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Figure 1 (Color online) Full-size aerodynamic model of the three-trainset high-speed train. (a) Single-train operation in open-air; (b) single-train

passing through tunnel.
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Figure 2 (Color online) Multi-body dynamics model for a middle trainset of the high-speed train. (a) Side view; (b) front view; (c) top view of the

front bogie.
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Figure 3 Schematic diagram of the position of structural loads on the bogie. Top views of longitudinal (a), lateral (b), and vertical (c) loads; (d) three-

dimensional view of all loads.
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Figure 4 (Color online) Aerodynamic loads at the center of mass of
the car body under the open-line condition. (a) Drag force; (b) side
force; (c) lift force; (d) rolling moment; (e) pitching moment; (f) yawing
moment.
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Figure 5 (Color online) Aerodynamic loads at the center of mass of
the car body under the tunnel condition. (a) Drag force; (b) side force;
(c) lift force; (d) rolling moment; (e) pitching moment; (f) yawing
moment.
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Figure 6 (Color online) Track irregularity. (a) Vertical direction of the
left rail; (b) lateral direction of the left rail; (c) vertical direction of the
right rail; (d) lateral direction of the right rail.
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Figure 7 (Color online) Longitudinal forces of the first steel spring.
Load-time histories for front (a) and rear (b) bogies in the open-line
condition, and front (c) and rear (d) bogies under the tunnel condition;
load PSDs for front (e) and rear (f) bogies in the open-line condition,
and front (g) and rear (h) bogies under the tunnel condition. Here, W and
A denote the wheel-rail excitation and aerodynamic load, respectively
(the same below).
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Figure 8 (Color online) Longitudinal forces of the second lateral
damper. Load-time histories for front (a) and rear (b) bogies in the open-
line condition, and front (c¢) and rear (d) bogies under the tunnel
condition; load PSDs for front (e) and rear (f) bogies in the open-line
condition, and front (g) and rear (h) bogies under the tunnel condition.
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Figure 9 (Color online) Vertical forces of the first anti-yaw damper.
Load-time histories for front (a) and rear (b) bogies in the open-line
condition, and front (c) and rear (d) bogies under the tunnel condition;
load PSDs for front (e) and rear (f) bogies in the open-line condition,
and front (g) and rear (h) bogies under the tunnel condition.
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Figure 10 (Color online) Difference of the amplitude of structural
loads when the wheel-rail excitation or aerodynamic load is applied
individually compared with that when the two are applied jointly. Front
(a) and rear (b) bogies in the open-line condition; front (c) and rear (d)
bogies under the tunnel condition.
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Table 3 Structural loads significantly affected by the front and rear positions of the bogie

T BHAE JilAl S A RMSE
19 —REHE YT —rREE / 0.474
21 —REHE 7 fri —AL AN Ty 0.109
22 —REH YhJr) AR S 0.500
24 —REH [ AR ) 0.221
35 -FRdE YT =ALERLEEE T 0.120
37 —REH YhIr) VUL s L i 0.141
39 TREH A — R 0.394
40 ZREH G| — R 0.175
41 ZRELE i) —r AR S 0.415
42 ZREH YhJr) B VASE 5] 0.273
43 TREH G| DA Y 0.175
44 ZREHE i i) AT V) 0.414
50 TREH ] AL ) AR A 0.183
51 ZREE YhJr) —LHUEAT IR AR 7 0.121
52 ZREH G| —ALHUEAT AR ) 0.196
53 CREHE e 1] —ALHUREAT IR T 0.396
54 T REHE YhJr) AP AT IR AR 71 0.125
55 ZREEE T i) A B AT IR IR ) 0.247
56 ZREH 1] ZALHUIAT IR T 0.420
57 ZREHE YhJr) A5 BiAT 71 0.186
58 ZREH T e F= 5| Bkt 71 0.407
59 ZREH 1] o s ) 2.09

R4 REPBEIA TS BRI R R AR 2 4 R A

Table 4 Structural loads whose characteristics vary significantly under both wheel-rail excitations and aerodynamic loads
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Figure 11 (Color online) Effects of external loads on mean values of
structural loads on bogies. (a) Vertical force-time history of the fourth
steel spring of the rear bogie under both wheel-rail excitations and
aerodynamic loads for the tunnel condition, and the mean value-time
history of this load under different external loads. Difference of the
mean value of structural loads when the wheel-rail excitation or
aerodynamic load is applied individually compared with that when the
two are applied jointly: Front (b) and rear (c) bogies in the open-line
condition; front (d) and rear (e) bogies under the tunnel condition.
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Figure 12 (Color online) Vertical force-time histories of the second
air spring under the combined effect of wheel-rail excitations and
different aerodynamic loads in the open-line condition. (a) Full
aerodynamic loads; (b) drag force; (c) side force; (d) lift force; (e)
rolling moment; (f) pitching moment; (g) yawing moment.
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Figure 13 (Color online) Vertical force-time histories of the second
air spring under the combined effect of wheel-rail excitations and
different aerodynamic loads for the tunnel condition. (a) Full
aerodynamic loads; (b) drag force; (c) side force; (d) lift force; (e)
rolling moment; (f) pitching moment; (g) yawing moment.
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Figure 14 (Color online) Fractional contributions from wheel-rail
excitations and aerodynamic loads to structural loads. Front (a) and rear
(b) bogies in the open-line condition; front (c) and rear (d) bogies under
the tunnel condition.
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Fractional load contributions from wheel-rail excitations and aero-
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Understanding the structural load sources of high-speed trains (HSTs) precisely is critical for their fatigue reliability design. In this
paper, we identify fractional load contributions from wheel-rail excitations and aerodynamics to the HST bogie structure. To this end,
we first determine the structural loads on the bogies of an HST subjected to various external loads under two conditions—single-train
operating in the open air and passing through a tunnel—using coupled acrodynamics and multibody dynamics calculations. Further,
we analyze the influence of external loads and other factors on the structural load characteristics for calculating the differences in the
structural load characteristics under various external loads. This study shows that wheel-rail excitation is the dominant factor
determining the amplitude of the structural loads on bogies, while aerodynamic load is the primary factor responsible for changing the
mean values of the structural loads. Additionally, we quantify the fractional contributions of different load sources to the structural
loads using the network method of time-domain contribution by solving the signal analysis theory and demonstrate that the fractional
contribution of the wheel-rail excitation to the structural loads on bogies under open air and tunnel conditions is the most dominant.
Furthermore, contributions of the aerodynamic loads to the structural loads increase considerably under the tunnel condition. This
paper clarifies the influence of different load sources on the structural loads under two working conditions, and the findings may
provide a foundation for designing fatigue-resistant critical structures of HSTs.

high-speed train bogie, fractional load contributions, wheel-rail excitation, aerodynamic load, coupled
aerodynamics and multi-body dynamics
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