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ABSTRACT The electrified railways in mountainous areas are faced with multiple difficulties such as weak
power grids, special climatic environments, complex and dangerous geographical conditions, which poses
a great challenge to the reliable power supply of the traction power supply system (TPSS). In order to
ensure that the overall reliability level of the TPSS meets the design requirements, this paper proposes
a reliability allocation method for the TPSS of electrified railways in mountainous areas. Firstly, based
on the characteristics of the interconnected power supply system of traction substation group (TSG) of
the electrified railways in mountainous areas, the special topology of the TPSS, as well as the logical
relationships between each power supply area and each equipment are sorted out. Secondly, the reliability
allocation model of the interconnected power supply system of the TSG is established, and the reliability
index of the system is allocated layer-by-layer from the whole system to the TSG according to the design
requirements of the overall reliability level of the system. Finally, the reliability allocation model of
the traction substation is established, and the reliability index is allocated to the underlying equipment
of the traction substation, so as to clarify the reliability requirements of each power supply area and
equipment. The results indicate that the reliability allocation results calculated by the proposed method can
assist designers to be informed of the reliability objectives of each subsystem and power supply equipment,
and can provide insights for related reliability design.

INDEX TERMS Electrified railway in mountainous areas, interconnected power supply system, reliability
allocation, improved AGREE allocation method.

I. INTRODUCTION
Since the railway network in the western region of China is
sparse, the development and construction of railways have
seriously restricted the local socio-economic development.
The national ‘‘14th Five-Year Plan’’ railway development
plan points out that it is necessary to comprehensively pro-
mote railway construction in the western region, especially
the construction of new lines in blank areas in the northwest
region [1], [2]. With the increasing demand for electrified
railway transportation in western mountainous areas, the
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safety and reliability of the traction power supply system
(TPSS) is the primary guarantee for the normal operation of
electric locomotives and high-quality railway operation.

The TPSS of electrified railways in mountainous areas
usually has the following characteristics: (1) extremely
weak external power grid and low power supply reliabil-
ity [3]. Electrified railways in mountainous areas usually
cross remote areas and unmanned areas with few high-
voltage substations and weak network structures; Secondly,
the power grid is often exposed in the wild and power
supply equipment is prone to aging. (2) The harsh and
variable meteorological conditions affect the reliability of
the TPSS [4]. The electrified railways in mountainous
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areas pass through high-altitude areas, where meteorological
conditions such as lightning, continuous snow, and canyon
wind change sharply, meanwhile intrude power supply lines,
destroy power supply facilities, and cause poor power
supply. (3) The difficult terrain, complex geology and special
engineering requirements pose challenges to the reliability
of the TPSS [5]. The electrified railways in mountainous
areas have a high ratio of bridges to tunnel, long section of
tight slope, and high design gradient. The sudden geological
disasters such as earthquakes, landslides, and mudslides
along the route will lead to serious consequences such
as tilting of the contact network pillars, tunnel collapses,
and the destruction of mechanical balance of high-voltage
equipment.

In summary, the TPSS of electrified railways in moun-
tainous areas is faced with enormous challenges from
factors such as weak power grid conditions, special climatic
environments, and complex terrain [6]. In order to ensure
the long-term stable operation of mountainous railways, it is
urgent to put forward newer and higher requirements for
the reliability of the entire TPSS, including the external
power grid. Therefore, it is necessary to study the reliability
allocation design method suitable for western mountainous
railways combined with the expected reliability requirements
of the TPSS in the early stage of railway construction. It can
provide theoretical support for the forward design scheme
of the TPSS by predicting the reliability parameters of key
power supply facilities.

At present, experts and scholars from different fields
have conducted extensive research on reliability allocation.
Reference [7] proposes a comprehensive factor reliability
allocation method considering the influence of two-layer
factors, which aims at the reliability allocation problem
of complex mechanical systems under multiple influencing
factors. Reference [8] comprehensively considers the rela-
tionship between the maintenance costs of wind turbines and
unit reliability and establishes a reliability allocation model
for wind turbines. Reference [9] considers the intermediate
degradation process and proposes a methodology named
integrated factor evaluation-analytic hierarchy process-T-S
fuzzy fault tree analysis to allocate the reliability index of
industrial robot systems. Reference [10] proposes a system
reliability allocation method based on generalized Birnbaum
importance, which comprehensively considers the reliability
range, manufacturing complexity, and technical feasibility of
components.

To further address the shortcomings of the AGREE
allocation method in the use of specific systems, [11]
proposes an improved AGREE allocation method, and it
is capable of dealing with complex connections between
avionic subsystems compared with the widely used reliability
allocation methods. Reference [12] discusses the deficiency
of AGREE method, such as the depiction of importance
and its applicability, and designs new allocation models
for both serial and parallel connection systems. Refer-
ence [13] proposes a modified AGREE reliability allocation

method suitable for power converters by combining the
characteristics of power converters and using the technical
maturity as a complexity index. Reference [14] establishes
a reliability allocation model for complex networks by
constructing the importance of network components and
realizes reliability allocation for complex networks based on
the improved AGREE allocation method. The above research
on the improvement of the AGREE allocation method is
conducive to this paper to propose a reliability allocation
method that is adaptable to the interconnected power supply
system of the TSG of electrified railways in mountainous
areas.

However, there is currently limited research on the
reliability allocation of TPSS. Reference [15] proposes a
reliability allocation method based on the certainty reliability,
and transforms the reliability allocation problem into the
optimization problem of the sum of the system opportu-
nity cost, which was solved by the sequential quadratic
programming algorithm. Reference [16] proposes a fuzzy
synthesis evaluation method for allocating the reliability of
the components and units of the catenary system. The method
takes into account the factors influencing the reliability level
of the components and units of the catenary system as well as
the weights of the factors.

In order to focus on the higher requirements for the
reliability of TPSS posed by weak external power grids of
electrified railways in mountainous areas, this paper adopts
the interconnected power supply system of the TSG of
electrified railways. However, the above reliability allocation
methods of the TPSS are not applicable to this new type
of power supply scheme, for this reason, the AGREE
allocation method is improved in this paper. With the goal of
meeting the expected reliability requirements of the system,
this paper establishes a reliability allocation model for the
interconnected power supply system of the traction substation
group (TSG), and carries out a reliability allocation design.
The logical relationships between various power supply areas
and equipment within the system are firstly sorted out based
on the special topological structure of the TPSS of electrified
railways inmountainous areas. Then, from the perspectives of
importance and complexity of power supply equipment, the
reliability index of the interconnected power supply system
of the TSG is allocated layer by layer based on the improved
AGREE allocation method. Finally, the reliability allocation
is carried out for the traction substation and the reliability
parameter requirements are clarified for key TPSS equipment
within the traction substation.

The improved AGREE allocation method proposed in
this paper has the following advantages over the traditional
allocation method: ① The proposed method addresses the
inability of traditional methods to directly allocate reliability
to complex systems with logical relationships such as series,
parallel, and r/n voting [14]. ② The method of calculating the
importance of power supply equipment has been improved,
and the problem that the traditional method requires historical
fault data for reliability assignment has been solved.
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This paper is organized as follows: In Section II, problems
of adopting traditional traction power supply system in
electrified railways in mountainous areas are analyzed,
and the topologies of the interconnected power supply
system and the single-phase traction substation are given.
In Section III, the principles of the traditional AGREEmethod
are analyzed and the comparison between the improved
AGREE allocation method and the traditional method is
given. In Section IV, reliability allocation models for the
interconnected power supply system and traction substations
are established, and the reliability index is calculated. Finally,
the conclusions of this paper are given in Section V.

II. INTERCONNECTED POWER SUPPLY SYSTEM OF
TRACTION SUBSTATION GROUP
The chapter describes the problems of adopting traditional
TPSS structure for electrified railways in mountainous areas,
and the interconnected power supply system of TSG is
adopted in order to effectively eliminate the number of
electric split-phase and improve the quality of electric power.
On this basis, the topologies of the interconnected power
supply system and single-phase traction substations are
described, laying the foundation for the reliability allocation
models later.

A. EXITING PROBLEMS OF TRADITIONAL TRACTION
POWER SUPPLY SYSTEM
The traditional TPSS has problems of power quality and
electric phase separation. The asymmetry of single-phase
traction load causes the asymmetry of three-phase current
in the power system, generates negative sequence current
and increases motor loss as well as power grid loss.
At the same time, the nonlinear characteristics of traction
load affect the TPSS to generate harmonic currents, which
will cause electromagnetic interference to communication
signals. As the railways in the mountainous areas of western
China are constructed successively, the increases in power of
electric locomotives and in traction load have caused negative
sequence and other power quality problems to become more
prominent with the goal of meeting the requirements of high-
speed traction force on large slopes.

In order to improve the power quality of the TPSS and
reduce the negative sequence impact, the installation of
electric phase separation at the exit of the traction substation
and the location of the section post is required for commonly
used measures, such as phase sequence rotation, power
supply with separated phases and sections, and the usage of
different transformer wiring forms. However, the tight slope
sections of railways in the western mountainous areas are
long, and it is inevitable to set up electric phase separation
on long and steep slopes. When the electric locomotives
pass through electric phase separation, there are hidden
dangers that jeopardize railway transportation safety, such as
speed reduction and slope stops [17]. Aiming at the negative
sequence, harmonic and other power quality problems in
the TPSS mentioned above, some scholars have proposed

the interconnected power supply scheme of the TSG, which
can effectively eliminate electric phase separation in the
maximum range without generating crossing power [6]. And
it is widely used in electrified railways in mountainous areas.

B. INTERCONNECTED POWER SUPPLY SCHEME OF
TRACTION SUBSTATION GROUP
This paper proposes to use the interconnected power supply
technology of the TSG, which is defined as: multiple traction
substations are powered by different sectional buses of the
same voltage level from the same substation in the power grid;
the traction network interconnected power supply between
each traction substation forms an interconnected power
supply group; Two adjacent interconnected power supply
groups are electrically connected by a ring network [18].

FIGURE 1. Topological structure diagram of the interconnected power
supply system of TSG.

The topological structure of the interconnected power
supply system of the TSG is shown in Fig.1, one of the
traction substations in the TSG is the Central Traction
Substation (CPS), which adopts a single-phase connected
main transformer and Negative-sequence Compensation
Device (NCD). The other traction substations are Single-
phase Traction Substations (SPSs), which adopt single-phase
connection traction transformers. Current transformers and
voltage transformers are installed at the traction feeder F of
each traction substation in order to collect real-time traction
load current and voltage data within the current traction
substation. The current and voltage data are transmitted in
real time to the input end of controller PS of NCD through
fiber optic network (FO) and the output end of controller PS
is connected to the control end of NCD to achieve negative
sequence real-time compensation, so as to ensure that the
negative sequence at the power grid substation PPC meets
national standards [19].

It can be considered that the negative sequence com-
pensation device and the negative sequence centralized
measurement and control system are structurally and func-
tionally independent of the traction transformers. Therefore,
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in the reliability allocation design stage of the TSG, reliability
allocation can be carried out separately for single-phase
traction substations, negative sequence compensation devices
and fiber optic networks, etc.

FIGURE 2. Topological structure diagram of traction substation.

C. TOPOLOGICAL STRUCTURE OF SINGLE-PHASE
TRACTION SUBSTATION
The main wiring diagram of SPS is shown in Fig.2. Both 1 #
and 2 # are 220kV power incoming lines, which are backed
up by each other to meet the continuity of power supply in the
substation; Traction transformer T1 and traction transformer
T2 are mutually backup. Under normal circumstances, circuit
breaker DL9 and isolation switch G15 are disconnected, and
the left main transformer T1 is put into operation. When a
fault occurs, circuit breaker DL9 and isolation switch G15
are closed, and the right main transformer T2 is put into
operation; The substation leads out two feeder lines to supply
power to the traction network, and each feeder line adopts
a 100% backup mode. For equipment such as fuses, surge
arresters, and transmission lines in substations, they can be
approximated as fully reliable to simplify calculations. The
normal working state of a substation is defined as both feeders
are able to supply power to the contact network normally.

III. RELIABILITY ALLOCATION METHOD
Reliability allocation is the process of assigning the specified
reliability indicators of a system from top to bottom to
the various units that make up the system, thus clarifying
the reliability requirements for each unit. Then, each unit
is designed according to the assigned reliability indicators

and appropriate components are selected to ensure reliability
requirements of system. Reliability allocation methods are
mainly divided into two categories: unconstrained allocation
methods and constrained allocation methods [20], [21],
[22]. The chapter introduces the principle of the traditional
AGREE allocation method, and also analyzes the reasons
why it is not applicable to the interconnected power supply
system of TSG, and improves the method.

A. AGREE ALLOCATION METHOD
The AGREE method is a reliability allocation method
proposed by the Electronic Equipment Reliability Advisory
Group of the US Department of Defense. This method
allocates reliability indicators based on the complexity and
importance of various components within the system, and it
has been widely used in engineering. The allocation method
is as follows by assuming that the lifespan of each component
in the system follows an exponential distribution [22].

λi =
ηi lnRs
ωi ti

(1)

In equation (1), Rs is the expected reliability of the system,
ηi is the complexity of component i, ωi is the importance of
component i, ti is the working time of component i, and λi is
the failure rate assigned to component i.

As shown in equation (2), component complexity ηi (0 <

ηi < 1) can be calculated by the number of basic units of the
entire system and the number of basic units of components.

ηi =
ni
ns

(2)

In equation (2), ni is the number of basic units of
component i, and ns is the number of basic units of the entire
system.

Component importance ωi (0< ωi < 1) reflects the degree
of impact of component failures on the reliability of the entire
system, and the calculation method is shown in equation (3):

ωi =
fi
fs

(3)

In equation (3), fi is the number of failures of component i,
and fs is the number of failures of the entire system caused by
the failure of component i.

The AGREE method comprehensively considers two
major factors: the importance and complexity of components.

For components with higher importance, because the
failure of the component has a greater impact on the reliability
of system, the failure rate allocated to the component is
smaller, i.e., the reliability assigned to the component is
higher; For components with higher complexity, the assigned
failure rate is higher because of their complex composition,
i.e., the reliability of component allocation is lower. But the
AGREE method is only applicable to systems composed of
multiple components in series.
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B. IMPROVED AGREE ALLOCATION METHOD
In the process of reliability allocation for the interconnected
power supply system of the electrified railway TSG in
mountainous areas based on the traditional AGREE method,
the following problems are faced: ① The interconnected
power supply system of the electrified railway TSG in
mountainous areas is a typical complex system composed
of multiple subsystems and power supply equipment with
various logical relationships such as parallel, series, r /n
voting, etc., and it cannot be simply represented as a
series system. Therefore, it is not possible to directly
use equation (1) for reliability allocation [14]; ② At the
design stage of the interconnected power supply system
of the electrified railway TSG in mountainous areas, there
is a lack of historical fault data and other information of
power supply equipment. The importance of the traditional
AGREE method is obtained through the historical fault
data statistics of components, so the importance cannot be
analytically calculated. In summary, this paper improves the
traditional AGREEmethod based on the characteristics of the
interconnected power supply system of the electrified railway
TSG in mountainous areas.

In summary, this paper improves the traditional AGREE
allocation method for the problem that it is not applicable
to the interconnected power supply system of the TSG of
electrified railways in mountainous areas. It is still assumed
that the lifespan of each subsystem and power supply
equipment in the interconnected power supply system of
the electrified railway TSG in mountainous areas follows an
exponential distribution. The improved equation (1) is shown
in equation (4) in order to follow the two allocation principles
of the AGREEmethod [12], [23]: ① Components with higher
importance are assigned higher reliability; ② Components
with higher complexity are assigned lower reliability.

λi ∝
ηi

ωi ti
(4)

For the definition of importance in the existing AGREE
method, this paper adopts probability importance for analyt-
ically calculation, and the calculation method is shown in
equation (5).

ωi =
∂ Rs
∂ Ri

(5)

In the formula, Ri is the reliability assigned to component
i. The probability importance reflects the extent to which
changes in component failure rates affect changes in system
failure rates.

Furthermore, since the failure rate λi and importance ωi of
component i are quoted to each other in equations (4) and (5),
the analytical method cannot be used, and heuristic algo-
rithms need to be utilized to perform iterative iteration
without the need for information such as historical failure
data. The solution process is shown in Fig.3, and the specific
steps are as follows:

(1) Based on the topological structure of the inter-
connected power supply system of the electrified railway

FIGURE 3. Reliability allocation flowchart based on improved AGREE
method.

TSG in mountainous areas, sort out the series-parallel
connection and other logical relationships between various
power supply components, and determine the functional
relationship between the system reliability Rs and power
supply component reliability Ri;

The reliability function relationship of the series system
can be expressed as [24]:

Rs(t) =

n∏
i=1

Ri(t) (6)

The reliability function relationship of the parallel system
can be expressed as:

Rs(t) = 1 −

n∏
i=1

[1 − Ri(t)] (7)

(2) The importance ωi of all components within the system
is initialized, i.e., the ω1 = ω2 = . . .= ωn = 1. The
complexity ηi and working time ti of the component is
determined;

(3) The reliability Ri of power supply components can be
expressed using equation (8) according to equation (4);

Ri = exp (− λi ti) = exp
(

−
C ηi

ωi

)
(8)

VOLUME 12, 2024 38921



L. Pan et al.: Research on Reliability Allocation Method for TPSS

(4) The optimal solution C of equation (9) is solved
using the binary search method with the goal of meeting the
expected reliability requirements of the interconnected power
supply system of TSG;

maxC
s.t.Rs ≤ f (R1,R2, · · · ,Rn)
C > 0

(9)

(5) The optimal solution C obtained from step (4) is
brought into equation (8) and the reliability R∗

i of the
component is calculated;

(6) The component reliability R∗
i obtained from step (5) is

added into equation (7) and the new component importance
ω∗
i is calculated. If it is the first iteration, set the ωi = ω∗

i and
repeat step (3). Otherwise, proceed to step (7);

(7) Determine whether the convergence condition |Ri-
R∗
i |<ε has been met (R∗

i is the newly calculated component
reliability, Ri is the component reliability obtained from the
previous iteration and ε is the assignment accuracy for
reliability). if so, the iteration will be terminated; otherwise,
continue to order ωi = ω∗

i and proceed to step (3).

IV. EXAMPLE ANALYSIS
A. RELIABILITY ALLOCATION MODELING
In this paper, the reliability allocation research is conducted
taking the interconnected power supply system of the TSG
along an electrified railway in the west of China under
construction as an example. The topological structure of
TPSS is shown in Fig.4.

FIGURE 4. Topological structure diagram of TSG.

A total of 9 external power sources along the electrified
railway supply power to 15 traction substations, form-
ing 6 TSGs. Each TSG consists of a central traction substation
and 1-2 single-phase traction substations. Once the power
supply 2 is cut off, adjacent external power supply 1 supplies
power to the traction substation TPSS1 in TSG1 through
ring network 1, and the external power supply 3 supplies

power to the traction substation TPSS3 in TSG1 through ring
network 2, which ensures the normal operation of the three
traction substations in the group.

1) MODELING OF RELIABILITY ALLOCATION FOR THE
INTERCONNECTED POWER SUPPLY SYSTEM OF TRACTION
SUBSTATION GROUP
By analyzing the topological structure and operation mode
of the TSG along the electrified railways in the mountainous
area, the logical relationships between the series and parallel
power supply subsystems of the TSG are sorted out based on
the reliability allocation block diagram metho. The reliability
allocation model for the TSG is constructed, as specifically
shown in Fig. 5 to 11.

FIGURE 5. Reliability allocation model for TSG.

FIGURE 6. Reliability allocation model for TSG1.

FIGURE 7. Reliability allocation model for TSG2.

FIGURE 8. Reliability allocation model for TSG3.

2) MODELING OF RELIABILITY ALLOCATION IN TRACTION
SUBSTATIONS
The traction substation is the core component of the
interconnected power supply system for electrified railway
TSG in mountainous areas. Its main task is to convert the
220kV AC power obtained from the external power grid
into 27.5kV single-phase power frequency energy through
traction transformers and other power supply equipment,
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FIGURE 9. Reliability allocation model for TSG4.

FIGURE 10. Reliability allocation model for TSG5.

FIGURE 11. Reliability allocation model for TSG6.

and then supply it to electric locomotives for operation
through the contact network. Therefore, in the process of
reliability allocation, it is also necessary to conduct reliability
allocation research on the traction substations that constrain
the reliability of the TSG.

Taking the single-phase traction substation in Fig.3 as an
example, the traction substation is divided into four power
supply areas from top to bottom based on its actual operation
mode and topology structure: incoming area, substation area,
traction busbar area, and feeder area. The logical relationships
between power supply equipment in each area are then
analyzed in sequence, and the reliability allocation model for
electrified railway traction substations in mountainous areas
is constructed, which is shown in Fig. 12.

B. RELIABILITY ALLOCATION SOLUTION
1) RELIABILITY ALLOCATION SOLUTION FOR THE
INTERCONNECTED POWER SUPPLY SYSTEM OF TRACTION
SUBSTATIONS
Based on the expected reliability requirements of the
interconnected power supply system of the electrified railway
TSG in mountainous areas, the functional relationship
between the reliability Rs of the TSG system and the
reliability Ri of the power supply components is determined
by analyzing the topology structure and operationmode of the
system. Then, the importance and failure rate of each power
supply subsystem of the TSG are iteratively solved using the
improved AGREE distribution method. Finally, the reliability
allocation for the interconnected power supply system of the
TSG is conducted. When the heuristic algorithm converges,
the reliability of the power supply subsystem hardly changes
with iterative accuracy ε = 0.0001 and the allocation can be
considered to be close to the real calculation.

Assuming that the expected reliability of the intercon-
nected power supply system of the electrified railway TSG in

FIGURE 12. Reliability allocation model for traction substation.

this mountainous area is 99% (i.e., reliability Rs = 0.99), the
reliability Rs will be allocated layer by layer to each power
supply subsystem within the TSG. The specific reliability
allocation results of each power supply subsystem within the
interconnected power supply system of the TSG are shown in
Table 1.

TABLE 1. Reliability allocation results of power supply system and power
supply partition.

It can be seen that the reliability allocation results of the
external power supply in the region is 99.802% from Table 1.
The reliability allocation is carried out for the 8 power points
of the external power supply, and the reliability allocation
results of external power sources are shown in Table 2.

The reliability indicators are sequentially allocated
to 6 CPSs and 9 SPSs within the group according to the
reliability allocation results of the TSG. The reliability
allocation results of each traction substation are shown in
Table 3.
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TABLE 2. Reliability allocation results of external power supply.

TABLE 3. Reliability allocation results of traction substation.

TABLE 4. Reliability allocation results of fiber optic transmission systems.

Similarly, the reliability indicators are sequentially allo-
cated to 8 fiber optic transmission systems and 6NCDswithin
the group according to the reliability allocation results of
the TSG. The reliability allocation results of the fiber optic
transmission systems and negative sequence compensation
devices are shown in Tables 4 and 5.

TABLE 5. Reliability allocation results of negative sequence
compensation devices.

It can be concluded that the importance and reliability
assigned to the traction substations are relatively high by
analyzing the reliability allocation results of the intercon-
nected power supply system of the electrified railway TSG
in mountainous areas. This is because the traction substation,

TABLE 6. Reliability allocation results of negative sequence
compensation devices.

the core component of the power supply system of the TSG,
is responsible for the key task of converting electrical energy.
Once a fault occurs, it will directly lead to power outages
in the traction network and the electric locomotives fail to
operate normally. Therefore, in the reliability design stage,
it is necessary to allocate higher reliability indicators to the
traction substation.

2) CALCULATION OF RELIABILITY ALLOCATION FOR
TRACTION SUBSTATIONS
The reliability index requirements for traction substations
along the railway can be clearly defined based on the relia-
bility allocation results of the interconnected power supply
system for the electrified railway TSG in the mountainous
area. Based on this, continue to allocate the reliability of
the traction substation, reallocate the reliability indicators
of the traction substation to the key power supply equipment
in the substation, and then clarify the reliability index
requirements of the power supply equipment. In addition,
if there is no NCD, the structure and function of the CPS and
the SPS are the same, so the reliability allocation method of
the ordinary traction substations can be used. Taking SPS9 as
an example for reliability allocation, it can be seen that the
reliability allocation result of SPS9 is 99.975% according to
the reliability allocation results of the interconnected power
supply system of the electrified railway TSG in mountainous
areas. Then, the reliability allocation of each key power
supply equipment in SPS9 is carried out based on the
reliability allocation model of the electrified railway traction
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substation in mountainous areas. The allocation results are
shown in Table 6.

From Table 6, it can be seen that busbar B1 and busbar B2
have the highest importance, whichmeans that the probability
of traction substation failure caused by traction busbar failure
is relatively high. They are the key equipment that causes
traction substation failure and also the weak link within the
traction substation. In order to ensure the reliable operation
of the traction substation, it is necessary to allocate high
reliability to the traction busbar in the reliability design stage.
In addition, for similar power supply equipment in different
power supply zones, the reliability allocation results are
different: taking the isolation switch as an example, G1∼G4
located in the substation area have an importance of 0.96374,
and the allocated reliability is 99.908%; G5∼G12 located in
the feeder area have an importance of 0.9593 and a reliability
of 99.878%; located in the incoming area, G13∼G15 have
an importance of 0.94651 and are assigned a reliability
of 99.833%. This is because the substation area is a key
link in the energy conversion of traction substations. When
designing reliability, it is necessary to consider allocating
high reliability to the key power supply equipment within the
substation area.

V. CONCLUSION
This paper proposes a reliability allocation method for
traction power supply system based on the improved AGREE
method, which takes into account the characteristics of the
interconnected power supply system of electrified railway
TSG in mountainous areas. The TPSS of an electrified
railway under construction in western China is used as an
example in the case study, and the reliability allocation design
results of each subsystem and key power supply equipment in
the traction substation are obtained. The specific conclusions
are as follows.

(1) This paper improves the traditional AGREE allocation
method based on the special topological structure of the TPSS
of electrified railways in mountainous areas and the logical
relationship between each power supply area. It solves the
problem of the lack of historical fault data of power supply
equipment during the design stage of electrified railways.

(2) This paper establishes a reliability allocation model for
the interconnected power supply system of TSG, and assigns
the reliability index of the entire system to each subsystem
layer by layer. On this basis, a reliability allocation model
for the traction substation is established and reliability index
is allocated to the underlying power supply equipment in
the traction substation, which provide corresponding ideas
for the reliability design of TPSS for electrified railways in
mountainous areas.

(3) Through the method presented in this paper, it is
possible to predict the reliability and failure rate of key
TPSS equipment and facilities, using the reliability allocation
design results of the TPSS of electrified railways in
mountainous areas. This can be used to provide feedback and

guidance for the forward design of the TPSS of electrified
railways in mountainous areas.

(4) In the improved AGREE reliability allocation process,
the importance of the power supply equipment is set to
1 as the initial value, but the failure of some power supply
equipment will not directly lead to the failure of the whole
system which signifies that its importance is actually much
lower. In the future work, a more accurate way of presetting
the importance of power supply equipment is required to
reduce the number of iterations and increase the convergence
speed of the algorithm.
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