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Analysis of the Mid-high Frequency Vertical Wheel-rail Contact

Forces Caused by the Short Rail Irregularities

ZHANG Juan'?, XU Rongjun'
(1. College of Engineering, Taiwan Ocean University, Keelung 202301, China;
2. School of Ocean Engineering, Jiangsu Ocean University, Lianyungang 222005, China)

Abstract: The paper develops a wheel-rail interaction model by LS-DYNA to study the vertical
wheel/rail contact force caused by the rail irregularities. The model reduces the train wheels and
the train body to mass points and tracks to beams. The wheel-rail coupling is implemented with
RAIL_TRAIN and RAIL_TRACK in LS-DYNA. The simplified model is used to analyze the ver-
tical wheel-rail contact forces caused by the short rail irregularities with different wavelength and
amplitude at different speed., and to analyze the characteristics and the sensitive factors of the
vertical wheel-rail force. The results show that the lower the vehicle speed, the greater the im-
pact of the amplitude of the uneven wave on the vertical force of the wheel rail. At the same vehi-
cle speed and uneven wavelength, the larger the amplitude of the uneven wave, the greater the
vertical force, and the amplitude of the vertical force and uneven wave is approximately linearly
related. At different speeds, the sensitive wavelength of track roughness varies, but the frequen-
cy of the ratio of its speed to the sensitive wavelength is about 300 Hz, close to the 291. 949 Hz
(45th modal frequency) of the track.
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Table 1 Finite element modet parameters of the wheel-rail model

N E R S ML R (kg e mm ) P A/ MPa
XL 0. 30 7.80x10 ° 2.10X10°
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HT T A SO R I 2 T R A S IR X 51
BB WAR T YRR L SO 5 B T 3R T AR R
TERITY i 223K 1R, 7 L B 09 S i A S I 3 A
NS BOMARE BB

K LS-DYNA [ 8275 3R i 453 3715 91 423 1 B
A BN F) 58 B 1) IR 0 5 9 P AP0 22 0 0 A N (] J
bxbiz g B AT 8 A 1 AOR A, BAOR i 5 2
% 3CHRL23 05 0 0B 0 B30k 1 de R D AP A AT
H TSRS TR ) A A5 e e R TR L B

2 L
M (JTTE ) =min(=). @
max d

na

K ., AR 0 B s R 6 O RGN
FBHIE LG s L. BTt /MR BE s o0 A BRI 3. i
BEA B UE

R TR E A ST R L. N ER
B RSE S0 A AT R R 8 /0N, DL SR A AR 7
B AR, BRI R T A SRR AR Y B
ZINERF ][] B, A J2 55 78 2 5500 B /N SR R ) () ] i, AR
SCHBL RS A I ] 2P Ar = 6. 46 X 10 ° s
)20 IR A BRIA DA L R 2 AR SR i 14 S5 ey
A R PR T B B P SO PR R )P R L D
A5 661 D0 AN ST 5T 38 75 A 1) 371 2 v v A0 35 4 0 i

2 RBGIF

SR A UE T2 P AR A D B T L A S U D B TE R
T30 A5 LT B 4 28 3ol B3 Y IO XS o A5 3] ) 3 o)
BN S ZAEE Y SR e, B AL A B
M 0. 65 m. B ZEHEE R 300 km/h, FAEH 73. 3 kN,
BB AL Z 8095 % SCk(15]. B 2 S SCERBE LA
(B Y 28 5 ol AR SCAFF 9 50 AL A5 31 14 3 42 4R Bl ale 1)
WMLt te . & 2a A1, 30 4278 6 1 BT 47 30
L BUEE AR PN S R S AR L AR R R
UK S A B A M D Bl L R 1) ) A
FrEeE 73,3 kN BRFUT I 2l . U 20 R AE T B0RL [] E
5 AR SR B A X 5 SCER L 15 ] BT il ok i 48 o 2
] 1 45 SRR . A SO AR 2 1) ) 1) B R (B

7705 kN SCHR 15 ] AP 5 B Ak 1) 0y de R (E R
75.5 kKNG H IR 22N 2.6 %, FE A $5Z Ju L . £ W
BRI AT AT PE . B’ 2b S 120 mm AN S I 3
KPUE T BB m Jyxf b, A SCrp B R B HLE A
RAE 98, 4 kN, SCHR[15] v = 0] Jy e K {E K
93.7 kN, I 1R 220 5%, fE ] Z W . X
2b H BB A A 4 51 A ) g AT A L g
¥ ({ast Fourier transform, FFT) , 15 2| % # 3 m) f)
AR B L 3 R,

s 1a)/s
0 0.01 0.02 0.03 0.04 0.05
AIO T T T T 1
& — 3CHR[15]
g or — A
=l -
% 7E
&
2 4l
% 0.01 0.02 0.03 0.04 0.05
Hfla)/s
a I HLIE
Hsf1u)/s
0 0.02 0.04 0.06 0.08 0.10
Z 10| :%%ﬂj
= sl “ J“l,‘ | 'H l\ | )”‘ il
& ‘ MM H ‘,H,'.,y“‘ \].,‘ M (”"r
T o I L W I
4 1 1 |
0 0.5 1.0 15 2.0
25 /m

b I K 120 mm B AS S 4 58
2 BHEEAI LR
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