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Tab.1 Basic information of two types of vehicles
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Fig.1 Example of a signal recombined based on moving

acceleration root mean square

5 B b B 05 B L AT ME & TR . B 1(b) A HE
FE G B AR5, B AR T ARRK R 5 X B .
3Gt AR A 5 T2 4 BUAS 5 I X T A i
FE FREE R, an sk 2 R

Wt 20 LA H, T 60% 19155 A 20% 1Y
15 5 FL v B 76 3 BT, e B 23 F O, ] DLt H A )
INHEREES. 28 EAZE R 20% HfES A
BT BRMRAE A vh 0 B RT3, B 43 AR e i

FT o X8R T B oy B fs T E AT AR L o A
GEit, JF 0l e 20 R A AT U o AR DA R

R AT WA A B B S o EEAT BE n
B2 BT 7R o % B0 307 o B0t 60 %0 FNAIE 20 %4 (15
SPUA R SRR . B 20% M AE T HEAT 4
B, TS A R b A S AR A T
Pl sl LA s, 6 L R AR HE AT R R, W LA B A
AAER TR E IS . M 209 155 A
5% B B rhor] LA BRI A PR B 5 5 0 SR AR AR 38
Kbt X R AERAGFS LSBT R T 0.5
(1 B8 2l B v E AT 0 1 3 5 AR SRR HE Y R B
Br b 20% 945 5 A7) SR A AE — 350 40 A% i 1 7 R
M55 . Gaboamnr, KRGS W AE LIRFRE.
U, FRATT AT LK — BER 20 45 55 4R 4l 8 5 40 43 Sk
20% M AE B TS S, 60 % FIE 20 % f3 f) fe r

/fFl_‘?‘o



55 4 1

W A5 W RIE R R R B R 2 A 647

R2 SHFEBRINESESRNFITSH

Tab. 2 Statistical parameters of each segment of 8 measured signals

. SRS . N
= % RMS Ui B K S ‘ 5= % RMS Ui B K S -
5% B /g U It J3 - 5% I3 B /g UEJE g J& W /s
Fia{E5S  0.2102 14.5017 0.0686 1020 Fia{5S  0.3519  3.8763 0.0267 600
L0%-ETHE  20%  0.2986 15.9882 0.1115 204 |[40% - E520%  0.5254  2.6452 —0.0132 120
B RR A di60% 01954 3.0378  0.0175 612 |BEHBIRA he0%  0.3192  2.9349  0.0797 360
{£20% 0.1314 3.2875 —0.0059 204 f£20% 0.1937 2.9439 0.0221 120
{5 0.3086 11.0372  0.0250 1740 FIRES  0.3352  3.9237 —0.0022 840
0%-WhTIE B 20% 04723 8.9211  0.0237 348 | 0Y-psws W520%  0.4624  3.3020 —0.0149 168
B-TARLR A 60Y%  0.2744  3.1233  0.0156 1044 ||BE-TRIRAE S d160% 0.3168  2.9615  0.0146 504
f£20%  0.1656 3.3733  0.0143 348 f£20%  0.2169 3.2894  0.0064 168
BG5S 0.1710 4.6367  0.0164 420 JFiA{5S  0.2540  3.3637  0.0004 660
60%-MkTiiE w5 20%  0.2374  3.9984  0.0339 84 |l -mmss EE20%  0.3426 2.6939  0.0080 132
B-EMEY p60%  0.1606 3.3016 —0.0014 252 |B&EMEKE h60%  0.2445 2.8665 —0.0001 396
{£20% 0.1119 3.5059  0.0635 84 {£20% 0.1603 3.1606 —0.0115 132
JEAR(ES 0.3446  4.6894  0.0237 960 JFIRES 0.5350  4.4490 —0.0389 720
0% B 20%  0.5176  3.2354  0.0233 192 | 0%-gEiss  F20%  0.7945  3.2638 —0.0558 144
B-EARAE 60%  0.3141  3.2640  0.0146 576 |B&EAIRA 0% 0.4815  3.0233 —0.0051 432
f£20%  0.1728 3.4146  0.0274 192 f£20%  0.3229 3.1207 —0.0106 144
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Fig.2 Probability density distribution and Gaussian fitting diagram of each segment signal
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Tab.3 Product size of each component and material mechanical property parameters
RF . 1 B A i Yl ) it/ S IR i i/
,;g. - SEA . . ) =gy BR ko 3 v \

e MR (K % 5% X )/m’ JEE/m % /(kgem Y) AR 10° Pa 10° Pa 10° Pa
SME BRE4A 0.2X0.15%0.15 0.0025 2770 0.33 7.1 5.0 2.8
B OBA4 0.02X0.01x0.01 — 2770 0.33 7.1 5.0 2.8
A BE4 0.01X0.01X0.02 — 2770 0.33 7.1 5.0 2.8
e 5 0.02X0.02X0.01 — 7850 0.30 20.0 14.5 2.5
Hnh AN 0.4%<0.36<0.02 — 7850 0.30 20.0 14.5 2.5
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Fig. 8 Stress response of key point A under original
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Tab.4 Cumulative damage in each signal segment of medium trucks and heavy trucks
5% S8 S  EUARS 5% & 10% 5 20% 1 60% I 20%
RMS/g 0.2284 0.2284 0.4832 0.4044 0.3421 0.2033 0.1413
40 %% -3 T 18 Ui B K 10.1062 10.1062 7.7972 8.4400 8.8288 3.0332 3.1149
- R 4 Wi D/10 4.3558 3.5892 3.5576 3.5851 3.5875 0.001733  0.00004
Wi/ % (82.40) 100 99.12 99.89 99.95 0.048 0.002
RMS/g 0.3413 0.3413 0.6336 0.5649 0.4975 0.3134 0.2001
40 %% -1 3 A I K 4.1938 4.1938 3.0095 3.0898 3.2152 2.8442 3.0280
it S I S Wi D/10% 1.7863 2.0414 1.8384 1.8844 1.9383 0.1015 0.0016
0 e/ % (85.72) 100 90.06 92.31 94.95 4.97 0.08
RMS/g 0.3215 0.3215 0.6485 0.5674 0.4925 0.2833 0.1835
0% -3k i1 & Ui K 6.9009 6.9009 4.9957 5.0395 5.1312 3.2413 3.0408
iz S Ry S Wi D/10 % 2.8855 2.8027 2.5706 2.6999 2.7743 0.0282 0.0002
05 e/ % (97.13) 100 91.72 96.33 98.99 1.00 0.01
RMS/g 0.3250 0.3250 0.6773 0.5621 0.4769 0.2974 0.1881
0% - A Ui K 6.8377 6.8377 4.7239 5.5128 5.8868 3.1104 3.2858
- A 4 Y D/10* 1.8742 2.0304 2.0223 2.0260 2.0273 0.0030 0.0001
Wi/ % (91.67) 100 99.60 99.78 99.85 0.15 0.001
RMS/g 0.1704 0.1704 0.2671 0.2494 0.2321 0.1614 0.1146
60 %6 -3k 17 38 Ui B K 4.3756 4.3756 3.8786 3.7122 3.7724 3.4132 3.1649
- R A Wi D/10 % 1.4972 1.5901 0.9178 1.0630 1.4089 0.1760 0.0025
Wi/ % (93.80) 100 57.72 66.85 88.60 11.07 0.33
RMS/g 0.2852 0.2852 0.4314 0.4070 0.3749 0.2749 0.1982
60 %% -1 i 2y Ul B K 3.4633 3.4633 3.8620 3.3744 3.2192 2.6996 2.9961
it gy Wi D/1077 2.3256 2.1048 2.0361 2.0379 2.1019 0.0027 0.0002
0 e/ % (95.92) 100 96.74 96.82 99.86 0.13 0.01
RMS/g 0.3347 0.3347 0.5955 0.5495 0.4938 0.3080 0.1786
0% -3k 7 18 U K 4.5489 4.5489 2.9883 3.1343 3.2638 3.2702 3.2087
- AR A Wi D/10 3.7885 1.6996 0.3648 1.1273 1.3332 0.3655 0.0009
05 L/ % (44.86) 100 21.47 66.33 78.44 21.51 0.05
RMS/g 0.4501 0.4501 0.6630 0.6293 0.5826 0.4362 0.3203
0% A U K 3.3812 3.3812 2.7061 2.8364 2.9334 2.9876 2.9767
i i S Wi D/10 " 7.9371 9.5503 3.3393 7.3230 7.7224 1.7928 0.0351
Pt o e/ % (79.68) 100 34.97 76.68 80.86 18.77 0.37
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Fig. 11 The damage variation trend of medium trucks
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Fig. 12 The damage variation trend of heavy trucks
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Tab.5 Cumulative damage of 5 typical characteristic signals

5% ZH HUARFS w 1% 5% 10% 5 20% 1 60% J520%
RMS/g 0.2954 0.4847 0.4445 0.4233 0.3926 0.2815 0.2110
. Il B K 3.2802 2.2097 2.4178 2.5203 0.9876 2.9579 2.9876
Ehs2 -
" W D/107 1.6101 0.0655 0.1677 0.4534 0.8330 0.7560 0.0211
05 i b/ % 100 4.07 10.42 28.16 51.74 46.95 1.31
RMS/g 0.3013 0.9378 0.6158 0.5142 0.4375 0.2752 0.1882
. Ui B K 7.4029 4.3850 5.8819 6.5235 6.7991 2.9713 3.0681
2 .
" Wi D/10* 2.7600 2.5178 2.7038 2.7184 2.7535 0.0063 0.0002
Wt/ % 100 91.22 97.96 98.49 99.76 0.23 0.01
RMS/g 0.3215 0.8934 0.6485 0.5674 0.4925 0.2833 0.1835
- Ui B K 6.9009 4.4289 4.9957 5.0395 5.1312 3.2413 3.0404
{5453
Ehe2
" W D/107% 3.1308 1.1068 2.7125 2.9771 3.0902 0.0402 0.0004
Wi di e/ % 100 35.32 86.64 95.09 98.70 1.28 0.02
RMS/g 0.3078 0.6828 0.6083 0.5524 0.4755 0.2698 0.1704
fEa Ul B K 5.6233 3.3123 3.3911 3.5393 3.8873 3.1589 3.2966
Ehea
" Wi D/10* 1.6834 0.1688 1.2130 1.5823 1.6616 0.0217 0.0001
Wt/ % 100 10.03 72.06 93.99 98.71 1.29 0.001
RMS/g 0.3719 1.7256 0.9942 0.7919 0.6361 0.2923 0.1752
s B K 38.6679 7.4871 14.3255 18.0809 22.0454 3.3746 3.1336
,fi— =1 5
el
" W D/107 3.4213 3.4058 3.4135 3.4211 3.4213 0.00005 0.00001

Wi bt/ % 100 99.55 99.77 99.99 99.99 0.01 0.001
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Damage analysis of products under logistics non-Gaussian vibration

XIE Jia-lin"*?, WANG Zhi-wei"**
(1.College of Packaging Engineering, Jinan University, Zhuhai 519070, China;

2.Key Laboratory of Product Packaging and Logistics of Guangdong Higher Education Institutes, Jinan University,
Zhuhai 519070, China; 3.Packaging Engineering Institute, Jinan University, Zhuhai 519070, China)

Abstract: The shock signals in the process of road transportation cause the non-Gaussian characteristics of random vibration pro-

cess. In order to study the impact of shock on product damage, the measured 8 vibration signals of medium truck and heavy truck

are statistically analyzed. The vibration signals are divided into 20% high-intensity non-Gaussian signal, 60% medium-intensity

Gaussian signal and 20% low-intensity Gaussian signal. The finite element software is used for time-domain vibration analysis to

calculate the damage proportion of each signal segment. The results show that the non-Gaussian signal contains high intensity shock

signal, which causes the most of damage. The shock amplitude of medium truck vibration data is large and accounts for a small pro-

portion, while the shock amplitude of heavy truck is relatively low and accounts for a large proportion. The higher 5% shock signal

for medium trucks caused more than 90% of the damage; The 20% non-Gaussian signal of heavy truck contains 10% higher ampli-

tude vibration besides 10% shock component, and the damage caused by 20% non-Gaussian signal is about 80% or higher. In the

whole transport vibration process, the shock signal dominates the accumulation of damage with less content.

Key words: random vibration;road transport; non-Gaussian; fatigue damage ; shock
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