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Solving method of fatigue parameters of vehicle structures based on

projection in spherical direction cosine group

YANG Bing, LIAO Zhen, MA Bai-quan, XIAO Shou-ne, YANG Guang-wu, ZHU Tao

(State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: In the traditional projection method, the maximum principal stress was assumed to be
the maximum tensile stress in advance, and the tension/compression properties of principal stress
were not taken into account in the projection process. To improve the above inadequacies, a
solving method of fatigue parameters based on the projection in spherical direction cosine group
was proposed. A series of direction cosines around the points in structure were built, and the
direction of the maximum tensile stress under multiple loading conditions was searched. In the
process of calculating the maximum stress and the minimum stress, the directions of principal
stress were retained, hence, the original tension/compression properties of stresses were
preserved. The fatigue strength assessments of welded frame of three-axle bogie and the axle box
body of vehicle were analyzed by using both the traditional projection method and the proposed

solving method respectively. Analysis result indicates that for the welded frame, the maximum
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stress of node 254570 obtained by the proposed method is 19. 4% higher than the value of the
traditional projection method. The large differences of the minimum stresses deduced from two
methods exist at 27. 8% of nodes, the opposite results even exist in signs of the minimum stresses
at several nodes. The revised equivalent stress amplitudes obtained by the traditional projection
method are at least 1 MPa lower than the values obtained by the proposed method at 12% of
nodes, and the values were even 34. 73% lower at individual node. Therefore, the subsequent
fatigue strength assessment based on such fatigue parameters is unsafe. For the axle box body,
the symmetrical cyclic stress amplitudes obtained by the traditional projection method deviate
from the actual situation. The values of some nodes are even 45. 32% lower or 51. 23% higher
than the values calculated by the proposed method, which will lead to dangerous or over-
The

determined, and the tension/compression properties of principal stresses are considered in the

conservative results in fatigue analysis. direction of the maximum tensile stress is
present method, therefore, the proposed method is more rational and credible in fatigue analysis
compared with the traditional projection method. 4 tabs, 9 figs, 22 refs.

Key words: vehicle engineering; fatigue strength assessment; projection method; direction cosine
group; tension/compression property; welded frame; axle box body
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Fig.1 Relationship between largest tensile stress and

three-direction principal stresses

S e KR AR R 3 X S B D 1 A 7% R (V3 /3
V3/3./3/3) s iX — LA R Sy ok 3 R 1) R KA
RN J3 0 1. 73 A8, BRI S 40 D dse K 35 1 g 5 [l o 4%
AN o O R E Sy NE R G VAR Y R
ST RE AR T A B A B (A R A
1.2.2 #%¥YABRIPAEEREGRY

2 BABH T FE 0 07 7 4% 52 1 B b AT RE AR AE 1Y hir
FElE AR, RAERETHT o Mo, AT
2Oy T NP ST .0, TE55 1.3 2R N85 n 4
o, 5 s AR (V2/2,52/2,0) . (— V2 /2,



%2 W oRFATRETARZABYGEMEME TS ST RKMT % 67
y Sor3sNgmT.
0, ny, 48 Ny,
o) n x
T, Ny, O My

Bl 2 Ry A b

Fig. 2 Tension/compression properties of principal stresses
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Fig. 3 Construction method of direction cosine group
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Fig. 5 Finite element model of welded frame
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Tab. 1 Calculation cases of normal service loads
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1 F. F. 0 0

2 A+e—pF. | A—a—pPF. 0 0

3 A+tae—pF. | A—a—PF. F, 0

4 A+atPF. | A—at+PF. 0 0

5 A+aetPF. | A—at+PF. F, 0
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projection method
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Tab.2 Equivalent fatigue stresses of

typical nodes of welded frame MPa
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Tab.3 Principal stresses and corresponding direction cosines of

node 254254 in different cases
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Fig. 8 Finite clement model of axle box body
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Tab. 4 Equivalent fatigue stress parameters of

typical nodes of axle box body MPa
ST ACS AR SCT7 i
i 14,550
Omax Omin 0—1.a Omax Omin o—1
257850 39. 19 3.16| 18.65 39.19 |—28.45| 34.11
261095 | 31.20 |—21.33| 26.48 | 31.20 | —3.02| 17.51
273222 33.36 | —33.43| 33.40 33.36 | —33.43| 33.40
280681 | 20.15 |—30.98| 25.34 | 25.90 |—30.98| 28.33
284508 | 20.91 |—15.23| 18.15 | 23.40 |—23.07| 23.24
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Fig. 9 Comparison results of two methods
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