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Table 1 Chemical composition of 6063 aluminum alloy

(mass fraction, %)

Si Mg Fe Cu Mn Cr Zn Ti Al
0.55 0.65 035 0.05 <0.10 0.10 0.05 0.10 Bal

(b)
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Fig. 1 Dimensions and geometric shape of 6063 aluminum
profile (unit: mm): (a) Cross-section dimensions; (b)

Practicality diagram
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Fig.2 Compression behavior of Base sample
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Fig. 3 Aluminum profile with cut-outs

Diamond mode

Concertina mode
300
2501 N
£ 200}
B
= 150F,
3 D
=
g 100
50 ‘ N
0 20 40 60 80 100 120 140
Displacement/mm

4 AEE S ALIREE One-hole MAZ AT I

Fig. 4 Compression behavior of sample One-hole
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Fig. 5 Location of multi-row cut-outs on the samples: (a)

Multi-holes-01; (b) Multi-holes-02; (c) Multi-holes-03
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Fig. 6 Compression result of multi-row cut-outs samples: (a)

Multi-holes-01; (b) Multi-holes-02; (c) Multi-holes-03
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Fig. 7 Curves of applied load, mean load and energy versus
displacement of samples with multi-row cut-outs: (a) Applied

load; (b) Mean load; (c) Absorbed energy
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Fig. 8 Location of multi-row cut-outs on samples: (a) Sample
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Fig. 9 Compression results of multi-row cut-outs samples at
initial state: (a) Sample Multi-holes-03; (b) Sample
Multi-holes-04; (c) Sample Multi-holes-05
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Fig. 10 Compression results of multi-row cut-outs samples:
(a) Sample Multi-holes-03; (b) Sample Multi-holes-04; (c)
Sample Multi-holes-05
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Fig. 11 Compression behavior of sample Multi-holes-04
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Fig. 12 Curves of applied load, mean load and energy versuse
displacement of samples with multi-row cut-outs: (a) Applied

load; (b) Mean load; (c) Absorbed energy
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Fig. 13 Location of large size cut-outs on sample Multi-holes-06
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Fig. 14 Compression behavior of sample Multi-holes-06 with

large size cut-outs
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Fig. 16 1st derivative of force-displacement curve
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Fig. 17 2nd derivative of force—displacement curve
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Table 2 Experimental data of thin-walled aluminum profile at

critical instability state

Sample No.  d/mm I/mm* Area/mm’> Dg/mm F./kN
Base 0 95431 108.62 1.01 148
One-hole 10 86363 95.92 1.27 141

Multi-holes-01 12 83982  92.53 1.35 130

Multi-holes-04 155 79813 86.61 1.64 128

Multi-holes-05  15.5 79813 86.61 2.03 126

Multi-holes-06  15.5 79813 86.61 1.44 125
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Fig. 18 Linear fitting of inertia and critical force
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Table 3 Quasistatic test results of samples for various cut-outs
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Sample No. Collapse mode F,/kN F./kN y Jo/mm E/J n/(kJ-mm")
Base Euler 228.89 152.44 0.67 133.68 19475.66 0.146
One-hole Diamond+Concertina 204.02(216.30%) 169.96  0.83(0.79) 145.27 24690.66 0.170
Multi-holes-04 Concertina 198.79 159.56 0.80 147.42 24624.25 0.167
Multi-holes-06 New 192.81 150.86 0.78 134.68  21277.15 0.158
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Effect of cut-outs on axial collapse behaviors of
aluminum with thin-walled structure

WANG Guan"?, LIU Zhi-wen?, XU Cong-chang?, LI Luo-xing®

(1. College of Mechanical and Vehicle Engineering, Ningxia University, Yinchuan 750021, China;
2. State Key Laboratory of Advanced Design and Manufacture for Vehicle Body,
Hunan University, Changsha 410082, China)

Abstract: The effect of cut-outs on deformation behaviors and energy absorption of 6063 aluminum with thin-walled
structures will be investigated by quasi-static axial compression using WAW-E600 microcomputer controlled universal
testing machine. The results show that the deformation mode of the aluminum extrusions is changed from Euler mode to
Mixed mode after setting single line cut-outs on the specimen, and the energy absorption increases 26.78%. The
deformation behavior is more stable and the peak force is lower than that of the complete sample during compression.
The size and position of cutouts have very significant effects on axial collapse behaviors of aluminum thin-walled
structure. The aluminum samples buckle under Euler mode with poor performance of deformation stability, loading force
and energy absorption, because cut-outs locate in the middle of extrusions. Gradually changing size of cut-outs could
leads that the compression behaviors become concertina mode. The aluminum extrusions collapse from top to bottom
sequentially with steady load curve and excellent energy absorbing performance. Large cut-outs will introduce local
buckling with shear deformation. The compression behavior is a new mode, which has stable load and successive
collapse process. Based on the experimental data, the influence of cut-outs size on the critical force was studied. The
relationship between critical force and inertia of the thin-walled structure was established by using linear regression.

Key words: thin-walled structure; cut-out; quasi-static compression; collapse behavior; deformation mode
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