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Table 2 Extrusion process parameters of 6063 aluminum alloy

F1 6063 HHERITHRTE
Table 1 Chemical composition of 6063 aluminum alloy

(mass fraction, %)

Si Mg Fe Cu Mn Cr Zn Ti Al
0.65 0.65 0.35 0.15 <0.10 0.10 0.10 0.10 Bal
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Fig. 1 Dimensions and geometric shape of aluminum profile:

(a) Cross-section dimensions; (b) Practicality diagram

Extrusion speed/(mm-s ") Blank temperature/C

Die temperature/‘C

Cylinder temperature/‘C Extrusion ratio

4 480

400 430 30.3
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Fig. 2 Drawing of tensile sample (unit: mm)
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Fig. 3 Stress—strain curves of 6063 aluminum at various

aging conditions

T3 AFINEALFRES 6063 B 2 T AE
Table 3 Mechanical properties of 6063 aluminum at various

aging conditions

Aging time/min  ¢y,/MPa  ¢,/MPa /% n
No-HT 76.41 186.41 28.7 2.75
30 99.7 190.77 27.35 3.4
60 132.58 211.21 2242 4.07
90 156.06 223.53 20.7 5.29

120 184.93 242 18.67 6.54

150 205.58 255.58 17.71 7.44
180 220.8 264.25 16.9 8.07
540 239.76 269.21 16.38 12.64
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Table 4 Deformation mode of 6063 aluminum samples at

various aging conditions

Euler mode Diamond mode
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Displacement/mm

B4 AFINEAEIARES 6063 F1% 3w — (LA 2k
Fig. 4 Load—displacement curves of 6063 aluminum alloy at

various aging conditions
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Fig. 5 Load—displacement curves of samples before 1st peak
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Table 5 Peak load and collapsed length of 6063 aluminum

samples at various aging conditions

Aging time/min F,/kN Jp/mm
No-HT 215.36 14.33
30 228.86 12.24
60 256.27 11.39
90 304.09 8.23
120 322.81 6.42
150 332.38 5.97
180 338.95 5.49
540 357.98 3.31
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Fig. 6 1st derivative of load—displacement curves
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Fig. 7 1st derivative of load—displacement curve of samples

at elastic state
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Table 6 Critical displacement and load of 6063 aluminum

samples at various aging conditions

~400F —e— 120 min Aging time/min D, /mm F./kN
ik a0 No-HT 0.9008 101.88
_gool 40 min | | 30 1.0004 138.85
0 05 1.0 1.3 20 60 10248 166.31
Displacement/mm ’ ’
L ‘ . 90 1.3008 236.63
8  UREI BT —ALAS HIZR T 2 B 3 2
o . 120 1.2209 262.45
Fig. 8 2nd derivative of load—displacement curves of samples
150 1.2305 264.97
N , 1 1.2 271.94
33 AL LT AL HO BT %0 70 7o
FERERR LW REVE RS 5 R S T EATAEIE 0 L2881 20762
R T AFINRAE PR 45 BrialRE ) He 4 S 56 45 R
Table 7 Compression results of aluminum samples at various aging conditions
Aging time/min F/kKN Jdo/mm U/l Collapse mode Collapse starting point
No-HT 154.28 112.5 17356.49 E Mid of specimen
30 158.98 122.5 19475.66 E Mid of specimen
60n 174.74 128.9 22528.67 D Bottom of specimen
90 188.76 127.8 23869.21 D Bottom of specimen
120 189.82 127.5 24202.28 D Bottom of specimen
150 234.10 139.6 32690.67 C+D Bottom of specimen
180 233.80 141.6 3312591 C+D Bottom of specimen
540 246.06 141.0 34701.59 C Bottom of specimen
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Fig. 9 Change of mean-peak load ratio of samples with aging

time
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Table 8 Main effect of input and output variables

U/K)

Main effect Fp F, U O
n 5.71 7.26 1067.74 1.50
0 —4.43 —7.84 —820.10 -1.37
002 0.35 0.53 63.50 0.09
Oy 0.69 1.05 125.27 0.18
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Fig. 11 Quadratic polynomial fitting of data points: (a) Peak load; (b) Mean load; (c) Collapse length; (d) Energy absorption



o528 & 70 . e WEK LIRS a

BESS R ISR AT A B 52 )

1307

AU, WRETERE U SRR, HAERE 2 H
WSR3 E) . 12 T AR R U oA 3 80 ] e 4 A%
JEAE o, M REPERE U M), 52 7 Ik Z 3G
RIS

2x LJTIA T 41, Ramberg-Osgood L F54L n AERS
A A VAL M 4 it I 205 Ak BELINE [R] (1) AR A ARl e 9
J1E PR RS, PRI, AR TR0 AR A AR 28 Ay ISR
FEA i, R R R, AR RIS AR 3 B
REWE 8 L INAAAE— @ R 2, (R EAE, 17
HAR SRR,

1) 0 YRS e A S50 R W, BEAG I8 BRI )
MIRER: 6063 FHA & i bE GR 2540 1) AR TE R 25 10
AR A1 180 CHAT T, B AL EE 0~30 min AE R
BRI (E)AZ T, 60~120 min TRXEE A 4 WA 8 :L(D)
AT, KL 150~180 min WFE A TR A4 (C+D)E T,
I 2% 540 min 0 T REALA(C)LTE .

2) Bl ISR BRI [A) RRE G, 6063 454 4 Bk
G R HERR AR ) H 4 WA AT I R AR T 3
HEEE, Rl TR B TR Re, TR Al
540 min Ji IR RERCA I 50 BRRZS 132 51 100%

3) WEALFEHL n L5 RE GRAR T i A v 1 U 28 Ay
Fyv % XHAT Fov W RGERTE R 0, KR AEERE U A1
WERMCHE, T @SS ik
WAL A AL, REAE HE A OO AN [F) B AR FR SN
6063 FH {5 A HEREGEEE R AR TEAT N

REFERENCES

(17 sR<efe, MICR, D3R4 VMR 24 MR M), dEat:
TR IRAL, 2010: 190-204.

ZHANG Jin-huan, DU Hui-liang, MA Chun-sheng. Automotive
design for crash safety[M]. Beijing: Tsinghua University Press,
2010: 190-204.

[2] POGATSCHER, S, ANTREKOWITSCH, LEITNER H, EBNER
T, UGGOWITZER P J. Mechanisms controlling the artificial
aging of Al-Mg-Si alloys[J]. Acta Materialia, 2011, 59(9):
3352-3363.

[3] WERINOS M, ANTREKOWITSCH H, KOZESCHNIK E,
EBNER T, MOSZNER F, LOFFLER J F, UGGOWITZER P J,
POGATSCHER S. Ultrafast artificial aging of Al-Mg-Si
alloys[J]. Scripta Materialia, 2016, 112: 148—151.

[4] ALEXANDER J M. An approximate analysis of the collapse of

(3]

(]

(7]

(8]

]

[10]

(1]

(12]

[13]

thin cylindrical shells under axial loading[J]. Quarterly Journal
of Mechanics & Applied Mathematics, 1960, 13(1): 10-15.
WANG Z, LI Z, NING J, ZHAO L. Effect of heat treatments on
the crushing behaviour and energy absorbing performance of
aluminium alloy foams[J]. Materials & Design, 2009, 30(4):
977-982.

FARSHIDI M. Effect of aging treatment on the crushing
behavior of aluminum 6061 alloy tube[J]. Proceedings of the
Institution of Mechanical Engineers Part L Journal of Materials
Design & Applications, 2014, 229(5): 389-397.

GHAIDAN A A. The effect of heat treatment on elastic-plastic
behavior and absorbing energy for L-shaped mild steel under
compressive axial load[J]. Al-Rafadain Engineering Journal,
2013.

WILLIAMS B W, SIMHA C H M, ABEDRABBO N, MAYER
R, WORSWICK M J. Effect of anisotropy, kinematic hardening,
and strain-rate sensitivity on the predicted axial crush response
of hydroformed aluminium alloy tubes[J]. International Journal
of Impact Engineering, 2010, 37(6): 652—661.

FOUKE, W, OB, & W, M AR BRI WA
BT 2500 R A < W BE 0 2 M T RTIRL BE YE R 2 Wi R BF 9T
[CY/2012 TR TR¥SFESRICE. TR JRREL
P24z, 2012,

WANG Guang-yao, WAN Xin —ming, LI Yang, GAO Li, ZHOU
Jia, ZHAO Jiang-qing. Effect of heat treatment parameters on
the mechanical property and energy absorbing capability of
aluminum crash boxes[C]//Proceedings of 2012 Chongqing
Automotive Engineering Society Annual Conference, 2012.
O, N RSB SR A TR
SIHT[I]. BN T T Z, 2014(20): 143-145.

WANG Jun, MA Jun. Analysis on effects of heat treatment on
property of modified aluminum alloy for automobile[J]. Hot
Working Technology, 2014(20): 143—145.

FkAE, BROSKE, TAERE. SO R 2 FLAR < s 4 e
PERERTEENAN]. Gx)m I Rk B, 2002, 27(8): 3-6.

WANG Yong-jin, CHEN Ce, HE De-ping. Influence of heat
treatment on compressive deformation and energy absorption
properties of porous aluminum alloy[J]. Heat Treatment of
Metals, 2002, 27(8): 3—6.

Z Mk, RRANE, S, skaesl, WIRCH. AR BUAL BN AL
Ak BN VIR B A B IS AR BE LRSS AT]. R R A KA (A
4x, 2011, 31(4): 373-376.

WU Jin, CHENG He-fa, HUANG Xiao-mei, ZHANG Yan-gui,
HU Zhi-jun. Effects of modification and heat treatment on
energyabsorption capacities of aluminum alloy foams[J]. Special
Casting & Nonferrous Alloys, 2011, 31(4): 373—376.

HIGEI, AR, A BT AL IR Al-Cu-Mg &< )21
e S BRE TR R maT]. <R I 8L BE, 2005, 30(9): 33-37.
CAO Xiao-qing, YANG Gui-tong. Effects of Heat treatment on

the mechanical properties and energy absorption characteristics



1308 v A 4 2 AR 2018 47 A

of open cell Al-Cu-Mg alloy foams[J]. Heat Treatment of Metals, (161 " #h, £, SR, FRAE. REH exxx RIEGE
2005, 30(9): 33-37. HECRRE W AT O 0], TP E A SRR, 2014, 24(4):
[14] £ &, AR, B N R )0 B A S R 1Y 878-887.
WERRAS RN 48 P BELT]. MU TR R, 2012, 36(10): 81-85. YE Tuo, WANG Guan, YAO Zai-qi, LI Luo-xing. Ductile
WANG Guan, XIANG Dong, LI Luo-xing. Quasi-static axial fracture behavior of 6xxx aluminum alloy thin-walled
compressive properties of Al-Mg-Si alloy profiles aged for components of automobile[J]. The Chinese Journal of
different times[J]. Materials for Mechanical Engineering, 2012, Nonferrous Metals, 2014, 24(4): 878—887.
36(10): 81-85. [17] MOSTAGHEL N, BYRD R A. Inversion of Ramberg—Osgood
[15] F e, &S0, HANE, 2. B0 A 4 aEa equation and description of hysteresis loops[J]. International
o] A5 AL TEAT AR m[T]. AT (2@ 244, 2016, 26(3): Journal of Non-Linear Mechanics, 2002, 37(8): 1319-1335.
494-506. [18] FHIF, BRI WAL & & B K ] &+
WANG Guan, LIU Zhi-wen, XU Cong-chang, LI Luo-xing. AT (0428 249k, 2002, 12(4): 701-705.
Effect of cut-outs on axial collapse behaviors of aluminum with LI Xue-chun, YANG Yu-ying. Effect of plastic deformation on
thin-walled structure[J]. The Chinese Journal of Nonferrous elastic modulus of aluminum alloy[J]. The Chinese Journal of
Metals, 2016, 26(3): 494—506. Nonferrous Metals, 2002, 12(4): 701-705.

Effect of aging treatment on axial collapse behaviors of
aluminum alloy with multi cell thin-walled structure

WANG Guan"?, KOU LIN-yuan', LIU Zhi-wen?, Y1 Jie?, XU Cong-chang®, LI Luo-xing®

(1. School of Mechanical 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 heat treatment on collapse behaviors and energy absorption of 6063 aluminum alloy with multi
cell thin-walled structure was investigated by quasi-static axial compression using WAW-E600 microcomputer controlled
universal testing machine. The results show that the deformation mode of the 6063 aluminum alloy with multi cell
thin-walled structure changes from Euler mode to concertina mode with the increase of aging time, while the peak load,
mean load and energy absorption of the sample also enlarge. The critical buckling load of the structure is obtained by the
second order derivation of the load-displacement curve. The influence of aging treatment on the bearing performance of
the specimen was studied by Slogistic function fitting. Based on the T-Student evaluation method, the Ramberg-Osgood
hardening parameter » is introduced as a variable by the main effect analysis. The quadratic polynomial fitting models of
peak load, mean load, collapsed length and energy absorption performance were established. The models can accurately
predict the elastic-plastic deformation behavior of 6063 aluminum alloy thin-walled structure under different aging
conditions, which can provide theoretical guidance for the conceptual design of aluminum alloy automotive body.
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