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[Abstract]  Aluminum alloy multi-cell thin-walled tubes have better mechanical properties in energy absorp-
tion than ordinary square tubes in axial compression conditions, with a wide range of application prospects in auto-
motive, aviation, military equipment, and other industries. To study the anisotropic characteristics of extruded
6061-T6 aluminum alloy material, uniaxial tensile mechanical properties tests are conducted on the sheet along the
extrusion direction of 07, 45°, and 90°. The corresponding stress-strain curves and anisotropic characteristic param-
eters are obtained, and the material constitutive model is established based on the yield criterion of anisotropic hard-
ening behavior. Tubes with different cross-sectional configurations shaped as the Chinese characters of mouth, day
and eye are designed and quasi-static crushing tests are conducted. By analyzing the deformation crushing force
curve, it is shown that the thin-walled structure of the triple-cell alloy has superior crash resistance performance. In
order to further obtain the optimal design parameters of the triple-shaped tube, considering the uncertain effect of
material parameter fluctuations such as Poisson’s ratio and elastic modulus on the structural impact resistance, the
multi-cell aluminum alloy thin-walled tube impact resistance interval uncertainty optimization model is established.
The interval possibility degree method is used to transform it into a deterministic problem. By combining the Artifi-

cial Neural Networks (ANNs) model with the Intergeneration Projection Genetic Algorithm (IP-GA) method, a dou-
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ble-layer nested optimization is performed on this problem to analyze the impact of different likelihood levels on un-

certainty optimization results, providing guidance for the selection of different reliability optimization design.

Keywords: aluminum alloy thin—-walled tubes; material constitutive; multi cell structure; crash

resistance; interval optimization
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H Mt B R R, 29 R TR RS H0A s H s
PEB AN B AR ) B R

‘si_’
T

K18 H P RILEMIL LTS5

F7 &itB#x
SRR 2R AL
T H
SEA/(J-g™") MCF/kN PCF/kN
H¥r Maximize <67. 04 <95. 30
=8 FiItTERIEEE
VAL HIAE/mm B FBR/mm | %3t E R /mm
t 2.2 1.8 3.0
‘, 2.2 1.8 3.0
Ly 2.2 1.8 3.0
d 22.0 12.0 32.0

X,e[1.8,3.0]; X,e[12,32]

U eU =[U;,U]=[0.30,0.36]

U,e Uy =[Uy, Uy ]1=[65,75]

KX, X, X X, BRI, 435 B - R 454

THERE SRR R ¢ 0y ory DAKT DL e il A A7 B )

SR d; U NASTE [0 5 U R U, 23 50 TA RS F Fngf

PERSEIE fF1 g 4 3o HAR S, AR T X AU

MY AR V% 22 R B 5 o BAR SR LI RE SEA 5 2, Fl g,

R EERSE Y TR B T MCF UL B A iR W (8 5 35% 1 PCF
I AR AN S A R RT 2 4k TC 24 TR

H ARG A 7] A DX [] 7 O R e A A

minf, (X) = f1(X) + & Sb(P(g < b) = 1) =
(1-B)- " (X)/fe + B (Xt +
o3Pl <b)- A)

HiXxe[X,X,, X, X,]
3.3.2  X[EIflfbin g

A A R, A E R IP-GA X &
L, W2 IP-GA Jr ikt 290 LT 5. Bk
oL ANE RN Z LR SR A8 0 OR 42 R A At B
o5 09 GA B3, — Jr 1 v fie 1 AR 7 2 FUAS nf 46
AN Z Ak B0 R i DRI, 55— T T BB AE — o A
& Lkt 2O R AR ARG S E R B e
£40.0, 51 F o #7110 000, % T IP-GA,3 &R
BB r s M #BBER 0. 6, FIEER /N 38 AR FNAL 3
BER 0 9% 8 50.0. 8 0. 1. 5540, IP-GA SN2 Fi
2 R B KA KR 53901115k 500 A 200, 38 8 1555
TES B Bl 20K

AT E M E 2 BARUREB M 0. 5,43 5]
W DX JB) AT g /KSR E R 0.2.,0.5.0. 8.1, 0 #EA7fE
b, BTN 10 TR o 7R AR R B AT REBE K F 1Y
BURTE AR AT R BEIKSE 3R AR T AN R B A1 T )
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2024 4F (45 46 )5 7

o BEE LA RERE K BN, L HARTE
AESE B LTS R I BN 2 OR] BE RE K
-, AT S A B E MR A TR AT AT B R, AT
AR EALR) HAR R B ERE . Fe 2z, it T A
I 2 A PEREAC B SR T e Bt T S, R HCT

RELZ N 0. 81 5L T B/ (X) AL~ (X) AL &5 R 5 A
B T RACABIE BRI W R 45 R AT
XA 11 frs . i ml o, PeAe e i A ARk BE
—E W BT, W I RRAR 1 B 20 A0RT H BR 0 AN
PER) U

%10 FETEREKFE FRBEEALER

CINTIES B TS /mm SEA/(J-g™") MCF/KN PCFIkN
0.2 [1.8,1.5,2.8,15] [19.48,20.76] [66.86,69.95] [94.16,103. 33]
0.5 [2.6,2.0,1.6,18] [17.38,18. 84] [65.52,68.95] [93.27,101.37]
0.8 [2.1,2.1,2.4,21] [16.73,18.26] [64.37,67.50] [91.12,99.26]
1.0 [2.0,2.1,2.2,20] [15.73,17.26] [63.02,67.04] [89.23,94.17]
Fz11 MR
T H Ak Rt iz
H 5 oA R IX ] [14.72,16.84] [15.73,17.26]
SEA/(J-g™") S(X) 15.78 16. 50 4.56%
£ (X) 1.01 0.77 23.81%
LB X (1] [65.34,69.72] [64.37,67.50]
MCF/kN S(X) 67.53 65.94 2.35%
£ (X) 2.19 1.56 28.76%
LYK ] [92.67,100. 83 ] [91.12,99.26]
PCF/kN S(X) 96.75 95.19 1. 6%
£ (X) 4.08 4.07 0.2%
5 i [£yst5,t5,d] [2.2,2.2,2.2,22] [2.1,2.1,2.4,21]
Ho PUIRE RARAS T R B 20K B BRIk
4 75 TFEE L IR 9E T 2l 28 AT BB FE 7K1 X 145 R 1 52

(1) F 4% GB/T228. 1—2010, 1£ % il 1 6061
T6 535 AR 43 VR B 5 1] 0° (457 90" U i
177 RS s bR 5, 45 S R W7E 0° )y ik 14
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