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ABSTRACT

This paper reports on the development of nonlinear simulation models to reproduce the dynamic

response of a polyurethane-based shock waveform generator (PWGQG) used to generate half-sine pulses

in impact tests. Two approaches were adopted. The first is a finite element analysis (FEA) model

incorporating visco-hyperelastic behavior. A third-order Yeoh model was used to capture the hyperelastic

characteristics identified from static compression tests, and the viscoelastic response was represented

by a Prony series calibrated from stress-relaxation tests. The FEA results showed close agreement with

experimental data, particularly for pulse duration. The second is a nonlinear rigid-body analysis model

based on a modified Cross-Huntley formulation. Its coefficients were identified from drop-impact test

data. This model reproduced the trend of nonlinear dynamic behavior associated with Shore A hardness

levels and accurately predicted the peak acceleration. However, it overestimated the half-sine pulse

duration. Although some discrepancies remain for each model, both approaches provide practical tools

for early-stage PWG design and enable reliable evaluations of shock waveform characteristics.
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Fig. 2 Drop-impact test results
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Table 2 Drop-impact results

Initiz}l S E Pul;e Peak ;
SA velocity duration | acceleration
s'] |t (ms] | [ms?]
0.74 11.1 44.0 54.9
70 0.84 11.8 413 65.7
0.93 12.7 39.8 76.0
0.74 10.1 395 61.8
80 0.82 11.4 39.0 74.9
0.93 12.5 37.5 922
0.71 7.57 29.7 73.1
90 0.84 7.40 26.5 83.5
0.94 8.38 26.6 98.8
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Table 3 Yeoh 3rd model coefficients

Material
coefficients SA 70 SA 80 SA 90
[MPa]
Go 0.8988 1.3939 3.3172
Gy -0.1237 -0.4604 -2.0015
G, 0.126 0.4506 2.125

o zEd AE Ao Aesigdon, AWy wg
A4 Table 39 A A8t}

Aetd 542 58 93t AlF diolHE ngo=
2y Alglze Z}—’F% ARE=E Hrlste] Fig 9t
Zol, A8 AsS 7 & uky 3}‘: Iy 33 e
S XA} s o] AlS=E= Table 40 42ls}
o
PN

[m

(5) fFetask WS AT AAY A4

Ao HAe]el FA = A FEA Z2I199)
ANSYSE o3| Fasoirt. PWGe| e A
Al Abe] A7) 3 e whgste] dEdes 74
sktglom, HA] @732 Fig. 103} 2k

of sjMolME T4 A Al WA g eR

Ao G2 AT W £ BAYRE Hase] 9
o 349 A9 AA ass Aedqth 49 ek
Aol we 24 o)

[<]
7} A AskaL sA <)
AUEE ey S8, 0.7 mme] = E wAE
Aatalon HA FHA HAES F A3 B
AL slelstgitt
A% 279 4%, AF HolE m, 7 PWG Aol
nhE Al 0.19] U} x5, PWGS} st A#A

O

® Testdata
Prony 1st
Prony 2nd
Prony 3rd

Shear moduli (Normalized)

0 5 10 15 20 25 30
time (s)

Fig. 9 Comparison of prony series fits

Table 4 Prony-series coefficients

Relative elasticity g; Relaxation time z; [s]

SA 70 | SA 80 | SA 90 | SA 70 | SA 80 | SA 90

1 | 0.0476 | 0.0508 | 0.0637 | 0.3558 | 0.2228 | 0.1733

2 | 0.0637 | 0.0549 | 0.0591 | 2.1009 | 1.7161 1.478

3 | 0.0771 | 0.0648 | 0.0622 | 15.517 | 14.606 | 13.529
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Fig. 10 Finite element mesh of the PWG

Table 5 Summary of FEA model settings

Item Specification

ANSYS workbench
(transient structural)

Analysis software

3D linear tetrahedral element

Element type (large deformation enabled)

Mesh size 0.7mm (PWQG)
m, - PWG: Frictional contact
Contact condition (x=0.1)

PWG - m,: Bonded (no seperation)

Support condition | Spring-damper support connected to 2,
Stiffness (%,)

18 835 N-m’!

Damping (c,) 5000 N-s-m™'

Solver type Implicit transient analysis

Initial time step: 0.01s

Time step (adaptive sub-stepping)
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Fig. 11 PWG deformation before and after impact
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Table 6 Identified nonlinear model parameters of the PWG for different SA levels

SA 70 SA 80 SA 90
u [s'm™] 0.70 0.32 0.48
by [N'm'] 2.86e + 4 3.76e + 4 1.09¢ +5
ky [N-m”] 3.24¢+8 4.49¢ +8 4.26e+8
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Fig. 12 Comparison of drop test results: experiment

(h) SA 90 PWG, 40 mm drop
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and simulation

Table 7 Comparison of drop test results: experiment and simulation

SA 70 SA 80 SA 90
12 [m's'l] 0.74 0.84 0.93 0.74 0.82 0.93 0.71 0.84 0.94
7 [ms] 44.0 41.3 39.8 39.5 39.0 37.5 29.7 26.5 26.6
Ex
P [‘41)5331] 54.9 65.7 76.0 61.8 74.9 92.2 73.1 83.5 98.8
m-s
7 [ms] 45.0 42.0 39.6 40.8 38.4 36 354 33.6 31.8
FEA Apcak 55.1 74.1 95.7 61.7 74.1 103 65.8 86.7 110
[m-s™]
7 [ms] 51.5 48.2 47.0 44.0 42.5 41.0 342 33.0 32.0
RBA A X
pezfz 534 65.1 75.1 61.7 72.6 86.4 69.4 87.1 103
[m-s™]
7] #18ll Cross-Huntley 7|%ke] WlAY A& 224 o] i £5 % ool M oS50, o) eak=
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