525 B 11 )
Volume 25 Number 11

XERHS: 1004-0609(2015)-11-2975-07
5052 fmE EHREMARZIESR
IR T EMR

RiE#xR, T A

(PR RS W45, i 201804)

FEBRERFR

The Chinese Journal of Nonferrous Metals

2015 4 11 J
November 2015

8 . X 5052 fE A e T R b A, AR G Voce BT S H . SR RIRAREWT DB, IR
2 AT U S B AR T O S/ NE S . S L B AR IR 45 Y, SKA#1S E Cockeroft-Latham B4 K154
HEN I B S 4. ¥ Voce BETUFI Cockeroft-Latham #7)1E Wr 34 HE ) 5 | N3RSKIKTEAT 2L, RTINS . 4558
FW: RAZIAT Voce #AUFT Cockeroft-Latham )12 i 2 vfl: D) TR0 3 753 224 T 284407 i R0 1 TR 5 R 45 21
W4, K RSETA R e B 5 SRS 454 A B S HU R 7 AR SRR 08 . VSRS R s i A s
EER: BAe: Bk PIMERTR, BUEsi

HESHES: TG389 MRRFRASAD: A

Bulging simulation of ductile fracture of 5052 aluminum alloy

YU Hai-yan, WANG You

(School of Automotive Engineering, Tongji University, Shanghai 201804, China)

Abstract: The uniaxial tensile tests were conducted on 5052 aluminum alloy and Voce model parameters were
determined by fitting with the experimental curves. The fracture surface was observed and the minimum thickness of it
was measured with optical microscope. The material parameter of Cockcroft-Latham ductile damage criteria was
achieved through uniaxial tensile simulation and test results. Voce model and Cockcroft-Latham ductile damage criterion
were introduced into the numerical simulation of spherical bulging and simulation approach was employed to compare
with the experimental results. The results show that the position and shape of the fracture surface simulated with Voce
model and Cockcroft-Latham ductile damage criteria are in good agreement with the experimental ones. The method of
material parameters identification based on finite element simulation and simple tests has high accuracy and can be
applied conveniently.
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Fig. 1 Dimensions of uniaxial tensile specimen (Unit: mm)
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Fig. 3 Photo of failed aluminum alloy tensile specimen
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Fig. 4 SEM image of fracture surface of tensile specimen
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Table 1 Material parameters of 5052 aluminum alloy

FPE D7 B A AR A KR By Barlat89 i IR vk
I, Voce R RN Bl 5 R4S A1 K R Cockeroft-
Latham )P Wr 24 % D) 64T W 24 100 .

2.1 Voce FELIERI SIS

HAE SCHR[22], Voce I8 1) % 2 4500] DUl I )&
WEBFN. D)= th 2653, A Voce BIALXT 5052
HE NI - AR I AT, TG T A th A4
BZHRE 5 L 1, X 0. 0 G G A
Voce BRI R4, A IZRERK0 i 2 ARG &R
$h 0.995, BIAFER .

2401
£ 180
2
g
@ 120F
Q
=
= e Experimental

60F —Fitting curve
0 0.02 0.04 0.06 0.08 0.10

True strain

B 5 IR AT 5052 4 B K N AR RE AL i 2%
Fig. 5 Experimental and fitting strain-hardening curves of

5052 aluminum alloy
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7 WAL, BEAEBREAR I IR, R IR AN W,
o T DX S TR A de PR AEATIARIN %, PR BE X
AR YA, BRI AS BN, AR AN Y
Ko TR 08 B2 B AR A, Ry A

Bl 8 B 0 07 A 1 3RAS TR . 7 — AR i 20
PEai A il 8 Wl LR B, AEUAE A A i 2 Hir i 3
A 45 2R W) & 8. —Jr i, R AU A P 1
Voce 574 Z 4B A4 L 4 2 T 10 2 g B ARAT AT
BRI S Jrii,  AEAT BROTEE R il T
ATUR IR RO i LSRG IRz 775 B9
ZJa AR A B AL AR IO I GRS K, L5 5k
IV =22 I B R HAGE . Ik, LR R
W E D P I 2 HOHEAT R, DL HER R BAUURA L i
IAPE E W RN RE N 124478

240+ s .
L
£ 180}
e
s
% 120
[}
=
60 e Experiment
Simulation

0 002 004 006 008 0.0
True strain

B8 i EAIRKEG P15 K A8 1 ) — R A% i 2k
Fig. 8 True stress—strain curve from tensile simulation and

experiment

2.2 Cockeroft-Latham B 224N S 85 5k

4 Cockeroft-Latham I W HEM],  #4RHEG
1K) DR 288 I3 A% 6 A5 1l B G v e KR N T i B
AR BEAR IR GY o ARSI I vp Al FH R 28 v i KRB ) 6)
T K55 R IR N AR HEAT AR ), 49 2R REI WK 22N
A RE

R i) 7 AP 7 G o AR B /) JEE FEE N ) ) AR Ak i 2
W 9 Fros e KA RIS 2 5 TC B KR o6 S [ AR
TS B TT iR KN AR e, F H L T0 B KN AR R Rl 9
PEN AR AL an el 10 Fros. e WA
2 TR R T R RN R (B 0.42 mm, K]
9 eh s 07 B A A 38 S fe /N SR L RIS 2108 58 s,
VI Z B AR S A I E T N 2 AR A R A
B 58 s I f KA N AR O 0.458,  H1I&] 10
AR, MR AR T T R K AR RE R 109 MPa, L

1.0 - o

0.8}

0.6F

Thickness/mm

041

021

0 10 20 30 40 S50 60 70
Time/s

9y L R B /N R EE AR A it 2k

Fig. 9 Changing curve of minimum thickness of specimen in

numerical uniaxial tensile test
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Table 2 Parameters of fracture model of 5052 aluminum

alloy
Minimum Fracture Plastic Limit strain
thickness/mm time /s strain energy/MPa
0.42 58 0.458 109
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Fig. 11 Dimensions of spherical bulging moulds (Unit: mm)
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