lk
Zm )
2 L  Lk

Lk
Z   Lk ( Z1 
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Current instantaneous trip protection setting is
shown in Equation (12). Krel can take 1.2. Iloc.max is the
maximum load current of a locomotive.

4. Case Study
4.1 Platform of Data Computing
The calculation program of feeder protection
for traction networks was written based on LabVIEW.
The protection program is mainly divided into four
modules, and its flow chart was shown in Figure 5.
Start
System
initialzation

(7)

It can be concluded from Equations (6) and (7)
that the measured impedance is related to locations.
Value Setting of Traction Substation
Protection
In the double line power supply, feeder circuit
breakers 1QF and 2QF are in traction substation
configured distance protection of zone I and zone II
and current instantaneous trip protection.
Zone I of distance protection is set by 85% of
overall length. As shown in Equations (8) and (9), X1
is reactance component of self-impedance of traction
network per kilometer, and Xm is mutual impedance.
Krel is a reliability coefficient, which can take 1.5.
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Figure 5: Flow chart of protection program
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Current instantaneous trip protection setting is
shown in Equation (10). Krel can take 1.2. Ik.sp.max is
the maximum short circuit current of section post.

I set  K rel  I k.sp.max

(10)

3.4.4 Value Setting of Section Post
Feeder circuit breaker 3QF in section post
configured distance protection of zone I and current
instantaneous trip protection.
Distance protection is set by an overall length,
which is shown in Equation (11). The set of
resistance edge is the same as Equation (9). Krel can
take 1.5.

The function modules of protection program
include: harmonic analysis module, setting module,
judging module and so on.
4.1.1 Harmonic Analysis Module
This module uses the Fourier algorithm to
separate voltage and current in the frequency domain,
and then calculate every harmonic frequency and
amplitude; finally, the comprehensive harmonic
content, measured impedance, voltage and current
can be calculated. These data can be used to set the
traction feeder protection and fault judgement [26].
Figure 6 is the LabVIEW block diagram of the
harmonic analysis module.
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4.2 Simulation Model of Traction Power
Supply
System
and
Electric
Locomotive

Figure 6: Block diagram of harmonic analysis
module
4.1.2 Setting Module
Sub VI setting is the program of setting
formulas in the principle of traction network feeder
protection. Its function is to calculate the initial
parameters and return the protection setting value.
The block diagram is shown in Figure 7.

Figure 7: Block diagram of setting module
The meaning of the parameters in Figure 7 is as
follows: ILmax is the maximum load current of the
system. ILmax is the maximum short-circuit current of
Section post. Ilomax is the maximum load current of an
electric locomotive.
4.1.3 Fault Judgment Module
The block diagram of fault judgment module is
shown in Figure 8.

Figure 8: Block diagram of fault judgment module

4.2.1 Simulation Model of Traction Power Supply
System
The simulation model of a traction power
supply system based on Simulink is shown in Figure
9. This model can simulate a simple fault of the
power supply system and the protective action can be
analyzed by co-simulation with LabVIEW [27].

Figure 9: Simulation model of traction power
supply system
The parameters of the contact network are
derived from a real section. The contact wire model is
GLCA-100/215, r1=0.184(Ω/km), and Rεf=8.57mm.
The catenary model is GL-70. When the current is
50A,
rc=1.93(Ω/km),
internal
inductance
xc=0.45(Ω/km), Rc=5.75mm, and dh=5800mm. The
structure height of a traction network is h=1500mm,
and catenary sag is f=600mm. Earth conductivity is
σ=10(10-4/Ω·cm). The parameters of a rail are
dg=1435mm, and 50 (kg/m), and the distance of two
rail centers is 5m. Based on the data above, the
following parameters can be calculated: Unit
self-impedance is 0.026+j0.123 (Ω/km), and mutual
impedance is 0.026+j0.123 (Ω/km).
4.2.2 Simulation Model of Electric Locomotive
The simulation object of an electric locomotive
is Shaoshan SS4 rectifier locomotive, and the model
is shown in Figure 10. This model consists of a three
winding transformer, a rectifier bridge and two
motors. The parameters in rated condition of SS4 are
given in [28]：
1) Thyristors T1, T2, T5, T6 of main rectifier
are fully open, and T3 and T4 are in state of
phase shifting with an angle 39° when
electric locomotive working at the sixth
level.
2) The counter electromotive force of the
traction motor is E=978V, the rectified DC
voltage is Ud=1018V, and the DC current
is Id=845A.
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Figure 10: Simulation model of Shaoshan SS4
After the simulation model was built and run
according to the above data, its current waveform of
the AC side and DC side are shown in Figures 11 and
12.
Current (A)

Figure 13: Harmonic analysis of AC side current
Table 1: Harmonic content of SS4
rated state
unit: %
harmonic order
3
5
simulation result
23.72 11.54
Typical statistics
23
12

working in the

7
5.06
7

9
3.69
4

4.3 Calculation and Analysis

Figure 11: Current waveform of the AC side
Current (A)

Figure 12: Current waveform of the DC side
It can be seen from the figures that due to the
affection of harmonic waveforms, the distortion of
harmonic waveforms of AC side is larger while the
DC side has slight pulsation. The result as shown in
Figure 10 can be obtained by analyzing the current
waveform of AC side through a FFT tool of the
Powergui. The total harmonic distortion is 30.45%,
which is shown in Figure 13, and it is the same as the
reality. From Figure 13 and Table 1, it can be seen
that the waveform generated by the simulation is in
good agreement with the actual waveform, and the
practicability of the model is verified.

4.3.1 Initial Condition Analysis
The parameters: X1=0.648(Ω/km), φline=64.7°,
Xm=0.123(Ω/km)， L=20km, and φL=36.9°, are given.
Assume that the maximum load current of an electric
locomotive is Iloc.max=400A; deviation angle to avoid
an inrush current is φ1=75°, and the capacitive
deviation angle is φ2=15°. The short-circuit data
measured by the simulation model shows that the
maximum short circuit current is Ik.SP.max=393A. Thus,
the zone I distance protection setting value of the
substation is Xset1=9.50Ω; the value of zone II is
Xset2=28.08Ω, and the setting value of current
instantaneous trip protection is Iset=472A. The setting
value of zone I distance protection of section post is
Xsetsp=10.35Ω , and the current instantaneous trip
protection setting value is I=360A.
The data was measured in relay location when
a short circuit occurrence is provided by Table 2.
Table 2: Measurement data for each point of short
circuit
Point
Uss1(V)
Iss1(A)
Uss2(V)
Iss2(A)
Usp(V)
Isp(A)
Point
Uss1(V)
Iss1(A)
Uss2(V)
Iss2(A)
Usp(V)
Isp(A)

1

3
19.03∠-58.91°
951.48∠-58.17°
19.03∠-58.19°
0.58∠-116.08°
14.27∠-58.17°
0.58∠63.92°

3500.31∠10.66°
628.76  55.49
3500.3110.66
209.68  55.53
857.631.96
209.68124.47

5
4987∠-14.11°
393.45∠-54.77°
4987∠-14.11°
393.45∠-54.83°
11.81  54.79
11.81∠-54.79°

7
3500.31∠10.66°
209.68∠-55.53°
3500.31∠10.66°
628.76∠-55.49°
858.76∠1.85°
209.68∠-55.53°
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Point
Uss1(V)
Iss1(A)
Uss2(V)
Iss2(A)
Usp(V)
Isp(A)

In this condition, no protection has an action.
Besides, since the locomotive load current contains a
large number of harmonics, the comprehensive
harmonic content is 0.2908. The setting value of the
integrated harmonic content is listed in Table 5, in
which it can be seen that the setting values became
smaller, and the comprehensive harmonic content can
be calculated: KΣ=9.50/7.36-1=0.2907. It is very
close to the value of system.

9
9.51∠-58.19°
0.58∠-116.10°
9.51∠-58.19°
951.49∠-58.19°
4.76∠-58.19°
0.58∠-116.10°

4.3.2 Analysis of fault condition
Take the number 7 of the short circuit point as
an example. When a grounding fault occurs, due to
the fault occurred in the down direction, the
measured
impedance of substation is
ZSS1=6.74+j15.27Ω for the up direction and
ZSS2=2.25+j5.09Ω for the down direction. Measured
impedance of section post is ZSP=2.21+j3.45Ω.
Besides, zone I of down direction substation distance
protection, zone I of section post distance protection
and down direction substation current instantaneous
trip protection took action, but the others didn’t. In
Table 3, there is the contrasts of theoretical and actual
results. They are very close.
Table 3: Theoretical and measured data
Items
Uss1(V)
Iss1(A)
Zss1(Ω)
Uss2(V)
Iss2(A)
Zss2(Ω)
Usp(V)
Isp(A)
Zsp(Ω)

Theoretical
value
3500
209.7
6.74+j15.27
3500
628.8
2.25+j5.09
858.8
209.7
2.21+j3.45

Measured
value
3501.66
209.78
6.75+j15.27
3501.66
629.08
2.25+j5.09
859.18
209.78
2.21+j3.45

40

Setting value
-471.6
28.48+j9.44
-471.6
28.48+j9.44
-360
28.66+j10.35

4.3.3 Analysis of Normal Working Condition
According to whether there is a locomotive in
the section, the normal state is divided into two kinds
of situations. In the short fault condition, it is known
that the protection device didn’t take action with the
absence of fault and locomotive in the section. At this
time because the system is open, the measurement
impedance is infinite, and the current is infinitesimal.
The following focuses on the situation of a
locomotive in section.
In order to test the protection device in the
situation that traction network working in the normal
state with a locomotive, a MATLAB simulation
model of Shaoshan SS4 electric locomotive has been
established in the first section. The results of the
electric locomotive in the point 5 of traction network
is shown in Table 4.
Table 4: Simulation results of load in section
parameters value
parameters value
Zss1(Ω)
90.18+j72.29
Iss1(A)
225.3
Zss2(Ω)
270.28+j216.96 Iss2(A)
75.13
Zsp(Ω)
-269.15-j214.01 Isp(A)
75.13

Table 5: The comparison of the setting value
before and after considered the
harmonic content
unit: Ω
Items
R
Xset1
Xset2
Xsetsp
Short circuit and 28.66
9.50 28.08 10.35
no load
Locomotive load 22.25
7.38 21.80 8.04

5. Conclusions
The principle of the feeder protection based on
adaptive parameters was introduced and achieved by
the LabVIEW program. According to an actual
section for a power supply, the simulation models of
the traction power supply system and Shaoshan SS4
were built by using the Simulink. The traction feeder
protection principle based on adaptive parameters
was calculated and analyzed, and the performance
characteristics of an adaptive feeder protection were
researched.
It can be seen from the result of the research
that the protection method based on adaptive
protection parameters can accurately identify the fault
current and normal load current, effectively avoiding
the malfunction and improving the level of protection
of the feeder. The protection method based on the
calculation of the adaptive parameters can effectively
improve the reliability of traction power supplies.

Acknowledgment
This work was funded by the Program of
Tianjin Science and Technology Commissioner
(Program No. 16JCTPJC50700).

References
[1]. B. Bhalja, R. P. Maheshwari, “High Speed
Protection Scheme for Traction OHE of 25 kV
AC
Indian
Railway
System”, Industry
Applications Conference. 42nd IAS Annual
Meeting. Conference Record of the 2007 IEEE,
New Orleans, LA, pp. 904-910, 2007.

International Journal of Computer, Consumer and Control (IJ3C), Vol. 5, No.4 (2016)
[2]. S. H. Horowitz, A. G. Phadke and J. S. Thorpe,
“Adaptive transmission system relaying”, in
IEEE Transactions on Power Delivery, Vol. 3,
No. 4, pp. 1436-1445, 1988.
[3]. J. A. Kumar, S. S. Venkata, M. J. Damborg,
“Adaptive transmission protection: concepts
and
computational
issues”,
in IEEE
Transactions on Power Delivery, Vol. 4, No. 1,
pp. 177-185, 1989.
[4]. B. P. Bhattarai, B. Bak-Jensen, S. Chaudhary,
et al, “An adaptive overcurrent protection in
smart distribution grid”, PowerTech, 2015
IEEE Eindhoven, Eindhoven, pp. 1-6, 2015.
[5]. S. G. Srivani, V. K. Panduranga, C. R. Atla,
“Development of three zone quadrilateral
adaptive distance relay for the protection of
parallel
transmission
line”,
Industrial
Technology, 2009. ICIT 2009. IEEE
International Conference on, Gippsland, VIC,
pp. 1-6, 2009.
[6]. A. H. Al-Mohammed, M. A. Abido, “Adaptive
fault location for three-terminal lines using
synchrophasors”, Applied Measurements for
Power Systems Proceedings (AMPS), 2014
IEEE International Workshop on, Aachen, pp.
1-6, 2014.
[7]. Yuan Zhang, Qing-wu Gong, “Single-phase
adaptive reclose of EHV transmission line
based on shunt reactor current identification”,
Electric Power Automation Equipment, Vol. 29,
No. 7, 2009
[8]. Zhong-hua Zhu, Shi-hong Miao, Pei Lu, et al,
“Scheme of Microprocessor-based Protection
Equipment for Traction Substation”, Electric
Power Automation Equipment, Vol. 25, No. 2,
pp. 43-46, 2005.
[9]. Li-ping Zhao, Qun-zhan Li, Xiao-chuan Chen,
“Study of multitask software kit of
microprocessor-based protection devices for
traction substation”, RELAY, Vol.36, No.6,
pp.50-54, 2003
[10]. X. Zhang, “The research and design of feeder
protection device of traction substation”,
Electrical and Control Engineering (ICECE),
2011 International Conference on, Yichang, pp.
4168-4170, 2011.
[11]. Z. Han, Z. Dong, S. Gao, et al, “Protection
scheme for out-of-phase short-circuit fault of
traction feeding network”, Developments in
Power Systems Protection, 2012. DPSP 2012.
11th International Conference on, Birmingham,
UK, pp. 1-4, 2012.
[12]. Zayandehroodi H., Mohamed A., Shareef H., et
al, “A Novel Neural Network and Backtracking
Based Protection Coordination Scheme for
Distribution
System
with
Distributed
Generation”. International Journal of Electrical
Power and Energy Systems, Vol. 43, No. 1, pp.
868-879, 2012

41

[13]. L. Jin, M. Jiang, G. Yang, “Fault analysis of
micro grid and adaptive distance protection
based on complex wavelet transform”, 2014
International
Power
Electronics
and
Application Conference and Exposition,
Shanghai, pp. 360-364, 2014.
[14]. Khorashadi Zadeh H., Li Z.Y., “Adaptive Load
Blinder for Distance Protection”. International
Journal of Electrical Power and Energy
Systems, Vol. 33, No. 4, pp. 861-867, 2011
[15]. M. J. Reddy , D. K. Mohanta,
"Adaptive-neuro-fuzzy
inference
system
approach for transmission line
fault
classification and location incorporating effects
of power swings," in IET Generation,
Transmission & Distribution, Vol. 2, No. 2, pp.
235-244, 2008.
[16]. J. Suonan, J. Zhang, Z. Jiao, et al, “Distance
Protection for HVDC Transmission Lines
Considering Frequency-Dependent Parameters”,
in IEEE Transactions on Power Delivery, Vol.
28, No. 2, pp. 723-732, 2013.
[17]. Wei Lu, Xi Jin, “Test and Application of Power
Frequency Variation Distance Protection”.
Electric Power Automation Equipment, Vol. 26,
No. 12, pp.17-20, 2006
[18]. Feng Peng, Xiang-jun Zeng, Hui Liu, “A novel
distance protection principle”, Electricity
Distribution
(CICED),
2012
China
International Conference on, Shanghai, pp. 1-5,
2012.
[19]. F. Kong, Z. Hao, B. Zhang, “A Novel
Traveling-Wave-Based
Main
Protection
Scheme for \pm 800 kV UHVDC Bipolar
Transmission Lines”, in IEEE Transactions on
Power Delivery, Vol. 31, No. 5, pp. 2159-2168,
2016.
[20]. L. Tang, X. Dong, S. Luo, et al, “A New
Differential Protection of Transmission Line
Based on Equivalent Travelling Wave”, in
IEEE Transactions on Power Delivery, Vol. PP,
No.99, pp.1-1, 2016.
[21]. Y.P. Liu, J.D. Duan, N. Huang, et al, “Research
on a Novel Traveling-wave Protection Using
Mathematical Morphology for Transmission
Line Unsymmetrical Grounded Faults”,
Asia-Pacific Power and Energy Engineering
Conference, 2011
[22]. Hill R.J., “Electric Railway Tranction-Part3
Tranction Power Supplies”, Power Engineering
Journal, pp.275-286, 1994
[23]. Fu-sheng Zhang, “Traction Power Supply
System”, Beijing: Beijing Jiaotong University
Press, 2014.
[24]. Bao-hui Zhang, “Relay Protection of Power
Systems”, Beijing: China Power Press, 2010.
[25]. Xiao-Chuan Chen, “Railway Power Supply
Relay Protection and Automation”, Beijing:
Chinese Railway Press, 2010.

International Journal of Computer, Consumer and Control (IJ3C), Vol. 5, No.4 (2016)
[26]. Hong-chun Shu, “Application of Signal
Processing in Power Engineering”, Beijing:
Science Press, 2009.
[27]. M. Chen, T. Wen, W. Jiang, et al, “Modelling
and Simulation of New Traction Power Supply
System in Electrified Railway”, 2015 IEEE
18th International Conference on Intelligent
Transportation Systems, Las Palmas,
pp.
1345-1350, 2015.
[28]. Dan-ping Yu, “Simulation and influence
research on electrified railway traction power
supply system”. Master thesis, Hangzhou:
Zhejiang University, 2011.
Jia-qiang Guo Department of
Electrical Engineering, Hebei
University
of
Technology,
Tianjin, China, master. His
current
research
interests
include reliability and life
prediction
of
electrical
apparatus.
Meng-xiong Yuan Department
of Electrical Engineering, Hebei
University
of
Technology,
Tianjin, China, master. His
current
research
interests
include reliability and life
prediction
of
electrical
apparatus.
Bo-ying Liu Department of
Electrical Engineering, Hebei
University
of
Technology
Tianjin,
China,
associate
professor and master supervisor.
He is engaged in research on the
testing on the testing instrument
and reliability of electrical
apparatus.
Ling-ling Li Department of
Electrical Engineering, Hebei
University
of
Technology,
Tianjin, China, professor and
doctoral supervisor. She is
engaged in research on the
testing on the testing instrument
and reliability of electrical
apparatus.

42

