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Abstract:

damage at stations and intersections during the trial run of

To address the problem of serious road
virtual rail trains, the vehicle-tire-road interaction is
considered, and the dynamic tire forces are obtained by
constructing a virtual rail train dynamics model with
Abaqus finite element software to develop a tread tire and
viscoelastic asphalt pavement model, and the tire-road
contact stresses at uniform speed and under braking
conditions are analyzed and compared based on the

arbitrary Lagrange-Euler (ALE) method. The contact
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stress characteristics of tire and pavement at uniform
speed and under braking conditions are analyzed and
compared based on the ALE method, and the effects of
slip rate and load on the contact stress of braking
conditions were studied. The results show that the
longitudinal stress during braking is the main cause of
road damage, and the slip rate and load have a significant
effect on the contact stress during braking. The maximum
longitudinal stress under braking conditions increases by
approximately 979 kPa compared to uniform speed
conditions. When the slip rate increases from 0.02 to 0.06,
the maximum longitudinal stress increases by
approximately 99.8 %. When the load increases from 40 kN
to 50 kN, the maximum longitudinal stress at the edge of
the tire increases by approximately 98.8 % . Therefore,
braking should be avoided as much as possible when the
train is running, and at the same time the train load

should be in a reasonable range.

Key word: virtual track train; vehicle dynamics; tire-road

contact model; contact stress; finite element analysis
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Tab.1 Yeoh model parameters of rubber

Yeoh #574
BRI C,,/10°Pa C,,/10'Pa C,,/10'Pa D,(i=1,2,3)
FRTAR I 7 —6.71 9.55 ()
A 9.35 —1.90 18.4 ~0
EiahEdi 9.26 —8.60 8.29 0
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Tab. 2 Parameters of steel cord

PR WER R L
s e G R e T
O AFHZE 19025 0.3 1.50 2.22 7800 90
E1HHRE 19025 0.3 2.06  2.08 7800 66
WoariE 19025 0.3 2.06  2.08 7800 105
HE3AFHE 19025 0.3 1,02 2.50 7800 75
iR 19025 0.3 1.50 1.65 7800 90
AARENZ2 19025 0.3 2.06  2.08 7800 0

WIAIE AR

=4

E1 #AiEARTKEE

Fig. 1 Finite element model of tire
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2 OKTefesE A JIRFEZE (K 1) Fn - FE 4

WA R AR BESRAE  R )T  Maxwell
BRI , HZAR R

EO=E4Y Ee (3
G(t)=E(2)/(2(1+p)) (4)
g(=1-Yg(1—c ") (5)
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Tab. 3 Parameter of pavement structure"

U ol U e
Tz BESMA—13 4 R 0.3 2300
TmZE  sAC—20 6 Fmepk 0.3 2300
2 AC—25 8 FigtE 0.3 2300
BE O KRRUEREA 40 1500 0.2 2300
JEILZ iR+ 20 0.45 0.3 2100
+ 3k + 0.045 0.4 1850

FIRFRE JTG E20—201112, % 4% 1 )2 41 L
17 8B R g LIS B R 280, 4R U [R] IR
Ji (4.4 °C.15°C.20 °C .40 °C.54. 5 °C) FIA Gl i 5451
#(0.1.0.5.1.5.10.20 Hz) F 1 5l 245 & F1AH A7
1, R VEUE e 49 10 J7 28 sl AR B e 48 Sy s st 5
S, I FH I S 5B, X A st AR i 54T Prony 28K
(G e 4 25 T 1 Z MR Prony 2080 (S5 1
J#20°C).

x4 HEEEMEE Prony K3 (%R E 20 C)

Tab. 4 Prony series of asphalt surface material (reference temperature 20 ‘C)

8i

7; Utk SMA—13 etk AC—20 AC—25
0.000 1 0. 06505 0.051 952 0.028 045
0.001 0.27209 0. 222 824 0.162 232
0.01 0.272 77 0.271189 0.258 214
0.1 0.193 23 0.216 740 0. 265 024

1 0.106 49 0.127 760 0.177 240

10 0.049 89 0.061 263 0.074 611
100 0.018 39 0.021 408 0.021 880
1000 0.007 89 0. 009 682 0. 004 920
10 000 0.01393 0.016 890 0.007 655
100 000 0.000 26 0. 000 291 0.000 178
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Fig. 2 Tire-road contact model
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Fig. 3 Verification result of model
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Tab.5 Tire force under braking conditions

kN
JEERE/ (mes™)
—1 —2 -3 —4
e i) 42.4 43.2 46.1 48.5
1) 3.5 7.1 10.6 14.2
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Fig. 4 Center force of tire
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Fig. 6 Contact stress under uniform speed working condition
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Fig. 7 Contact stress under braking conditions
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Fig. 8 Comparison of vertical stresses
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Fig. 9 Contact stress at a slip rate of 0.02
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Fig. 10 Contact stress at a slip rate of 0.06
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Fig. 12 Comparison of longitudinal stresses at different slip rates
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