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Deformation behavior of deep drawing of
5A06 aluminum alloy plate

ZHANG Zhi-chao', XU Yong-chao" %, YUAN Shi-jian"?

(1. National Key Laboratory of Precision Hot Processing of Metals, Harbin Institute of Technology, Harbin 150001, China;
2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The deformation behavior of deep drawing of plate is different from that of sheet metal because of the obvious
stress gradient along the thickness direction induced from bending effect. The finite element analyses were performed to
investigate the radial stress during the plate deep drawing process, and the maximum radial stress and its location along
die radius were observed, the effect of die radius on radial stress was discussed. An experiment was conducted on the
deep drawing of 5A06 aluminum plate with thickness of 4.5 mm into the cups with diameter of 450 mm. The results
show that the maximum radial stress generates at the transition area between the die radius and cylinder wall, and the
fracture occurs at the same place. With increasing the die radius the maximum radial stress decreases. And cracks initiate
at the transition area between the cylinder wall and die radius. The maximum radial stress decreases and the fracture is
delayed when the die radius increases, as a result, the limited punch stroke at the relative die radius of 12 is improved by
about 83% compared with that at the relative die radius of 4.5.
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Fig. 1 Stress—strain curve of SA06 aluminum alloy
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Table 1 Mechanical properties of 5A06 aluminum alloy plate

with 4.5 mm-thickness

Yield Ultimate Strength

. Elongation/ Hardening .
strength/ tensile strength/ coefficient,
% index, n

MPa MPa K/MPa

207 356 233 0.29 705
d=450 mm
(a) : 1
h=260 mm

2 RS T
Fig. 2 Photos of specimen (a) and die (b)
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Table 2 Deep drawing procedure of 5A06 aluminum alloy

) Relative punch ) Gap between die Punch Punch stoke,
Relative die radius, Ry’ ) Holding force/kN )
radius, R’ and punch diameter/mm h/mm
45 65 10 12 7.5 400 1.2t 450 260

t is initial height.

Flange

Die corner

Cylinder wall

Punch corner

Bottom

B3 koo

Fig. 3 Schematic diagram of specimen division
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Fig. 4 Finite element analysis model

21 AEIMEZER DS

Bl 5 Pt AR MR A 4% Ry A 4.5 I, iR
FTREST A 10%h . 50%h FilHr iR 45 oI R 428 1] I3 7 43
fio B S@)FTR N BEGATRE A 10%h B2 ) B ) 43 i
M S@) AT LA H,  JERHEBRIE 22X AR 1) N ) B g
HAEJEFETT M TN JIBh o JEH AR ) B2 ) KN Ay
175 MPa, 5% X A2 P18 )5 KA 110 MPa, #5412 [w)
FH TR ) B1092: 22 A g Wid N A 00 kIl £ b 4%
] N ) 76 B¢ JE 7 1] B ARLEREBE,  AMURL Y J) 5Kk
387 MPa, W Jjf KA 250 MPa, [ JJBEEEN
637 MPa; [MIRIE A AL BEJET7 ) b [FIREAEAERRIE, Ab
S N ) B Kl 404 MPa, P+ ) B Kk 403
MPa, [ JJB6FE S 807 MPa. Hi k4% i) N 43 A ]
AR H, SRR, AR AR £ X
BEJELTT ) FAFAEN IR RE, A% N g 7Sk 18 £ X AR
PPN H N T AMI AR g, FE TR £ DX AR
WAL T AN A Y ) o 32 B TR R A2
i, BRI TS Y A (4l o Sk I A RORE S i
A SN BE s th e s B s i N, 45
BRIN W RSN N I PIRES o FEIMTRLLE £ Ab A
TS i, ASORE oA 00 B D025 bz g AMI BRI s Y
LRE RN WHLA R 2N JPIRAS o B2 il B
I JJIREIR, A7) WY g ds R ARAY 125 il A FH B 2 F
A7, BUFE ASE IR A7 AR AROBE FET pa i, Gn Bl S(a) BT s 1)
P,

K 5(0) It A HLRAT R A 50%h I 42 1] 8 ) 43 Aii o
M S(0) T LAE H, R AR 7] B g R s 7R
HARJEET7 I FIAR ) JCRA B, 4210 B ) 2 243 MPas
BEREX AR [0 N IR JE B T7 ) EAEAE N B . 125X
PRI N ) R Iy HAEREJE 7 I EIERAEE, fefem b
MU £y B35 22 A2k 151 MPa BN M 0.
A 1 A AR ) N g A S B T ) B AR AR N B, A
7N JIE A 201 MPa, AMIlH7 N JI{E A 370 MPa, [V
JIBEIEN 169 MPa. [MIRE[G| £ 55 ik 22 1 I X 0 P 0 B
LY ACAFAE NI BR S o TSR £ 5% 22 e DX PN il 7
V. 732k 560 MPa, AMlF R J24 600 MPa, 3 Jj# 5
A 1160 MPa. [WI5E[5 £ 15 L RE B I ARSI R ) 2k



255 T W

K, S 5A06 B B h EARIRLIRATBAT A 1767

Stress/MPa
403
336 (a)
269 PR et S

201 ! < ; :
134 ! o ﬁﬂ\ Maximum radial

-68 e T2 I R |
-135 “k“\\ ________
-202

270 | § o
337 :
~404

Stress/MPa
626 (b)
513
401
288

__________ ~ Maximum radial
' stress location

175
63
=50
-163
-276
-388
=501

=614
=727

(c) Maximum radial
stress location

Stress/MPa
575
461
346
232
118
4
=110
-224
=338
=452
=566
-680
=794

5 ANFIRLERRY BAR ) ) 53 A
Fig. 5 Distribution of radial stress at different drawing stage:

(a) 10%h; (b) 50%h; (c) Drawing finished
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Fig. 6 Location of maximum radial stress during drawing process: (a) Ry=4.5(r,<rq ); (b) R¢'=10(r,>ry)
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Fig. 7 Relationship between maximum radial stress and

drawing stroke
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Fig. 8 Radial stress distribution along thickness direction where the maximum radial stress located: (a) Ry=4.5; (b) Ry=6.5; (c)

R4=10; (d) Ry=12
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Fig. 9 Photos of drawing samples with different die radii: (a) Ry'=4.5; (b) Ry'=6.5; (c¢) R4’=10; (d) Ry'=12
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