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Figure 1 Weld zone.
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Figure 2 Fatigue sample sampling.
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Figure 3 Uniaxial fatigue and tensile loading testing machine.
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Figure 4 Charpy pendulum impact sample design (mm, 15 pieces).

F 1 WFEAI-ASRLH A8 il R AE
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Figure 5 Tensile force-displacement curve (a) and nominal stress-strain curves (b) of samples.
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Figure 6 Comparison between test data and fitted curves.
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Table 2 Fatigue test results collation
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Figure 7 S-N test data and curve fitting.
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Figure 8 S-N fitting curve and test point in the welding zone.
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Figure 9 Impact force-displacement curve at normal temperature. (a) Samples 1-3, (b) samples 6-9.

299510-5



R hER: WY )% RO

2026 £ FHsS6 oM

F 3 ERTEAHMEREE

Table 3 Impact parameters of each sample at normal temperature

Fg)’ Sgy Wc Fmax Smax Wm W.

W) am @ 6N om0
1 15.63 0427 3.54 22714 1.888 32.54 4.26
2 1529 0442 3.49 24.147 2.059 3747 7.89
3 15.61 0.602 571 21.128 2.074 32.66 14.46
6 1543 0354 294 26.77 1560 27.39 19.80
7 1520 0.358 2.80 27.6 1.601 2893 35.13
8 1529 0.358 3.025 25.8 1.601 28.01 7.67
9 1565 0.358 2.99 27.4 1.612 2850 20.93
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Figure 10 Analysis process of contact fatigue in the welding zone.
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Figure 11 Azimuth track cross-section dimensions (mm).
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Figure 12 Track joint model of 13 m antenna track and mesh.

F 4 RHATRCH AR

Table 4 The wheel-rail finite element model [28,29]
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Table 5 Fatigue parameters of wheel-rail finite element model [28,29]
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Figure 13 History of simulations. (a) Axle load time history, (b) change of load and displacement.
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Figure 14 Mises stress in the welded region of the track with depths. (a) Base metal (BM), (b) heat-affected zone (HAZ), (c) weld zone (WZ).
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Figure 16 Contact fatigue life of the track at the different axle loads.
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Table 6 Internal distribution of wheel-rail contact fatigue life under partial axle loads
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Figure 17 Life calculation results at the different contact fatigue loads.

fiB 55 A5 i AR LRI S I CRTITRLR. AEfe R ERCK

f S VEFTE, RSB AL G B IR T (Z12 mm) &

PRI BT ARG LL, hihdaTia g

FIfE R, gk FL 20 piili 98 55 75 i O RE R BOK.

AFER A LR, MR T A e AN I 10751K, (1) s 4 X dli K Mises . ) B L BTE AL B AN
ML e T 220000, SRR ph a7 AR e AL, A, Rl X Z R G s PR RE I 22 5 R 2. B

299510-9



R hER: WY )% RO

2026 £ FHsS6 oM

1000

—=— h=1mm d=2mm
(a) —e—h=0.5mm d=2mm 20001 (b) ‘ h=lmm = fmm
900 1 |—*—h=0.5mm d=2mm
—+—  h=0d=2mm |
1800 ——  h=0d=2mm
800 —— h=0d=3mm —  he0d=3mm
—+—  h=0d=4mm 1600 4 ‘ 1=0 d=4inm
700 1
1400
< <
=¥ ay 4
600
b= S 1200 -
2 2
£ 500 <] i
a a 1000
400 200
300 | 600 -
200 400
100 L N 1 " 1 R 1 N 1 . I 200 41— 1 L I I 1
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
Time /s Time /s

Bl 18 SRS BB EE T LT S B AR M. (a) Sk MisesM 7T, (b) e KA )

Figure 18 Stress with different geometric parameters of track splice. (a) Max Mises stress, (b) max contact stress.
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Influence of track joint types on contact fatigue mechanical
performance for antenna

YIN Rui-Hua', YANG Zai-Tun', LAN Hui-Qing'”~ & WANG Hui**

! School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China
2 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgqi 830011, China
* Xinjiang Key Laboratory of Radio Astrophysics, Urumqi 830011, China
*Corresponding author (email: hqlan@bjtu.edu.cn)

Aiming to the contact damage (especially contact fatigue) between the rail and wheel for large radio telescope antennas,
this article takes the 13-m experimental antenna track in Qitai, Xinjiang, as the object of study. By combining simulations
and experiments, the study focuses on the contact fatigue mechanical performance of the wheel-rail connection in the
welded and joint region. The article primarily obtains the material properties and parameters of the track welding zone
through fatigue tests, uniaxial tensile tests, and impact tests. Additionally, finite element simulations are conducted to
explore the influence of roller axle weight, wheel-rail friction coefficient, and track splice on the contact mechanical
performance and fatigue life, with comparisons to measured data. This research will provide theoretical support for
studying the fatigue mechanical properties of the welded area, reducing damage in the wheel-rail welded region, and the
design and maintenance of the QTT 110 m antenna wheel-rail system.

wheel-rail contact, mechanical performance, fatigue testing, impact testing, finite element simulation
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