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The Crash Energy Absorption of the Expansion Tubes

considering Dynamic Local Buckling
Kwanghyun Ahn” - Jin Sung Kim - Hoon Huh

School of Mechanical, Aerospace & System Engineering, KAIST, Science town, Daejeon 305-701, Korea

Abstract : Energy absorption mechanism of the expansion tube is mainly expansion of the tube diameter by pushing a conical
punch into the tube while a bottom of the tube is fixed. In order to improve crash energy absorption capacity of expansion tubes,
local buckling characteristics of an expansion tube must be considered, since crash energy absorption significantly decreases
while buckling occurs. This paper deals with the dynamic local buckling characteristics and crash energy absorption of the
expansion tubes during tube expanding process. Static local buckling loads can be predicted by modified Plantema equation. In
this study, dynamic term is added to modified Plantema equation for considering strain rate effect of buckling. The tube shape
that has maximum crash energy absorption capacity can be obtained by comparing between dynamic modified Plantema
equation and numerical analysis of expansion tubes.

Key words : Expansion tube(2}¥+FH.), Crash energy absorption(Z &1 U4 544 5), Dynamic local buckling(‘5%] =
-2}, Modified Plantema equation(5=% Plantema 2])
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t : tube wall thickness
% @ tubeinner radius
rigld L : tube Iengﬂ?
iy T punch radius
e(=r,/r;) : expansion ratio
o « : punch angle
¥ : Initial velocity of punch
"z Reference dimension
! L t{mm) 7
- r, r(mm) 93
; L (mm) 300
i ? < r,(mm) 107
7 e 1.15
I—ia fixed ) 4 | _c(degree) 30

Fig. 1 Finite element model of tube and punch
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Fig. 2 Driving force of punch from experiment and numerical
analysis: (a) SCM440; (b) SNCM439
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Table 1. Johnson-Cook model coefficients of SPCUD?

A (MPa) B (MPa) n C m

226.61 439.43 0.616 0.131 0.33
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Fig. 3 Effects of tube thickness on energy absorption: (a) effects of
punch velocity; (b) energy absorption at the same punch stroke

4 5 68 7 8 9 10
Tube wall thickness (mm)

——v(10) u(200)

v es) 0

= T VIS 365 T o staticu(200)

= = o—8— static r(136.5) 2

= 5150 |4 v(10) u(100)

2 ——V{10)1196.5) 2 | uis)uit00)

E —— V(5) r{96.5) Sqp0 ¥ static u(100;

= —— stalic r(96.5) 5 //4/‘

o ]

2 2

] —&— V(10) r(56.5) 5 50

2 —7—V(5)r(56.5) &

a —y— stafic r(56.5) < )
? 0 60 80 100 120 140
0 B i I 300 Tube radius (mm)

(a) (b)
Fig. 4 Effects of tube radius on energy absorption: (a) effects of
punch velocity; (b) energy absorption at the same punch stroke
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Fig. 5 Effects of punch angle on energy absorption: (a) effects of
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Fig. 7 Effects of buckling: (a) effects of tube radius when t=5
mm, a=45°, e=1.3; (b) effects of expansion ratio when t=7.5
mm, r; =93 mm, a=45°
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the equivalent strain rate
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Table 2. Johnson-Cook model coefficients of various materials”

Material A (MPa) | B (MPa) n C m
SPRC340R 251.56 49826 | 0.631 | 0.087 | 0.41
SPCC 321.03 453.00 | 0.691 | 0.063 | 0.52

Al17039 337 343 0.41 0.01 1
4340STEEL 792 510 0.26 | 0.014 | 1.03
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