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Abstract

It is difficult to estimate the properties of multilayered sheet because they are composed of one or more different
materials. Plastic deformation behavior of the multilayered sheet is quite different as compared to each material
individually. The deformation behavior of multilayered sheet should be investigated in order to prevent forming defects
and to predict the properties of the formed part. In this study, the mechanical properties and formability of stainless steel-
aluminum-magnesium multilayered sheet were investigated. The multilayered sheet needs to be deformed at an elevated
temperature because of its poor formability at room temperature. Uniaxial tensile tests were performed at various
temperatures and strain rates. Fracture patterns changed mainly at a temperature of 200°C. Uniform and total elongation
of multilayered sheet increased to values greater than those of each material when deformed at 250°C. The limiting
drawing ratio (LDR) was obtained using a circular cup deep drawing test to measure the formability of the multilayered
sheet. A maximum value for the LDR of about 2 was achieved at 250°C, which is the appropriate forming temperature for
the Mg alloy. Fracture patterns on a circular cup and thickness of formed part were predicted by a rigid-viscoplastic FEM
analysis. Two kinds of modeling techniques were used to simulate deep drawing process of multilayered sheet. A single-
layer FE-model, which combines the three different layers into a macroscopic single layer, predicted well the thickness
distribution of the drawn cup. In contrast, the location and the time of fracture were estimated better with a multi-layer FE
model, which used different material properties for each of the three layers.
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Table 1 Tensile test conditions

Variables Values

Gage length(mm) 20

Thickness(mm) 3.85

Temperature(C) 100, 200, 250, 300, 400
Strain rate(/sec.) 101, 10

a0 [250T ]

—o—0.1/sec
——0.01 /sec

True stress [MPa]

e
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
True strain

(a) 250°C

. [300CT ]
—0—0.1/sec

—o—0.01 /sec|

True stress [MPa]
= i N
o (42 o
. 2.2

[3.]
=]
n

=
n

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
True strain

(b) 300C
Fig. 3 Tensile curves and fractured section of
multilayered  sheet  with  different
temperatures and strain rate
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(c) AZ31 (d) multilayered sheet (b) die set for warm deep drawing
Fig. 4 Results of tensile test for each material Fig. 5 Erichsen tester and die set for warm deep
(testing temperature: 300°C) drawing
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Table 3 Results of circular cup deep drawing test

L Blank
D size 250°C 300C
R (mm)

2.14 | 0107

2:3 2117

>
(or
=
=

(a) at each position (b) at corner section
Fig. 6 Positions measuring thickness of drawn cups
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Table 4 Wall thickness of drawn cup(blank dia.:

98mm)

Experiment FEM FEM

(Blank Dia. : 98mm) (multi-layer) (single-

layer)
STS | 0.64 STS | 0.53

C Al 0.89 | 3.09 | Al 0.80 | 2.37 2.32
Mg | 1.56 Mg | 1.04
STS | 0.87 STS | 0.95

S Al 101 | 328 | Al 1.18 | 3.79 3.37
Mg | 1.40 Mg | 1.66
STS | 1.07 STS | 1.13

E Al 150 | 4.58 Al 167 | 472 4.48
Mg | 2.01 Mg | 1.92

Table 5 Wall thickness of drawn cup(blank dia.:

107mm)
Experiment FEM FEM
(Bla. Dia. : 107mm) (multi-layer) (single-
layer)
STS | 0.58 STS | 0.69
a Al 0.89 | 299 | Al | 092 | 3.02 291
Mg | 152 Mg | 1.41
STS | 0.58 STS | 0.68
b Al 0.74 | 2.82 Al 0.79 | 2.95 2.82
Mg | 15 Mg | 1.48
STS | 0.66 STS | 0.54
c Al 077 | 288 | Al | 0.74 | 350 | 3.02
Mg | 1.45 Mg | 1.30
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Fig. 7 Two kinds of FE models used to investigate
effect of layer patterns of sheet on deep
drawing
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(a) single-layer (b) multi-layer
Fig. 8 Section view of circular cup fabricated by
deep drawing and effective strain distribution
calculated by FEM analysis
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Fig. 9 Comparison of thickness distribution according

to the FE model

Fold =Y FYold 0.15mm o3&}, =AY
oA 0.2mm o]&te] ©akE YeERES Fig. 9 o
A ek =gtk 2 7HA s RElzte] Aol
S A tgFhAEde] o Z kS YEh
At ol dTAARGS] A AAV|FoR
7Hg vpgEe] 1Xskal Qe STS430 Al 7
E7b ddider Fetrz F3ddel u A7

o] ™ Fig. 8(b)2] a2 Axfell A 2l = gl

o5&

g,
o
o

2 g ol A
ANAHRE FEH 3
(strain)¥} Fo]E B S}
e} Hlalsle] ToA S
A e AP gA &
37 &= (forming limit diagram)S ©]-&-3} =
wh ot} a8, thEsa & Aol



20 d =RqelA

Strainrate 0.1 Strainrate 0.1

03690 051178
03361 0.46255
0.3032

0.2703

0.41332
0.36409
0.31486
0.26563
0.21639
0.16716
0.11793

0.06887
0.01947

0.2374
0.2045
01717
0.1388
0.1059

0.0730
0.0401

(a) multi-layer (b) single-layer
Fig.10 Effective strain distribution of circular cup
calculated by using the three-layer model
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