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Crashworthy behaviour of cellular polymer under constant impact energy

Kwang Young Jeong’, Seong Sik Cheon ™

ABSTRACT

Characterisation of the stress-strain relationship as well as crashworthiness of cellular polymer was investigated
under constant impact energy with different velocities, considering inertia and strain rate effects simultaneously
during the impact testing. Quasi-static and impact tests were carried out for two different density (64 kg/m3, 89
kg/m3) cellular polymer specimens. Also, the equations, coupled with the Sherwood-Frost model and the
Impulse-Momentum theory, were employed to build the constitutive relation of the cellular polymer. The nominal
stress-strain curves obtained from the constitutive relation were compared with results from impact tests and
showed to be in good agreement.
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Fig. 1 Flowchart of solving coupled equation.
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Fig. 2 Polyurethane foam specimen.
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Fig. 3 Stress-strain curves of PU foam under quasi-static test: (a) Density:
64kg/m’, (b) 89 kg/m.
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Table 1 Properties of unfoamed polyurethane[15]

Density (kg/m®) Young’s modulus (MPa)
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Table 2 Coefficients of the shape function

n An n An
0 0.01 6 -57375
1 13 7 73827
2 -197 8 -55839
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NEHRESEE 10° 50, HT)E 1, D(o)= w7} 600]4]
9740l 0.0460 -2.0590.2 AL olo] W a9} bl zhz}
0.051737} 0.00155% A1A5l%T) Table 20)4= 4w |AMS
o] Adgre Yehha gl

3. 34Ad

Y5124 ZZAIE7] (Instron Dynatup 9250 HV)EARESIe] AJE]

& Atk ARe T 2715 delux 4%, 5 100 I}

o] At Sl Wale AR Fol AWE At of
of weh, SAASl A2, 7 kg, 165 kg, 26.5 kgo] ARE-H R
i, 100 Jo] AL, 47 FAAY ST SAHE 535 mis,
350 m/se} 2.75 mis7} E itk E3E 200 Jo AL, 2z
&= ko ko) tfsf] 7.60 m/s, 5.00 m/sQ} 3.85 m/sz= Tt
Zoleh. Table 3o A@ATIE HeEolA gick A Do
QolA, AL AR Abe 27198 URE uska, 7k
|3l Lo| 4% eakgm’, HE 89 kgm'e] WEE upehm,
npe} ghAbe] At AR SE4ES ek

Fig. 4= $ANPORRE 73 $Y-HYE MES Holx
W 9leh Qe A} e Ae BelEgEe o) wselA
A AL B 5 ooy, 2E4EsL Z718RE ODS (Onset
of Densification Strain)7} Eoliv= 2& & 4 AL ol &
AU 4ol 2712 omjsh Hek 2 ATolA 0DS
o A4E& flal S o] A9 wAES Adss WS
wITH16,17]. 1L}, FAS SHe whHo] ATRje] whe) et
A 4= glew, ojo wEt &2 Ae] s thE ODSE A
83 sl Qi wiEkA, Adides Al ODSEE Al
ej5}7] $isto] Fig. 59 o] ODSe] 4 @ HthE FopA 1
BEg Fetgchis]

Table 4o AHATE £ Wulo] ojAste] 24 ODS
7F AejEolA itk 2 FAqUAE At eE, S5
257} Level 194 Level 302 Zol&~E ODS7} F7}sl=

Ae B 5 gk



30 4%

BB AR B

Stress (MPa)

Strain

(b)

Stress (MPa)

Strain Strain
© (d)

Fig. 4 Stress-strain curves of impact tests: (a) Incident energy: 100J,
specimen density: 64kg/m’, (b) 100J, 89 kg/m®, (c) 200J, 64
kg/m®, (d) 2003, 89 kg/m’.
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Fig. 5 Determination of ODS.

Table 3 Summarisation of impact test

Specimen ID :IZ(I;:Jdc?P; Sg:ﬁlsrlr;;n Absorb(z;j) energy
(m/s) (kg/m°)

For 100 J of incident impact energy
100L1 2.75 67 27.78
100L2 3.52 63 29.37
100L3 5.40 61 31.12
100H1 2.73 97 34.39
100H2 3.52 84 37.24
100H3 5.60 93 45.36

For 200 J of incident impact energy
200L1 3.88 67 31.09
200L2 4.98 64 32.48
200L3 7.73 60 33.12
200H1 3.86 88 41.61
200H2 5.00 94 44.22
200H3 7.71 78 45.90
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Fig. 6 Transient velocity curves of impact tests: (a) Incident energy:
100J, specimen density: 64kg/m3, (b) 100J, 89 kg/ma, (c)
200J, 64 kg/m’, (d) 200J, 89 kg/m’.

Table 4 Onset of densification strain

Incident energy (J) ODS (%)
I
¥ Level 1 Level 2 Level 3
3 100 60.2 64.5 71.1
64 kg/m
200 61.5 66.1 72.2
3 100 449 56.7 63.5
89 kg/m
200 54.9 58.8 63.5
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Fig. 7 Calculated and experimental stress-strain response of PU foam under

impact loading: (a) Incident energy: 100J, low velocity, (b) 200J,
low velocity, (c) 100J, high velocity, (d) 200J, high velocity.
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Fig. 8 Comparison between calculated and experimentally obtained specific
energyabsorption (SEA) vs. strain curves: (a) Incident energy: 100J,
low velocity, (b) 200J, low velocity, (c) 100J, high velocity, (d)
200J, high velocity.
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