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The influence of load condition on wheel-rail contact impedance
based on ANSYS
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Abstract: The burning accidents of insulation joints often occur in high-speed railway stations. The wheel-rail
contact resistance is an important factor to cause the burning loss of insulation joints by wheel-rail arc. Therefore,
accurate calculation of contact resistance is important for analyzing the burning loss of insulation joint. The level
of the contact resistance mainly depends on the area of the wheel and rail contact spots. In this paper, first, the
wheel-rail contact area under different working conditions was calculated by ANSYS. Then, the influence of the
train axle load and offset on contact spot area was investigated. The results show that when axle load increased
from 9 t to 27 t, the wheel-rail contact resistance decreased by nearly 36.2%. The wheel-rail contact resistance
decreased by 18.9% when the lateral displacement increased by 10 mm. The change of wheel-rail contact
resistance presented the same trend with the increase of axle load and wheel-rail contact resistance.
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Table 1 Material parameters of wheel and rail

ZH ok P (kg+m™) P /G Pa TR L

ity R8T 7800 205.6 0.3
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Fig. 1 Wheel and rail contact ansys model
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Fig. 2 Influence of axle weight on contact spot
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Table 2 Contact area of wheel and rail under different axle loads
i/ 9 12 15 18 21 24 27
S /mm’ 46 57 66 74 82 90 97
S/mm’ 98 118 144 166 182 204 226
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Fig.3 Variation trend of contact area
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Fig. 5 Influence of lateral displacement on contact spot
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Fig. 4 Variation trend of contact resistance
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Table 3 Macroscopic contact area of wheel and rail under different lateral displacement

f& #% 2 /mm 5 4 2 1 0 -1 -2 3 4 -5
S /mm’ 178 172 165 163 162 160 155 149 134 117
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Fig. 6 Contact resistance values under different lateral displacement

FJH MATLAB 1 (4805 T B4 cftool X1l 4 AT 400G, AT AR I, 42 fuk ri BHL B il 728 Ak 19 R BROC R
KR, Xk P K 9.968x10", P,oh-1.147x10", P 1.671x10°, P,k-6.794x10°, P,k 1.589x10°,
R=p x*+p,xX*+psx’+pix+ps o (7)
L5 ERT LA B, A A A8 AT A T B R S e T A i e BEL A P S R A s IR UL 4 s i R e R
226 mm®, TR ] v K AT A 28 5 OB S R 4 YT, SEBE N 6~10 mm,  JI DUAE 51 4 T O 4 Y
BF, S b B2y th AR 4a 2 b, Aa 7y 0N 3 JC iz e 0 19 4 51 s M, (B9 4238 47 7 a5 R
TAETEFE A B, B AR AL, KRR S BRRNE R, Ko R S 4 T ALk S
W T 22 1] 7 A I

4 & &

T A7 e P PR I8 0 4 5 1 TR, o A A 42 ol BEL R 0 A R T P TR P 1 R 7 28 T 0 )
R fuh vl BHA BRI, 5 ANSYS HESZ RS BLER A BERY , A3 B i E SN 6] T 00T SR B2 UL T A, 2
A R i P 0 S B I Al m BRI, TR o T A 2R T O fk e L ) e LR

PLLMA S5 B T 425 L 7 60 kg-m B9 BLEAT 0 M b E 5, AR R B Y50 4R E G 18 i,
e U Sk AL BELDR /N T 36.2% 5 ARSI/ 10 mm B9 R R, S U S R BELDBR /DN T 18.9% , B A A EE A AR B
R0 i f 8 P Mk rbt BELAT DTSR S0 R, 4 A ik e BEL BB 2 4 Bl R R R RS B R A R OGRS, AR
— I3 M S B TR B A

5% 3tk

[ 1] wpthtak, 285 0, T ANE, 55 ol 2k ol P9 246 2515 RV B8 400 L0 3 B Bk 9 (0], Bk3E 2441k, 2013, 35(10): 82-88.
Yang S W, Jiang X Y, Wang X H, et al. Study and simulation tests of burning damage to insulation joints and rails in high-speed
railway stations[J]. Journal of the China Railway Society, 2013, 35(10):82-88.(in Chinese)

(2] T a0y e ok o oI 0 5 91 R0 26 2% 15 [R) R BIF 5 (D], b 5t Jbat38 il K%, 2014,
Liu Z M. Study on the problem of arc burning rail and insulation joint of Beijing-Shanghai high-speed railway[D]. Beijing:



% 6 M TR, E T ANSYS #9472 T OU ST 46 Ak Ak T 30 va 69 AT 129

[4]

[6]
[7]
(8]

[12]

[13]

[14]

[15]

[16]

Beijing Jiaotong University,2014.(in Chinese)
BRLT R, TR, A Se Y, S L R A 28 G R A R T B2 0], B RS R A A, 2015, 39(3):6-9.
Bi H J, Ding Z D, Shi X M, et al. A solution for burning damage to insulation joints in high-speed railway stations[J]. Journal
of Beijing Jiaotong University, 2015, 39(3):6-9.(in Chinese)
i SO . 7 7 | R AL I X R 3 R S Ol PN 4 1 RN BLRE BB B WIS (D], 22 M 22 TR, 2018,
Shang W B. Study on the burning loss of insulation joints and rails in high-speed railway stations caused by traction current
backflow[D]. Lanzhou: Lanzhou University of Technology,2018. (in Chinese)
PG, 6 B, BROEIE, &5 . T Ao 42 fih 98 ) 003 FL B 0 e Pl BELT B8 D sk I 98 (D). 8RB 2724, 2014, 36(3): 31-36.
Sun S P, Zhao H B, Chen D W, et al. Research on method for calculation of shunt resistances of track cicuits using electrical
contact theory[J]. Journal of the China Railway Society, 2014, 36(3): 31-36.(in Chinese)
Hertz H. Ueber Die Berithrung fester elastischer Korper[J].Journal fiir Die Reine und Angewandte Mathematik, 1882: 156-171.
Holm R, Holm E. Electric contacts; theory and application[M]. Array Berlin; New York: Springer-Verlag, 1967.
AL . T ANSYS 9 w38 51 4 e HUE ik T AU R S B X [D]. M B AR AR SE T KA ,2017.
Guo J. Research on wheel/rail contact condition and material parameters of high-speed train based on ANSYS[D]. Nanchang:
East China Jiaotong University,2017. (in Chinese)
An T.Micro-alloying of passenger train wheel steel[C]//proceeding of the 12th international congressonwheel Set.China:sept,
1998:39-43.
Bucher F, Dmitriev A I, Ertz M, et al. Multiscale simulation of dry friction in wheel/rail contact[J]. Wear, 2006, 261(7/8):
874-884.
F IR, 1 SO, SO T Bk I ok N 24 5 T e L 3l A i BEL T R B SR (0], BRGEE AR 45 5, 2017, 53(8): 10-13.
Wang X M, Shang W B, Shang W Q. Study on dynamic contact impedance of insulated joint wheel-rail in high-speed railway
station[J]. Railway Signalling & Communication, 2017, 53(8): 10-13.(in Chinese)
FEREAR, RO, M0, A5 L FE A B 0 U 48 0 AR S BT (], P ARAR R, 2018, 29(6):103-106.
Cui Y L, Tang F G, Yang S X, et al. Fault analysis of insulation joint burning in heavy-haul railway station and yard[J]. Electric
Railway, 2018, 29(6):103-106.(in Chinese)
POALSE . B s B 5 10l 30 b 53 10 P e 208 2% A TR 7 9 0] BRIE B 5 155, 2019, 55(2): 45-47.
Dai L Q. Analysis on insulation treatment method of track circuit burned by traction reflux of high-speed rail[J]. Railway
Signalling & Communication, 2019, 55(2): 45-47.(in Chinese)
El-sayed H M, Lotfy M, El-din Zohny H N, et al. A three dimensional finite element analysis of insulated rail joints
deterioration[J]. Engineering Failure Analysis, 2018, 91: 201-215.
Yun H B, Lee K C, Park Y J, et al. Rail neutral temperature monitoring using non-contact photoluminescence
Piezospectroscopy: a field study at high-speed rail track[J]. Construction and Building Materials, 2019, 204: 357-370.
Rathod C, Wexler D, Chandra T, et al. Microstructural characterisation of railhead damage in insulated rail joints[J]. Materials
Science Forum, 2012, 706: 2937-2942.

(e & W)



