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Abstract: The key technology to evaluate the durability of typical components quickly is discussed.
Based on the durability condition of the whole vehicle structure of a large proving ground, the damage
of the main parts of a certain vehicle model under the condition of a large proving ground is taken as the
target. The characteristics of the working condition of a small special proving ground are combined to
formulate the durability evaluation criterion of a small special proving ground based on the principle of
damage equivalence. On the basis of a large amount of load data analysis, the target damage in the road
condition of the large test field is established, and the damage is taken as the target for the small test

field. The cycle number of the combined road condition is established. Genetic algorithm is used to
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solve the mathematical model of equivalent relationship, and the durability evaluation criterion of key

parts in the small special test field that meets the needs of independent brand automobile development is

reasonably designed. The method proposed by this paper can provide technical support for the efficient,

accurate and low-cost evaluation of the durability of parts of different models on the same vehicle

platform. It also provides a new idea and reference for the establishment of the durability criterion of the

vehicle proving ground.

Keywords: Load characteristics; equal damage principle; genetic algorithm; durability evaluation
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Fig.1 Six component load spectrum for left front wheel in a
large test ground ( Belgium stone road A )
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Fig.2 Six component load spectrum of left front wheel in a
small test ground (Road2)
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Tab.1 Coefficient matrix
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Pseudo-damage analysis and comparison of upper

control arm under different road conditions
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Tab.2 Pseudo-damage data of upper control arm after injury

For UCA LRZAJG I

For UCA RR%J5 F

TP BHAL st At (PO bl B DU 40
1 PA 22.44% PB 23.00%
2 PV 22.02% PV 21.90%
3 PB 19.49% 93.88% PC 18.85%90.71%
4 PC 16.63% PA 18.70%
5 MB 13.30% MB 8.26%
98.48% 97.06%
6 P2 2.20% P2 2.45%
7 DL 0.78% DL 1.17%
8 P1 0.71% 4.60% AB 0.94% 6.35%
9 CB 0.54% CB 0.90%
10 EG2 0.37% P1 0.88%
11 AB 0.37% 98.85% EG2 0.83% 97.9%
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Tab.4 Original specifications for small test sites

B aviibic) HAsit HAREIE Hiniit FEBLA (B
Fx_LF 5.44x10” Fx LR 1.26x10° RI 3800
Fy LF 331x107 Fy LR 8.37x107 R2 200
Fz LF 7.92x10°° Fz LR 1.02x10”7 R3 600
Fx_RF 8.36x10”° Fx RR 1.25%10°° R4 600
Fy RF 4.48x10” Fy RR 7.04x10”° RS 200
Fz RF 8.87x10"° Fz RR 9.44x10°° R7 1200
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Tab.5 Pareto optimal solutions for a run

Fs X Xy X3 X4 X5 Xg
1 5433 193 805 669 195 1384
2 3021 196 534 506 206 1325
13 2959 190 490 565 197 1437
18 5445 186 630 751 196 1133
24 3168 202 564 591 206 1162
30 5433 193 805 669 195 1384
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Tab.6 Comparison results of actual pseudo-damage and target pseudo-damage

75 LF_Fx LF_Fy LF Fz RF_Fx RF_Fy RF_Fz LR_Fx LR _Fy LR _Fz RR_Fx RR_Fy RR_Fz
1 1.73 0.94 1.01 1.60 1.08 1.00 1.59 0.95 1.05 1.75 1.36 1.36
2 1.00 0.55 0.59 0.92 0.63 0.58 0.92 0.55 0.60 1.01 0.78 0.78
13 0.99 0.55 0.58 0.90 0.62 0.56 0.91 0.54 0.59 1.00 0.76 0.76
18 1.72 0.93 1.00 1.58 1.06 0.98 1.56 0.93 1.03 1.73 1.34 1.35
24 1.04 0.57 0.61 0.96 0.65 0.60 0.96 0.57 0.63 1.06 0.81 0.81
30 1.73 0.94 1.01 1.60 1.08 1.00 1.59 0.95 1.05 1.75 1.36 1.36
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Tab.7 Optimal solution corresponding to the standard
deviation value

i bRz e bRz
1 0.42 18 041
2 031 24 0.29
13 0.32 30 0.42
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Fig.6 Force comparison results of the right rear wheel in X, Y and Z directions based on six component force measurement
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Fig.7 PSD comparison results of the right rearwheel in X, Y and Z directions based on six component force measurment
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Tab.8 Cycle times of road conditions in small test ground
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Tab.9 Test speed of each road condition in small test ground
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Fig.8 Vehicle counterweight diagram
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