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Study on the evaluation method of high speed train based on

improved fuzzy hierarchy analysis

XIAO Qian, XU Zhongxu

(State Key Laboratory of Locomotive and Rolling stock Railway Industry, East China Jiaotong University,
Nanchang 330013, China;)
Abstract: [AIMS] In view of the lack of comprehensive evaluation system for high-speed train
wheel and rail optimization scheme, this study aims to develop an evaluation method based on
improved fuzzy hierarchy analysis method to determine the most appropriate equivalent conicity
scheme and ensure the smooth operation of the train. [Methods] Firstly, in the light of the main
kinetic factors affecting the selection of equivalent conicity, 14 evaluation indexes were selected
to construct the index decomposition model, and the improved three-scale hierarchy analysis
method was applied to determine the weight of each index. Subsequently, three different working
conditions with equivalent conicity were established in the dynamics software Simpack, and the
underlying index values were calculated and dimensionless to determine the fuzzy evaluation
membership matrix, and the fuzzy theory system evaluation model was constructed to obtain the
comprehensive evaluation results of the three schemes. [Results] The comprehensive evaluation
results show that the scores of the three equivalent conicity schemes are: M1:26.2%, M2:17.9%,
and M3:16.2%, from which M1 was determined as the optimal choice. By calculating the kinetic
simulation of the two groups and observing the intuitive simulation results of the post-processing
module, the results are consistent with the conclusion of the comprehensive evaluation system,
and then the reliability of the evaluation method is verified. [ Conclusion] The method of
equivalent conicity evaluation of high-speed train wheel and rail based on improved fuzzy
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hierarchy analysis proposed in this study is effective, which can provide scientific basis for the

optimization of equivalent conicity scheme of high-speed trains and ensure the stability and safety

of trains.

Key words:high-speed train;equivalent conicity;improved hierarchical analysis;fuzzy compre

hensive evaluation; wheel-rail matchin
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Table 1. Evaluation system and data of the service status of high-speed trains

. Case
index
M1 M2 M3
Derailment coefficient 0.316 0.232 0.267
rate of wheel load reduction 0.27 0.384 0.369
critical velocity 510 600 520
Horizontal stability index 1.8 1.6 1.38
Vertical stability index 1.82 1.85 1.81
Lateral comfort index grade 1.523 2.1 2.436
Vertical comfort index grade 2.02 2.02 2.02
tread wear 0.3 0.7 0.5
Grinding power consumption 180 300 250
Straight line grinding index 5.169 8.633 9.023
Curve grinding index 90.178 110.627 100.032
Wheel axis transverse force 6.387 6.832 6.896
Wheel rail transverse force 3.16 3.296 3.183
Lateral vibration acceleration of the Bogie 1.513 0.858 1.36
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Figure 5. Index layer judgment matrix
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Table 2 The comparison matrix of the middle layer C

operation  Running  Running tread  resist lateral

evaluation system . -
y safety stability comfort wear ance  stability

operation safety 1 2 2 2 2 2 11
Running stability 0 1 1 2 2 2 8
Running comfort 0 1 1 2 2 1 7
tread wear 0 0 0 1 1 0 2
resistance 0 0 0 1 1 1 3
lateral stability 0 0 1 2 1 1 5

BT iR e R LR AT A, ATRATHEE B dE N R AR AR 2 ROBLE [ &, 4k 2k T
PR ATEARZ PO FERE B I TR T SR A [F) A R R T SR AE KR
PPUTEREREAT AL B DA R R, 558 R ERIRSHECEE (B 3
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Table 3. Calculation results of decision index weights

Intermediate index

operation Running  Running tread . lateral Global
Index layer . resistance . .
safety stability ~ comfort wear stability — weight
0.398 0.216 0.168 0.051 0.064 0.103
Derailment
.. 0.460 0.183
coefficient
rate of wheel
] 0.319 0.127
load reduction
critical velocity 0.221 0.088
Horizontal
e 0.750 0.162
stability index
Vertical stability
. 0.250 0.054
index
Lateral comfort
. 0.750 0.126
index grade
Vertical comfort
. 0.250 0.042
index grade
tread wear 0.250 0.013
Grinding power
. 0.750 0.038
consumption
Straight line
e e 0.750 0.048
grinding index
Curve grinding
. 0.250 0.016
index
Wheel axis
0.637 0.066
transverse force
Wheel rail
0.258 0.027
transverse force
Lateral vibration
acceleration of 0.105 0.011
the Bogie
3.2.2 UM SR s R AR MFetr CPREME. F7EE) MIEENEH,

XTF G RaE . #PERE. MIZRBIN
A E AR, SR IR iR O K

i TR
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Table 4 Membership of the dynamics indicators of each equivalent conicity scheme

degree of membership

Index
Derailment coefficient

rate of wheel load reduction

M1 M2 M3
0.139 0.266 0.155
0.297 0.000 0.039




critical velocity 0.850 1.000 0.867

Horizontal stability index 0.000 0.111 0.233
Vertical stability index 0.016 0.000 0.022
Lateral comfort index grade 0.375 0.138 0.000
Vertical comfort index grade 0.023 0.023 0.023
tread wear 0.571 0.000 0.286
Grinding power consumption 0.400 0.000 0.167
Straight line grinding index 0.427 0.043 0.000
Curve grinding index 0.185 0.000 0.096
Wheel axis transverse force 0.074 0.009 0.000
Wheel rail transverse force 0.041 0.000 0.034
Lateral vibration acceleration of the Bogie 0.087 0.433 0.101
14
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Table 5. Fuzzy comprehensive evaluation results table

Index M1 M2 M3 weightw
Derailment coefficient 0.139 0.266 0.155 0.183
rate of wheel load reduction 0.297 0.000 0.039 0.127
critical velocity 0.850 1.000 0.867 0.088
Lateral stability index 0.000 0.111 0.233 0.162
Vertical stability index 0.016 0.000 0.022 0.054
Lateral comfort index grade 0.375 0.138 0.000 0.126
Vertical comfort index grade 0.023 0.023 0.023 0.042
tread wear 0.571 0.000 0.286 0.013
Grinding power consumption 0.400 0.000 0.167 0.038
Straight line grinding index 0.427 0.043 0.000 0.048
Curve grinding index 0.185 0.000 0.096 0.016
Wheel axis transverse force 0.074 0.009 0.000 0.066
Wheel rail transverse force 0.041 0.000 0.034 0.027

Lateral vibration acceleration of the

Bogie 0.087 0.433 0.101 0.011

Index 0.262 0.179 0.162
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Figure 6 Radar diagram of the relative scores of different kinetic indicators
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Figure 8 Differences in kinetic indicators under different scheme
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