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An Experimental Study on the Absorbed Energy of Polymeric Foam
According to Different Mass and Impact Velocity Based on the
Constant Impact Energy

Byeong-Jun Kim*, Han-Kook Kim*, Seong S. Cheon*’

ABSTRACT: In the present study, impact tests were carried out to investigate the crashworthy behaviour of the
expanded polypropylene under the constant incident energy (100] and 200]) with five different combinations of
striker mass and velocity. Also, preliminary quasi-static test was performed to obtain basic characteristics of the
expanded polypropylene. MTS 858 and Instron dynatup 9250 HV were used for the quasi-static test and impact tests,
respectively. In consequence, it was found that the impact energy absorption characteristics of the expanded
polypropylene was more influenced by the striker mass instead of the velocity of the striker.
G50l 24 A% HEF ol Wi o e
ol 574 3, 0] 25| £
B getol, 24014 B

el U R $20
A A 4ol WS
ANEE ZFS A%
2ol 542 7ol
132 $13l, Instron dynatup 9250 HV7]— A
e e A2 et

= &
P e A a2k 2 95t F4
Sk 27] 4o A 27(100] & 200])0] & =
S48 ARAOR FUSc Bat UF Sl neauel /R
static test) = S=HE| Tt A A A|FL MTS 858 o] 85141, =ZA
SE5ic). 2ANY A, UE FelmeRue 347 S0l v Aeol of @ o
Key Words: B3 £ 2] 2 I &l (expanded polypropylene), %2 0|1 X| S<=(impact energy absorption), 27| A&F
(striker mass), S-ZA| &I (striker velocity)
o mHo AEH, HAAE 5 ofd] Hool 4 85w
UTHI]. L Fol A W Zejz2Fde FH YA &
7k Hofu Aoz ereA glom, olo] uket AEA F2
| AEA 2 5 ofe] 3ato]
=AEA]

A2 gt 2ol
Klaml

ATH(2,3].

3171 s, waEa
B
A HgE]o] o]
Wy 2oz 2 4 Z3lsto], W Exle
AA

*FUBRCsm 717138
33t

1. M 2
QR ERY Agst= T4 &
B2 7F A= T Qith E3] Z 2o A (PE, Polyethylene),
Z 2|2 J Y| (PP, Polypropylene), PVC(Polyvinyl Chloride),
£ 2 99| gH(PU, Polyurethane) 7 Z-& TR A= %2 o] 1] ¥ Ee)x
7 B4 woheh, WA A9, F& R 4SAF WA 5 ol e Fyelges Be A7k doigiet
Received 27 June 2013, received in revised form 27 March 2014, accepted 2 April 2014
}
f, Corresponding author (E-mail: sscheon@kongju.ac.kr)

Sk
1]

e B



An Experimental Study on the Absorbed Energy of Polymeric Foam According to Different Mass and Impact Velocity... 43

B2}o] LAJuFA AL A A8} 4], Gilchriste}
= EIEA] A disf Fota st A
F2 Eato] 4akgirh5). Landro 52 23§ Fullo] Y
A g|aEroldlle] oA Fof Aok AE 4

f
O
a3
]

Y5} GiTh6]. Ouellet T2 W3z IR & 5o oigh
AJLE 4=3)5}4t}H7]. Subhash 5-& vF¥ 371 B.2}9] ¢k~
ol tigh A& =5t cHs]. 7Y o2 M E &5
o] Wt EPP Foam®| ttAy 52 5 A0 #3t A+E
2135 THI]. Viot Wiz Ze|Z 2L o] A49f 455
A8 BA5HATH10]. Ozturk®} Anlas= the9t&-S ¥ vf

SEALEA] tigk feteasi A =dstkaL, AU A S5
ﬂliﬂ TH11,12]. Yang 52 WEIEA}O] oY 7] 45
St -SHATA O] JFS —F&*—iﬁ} t}[13]. Machado

|32 1 B2} o] EHbﬂﬁgﬂ 2 §Steandzgoz §
i e EANATS }7} W *“‘:Hﬂ o
of A& %745*3 = -1:’5.3} t}H15]. Daniel G- HEZ 15
o] Mg gL e 54 A dor EAs1qIct16].
Maheo®} Viot& of 2] 7 0@ A ¥ W Ea|Z a2 9
ZFAHEANS EASFATH17]. Rajaneesh 52 HFEZ I E2P7}

WA MEX T A& FAEALE AFsHTHIs]
7129 Ad e AW S-S A=A, T Ao of
gt FEANUA St A, FAATEA A, Feha s
5 =0l A APAE 24 2 MEA] 22

|

Ao \Al= 4419 A

F7HA Jgel] H-Ew, webd, A3 FANHAIE 7t
SFRTE shelekte, Wi aExto] Aoy uteh, FAA U7
of Wato] wigreh == Q)AL ofuT S AR Lieof Rzt

SHA whgs 4= ik Teuh, A I E Ao tigh o]
H4=0] Jgfol ot % 12 AR 7HA] AgtH o =2nk x13
= QATH19].

UpehA] B QoA W Sz znue] tstel, %
71 A7} 100] 2 200)0] B 4 Sl FAA Akt
S]] tiet 5719 23 230 whE FHUA & % A
gHoR e, 224 AT SEF ol Aol
Ao 2| Faell o T A7 24 }Oﬂn} E 3
dh Zojz g gy o) 7| B Aol EAL ulolsly] 95},
ZA 2 A% (Quasi-static test)l= Y= Ak EAZA AHLS
MTS 858 0] 83} 1L, =Z A E-S ¢35}, Instron dynatup
9250 HV7} AF8-5| 91t}

M Ee) e Al (%)ouorownb ECELE
AL of 159 I RS F7HAA A2E A0, AHe)

Fig. 1. Specimen of the expanded polypropylene (EPP)

Table 1. Properties of unfoamed bulk polypropylene [8]

Density (p,) Young's modulus (E,) Yield strength (pys)

910 kg/m’ 1,200 MPa

30-70 MPa

Table 2. Dimension and density of EPP specimen

Material Diameter Thickness Density
EPP 50 mm 50 mm 58-62 kg/m’
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Fig. 2. The result of quasi-static test (¢ = 0.001)
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Fig. 3. Impact striker

Table 3. Condition of impact tests about EPP material

Incident velocity
Striker mass Strain
1007 2007
Case I 7.38kg | 5.21m/s 7.36 m/s
Case II 11.01kg | 4.26 m/s 6.04 m/s
CaseIIl | 16.44kg | 3.49m/s 4.93 m/s 65%
CaseIV | 21.42kg 3.06 m/s 4.32m/s
Case V 2659kg | 2.74m/s 3.88 m/s
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Fig. 4. The result stress-strain curve of impact test, (a) 100 J test,
(b) 200 J test
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Table 4. The analysis of impact test graph

Slope of linear region | Slope of plateau region
Striker
100 ] 2007 100 ] 2007
Case 8.76 10.88 0.67 0.81
Case I1 8.94 11.92 0.74 0.92
Case III 13.2 11.45 0.89 0.97
Case IV 16.4 14.27 0.79 1.04
Case V 19.5 17.57 0.84 1.07
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Fig. 5. The result of absorbed energy (a) 100 J test, (b) 200 J test
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