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ABSTRACT

In this paper, an analytical path-dependent plastic instability model is proposed for the thin metallic
sheets through considering a linear pre-straining path for the both diffuse and localized necking. The
model is introduced by extending a modified maximum force (MMFC) that the MMFC considers the
strain hardening on the diffuse necking as well as the loading conditions. Also, the vertex criterion will

be used to prediction of localized necking. The vertex criterion presented by Stéren and Rice are
usually based on the J, deformation theory of classical plasticity, which explores the localized necking
through the rate discontinuity assumption at the necking band. Both models will be combined with the
strain path effect through a linear adoption of an equivalent strain. It will be investigated by applying a
pre-strain in the major and minor directions for prediction of the formability in the non-proportional
loading. Moreover, a dependent to yield criterion (DYC) - angle is used for prediction of the necking
band angle in the vertex theory. Finally, the quadratic Hill criterion is used to investigate the anisotropy
effect. The model is verified by experimental results presented by other authors.
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Diffuse and localized necking
Vertex model
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Fig. 1 Comparison of the edited MMFC and MMFC and experimental
related to Al 6111 T4[10]
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Fig. 5 Comparison of the experiment and MMFC results in the equi-
biaxial pre-straining[11]

Ol 05570 55 (5,5 Gy 50 (275 9 At 5o Jlere @l amlie 5SS
[11]

S5 Sh 3k i w8l g8 )l 0970 95 IS L ey Sl
SpR S rdl o g (st 1, (5) JS8) oS ced i) sl s
G cwlinl 08 L e S8 wx sle Jloges > cpl jo 005 oo
b i oS B (Lol gt o bl b loges ol Cel g cmly oo
GRS Bl o SsS Cax 0 )b Gl (§y9 S ez 50
(6 JS2) adbge oygmme ST S b oy 4 bgrye il G oy oS asS
S loges (glamio Ji5)S 5 0y9mme ST S b iy Sl g0 2 0
Onb 9 Cwl) G 2l Jsb g pose s b S0 0o
5 Slamio (5 SHn Sux 0 5k e bl g (ebnle e jlaged
OUSE a> sl loged canly o 1) S o i 0y95me ST AS
el e Ly 3 el ooVl alays Ll syl
3 0l &l @l sl grdge (FabaslS o )b g e 50
Aabe iy (Sob oolf alie cqzoge a0 s "12-8 S
G555 Ol 5wy opgme S5 S b i U e eaS s psbon
2 Sz 0 b G g JB 5B all 0 S ih ces )0 (lamie
Sz 0 il e Sspaiee SLels’ SPIUSE ae sl loges cenly Ceows
o &y o 5 0 e gt GBS USD > slafgad i SrsS

03f o,
0251
0.2
-
TN
0.1} ®EXP (as-recieved)
=+ MMEC (0.05)
0.05F  =-EXP(0.05)
=MMFC (0.095)
of = EXP(0.095)

005 01 -005 0 005 01 0I5 02 025 03

Fig. 6 Comparison of the experiment and MMFC results in the Uniaxial
pre-straining at the minor direction[11]

SRS S G S @ g At S sl @l amlie 6 JSCE
[11] &755;4‘))& 0,970

215

035F —MMFC 1
\A +++ EXP (as-recieved)
=MMFC (0.05)
ul s = EXP(0.05) L A 1
AMMEC (0.11)
WEXP (0.11)
Y025t
02

el g Cugl 350 pl S Gl e S2S e
Sl & Szs5 5 Sy sloaca 85 (i )0 oS @ i dSs
5y e Sl IS Logos @S (s y9bas 00,5 o by il ) 50
s oalar ol o deol 00,5 e o] Cusis Ll g diges b asls
ey il o )Lil balls (g5 gz @ Gl Ghgin Cux 4 by
Sy b g atle el b i b, 0 bbals g, gz oS
Exose l S 1) @S (nye s Cuz 53 RS (S A
e e 4 Mbdﬁ oSe glaly cpm p dges Cqe Gl
Sl b Gl By Sy Cuz 0 G5 G 0 Gl SS
ol 9290 [16] jo Soodly I v diges [l 3o,y 990 50 yiden
Olgiss i3y Sabasl » S Cuz 5k G @l pwyp o L
Gl s opgme S5 S 5 b i "3 USE" llae S S
sl Y 5 ez G 4 o] S > g a0 S a slalogei Lo ps
b i e Ll (le jody 530 (i Sl cnl sl e b logas
Uil slamio 15,5 L i adl o M S Billas Ll s le
Wlie 5 wmsge (53, 3JSd o dlajloses 3 (58 25
@ boylogal 5 wiad oo 59, G55 polie o O Sy o lagiyS

RVEC SRR N T

04
—MMFC
\‘ /' +0 EXP (as-received)
035F '\ e - MMFC (0.095)

= EXP (0.095)
u FMMEC (0.18)

03 =EXP (0.18)
05F NN 00 N et
02}

0.15
015 01 005 0 005 0l 015 02 025 03

€
2

Fig. 3 Comparison of the experiment and MMFC results in the uniaxial
pre-straining at the major direction [11]
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Fig. 7 Comparison of the experiment and MMFC results in the plane
62 strain pre-straining at the minor direction[11]

Fig. 10 Comparison of the experiment and vertex results in the equi-
biaxial pre-straining[12]
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Fig. 11 The theoretical results of the vertex in the Uniaxial pre-
straining at the minor direction[12]
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Fig. 12 The theoretical results of the vertex in the plane strain pre-
straining at the minor direction [12]
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Fig. 8 Comparison of the experiment and vertex results in the Uniaxial
pre-straining at the major direction[12]
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Fig. 9 Comparison of the experiment and vertex results in the plane
strain pre-straining at the major direction[12]
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