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Abstract

The yield criterion, or called yield function, plays an important role in the study of plastic working of a sheet because it

governs the plastic deformation properties of the sheet during plastic forming process. In this paper, we propose a novel

anisotropic yield function useful for describing the plastic behavior of various anisotropic sheets. The proposed yield function

includes the anisotropic version of the second stress invariant J, and the third stress invariant /5. The anisotropic yield function

newly proposed in this study is as follows.

F(J) + aG(J3) + BH (J, x J3) = K"

The proposed yield function well explains the anisotropic plastic behavior of various sheets by introducing the parameters o

and B, and also exhibits both symmetrical and asymmetrical yield surfaces. The parameters included in the proposed model are

determined through an optimization algorithm from uniaxial and biaxial experimental data under proportional loading path. In

this study, the validity of the proposed anisotropic yield function was verified by comparing the yield surface shape, normalized

uniaxial yield stress value, and Lankford's anisotropic coefficient R-value derived with the experimental results. Application

for the proposed anisotropic yield function to aluminum sheet shows symmetrical yielding behavior and to pure titanium sheet

shows asymmetric yielding behavior, it was shown that the yield curve and yield behavior of various types of sheet materials

can be predicted reasonably by using the proposed new yield anisotropic function.

Keywords: invariant J>, invariant J3, stress deviator, anisotropic yield function, symmetric yield function, asymmetric yield

function.
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Parameters al a a3 a4 b b2
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vl 7} 2 Cazacu-Barlat &F33hrol] ALE¥ Al
8 = 0°,30°,45°,75° & 90° Wako| A A3 tF
F Fg5ey 9 Pax= Aga & 5 2F
FRLE g /0, =10 [21]5 AH&ste] EAE)
AA6016-T4 Ao thdh Kim-Van 358425
T3 3E3AE Fig 3boll UERfo] e g
&e otarqlt.

Fig3e] A2 5 E Kv20 o)A =3 3=
=, Atste §589, 4% AXE
AGahe W& @A, KV°209] 9 F = 0.0006,
Cazacu-Barlat © 22| 74-¢ F= 00007)E EO]J_ A

A4S T bl A8 S ¢ & Ask 3o 3

L oo wet d58 95 F55E g/ = 0=
0°, 45° 5L 90°ell A s A9 dlojeleh AN A5}
Al & Stk oA AY dolHE I"atr] 9l
1670 WA= A}%é}fﬂ 74 $H(overfitting)©] A3

]Eﬂ J,]_;Gslg Hokx]g]_ﬂ %‘H Kim-Van z‘s}izﬂ
Aol Al o ATES A (22
75°, 90°°1 A & @5 1 &
T 2Eal T 25 Q1A
1.0 ¥ FIAX= AT R, =1.05 [47], & 12719
A7 dHoletE ol &ste] FATT 1 AIE Table
20 @ oFstelth

%e;ﬂ 0 g=me 7
o G5 g,/0,=

&
sto] Kv20 EElolAM oSd FEd, Aatsty
gued R YAXTE ATEs A HEIE.
Fig. 4b= KV20 FE5F5olM dd-&ee] o
LA Faaue] FHE BTk

1.5

(a).

o=1.546, = 2.004
£ = 0.002.

02/0' 0

e Exp

Cazacu-Barlat

== Kim-Van

0 0.5 1 1.5
G/

(b).

0.4

Cazacu-Barlat

=+ = Kim-Van

Gg/Gy

0.97

094 r R

0'91 1 L n 1 1 L
0 15 30 45 60 75 90

Angle from rolling (deg.)

1.60

L (d). . B

= Cazacu-Barlat

1.20

— - —Kim-Van

0.80

R-value

0.40

0.00 1 Il L 1 L Il L 1 L 1 L
0 15 30 45 60 75 90

Angle from rolling (deg.)

Fig. 3 Predicted anisotropy according to the Kim—Van
and the Cazacu—Barlat yield functions (2001) for
AA6016-T4 sheet with 16 equations for fitting (a)
yield locus, (b) 3D yield surface, (¢) normalized
uniaxial yield stresses, and (d) R- values
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Table 2 Anisotropic coefficients in the Kim—Van and the
Cazacu—Barlat yield functions (2001) for
AA6016-T4 sheet (12 equations for fitting)

Parameters al a a3 as by b2

Kim—Van 1.020 1.035 0.787 0.685 0.747 1.871
Cazacu—Barlat 0.334 0.815 0.815 0.420 0.040 -1.205

bs bs bs bio o [ c Error(F)

2.744 0.296 1.720 1.656 1.590 1.894 X 0.0013

-0.958 0.306 | 0.153 -0.020 X X 1.4 0.0007
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