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Fig.2 Tensile curves of different loading angles: (a) load(P)-displacement(L); (b) stress(o)-strain(¢); (c) Te-ye
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Fig.3 Triaxial stress of butterfly specimen
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Fig.4 Curve of fracture strain-triaxial stress
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Table 1 Experimental datas

. Stress Equivalent Equivalent Equivalent =~ Work hardening Work hardening
Loading . . . . . . Fracture
angles triaxiality elast_lc module yield stress  fracture strain exponential coefficient eneray/]
Onl0Ce E /MPa 5,/MPa £ np Kp

0° 1 67312 225.65 0.1515 0.109 389.05 2.614

30° 0.82 37966 187.15 0.1654 0.072 213.79 1.946

45° 0.45 28048 168.20 0.1949 0.061 136.77 1.934

60° 0.35 27219 156.06 0.2049 0.0586 99.77 2.244

90° 0.1 25614 136.97 0.3272 — 2.675
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Fig.5 Metallurgraphs of deformation and damage of tensile samples at different loading angles:

(a) 0° (b) 30°; (c) 45°; (d) 60°; (e) 90°; (f) magnification of (e)
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Fig.6 Micrographs of fracture surfaces of tensile samples at different loading angles:

(a) 0°; (b) magnification of (a); (c) 30°; (d) 45°; (e) 60°; (f) 90°

KT o AE OB B A R EIFRAT R IUALIR RIS XA B D AR, 4 0°fL {2
A B 6a f& Ol A o Wit i K A AT AT E . 0o f W 2 ik 5 A8 1 4L

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



* 600 * GE A e

%36 4%

T )= A2 Y DY 0 o BEE T GUW =4, BRAR T
TRAE N RAS o] RERE— 5 4B AL I (K
RIGREE MRSy . &, M BN
Wi o JX MR RT3 STHR[3~9 1442 21 1 <6 s W1tk i 222
(P Fh 2 WA — s W R S B D W R A . B
5b & 30° N # G H A AR . Bl 5b i LG H
FEGR LU P2 AR T — SR AR K e, doRirE 3001
J7 1) B SR K T . B S A A 8 B AL
FeE . KL 6c, 30RO EHIRIL T D EBIE M
AEAE, FIESAT 0ok AT 1 BRI s A b, Ko B B
A, SEASEES AR AR N T, BT DIAEIA 1 TR LG A
BINT o AHTREE 300 iRl B, = Hh N
Lt 0Bz AT /N, B ISR T LI 6 AR K . 534,
M 5b v LUE H, D& e AR 30°75 ) Ak AR
THIRMAE. B 5c & 450 R A1 . A
Kl 5c iTLLE Y, SRLAE 45007 ) L] B AR, (H
e BT RIS AR T 1 e A, SRR R g
— 4K KL 100 um RS, K 6d J& 45°%
T TS I 6d B, Wil L&A,
W7 1 D8 20 R S8 RO T (9 BY D) [0 2 18, mT 0 450
J7 ) B AR iR A2 B DI . R 1 e LUE
e WG IRAG, 2T 45°h i BB ME,
TR Th Tt JE DS 4504 I v W N T 00
P 2L N g, N R, A 2 [
BV BY N 7 T 75 L0 B ) B AR o L AR T 5 1 A
Ko AR AFZE W R DTSR LA . Bl R AR BE T |
Th, RNy FERED N, A R T 243 o B Y
NEHEISRAE T, TREWR N g —0 N, 1
AR E— B, N AL R 38 K. K] 5d 2 60°
P E R A . W Sd ATLLE H, SR 60077
) b A, i H QAT A R AR T,
TEJR AR TE A T, VR AR b A R T LA MRS, ] 6e
2 60° RN LI W B . I 6 WTLUE H, Wi
PPk, B FEIvIW W S . B Se &
Q0° A E MG AH I o ANEl Se AT LG H, 4141
O T BRI, e8P =4
TR RGeS R R TE
AR IR Y (2L L E R SERUT,
JENAR . AR A B S P ISR . — AR
BY AR B 5 14777 A T 5 A o e G A 9 A 5% 14 1) 4
Ro AR IEIE NG, A5 — MR A
T AW E T B A, AR RO (7
B R BRI, MO R CE, MOEHE R A
PLAE L (AL MR, 5 iER: . 90°
FARIR G o7 Az 1 BY ) AR T e 1 A A T i AL

FIF= A . B 6f & 90k i 24 Ik B S . M
Bl of iT LUAE H, W HES TN, 8 T IR By )
Wr e A LA o #r T e QOB A 28 A 5 e 38
PORHR 0 77 ORI A - RGN AL — T R e —
JR R BY V) AT S @G I S T AR B
S BNV Iy BT A SR, KSR AR S ik
KABEAE di L E s = AR ), R B S 8L e 1
IERE AR, R SR P ek FE BT 1R B R
ZAL RERRT DALE S L, el DL BRI s @
ROy R E, 0o, ROy T b
FHREY AW . T 90°nEk N, ety kM
HAR LT — 4 HE, WRSHEY Mt 7 gk
REAT A o 77X 25 LI R R AT e R i
KA S JUT- A& Ar — Wk 18] 56 BT

4 BRTEUER

I BRI AT ABAQUS BEUA [F] #1 FZ IR B4, 75
WETEARFE D BRI AR B KN e [ 7 SR R E
LRI RAN S5 R . B 7 FTLAE . B N
LRI, IR ICRE tO PRI TR AR SN A
Ao 0K, ph AR R AR A e VAR S i A
BATE D de /)y, 90K, by 2R M AR 7 v A 28 1
Da Ko BN LI R, BRI AR AE N2
(7 1) B WY e h G, ISR A R AR AT 56 B
FMIBA—E.

p4p4p

K7 AR A TR WA R o S X R AR

Fig.7 Shapes of plastic zone for butterfly specimen at different
loading angles: (a) 0°; (b) 45°; (c) 90°
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The Study of Deformation and Damage Mechanism of Aluminum Alloy (6063)
under Different Stress States

Zhu Hao, Zhu Liang, Chen Jianhong, Lii Xianfeng
(State Key Laboratory of Gansu New Non-Ferrous Metal Materials, Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: Using the modified Arcan fixture on the butterfly specimens the deformation and damage mechanism of aluminum alloy (6063)
were investigated by 0°, 30°, 45°, 60°, 90° tensile tests and tensile-unload tests. The results show that the curves of stress-strain under
different stress states are obviously different. Microvoids appeared at the center of the specimen when 0° direction loading was preformed.
The microcracks were produced in the root of notch as the result of shearing of microvoids, and then led to specimen fracture due to
microcracks propagating. With decreasing of triaxial stress among specimens, the shear stress in the middle of butterfly specimen increased
gradually, at the same time, the deformation bands became more and more concentrated. At first, the microcracks appeared in the shear
deformation bands, then propagated, resulted in specimen fracture. When 90° direction loading was preformed, the shear band was
obviously formed at the center of the specimen. The shear band was a deformed shear band rather than a phase transformation shear band.
The simulations of different angles tensile tests were preformed with FEM (ABAQUS), and the shapes and size of plastic deformation
zones were gained under different stress states.

Key words: Al alloy; deformation; damage; shear deformation band; microcrack
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