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Subway traction power supply system is the energy source of subway operation. The normal operation of subway traction power
supply system is directly related to the stable operation and safety of subway. If the subway traction power supply system breaks
down, it not only will cause economic losses, but also may cause social disorder. Therefore, it is of great significance to study the
traction power supply system of subway to ensure the safe operation of subway. The establishment of a reasonable monitoring and
testing platform, the simulation analysis of the traction power supply system, and the regular health assessment can provide a
strong guarantee for the safe operation of the subway. This paper aims to design a practical test platform through MATLAB
modeling, so as to establish a simulation model of subway traction power supply system, and comprehensively monitor and grasp
the health status of subway traction power supply system. This paper quantitatively evaluates the health status of subway traction
power supply system, applies the principle of multilayer immunity, establishes the traction power supply system of analytic
hierarchy process (AHP), and constructs the immune monitoring system of each layer. This method can provide the health status
information of subway traction power supply system, subsystems, and components comprehensively, accurately, and intuitively

and determine the subsystems and components that need to be maintained.

1. Introduction

The energy of subway operation comes from the subway
traction power supply system, so the normal and safe op-
eration of subway must be guaranteed by the subway
traction power supply system. If something goes wrong with
the subway traction power system, the subway system will
not be able to provide power, which could throw the whole
city into panic and chaos. Moreover, in case of a breakdown,
it would certainly bring a heavy blow to the economy of the
whole city. Therefore, this paper can see the importance of
studying and analyzing the subway traction power supply
system, which is of great significance for maintaining the
order and normal operation of the city.

Due to the irreplaceable importance of the traction power
supply system, this makes research and analysis of the system
also become meaningful. There are many and varied ap-
proaches to system analysis and research, but it is very

necessary to find a more systematic and scientific research
method, and system simulation is like this. Due to the in-
fluence of actual factors, the simulation method of dynamic
simulation is bound to be restricted by hardware conditions
and the size of the experiment space, which will limit the scale
of simulation in this article, and indirectly affect our country’s
scientific research. The shortcomings of mixed mode and
dynamic analog simulation are also very obvious; that is, they
both require a lot of time and money to experiment re-
peatedly. And it will be limited by the space of the experi-
mental environment, so this simulation method has been
slowly banned by digital simulation. This is because, while
electronic technology and computer software development
technology are developing at the speed of light, digital sim-
ulation has also been qualitatively improved, and the simu-
lation method has avoided most of the shortcomings of
digital-analog mixing and dynamic simulation. The most
critical safety of this method is greatly guaranteed. It can be
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seen that digital simulation must have a limited prospect in
future system simulation analysis and research [1-3].

Nowadays, many countries in the world have built rail
transit. While the subway speeds up and facilitates urban
transportation, it is also a symbol of a city and even a country,
marking that the technological development of a city and even a
country has reached a higher level. However, the level of science
and technology in each country is very different, and the human
and social environment of each country will directly or indirectly
affect the development of urban transportation in that country.
With the subway playing an increasingly important role in urban
traffic, more and more researchers around the world are carrying
out scientific research and innovation on subway technology.
Their research on subway technology generally includes the
power supply mode and power supply mode of subway. The
voltage level and pulse number of the substation rectifier have
also been studied.

The subways all over the world basically use DC power
supply. Because the power of subway vehicles is small and
the power supply radius is not large, the voltage levels of
subways in the world are mainly DC and DC600. Foreign
scholars have done detailed research and analysis on the
voltage level of subway power supply. A subway power
supply voltage was made, and the study was based on the
development trend and safety of the subway. The literature
pointed out that if the power of the locomotive is the same,
the current and the traction network voltage are inversely
proportional, so if the voltage of the catenary increases, the
traction current must also decrease. So this article can draw a
conclusion that the traction current under the DC supply
voltage must be greater than the current under the DC
supply voltage [4-7].

The faults of the subway traction power supply system
can be divided into two major parts, including abnormal
operating conditions and various short-circuit faults. This
paper studies and analyzes the fault characteristics of the
traction power supply system, which will make this paper
better protect the traction power supply system. So far, a
large number of researchers in the world have studied and
analyzed the fault characteristics of the system, mainly in the
direction of the fault characteristics of the DC feeder. The
research found that when the traction load is different or
when using different power supply methods, you will find
that the fault characteristics of the feeder have obvious
differences. On the one hand, the reference establishes a
mathematical model of the subway traction power supply
system, and at the same time, it also gives detailed electrical
parameters of the traction power supply loop in the system.
References have made detailed calculations and discussions
on the differences between the current when a short-circuit
fault occurs at the remote end of the substation outlet and
the current when a short-circuit fault occurs at the near end
of the substation outlet. The literature separately discusses
the characteristics of the locomotive in different operating
states, including states such as starting and short-circuit
failure. The literature makes a detailed analysis of the har-
monic content of the subway power supply system [8-11].

In summary, scholars at home and abroad have done
many researches and analyses in different directions in the
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simulation of subway traction power supply system, and
many aspects have been studied more maturely, but there are
still some areas that deserve improvement [12-16]. The
common structure of subway traction system is shown in
Figure 1.

The second section is the introduction to metro traction
power supply system, the third section explains the MAT-
LAB-based subway traction power supply system moni-
toring test platform design, and the forth section is the
comprehensive health assessment of subway traction power
supply system.

2. Introduction to Metro Traction Power
Supply System

2.1. The Structure of the Subway Power Supply System.
The entire subway is powered by the subway power supply
system. From the perspective of different functions, the subway
power supply system consists of six major systems: external
power supply system, main substation, traction power supply
system, stray current corrosion protection system, power
monitoring system, and power lighting power supply system.
The following is a brief introduction to each system.

External power supply: the external power supply of the
subway power supply system is the city grid and is re-
sponsible for supplying power to the subway DC power
supply system. External power supply generally includes
centralized power supply, distributed power supply, and
mixed power supply. Centralized power supply is a kind of
external power supply which means that one main sub-
station supplies centralized power to other subway substa-
tions. This is also the most commonly used method of
subway in every city in our country. Distributed power
supply is also a kind of external power supply mode, that is,
direct use of urban medium-voltage power as the power
supply of subway substation along the line. The main feature
of this method is that it has multiple interfaces with the
urban network and introduces multiple medium-voltage
power sources directly from the urban network along the
subway to supply power for the subway. However, the
method is relatively independent and difficult to manage
because of its complex structure. Hybrid power supply is a
kind of power supply mode integrating centralized power
supply and decentralized power supply. This method is
seldom used in the cities of our country.

Traction power supply system: traction power supply
system is the core part of subway power supply system,
which occupies a very high position. The system is mainly
composed of traction substation and traction network. The
function of the system is to pass the high-voltage alternating
current from the main substation through a series of
functions such as voltage reduction and rectification to the
subway locomotive to ensure the normal operation of the
subway. The traction substation is the core part of the
traction power supply system because; on the one hand, this
part receives electrical energy from the external power
source and a series of operations, such as step-down rec-
tification, and it can convert the high-voltage AC power
supply to the low-voltage DC power supply for output and
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FIGURe 1: The common structure of subway traction system. The specific process is shown in title and subtitle.

transmission to the traction network. Considering the need
to balance the output transformers of two units and reduce
the influence on the system side harmonic current, nowa-
days, in my country, the equivalent pulsed traction rectifier
units of two units are usually used to connect to the DC bus
of the same part [17]. The schematic diagram of a relatively
common traction power supply system is shown in Figure 2.

As can be seen from the above figure, the AC and DC
switchgear, rectifier transformer, and rectifier in the figure
together form the main wiring of the substation. The power
supply lead-in wire and lead-out wire together form the
main electrical wiring in the substation. The DC bus is the
link between the traction substation and the traction net-
work. The bus plays the role of linking up and down and
gathering DC power and then redistributing it.

There are mainly two common DC bus wiring methods,
namely, single- and double-bus wiring. The single-bus
wiring method is more reliable and the structure is relatively
simple, so it is more practical. In general, the wiring method
will have two incoming lines and four feeders. Schematic
diagram of the DC bus wiring methods is shown in Figure 3:

The third track mainly has the advantages of being neat
and beautiful, small maintenance, and long service life. This
method is mainly used when the DC voltage level is low. The
overhead catenary mainly has the advantages of higher safety
and easier separation of the pantograph. This method is
more commonly used in systems with heavier traction loads
and higher DC voltage levels. What kind of catenary should
be chosen for each city is not fixed, and it is best to make a
final decision after a comprehensive comparison based on
the characteristics of the city.

Stray current corrosion protection system: in order to
reduce the influence of the stray current generated by the DC
power supply on the subway system and the surrounding
environment, and further prevent the stray current from
diffusing outward, the system may be different from other
systems. It is very necessary to establish the stray current
protection system in subway. In this way, the paper can
monitor the stray current and corrosion protection of
subway regularly or irregularly.

Power monitoring system: for better and safer operation
of subway traffic, it is necessary to establish a real-time
monitoring and data acquisition system for subway traffic on
all parts of subway traffic, including substations and catenary
equipment along the line. This system can manage, run, and
schedule the subway traction power supply system through a
series of operations [18].

2.2. Construction Goals of the Subway Power Supply Traction
System. The subway traction power supply system is a very
complex AC-DC hybrid system, and the subway locomotive
load is a random and variable load, which will lead to the
subway operation being not so simple. DC power has many
advantages, so it is very reasonable to use DC power when
subway is running. The advantages of this method mainly
include the following: first, because there is no electric phase
separation device, this paper does not need to consider the
situation of the locomotive through electric phase separa-
tion, in order to ensure that the locomotive received by the
electric energy is stable, reducing locomotive speed loss;
secondly, the electromagnetic interference produced by DC



4
Tablet H
info ~ %\
(8 =
e a [ ]
Touch L]
phone >z
info I (((( Radio
(fo info
TV
info

Subway info
voltage

MATLAB module
simulation

test current
power

solution

Advances in Civil Engineering

@ Handy
.ﬂ)) info

Info
storage

FIGUure 2: Common traction power supply system. The information is shown in the bottom.

Very
limited

o \

Frequent,
reliable

Short-haul,
point-to-point

departures

Lean ground
and gate
crews

aircraft
utilization

routes b/t
secondary
airports

A

Lowest
ticket prices "

FIGURE 3: Schematic diagram of the DC bus wiring methods. The connection is shown between the lines.

traction power supply system is small. The adjacent power
supply arms can be connected together so as to improve the
power supply quality of the system. Meanwhile, the power
harmonics generated in the system will be attenuated to a
small extent.

In order to better model and analyze the traction
power supply system of Chengdu Metro, this paper

establishes a relatively complete traction power supply
system model on the MATLAB platform. The model of
traction power supply system established in this paper
mainly includes five parts: external power supply model,
traction substation model, DC bus model, catenary model,
and rail and ground model. The overall flow of the three
models is shown in Figure 4:
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right.

This section first introduces the subway power supply
system in detail from six aspects, focusing on the analysis of
China’s subway traction power supply system composition
and common traction power supply mode. Then, the
modeling objective of this paper is pointed out, that is, to
establish a traction power supply system model including
external power supply, DC traction substation, DC bus,
catenary, rail, and ground. The schematic diagram of the
proposed model is drawn.

3. MATLAB-Based Subway Traction Power
Supply System Monitoring Test
Platform Design

3.1. Modeling of Metro Traction Power Supply System.
There has been a relatively complete power system simu-
lation module in MATLAB. Many existing modules can be
used to model traction power supply systems. Therefore, you
just need to find the appropriate module from the existing
component library and set the relevant parameters. By
connecting the modules together, the final model of the
traction power supply system is completed. In China’s
previous metro transport traction power supply system, 12-
pulse rectifier circuit is often used to reduce the influence of
harmonics on the system. But gradually, with the rapid
development of power electronics technology in China,
researchers found that the equivalent 24-pulse rectifier
circuit could better suppress the harmonics, so the 12-pulse
rectifier circuit has gradually retired from the stage of
history.

The main connection of DC side of metro transport
traction power supply system can be divided into double-bus
system and single-bus system according to bus form. The
double-bus system consists of working bus, standby bus, and

bypass switch. There are four feeder lines in the system. The
two incoming lines of the bus are equipped with DC circuit
breakers. There is service between the working bus and the
standby bus. The two-way incoming line of single-bus
system generally uses electrical isolation switch or DC circuit
breaker, and the return side of rectifier unit generally uses
isolation switch. This type of system usually also has a four-
way feeder. However, in case of switch failure or overhaul of
the system, the normal operation of the system will not be
affected by the two connection modes, so the operation of
the two different connection modes is guaranteed. Dual-bus
bars are safer than single-bus bars, but the cost of a dual bus
system is also very high. Taking various factors into con-
sideration, China’s metro transport traction power supply
system generally adopts a single-bus system, as shown in
Figure 5.

The method used in this paper can be introduced into the
system integration algorithm, and both health rate and work
efficiency are the highest. Refer to the relevant information in
this article to know the line structure in the single-bus system,
so this article can establish the equivalent model of the subway
DC bus; the model diagram is shown in Figure 6.

The traction grid is the part that provides the power and
current path directly to the locomotive load. Traction network is
mainly composed of contact network, rail, and return part.
Generally speaking, the catenary of subway has two functions.
One is the direct supply of DC power to electric locomotives,
and the other is direct contact with the pantoon friction. During
this process, the catenary can be regarded as a pantograph.
When the pantograph is in contact with the power grid, a series
of electromagnetic transient phenomena often occur.

Simulate the characteristics of the traction net. Because
the focus of this article is the load characteristics and fault
characteristics of the traction power supply system, this
article must simplify the traction network system, which
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requires this article to ignore the electromagnetic transient
phenomenon fuel of the traction network system. Since
Chengdu Metro chose the suspended catenary, considering
the skin effect after the rail is conductive, the electrical
models of the catenary and the rail are different. Here, the
models of the catenary and the rail are established separately.

There are transmission line models and cable models in the
MATLAB module library and can be used to simulate large-scale
power systems. The models of transmission lines can be divided
into two types: the equivalent lumped parameter component
model and the traveling wave model. Because the model of the
line under different power supply modes is different when it is
used, and as the length of the power supply arm in the adjacent

power supply section is different, the model of the line will also
be different. When it is encountered that only the port condi-
tions of the line need to be analyzed, that is, the voltage, current,
and power at both ends, usually the distributed parameters of the
line can be ignored, and the lumped parameter model can be
used to simulate the transmission line. When the line is long, the
distributed parameters of the line need to be considered, and the
traveling wave model is used to simulate the transmission line.

3.2. Design of the Monitoring Test Platform of the Subway
Traction Power Supply System Based on MATLAB. Tracks are
part of the normal operation and return of locomotives
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along the subway line. In general, the production material is
steel and some other mixtures. Due to the special structure of
the rail, its shape is relatively irregular, resulting in the rail
permeability becoming very high. When current is applied,
severe skin effect will occur inside the rail. Therefore, this
article finds that the impedance value of the subway rail is
not fixed during the process of electrifying the rail and will
change according to the frequency. In-depth study of the
simulation modeling of the running rail, and a simplified
model of the skin effect of the running rail is given. Here, the
rail model used in the reference is used for modeling. The
model in this paper uses a fixed time constant orbital
equivalent model. The fixed time constant method is a
commonly used calculation method in engineering. The
focus is on the selection of the time constant. There are two
methods usually used: one is to use track DC resistance and
power frequency inductance to obtain the fault current time
constant; the other is to use the waveform of a typical short-
circuit test to find the equivalent time constant, which is the
fitting index. The time constant of the curve: when there are
enough short-circuit test samples, the fixed time constant
method is used to obtain the short-circuit current curves at
different system operation modes and different fault points,
so as to obtain a time constant area division and obtain the
corresponding track resistance and inductance. Here, this
article sets the distance between two adjacent substations of
Chengdu Metro to 4 kilometers, the equivalent resistance
value of the rail is set to 0.032 ohms per kilometer, and the
equivalent inductance value of the rail is set to 1.79 mH per
kilometer. Set the equivalent capacitance value of the rail to
0.05 S per kilometer. According to the above parameters, the
test trend of the actual test platform model can be obtained,
as shown in Figure 7.

On the basis of this rail model, this article establishes the
electrical model of the Earth and return line. Here, we
choose to adopt a four-layer model. In order to better equate
the distribution of stray currents and the changes in the
potential of the rail, this article generally has two models to
choose from when the rail and the ground are equivalent.
The simpler one is the three-layer network model, which
generally only considers the catenary, steel rails, and the
ground, so the model is relatively simple, usually by con-
necting many n-type unit circuits in parallel to complete the
modeling. Another more complicated one is the four-layer
network model, which adds buried metals to the model
network on the basis of the three-layer network. In general,
in this model, this paper takes the recirculation network
formed by the rail and ground network and the buried metal
and ground network.

The formed recirculation nets are all simulated with type
circuits. In general, the unit division of type 2 circuits in this
article is 100 to 200 meters. Since in the actual subway line
there are indeed some stray current return networks formed
by the steel bars of other buildings along the subway line, the
model of the four-layer network will also be more realistic,
and modeling using this model will make the built model
more reasonable [19, 20].

From the above four-layer network structure diagram, we
can see that the steel rails and the buried metal mesh are

connected to the ground by some longitudinal unit circuits.
Moreover, this article can also see that each unit is composed
of the longitudinal resistance of the rail and the buried metal
mesh and the transition resistance of the rail, the buried metal
mesh, and the ground. However, because in actual lines the
rails and buried metal meshes in different sections and sec-
tions are different, in fact, the longitudinal direction and the
size of the transition resistance of each unit are different. In
order to simplify the model here, the transition resistance of
each unit has been omitted in the figure. And here, this article
idealizes the model, assuming that the electrical parameters of
the entire line are exactly the same, and the distance between
each unit is 100 to 200 meters. Then, this article can build rail
and ground impact-uncertainty matrix as shown in Figure 8.

This section establishes the model of each part of subway
traction power supply system on the MATLAB platform.
Firstly, the external power supply model is established. Then,
the working principle of 24-pulse rectifier transformer is
analyzed in detail, and the model of traction substation is
established by using the transformer and rectifier module in
MATLAB. Then, the DC bus model of subway traction
power supply system is established. Finally, the PI model in
the component library is used to build the subway catenary
model, and the four-layer ground network structure is used
to build the track and ground model. It lays a good foun-
dation for the simulation of subway traction power supply
system under subsequent conditions. The health assessment
data are shown in Table I:

4. Health Assessment of Subway Traction Power
Supply System

4.1. Hierarchical Immune Health Assessment Mechanism of
Subway Traction Power Supply System. Hierarchical analysis
model of traction power supply system: subway traction
power supply system is a large and complex system, which is
suitable for hierarchical processing to solve multiattribute
decision-making problems. According to the hierarchy di-
vision, the analytic hierarchy process (AHP) model of
traction power supply system is established, to determine the
membership relationship between the elements in each level,
compare the elements of the same level in pairs, and obtain a
comparison of the importance of » different elements of the
same level relative to the corresponding elements of the
previous level. The order judgment matrix is constructed as a
pair comparison matrix. In the process of establishing a
paired comparison matrix, the order of the matrix and the
difference of subjective thinking will have a certain impact
on the matrix established, so the initial relative weight value
needs to be uniformly checked.

Since a fuzzy set can be characterized as the sum of all
elements with a certain property to different degrees, the
membership function can reflect the degree to which these
elements belong to the fuzzy set, and its value is between 0 and 1;
the greater the value of the membership function, the higher the
degree that the index belongs to this fuzzy set. In this paper, the
equal division method is used to determine the membership
value within the fuzzy distribution value interval, which is
convenient for the automatic processing of computer
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programming, and the algorithm has little effect on the eval-
uation accuracy. According to the physical meaning of the
health indicators, combined with the analysis of the evaluation
system, two fuzzy distribution forms of benefit type (the larger
the better) and cost type (the smaller the better) are considered.
According to the design standards, inspection specifications,
and operating characteristics of each component of the traction
power supply system, the value range of the set index is (a, b),
and three equal points are inserted in this interval to divide it
into four equal parts. Because the objective correction coefti-
cient is introduced to correct the initial relative weight, the
influence of subjective factors in determining the initial relative
weight is effectively eliminated. The comprehensive weight
obtained in the health assessment not only absorbs the ad-
vantages of subjective convenience and efficiency, but also pays
attention to objectivity without loss of accuracy and rigor
combines the advantages of the two organically. The overall
process and data of this method for the health assessment of the
subway traction power supply system is shown in Figure 9. It
can be seen from Figure 9 that this method achieves systematic
analysis and evaluation by obtaining health values from com-
ponent level to subsystem level to system level step by step.

4.2. Examples of Health Assessment of Subway Traction Power
Supply System. At the system level, the subway traction
power supply system S considers that the main substation,

traction substation, and step-down substation can be mu-
tually backup through cross-zone power supply, while the
catenary and medium-voltage ring network have no backup.
It has been verified that the consistency check meets the
requirements. If only the health status of the aforementioned
traction substation TS1 is considered, it is found thatitisina
healthy state, because other adjacent traction substations
and equipment connected to the medium-voltage ring
network are backups for each other and can be replaced by
cross-zone power supply, so it has little effect on the health of
the system.

If only the health status of the aforementioned cat-
enary is considered, the health value of the subway
traction power supply system S is Hs = 0.9948, which is in
a healthy state, but the health value is slightly smaller than
when only the health state of the traction substation is
considered, because the catenary subsystem has a larger
influence weight on the system health value than the
traction substation subsystem, which is consistent with
the feature that the catenary has no backup. If the health
status of the traction substation TS1 and the catenary OC
are taken into account at the same time, the health value
of the subway traction power supply system S is
Hs=0.9902, which is still in a healthy state, but its health
value is further reduced. The change trend of the subway
health assessment value with the health status is shown in
Figure 10.
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TaBLE 1: The health assessment data.

Assessment type Health index
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5. Conclusion

The design of monitoring and testing platform and health
assessment of subway traction power supply system are helpful
for traction power supply system to provide accurate and timely
health information of traction power supply system, dynamic
identification of safety equipment affected by function degra-
dation, determination of maintenance subsystems and com-
ponents, and corresponding maintenance strategies. In this
paper, the AHP model of subway traction power supply system
is established, the system layer, subsystem layer, component
layer, and index layer are divided, and the immune monitoring
system of subway traction power supply system is constructed.
On this basis, the initial relative weight is based on paired
comparison matrix, fuzzy statistics method is adopted, and the
concept of fuzzy membership degree is introduced. The purpose
is to obtain the correction coefficient to modify the initial
relative weight and eliminate the subjective influence on the
weight calculation results, and at the same time, the difference in
thinking is combined with the advantages of subjective and
objective. Bilateral power supply types of metro traction power
supply system, for example, step by step, traction substation,
catenary traction rectifier transformer, and the actual analysis of
traction power supply system, realized the subway traction
power supply system of the health of the comprehensive and
quantitative and systemic evaluation; the reliability analysis and
fault early warning forecast, risk assessment, safety, and
maintenance policy research laid the foundation. In the future
direction, this paper can consider the electromagnetic transient
phenomenon of the pantograph system when building the
model of traction power supply system, which can make the
model established in this paper more accurate. In this paper, the
fault occurring in different sections and the short circuit of the

locomotive under different working conditions can be further
considered, which can make the simulation results closer to the
real value. In addition to the disadvantages listed above, it is an
important research direction for modeling and simulation of
subway traction power supply system to make relevant research
toward a more reasonable treatment of the influence of tran-
sition resistance on the system.
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