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S, 522

SNEG, (fraction=-1.0

SNEG, (fraction = -1.0) (Avg: T.FE%) )

(Avg: 75%) 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038 476.796173
480876038 - 476.796173
480.87603 _ = 476.796173
480.876038 Uz = 0.5 mm I T U; =0.5mm T 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038 476.796173
480.876038

L

NG

<

NGy

&l

VUMAT (©) 5 (wsSLI () (25 DCOA oY oS (5,38, -A-F U

41



SDvz PE, PE22
SNEG, (fraction = -1.0) SNEG, (fraction = —1.0)
(Avg: 75%) (Avg: 75%)
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 I I 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
0.403359 0.403345
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1
\ Fixed
o il
VUMAT (0) 3 woSUT () lawge 25,5 (DCO4 s¥ss ¢ a8 6 18, L -V +-F S
U, uz2 U, Uz
0.500001 0.499990
0.458334 0.458324
0.416668 0.416659
0.375001 0.374993
0.333334 0.333327
0.291667 0.291661
0.250001 _ 0.249995
0.208334 U, = 0.5 mm U, = 0.5 mm 0.208329
0.166667 I I 0.166663
0.125000 0.124998
0.083334 0.083332
0.041667 0.041666
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\ Fixed / \ Fixed /
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S, S12 5, 512

SNEG, (fraction = -1.0) SNEG, (fraction = -1.0)

(Avg: 75%) (Avg: 75%)
176.401215 176.401276
176.401215 176.401276
176.401215 176.401276

176.401215
176.401215
176.401215
176.401215
176.401215
176.401215
176.401215

176.401276
176.401276
176.401276
176.401276
176.401276
176.401276
176.401276
176.401276
176.401276

176.401215
176.401215 U; = 0.5 mm U; = 0.5 mm
176.401215

P—— —_—

176.401276
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SDV4 PE, PE12
SNEG, (fraction = -1.0) SNEG, (fraction = —1.0)
(Avg: 75%) (Avg: 75%)
0.478596 0.477733
0.478596 0.477733
0.478596 0.477733
0.478596 0.477733
0.478596 0.477733
0.478596 0.477733
0.478596 0.477733
0.478596 0477733
0.478596 0.477733
0.478598 0477733
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0.478596 U; = 0.5 mm 0477733
0.478596 0.477733
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U, Ut
U, U1 0.499991
0.500005 0.458325
0.458338 0.416659
0.416671 0.374994
0.375004 0.333328
0.333337 0.291662
0.291670 0.249996
0.250003 0.208330
0.208335 0.166664
0.166668 0.124998
0.125001 0.083332
0.083334 0.041666
0.000000 _
1
~G— ~Gm—
o ]|
VUMAT (0) 5 wsSUT (@) sbul> DCO4 o¥gd ¢ 5, 5,135 ,L -V F-F s
‘ S, Mises

S, Mises SNEG, (fraction = —1.0)

SNEG, (fraction = —1.0) (Avg: 75%)

(Avg: 75%) 489.308868
487.950134 475.183929
473.752716 461.059082
459.555359 446.934235
445,358002 432.809387
431.160645 418.684540
416.963287 404.559692
402.765930 390.434845
388.568573 376.309998
gt s
345.976501 = 333.935455
317.581787

U; = —0.5mm
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SDV5

SNEG, (fraction = -1.0)

(Avg: 75%)
0.700021
0.654053
0.608085
0.562117
0.516149

- 0.470181
0.424212
0.378244
0.332276
0.286308

- 0.240340
0.194372
0.148403

U; = —=0.5mm

(Gmom)

NCr

<l

PEEQ

SNEG, (fraction = -1.0)

(Avg: 75%)
0.697785
0.651955
0.606125

- 0.560295
0.514465

- 0.468635
0.422806
0.376976
0.331146
0.285316

- 0.239486
0.193656
0.147826

(©) 5 osSLT (@) lenge Joleo 25,5 DCOA s¥gd ¢ 5y g oiuiS (o N5 ,L —VF-F IS
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0.333346
0.291678
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0.083337
0.041668
0.000000

U; = —0.5mm

)

VUMAT

u, uz
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Isometric View
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Bill of Material: Deep Drawing Die

Part Number Quantity Type Material Hardness
1 1 Bottom Shoe Ck 45 35-40 HRC
2 1 Top Shoe Ck 45 35-40 HRC
3 2 Guide rod MS 60 55 HRC
4 1 Die St2713H 52-56 HRC
5 1 Punch St 2324 H 52-56 HRC
6 1 Blank Holder St2713H 52-56 HRC
7 1 Ejector St 2324 H 52-56 HRC

Blank Holder
8 1 ) DIN: 17223
Spring
9 1 Ejector Spring DIN: 17223
Ejector Spring
10 1 St32 25-30 HRC
Holder
11 2 Spring Holder St 32 25-30 HRC
12 3 Pin
13 3 Blank Holder bolt
14 3 Die bolt
15 3 Holder bolt
16 3 Punch bolt
17 1 Spring Holder Rod
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Abstract
Earing is the difference in wall height of deep drawn cups. The most important thing which causes

earing is difference in mechanical properties in different directions or anisotropy. Accurate
prediction of this phenomenon and eliminating its undesired effects demands precise simulation
of the in-plane anisotropic behavior of metal sheets using advanced yield criteria. In this
dissertation, the BBC2003 vyield criterion, is used to predict earing in aluminum alloy AA3105
sheets. First, in order to determine the eight constants of BBC2003 yield criterion, an experimental-
numerical method is developed in which uniaxial and plane strain tensile test results are employed.
Nonlinear equations which govern these constants were derived and solved using steepest descent
method. Then, uniaxial yield stresses and anisotropic coefficients are predicted using the yield
function according to these constants and the results were investigated. The BBC2003 yield
criterion is used in finite element analysis in ABAQUS software. To this end, VUMAT subroutine
for describing elastic-plastic behavior of sheet metal, is developed and verified. Then, using the
developed subroutine, deep drawing of cylindrical cups of aluminum alloy AA3105 is simulated.
The results of finite element analysis are compared with experimental ones. The difference in cup
wall height and variation of thickness are the important parameters which are compared. The

results show that BBC2003 predicts earing for aluminum alloy AA3105 precisely.

Keywords: BBC2003 vyield criterion, Deep drawing, VUMAT subroutine, Earing, Steepest
descent method
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