e FT 83 20009 &AL =74 PP, 181~188

FoIQABN Ost AI2E S8 9]
S=0UHX EHE I
The energy absorption behavior of square tube by F.E.M
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ABSTRACT

This paper describes the energy absorption of a square tube under axi
compression by using the finite element method. The overall deformations and lo
buckling modes of tube was discussed by ‘'plastic hinge concep
Force—displacement function was plotted to show various state that depended or
time. Also, mean crush load was expressed as a type of section geometry a
material property using dimensional analysis.

To verify the energy absorption and the effects of dimensions, The standards we
used as related density and specific energy, mean crushing load and the resu
were discussed by the relation between crush load and deformation, the relat
between related density and specific energy, the relation between crush load a
mean crush load, the relation between mean crush load and specific energy.

F=RN=80 : related density(AHYS), specific energy(dl U X!), mean crushii
load(H & 18tE), The plastic hinge theory(£ A 81X 0l 2)
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Table 3 symmetric displacement boundar
condition for FEM model

(d.b.c : displacement boundary condition)
ltem | x—dis | y—dis. |z~dis|x—rol|y—rot]z—rot
X fixed free free | free | fixed] fixed
y free fixed | free |fixed| free {fixed

Table t H 12€9S] 1/4 FEM Z2E9o I
& % AHYEE (C=28)
Ho| o1 x4
Al o) Gt Xy
g2z me Jewl Zo ( |
(oot o [lamexoexe
4 C
(kg) (mm) | (mm)| (mm*)
0.01714 | 0.105505 | 0.6 | 35 42
0.02286 | 0.140673 | 0.8 | 35 56
0.02857 | 0.175841 | 1.0 | 35 70
0.03429 | 0.211009 | 1.2 | 35 84
0.04000 | 0.246177 | 1.4 | 35 98
0.04571 | 0.281346 | 1.6 | 35 112
0.05143 | 0.316514 | 1.8 | 35 126
Table 2 H 22€°| 1/4 FEM €9 Xl
4% A0 UT (1=2E)

AL[H OIE 59‘) CHOH ™
0= ey SM ot Zor | T
(%Z_é_ ) B (a-txex2 )

(ko) (mm)]| (mm)| (mm*)

0.01714 | 0.422014 | 1.2 | 70 168
0.02286 | 0.315006 | 1.2 | 52 124.8
0.02857 0.253211 1.2 42 100.8
0.04000 | 0.180864 | 1.2 | 30 72
0.04571 0.15256 1.2 [26.25 63
0.05143 0.14067 1.2 [23.33 56

2-3. AdH EA

A @EO M= 22 A20I 2%

92 XMHES Symmetric displacemen

boundary condition 2 Ao 1/4 24
ol = loIRUCH. &M 2L 1/4 2
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Fig. 1 Full F.E model and 1/4 F.E model
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Table 4 Material property of analyzed
model
ltem Property
Density(kg/mm?*) 7.85e—-06
Young modulus (Gpa) 210
Yield Strength (Gpa) 0.265
Poisson's ratio 0.3

q:, 03 /2
S
" " tr':le s!rair‘vss ” o
p: 3.629, 9 0.75
5. 0.3333, 4. 0.2
&2 ( GPa)
Fig. 2 true stress curve and true strain
curve
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Fig. 3 A membrane V.M stress contour after

crush test (t=0.6mm, 1,8mm)
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Fig. 4 A membrane V.M stress contour after
crush test (C=23.33mm, 70mm)
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Table 5 The relation between related HOol 20|JF YAEs DED FHOL LESH
density and specific energy (C=35 DOl MHYTQ HASUES ol A
W oonEx ( E = Table 7~81 Fig. 10~110 LIEHHSRA
8o e (2L ) ‘ Ch $101 2010 LHE QU0 & 2E
(kN - mm/kg) R P — =I5
0.01714 1 78E+04 b E0tetill et HRS1sEs: St
0.02286 1.88E +04 g 2 £Jb QCh JYU R9E xols
0.02857 1.93E+04 _
503425 5 07E 04 AOLt SHIH YHE U0 MUHUTI
0.04000 2.20E+04 gz BRENSE0 B)iEgs ¢
0.04571 2.32E+04
505143 5 EsET04 2 Jb QUCH Ol S JHOl ENIM At
YcElie HEHOZ F2AS L= &2
. o CtHXQ| ENotEa S &S 2
Table 6 The relation between related o1 3§| = HeS
density and specific energy (t=1.2 b AL Atz ELh
Hl X . .
M oue (2oL CEY Table 7 The relation between related
4 S .
(kN - mm/kg) density mean crush load
0.01714 1.21E+04 .
0.02286 1.17E+04 s 2s (Lot LRSS (GPa)
< = -
0.02857 1.10E+04 4 S (mean crush load)
0.04000 1.16E+04 0.01714 5.85
0.04571 3.16E+04 0.02286 8.265862902
0.05143 3.17E+04 0.02857 10.5943603
0.03429 13.6229123
0.04000 16.9152558
0.04571 20.3647122
20001 . y 0.05143 25.22961
iém‘ . ) Table 8 The relation between related
z
3 0 density mean crush load
% N Sy 2 (Lot U2 Y8E (GPa)
H 4 S5 (mean crush load)
G900 9005 0010 005 0870 047 080 0035 0040 00 G0 0055 0.01714 16.0371944
Related density 0.02286 11.5277464
0.02857 8.77743251
Fig. 8 Energy absorption curve 0.04000 6.5779987
. 0.04571 15.6179769
(the first model) 005143 7
T - .
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. Fig. 10 Related density and mean
Fig. 9 Energy absorption curve
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crush load curve (the first model)
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