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Uncertainty analysis for complex test based on PSO-LSSVM
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Abstract: A complex experimental uncertainty analysis method combining particle swarm optimization
(PSO) and least square support vector machine (LSSVM) model was presented. Taking the tensile test
of the automobile seat belt as the object, the main influencing factors and probability density function
parameters of the tensile test of automobile seat belt were studied. The Latin hypercube method was
used to design the test, and the finite element simulation of the tensile test of the seat belt was carried
out. PSO-LSSVM was used to establish the mathematical model of the safety belt tension test, and
compared with the mathematical model established by back propagation ( BP) neural network. The
results show that the PSO-LSSVM mathematical model hashigher prediction accuracy and mets the
requirements of the subsequent uncertainty evaluation. The Monte Carlo method was further used to
evaluate the uncertainty of the safety belt tensile test, and the method was compared with the method
specified in the national standard. The results show that the proposed method can be applied to the
uncertainty analysis of complex experiments.
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Fig.1 Safety belt tensile test setup
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Fig.2 Main influencing factors of safety belt tensile test
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Tab.1 Distribution function parameters of A, B, J, O
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B [170, 250] LA 1=210,5°=416.49
J [85°, 105°] Nyl 1=95,6°=26.03
10) [80, 100] EAAM 1=90,°=26.03

2 ZEFHMHARBRITRHE

21 BRTER

2 JE B 22 Gty i A K 1) A I — SR AT 4R
PR 52, R4 P A 28 4y a8 A PR oo A
T (R 37 S A SCHEAT AN G2 BE A AT I SR K
GB14167—2013 B (35 771k, 456 54 /A|
FH ANSA 8% VR 20 R AT A FR T A, 4
PRI AT FROTRE RN A 3 IR .
22 HmEZEAKEEIT

T ST A A PR I AR A Sz
[ A AL, REAEA R A SR 124
AR I, DU A R 08 00 B e g s
MR I B e AR, B TR S R TR
WA BT RS RFE R T X A TR KT
B AT BRI, A T A AR S O AR
AT .

W1 BRI, IFWnRsEEr
YA DX (A], A AN S HONE R % B RN % 1
JIi7R o

3 ReTHMAKBERTER
Fig. 3 Finite element model of safety belt tensile test
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Fig.4 Latin hypercube sampling considering probability
density distribution
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Tab.2 Data samples of safety belt tensile test

RES  4/mm  B/mm  J/mm O/mm  BUCKLE X/mm
1 414.80  247.19 9620  99.34 128.67
2 41233 193.34 9422 9276 131.63
3 41572 201.35 93.65  82.63 130.17
4 407.52  226.01 90.14  89.57 124.58
5 41457 2302 85.81  84.15 120.80
6 40840  178.66 94.14 9434 133.80
7 41232 199.77 97.49  100.33 135.21
8 408.16  190.46 9272 8220 130.43
9 405.64 20512 10333 9255 139.13
10 411.59  220.20 91.77 8837 126.55
11 406.02 21657 11035  87.89 145.75
12 42022 238.13 92.83  86.23 128.08
13 40636  218.05 95.44  96.11 129.10
14 42993 212.6 101.2 91.2 137.33
15 412,65  227.19 99.51  88.74 132.69
16 4432 214.11 9229  91.59 130.42
17 407.13  184.06 97.1 93.25 136.26
18 422.19 21087 9126  86.69 128.54
19 42299  182.05 88.95  86.88 129.66
20 42206  233.4 96.67  92.11 129.13
21 408.69  161.32 87.35  96.78 130.02
22 42043 198.42 8442  95.64 125.19
23 417.1 209.91 9459  89.30 131.12
24 407.64 20467  100.13  84.66 135.40
25 41191  249.46 98.95  79.60 131.26
26 40595 207.17 89.68  85.58 125.51
27 43350  197.22 95.13  93.83 134.30
28 41328  223.64 98.18  87.73 132.84
29 410.58  188.20 9829  90.65 136.30
30 41071 22249  101.61  90.42 134.93
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Fig.5 Comparison of PSO-LSSVM and BP neural network

modeling
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Tab.4 Uncertainty analysis results of safety belt tensile test
MCM method based on PSO-LSSVM
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