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Formation Mechanism and I nfluencing Factor s of the Polygonal
Wear of High-speed Train Wheels
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(Tribology Research Institute, Southwest Jiaotong University, Chengdu 610031, China)

ABSTRACT: The work aimsto study the formation mechanism of the polygonal wear of high-speed train wheels and the effect
of wheel-rail system structural parameters on the wheel polygonalization. Based on the theory that wheel-rail system frictional
self-excited vibration caused by the saturated wheel-rail creep force could lead to wheel polygonal wear, a solid model including
whedl, rail, sleepers and track beds was established. The solid model was imported into the finite element software ABAQUS.
The rail and deepers were simulated by point-to-point massless spring damping unit and the sleeper and the track bed were
connected by binding constraint. Then the point-to-ground massless spring damping unit was used as the bottom support of the
track bed. The stability of the wheel-rail system when the brake dip occurred on the high-speed railway lines was studied by the

W#s HHEA: 2018-03-29; &iTHHA: 2018-05-11

Received: 2018-03-29; Revised: 2018-05-11

HEeWH: BRAAMAFALMA (51775461)

Fund: Supported by the National Natural Science Foundation of China (51775461)

EEBEN: R (1990—), ¥, WAL, AT AARRINFER S DB BN,

Biography: ZHAO Xiao-nan (1990—), Male, Doctor, Research focus: mechanism of polygonal wear of high-speed train wheels.
BWAESE: Mg (1962—), %, W, #&, L 2T QA ERESD S RF

Corresponding author : CHEN Guang-xiong (1962—), Male, Doctor, Professor, Research focus: frictional vibration and noise.



FarE el

U R R S R KB e S b s b w L DS A LIPS ES A ‘9

complex eigenvalue method. Under the effect of saturated creep force, the unstable vibration frequency of the wheel-rail system

was f=495.01 Hz, the wheel was prone to generate 18-degree polygonalization. Within a certain range, the vertical stiffness of

the fastener did not play a significant role in suppressing the wheel polygonalization. In order to suppress the wheel polygonali-

zation, properly increasing the vertical damping of the fastener can suppress the frictional self-excited vibration of the wheel-rail

systemeffectively. Different eccentric forms hardly had effects on the unstable vibration of the wheel-rail system. On a

high-speed line, the braking slippage of the train can easily cause the wheel polygonalization. The wheel polygonalization can be

effectively restrained by raising the vertical damping of the fastener.

KEY WORDS: wheel polygonalization; self-excited vibration; complex eigenvalue analysis; vertical stiffness; vertical damp-

ing; center of gravity shift
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Fig.1 Wheel polygonalization
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Fig.2 Wheel-rail contact geometry of high-speed railway
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Fig.3 Finite element model ofwheel-rail system
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Tab.1 Material parameter

Part pl(x10°kg:m™)  E/GPa  Poisson's ratio
Whesel 7.8 210 0.3
Rails 7.8 210 0.3
Sleeper 25 35 0.3
Track bed 1.75 265 0.167
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system in high-speed railway
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