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Waveform prediction method of impact testing machine

LIU Bo, YAN Ming, LI Zhenjun, LEI Lei
(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: When using impact testing machine to evaluate products, it often fails to reach the peak acceleration and pulse width of the
specified pulse waveform, and it needs to be adjusted by the experience of testers and repeated experiments. Therefore, in order to accurately
predict the shock waveform before the shock test and save debugging time and resources, a method was proposed to predict the peak
acceleration and pulse width of the waveform using a nonlinear regression model. First, the Mooney-Rivlin model was used to fit the hyper
elastic intrinsic parameters of the waveform generator, a finite element model of the shock system was established, and shock tests were
conducted to verify the accuracy of the finite element model. Then, the finite element and orthogonal experimental methods were used to
study the effects of parameters such as hardness, thickness, diameter and shock table drop height of the waveform generator on the shock
waveform. Finally, the power function was chosen as the functional form of multivariate nonlinear regression and the less significant factor
terms were eliminated to establish the prediction model of peak acceleration and pulse width of the shock waveform, and the accuracy of the
prediction model was verified by the shock test. The research results show that the thickness and diameter of the waveform generator and their
interaction are the main factors affecting the shock waveforms. Comparing the predicted values of the regression model with the shock test
data, it is found that the error between the two is not more than 10% , which indicates that the established regression prediction model of
impact waveform is effective.

Key words: peak acceleration of shock waveform; pulse width; waveform generator; finite element model; orthogonal experiment; nonlinear

regression; predictive model
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Fig.3 Comparison of test curve and fitted curve
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Fig.5 Comparison of shock test and simulation curves
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Table 1 ~ Orthogonal experimental design and simulation results
LR ‘ P ~ S gt 1
BEE P/ZHA R S/mm  EAE D/mm R H/mm Z 5 HUE A/g
1 50 30 100 300 1 64.25 18.88
2 50 40 150 450 2 77.24 19.94
3 50 50 200 600 3 80.39 18.14
4 50 60 250 750 4 75.52 17.85
5 60 30 150 600 4 138.24 12.17
6 60 40 100 750 3 118.51 18.72
7 60 50 250 300 2 61.88 16. 54
8 60 60 200 450 1 43.9 21.73
9 70 30 200 750 2 199.77 8.05
10 70 40 250 600 1 140. 06 10.02
11 70 50 100 450 4 59.98 21.73
12 70 60 150 300 3 13.15 31.47
13 80 30 250 450 3 172.69 6.74
14 80 40 200 300 4 86.71 13.49
15 80 50 150 750 1 102.97 17. 14
16 80 60 100 600 2 64.84 17.21
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Table 3  Interactive orthogonal table and simulation results
F% P/HA  S/mm PxS D/mm PxD SxD H/mm PxH SxH DxH J#EEF A/g IkFE T/ms
1 50 30 1 100 1 1 300 1 1 1 64.25 18.88
2 50 30 1 100 1 1 750 2 2 2 168. 86 13
3 50 30 1 250 2 2 300 1 1 2 101.33 10.49
4 50 30 1 250 2 2 750 2 2 1 196. 41 8
5 50 60 2 100 1 2 300 1 2 1 27.84 42.47
6 50 60 2 100 1 2 750 2 1 2 84.83 29.48
7 50 60 2 250 2 1 300 1 2 2 41.87 21.98
8 50 60 2 250 2 1 750 2 1 1 75.52 17.85
9 80 30 2 100 2 1 300 2 1 1 64.76 17
10 80 30 2 100 2 1 750 1 2 2 154.29 13.24
11 80 30 2 250 1 2 300 2 1 2 146.52 7.24
12 80 30 2 250 1 2 750 1 2 1 259.38 6.24
13 80 60 1 100 2 2 300 2 2 1 26.51 35.23
14 80 60 1 100 2 2 750 1 1 2 65.07 26.73
15 80 60 1 250 1 1 300 2 2 2 60.26 15
16 80 60 1 250 1 1 750 1 1 1 110.38 13
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TP el 4 g VRIS Ae s% T, ms 6 To/ms /%
1 82.74 77.19 7.19 14.08 13.25 6.26
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3 120. 86 111.25 8.63 12.82 11.75 9.11
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