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Effect of Liquid on Rolling Contact
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Abstract:
considering the liquid and rolling contact fatigue (RCF)

A fluid-solid coupling numerical model

crack in rail based on the Coupled Euler-Lagrangian

(CEL) method was established. The pressure distribution

Wk H 1. 2021-06-10

HEWH . FHEKHKRER 4 (51678445,51878661) 5 g iRt 2501 H (20dz1203100) 5 1k B i H gk RHF I H (JS-

BZ19R001)

S—AE# 8 F(977—) B BIEER, WA I, T2l BRSO 1 S B GR BUE S5

E-mail: yzhou2785@tongji. edu. cn

by the liquid on the crack internal surface under moving
wheel-rail contact load was analyzed. The effect of the
liquid with different viscosities on the RCF cracks with
different lengths and propagation angles was researched.
The conclusions show that the pressure by the high-
viscosity liquid (HL) distributed on the entire length of the
crack which was 4.8~5.9 times than that of the low-
viscosity liquid (LL). The closer to the crack tip, the
greater the pressure generated by HL. And the maximum
pressure on the crack tip reached about 690~751MPa in
the example. With the wheel load passing the crack
mouth, the HL still kept in the crack and the pressure by it
on the crack surface lasted for a long time, about 80%-~
90% of a load cycle, with saddle-shaped pressure
distribution on the crack surface. While the LL was
extruded from the crack by the passing load which made
the pressure mainly on the mouth and middle part of the
crack for a short time, about 10%~30% of a load cycle,
with peak-shaped pressure distribution on the crack
surface. The larger the crack angle and the longer the
crack length were, the more pressure on crack surface
was and the easier the crack would propagate. When the
crack angle was 30" and 40°, the hydraulic pressure by HL
38.5%~63.8% and 1.1~1.2

respectively compared to that of the crack angle with 20°.

increased about times

The maximum pressure by HL with 2.0 mm length was
increased about 6.1%~8.3% than that of with 1.5 mm length.

Key words: rail; rolling contact fatigue; crack; liquid;

fatigue damage
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Fig.2 Liquid-crack CEL model
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Tab.1 Parameters in simulation
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HEIARA L 0.29
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Tab. 2 Influence factors of liquid pressure on crack

surface
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Fig.6 Grease-crack interaction under moving wheel load
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Fig.7 Pressure by liquids with different viscosities on the crack surface on different wheel load positions
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Tab.3 Maximum pressure by liquids with different viscosities on crack surface
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Fig.8 Pressure by water on crack surface with dif-
ferent propagation angles (wheel load posi-
tion e=-0.8)
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Tab.4 Maximum pressure by grease on crack surface with different angles on different wheel load positions

SILCIIE J1/MPa PRI e
— 0.8 — 0.5 0 + 0.5 +1.0 +1.2
20°344 106. 8 285.5 317.7 322.8 236.6 63.6
307344 38.0 500. 6 528.8 470.3 319.3 8.0
40°3 8L 41.9 485.8 693. 6 628. 6 368.9 15.3




% 2 B A AL SR 55 259
350 — 528. 8MPa.
g 300 S0 (3)BCAf 1 g AO°I BB P 3l — 2B 1K
=) I Da SULCTH T J1 497 10MPa ~ 400MPa, £ 5053 5 I
4
E 150 W‘ I RAH 2 693. 6MPa.
5 100 T\'t.i-/':'/v/ 4.3 TR B REHER
w50 T WE RBUA O 407, LK B 4350 9 1. S5mm
—_ Sk S50 3 T £
R R TR TR 12,0 mm, SRS BN L KRS
BALTHIRL B 10 T, B 10 AT LAE Hi
a 207 4P R BRI I /) p—
600 —eo—c=—0.5 —o—e=0.8
& i £ 150 —a—e=0.5
= U Bnals S o
R 360
= / 5 90 |
= 240 %’ / E
B o) At
® — % e ) & 60
T 10 & 30
0 02 04 06 0.8 1.0 :
BLTHRL B 0 02 04 06 08
b 30° 4L PR BRI ) YA B
800 I o o 0.5 a FEKELS mm
< —A—c=(
R /o £ 150
K >
E 4 = 120 |
& M 90
& =
"y R R A N , Eg 60 -
0 0.2 04 06 0.8 1.0 gy&) v,
WO = =0 °:F
¢ 40° FEUH IRFR LU I H :
0 02 04 06 08
B9 REHE R RIEE R 5 RS ENES N
SR AT BYLT B

Fig.9 Pressure by grease on the crack surface with

different propagation angles under different

wheel load positions
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lengths under different wheel load positions
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Fig.11 Pressure by grease on cracks with different

lengths under different wheel load positions
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Tab.5 Maximum pressure by grease on crack surface with different lengths on different wheel load position
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Fig.12 Change of the liquid pressure on crack surface with loading moving
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Tab. 6 Maximum liquid pressure
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