27 1
2012 2

JOURNAL OF EXPERIMENTAL MECHANICS

Vol. 27 No
Feb. 2012

.1

:1001-4888(2012)01-0077-10

(2009BAG12A01-B02-2)
(1946 —),

1
b
(1.
2.

AA 6063 T6

( / ,
b
b
b
’
3 ; 3
: TB124
’
’
9 A N A
b
(2]
L3
(4]
b
b
L]
b N
* : 2011-11-04; : 2011-12-06

(90916026) .

1.2

, 230026
s 621900)

(1]

(KJCX2-EW-L03)

. E-mail: jlyu@ustc. edu. cn

[5]



78 (2012 ) 27
[7—10]
b ’
o b
(8],
, [7]
b b
[1]
b b
o , 7
’ b
[11—13]
1
AA 6063 T6,
1 ) b b
b
, 2~4mm, 0.45g/cm’, E=
625MPa, 0.=9.74MPa, on =8.12MPa,
1
Tab.1 Mechanical property of profile materials
Wall Young's Ultimate Uniaxial
Specimen Specimen Yield stress )
Specimen type thickness modulus stress tensile rupture
number size (mm) 002 (MPa)
¢t (mm) E (GPa) o. (MPa) strain e,
Outer
3 ®38X90 2.0 47 126 138 0.070
tube
<. 1 D20 X 90 1.2 42 128 140 0.070
Circular
Inner
2 ®22X90 1.4 42 134 146 0.070
tube
3 $24 X 90 1.2 42 128 140 0.070
Outer
1 38X 38 X114 0.9 53 160 192 0.089
tube
Square | 2 25X 25X 114 0.9 53 160 192 0. 089
tube 4 25X 25X 114 2.0 52 203 227 0. 089
7 , 1 : (a) , (b)
,(e) ,(d) , (e) , (D (g)
. 1 o 3, 2. 0mm,
38mm, o o
° “CDSZ” 1) C 9S o :E
’S 7D ’C o b
) ( IDN s
o L=114mm, L=90mm,
MTS 809 )
( ), , 0.1lmm/s,
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(a) Hollow square tube

(e) Hollow circular tube

(b) Foam-filled single (c) Foam-filled double (d) Corner foam-filled

square tube

1

square tube square tube

(f) Foam-filled single (g) Foam-filled double

circular tube circular tube

Fig. 1 Schematic diagrams of geometrical sections for seven types of the thin-walled structures
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Fig.2 (a) A typical load-displacement curve and (b) comparison among different structures
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Fig. 3 Deformation modes of different thin-walled structures; (a) hollow thin-walled tubes;
(b) foamrfilled single tubes; (¢) foamrfilled double square tubes; (d) foam-filled double circular

tubes; (e) Corner foam-filled double square tubes.
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Fig. 5 Peak and average load characteristics of thin-walled structures with various section geometries
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Fig. 6 Total and specific energy absorption of thin-walled structures with various section geometries
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Fig. 7 Energy absorption per stroke and maximum compressive strength of thin-walled

structures with various section geometries
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Fig. 8 Stroke efficiency and crush force efficiency of thin-walled structures with various section geometries

’ (Uo.2+0u)/2 ;Ae Ai

Energy-absorbing effectiveness factor

( CD32), ¢

..



(2]

£3]

L4]

ol

(10]

[11]

(12]

[13]

LU G, YU T X. Energy Absorption of Structures and Materials [ M]. Cambridge: Woodhead Publishing Limited,
2003.

Olabi A G, Morris E, Hashmi M S J. Metallic tube type energy absorbers: a synopsis [ J]. Thin-walled
Structures, 2007, 45(7-8): 706 —726.

ZHANG Y, ZHU P, CHEN G L. Lightweight design of automotive front side rail based on robust optimization
[J]. Thin-walled Structures, 2007, 45(7-8) :670—676.

s . [M]. : , 2004 (DU Xingwen, SONG
Hongwei. Impact dynamics and crashworthiness design of cylinder shell structure [ M]. Beijing: Science Press,
2004 (in Chinese))

Jones N. Structural Impact [ M]. Cambridge: Cambridge University Press, 1997.

Gibson L J, Ashby M F. Cellular Solid; Structure and Properties, 2nd edition [ M]. Cambridge: Cambridge
University Press, 1997.

Santosa S, Wierzbicki T, Hanssen A G, Langseth M. Experimental and numerical studies of foam-filled sections
[J]. International Journal of Impact Engineering, 2000, 24:509—534.

Seitzberger M, Rammerstorfer F G, et al. Experimental studies on the quasi-static axial crushing of steel columns
filled with aluminum foam [J]. International Journal of Solids and Structures, 2000, 37:4125—4147.

s s . [J]. , 2011(2): 181—189
(GUO Liuwei, YU Jilin, YANG Guodong. On the quasi-static axial crushing behavior of foam-filled double
cylindrical tubes [J]. Journal of Experimental Mechanics, 2011, (4): 181—189 (in Chinese))

) : LIl . 2010, 25(3): 271—278
(GUO Liuwei, YU Jilin. Experimental investigations on the quasi-static axial crushing of foam-filled double square
columns [ J]. Journal of Experimental Mechanics, 2010, (3): 271—278 (in Chinese))

Hsu S' S, Jones N. Quasi-static and dynamic axial crushing of thin-walled circular stainless steel, mild steel and
aluminum alloy tubes [J]. International Journal of Crashworthiness, 2004, 9(2):195—217.

Jones N, Energy-absorbing effectiveness factor [J]. International Journal of Impact Engineering, 2010, 37(6):

L1Z B, YU]J L, GUO L W. Deformation and energy absorption of aluminum foam-filled tubes subjected to
oblique loading [ J]. International Journal of Mechanical Sciences, 2012, 54(1): 48—56.



86 (2012 > 27

An Experimental Study on the Crashworthiness of Thin-walled
Tubes and Their Metallic Foam-Filled Structures

LI Zhi-bin', YU Jtlin', ZHENG Zhi-jun', GUO Liu-wei'"”
(1. CAS Key Laboratory of Mechanical Behaviour and Design of Materials, University of Science and Technology of China, Hefei
230027, China; 2. Science and Technology on Shock Waves and Detonation Physics Laboratory, China Academy of Engineering Physics,
Mianyang 621900, China)

Abstract: Quasi-static axial compression tests were conducted on two types of empty aluminum alloy
tubes (circular and square) and five types of aluminum foam filled tube structures (foam-filled single
circular and square tubes, foam-filled double circular and square tubes and corner-foamfilled square
tube). The load-deformation characteristics, deformation mode and energy absorption ability of these
thin-walled structures were investigated. Several parameters related to their crashworthiness were
compared, including the specific energy absorption, the energy-absorbing effectiveness factor, etc.
The influence of physical dimension on the crashworthiness of these structure was explored. It is
found that the dimension of inner tube has significant influence on the structural crashworthiness of
foam-filled double tube structures. The averaged crush force, the specific energy absorption, the
energy per stroke and the energy-absorbing effectiveness factor of thin-walled circular structures are
higher than those of the thin-walled square structures, respectively. Foanrfilled single and double
circular tube structures are recommended as crashworthy structures due to their high crush force
efficiency and energy-absorbing efficiency.

Keywords: thin-walled tube; axial compression; crashworthiness; energy-absorbing effectiveness

factor; experimental investigation



