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ABSTRACT

This paper presents the characteristics of the energy absorption in an expansion tube type impact absorber
that is applied to a high weight drop tester and the use of a response surface methodology to predict the
impact energy absorption. In order to identify the characteristics of the energy absorption, a set of finite
element analysis was conducted with Abaqus Explicit. Moreover, the ISCD-II sampling method and a first
order polynomial were used to build a response surface. As a result, we demonstrated that the impact energy
could be controlled by four main design variables, namely an expansion pipe’s thickness, inner radius,
pressing die’s expansion angle and expansion ratio. Additionally, we observed the relationship between the
four main design variables and the impact energy absorbing time, displacement, and maximum impact force.

Key Words : Response Surface Method(2FS E &), High Weight Drop Tester(l &= =SHAIE7(), Impact
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Fig. 2 Description of the expansion tube type
impact energy absorbing structure:
(a) principle of the energy absorption;
(b) plastic deformation after absorbing energy

Pressing die

Pipe expansion ratio

e=r,/1

Expansion pipe

Fig. 3 Design variables the expansion tube type

impact energy absorbing structure>”®

A, wep) B Avlss S9d 3AES
A o] AANAN WE FANUA F4ATE F
WHow ATaAT

— 45 —



WSERYE AR L TS

daiAdrle AR &

F dF AT F=UIAVFE S A, A5, A3E

=i}
F(nZ &HA Aok 59, Ea]}b] E} o]
%]

3. 340X

3.1 SHo|HX| &5 54
o U JRAEs 24

Fopis] Shsto] Fig 4%} 2
S FASRUT Fe A mdo
EdolA= EA g FEo] “Cylindrical joint”

2 F&H0) Qof, ApITORT £4Y & 9
w3, 90y FAFFEN za4 tolst
HEFEL A atZAFE 7}

A gt on, seel

4
+ “General contact”’©. 2
o]

lole 6ol =AYl 1A “Rigid
body’® AT A@7Io 2Egto]ALt MY

Wk ZAo] Afstel o FAY L Boja)s]

Impact velocity

Cylindrical joint

Striker General contact

(friction)

Impact energy
absorbing structu

Rigid base —3
(fixed joint)

Fig. 4 FEM model of the high weight drop tester

Table 1 Main parameters for FEM analysis

Description of parameters Values
Thickness of the expansion pipe (t) 6mm
Inner radius of the expansion pipe (rp) 92mm

Expansion angle of the pressing die () 6.24°

Expansion ratio (e) 1.06
[Radius of the pressing die (rp)] [104mm]
coefficient of friction () 0.05
Weight of the striker and the target object  5,175kg
Impact velocity 10.77m/s

Total energy

Internal energy 7
(whole model)
LA

on (whole model)
1B

a\'\m\(e.xp.mmun pipe)

Energy [kJ]
=

Friction
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Time [s]

Fig. 5 Energy conversion and dissipation kinetic
energy into other energies
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