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In the new sheet metal forming process as incremental sheet forming and spinning forming, it is not
completely correct, in Marciniak-Kuczyinski model, to assume that sheet deformation occurs in the
plane-stress state, due to being normal compressive stress and through-thickness stress In this type of
forming processes, the obtained limit strains refer to improving the sheet forming. However, in
researches the effects of through-thickness shear stresses, also known as out-of-plane shear, have been
less studied. The generalized forming limit diagram is a suitable curve that includes all six components
of the stress tensor. In this paper, the effect of normal comprehensive and through-thickness shear
stresses on the limit strain AA6011 aluminum sheet was investigated to using a modified M-K and the
anisotropic Yield function, Hill 48 and by using numerical solutions of nonlinear equations, Newton-
Raphson method. First the forming limit diagram was drawn with the assumption that the through-
thickness shear stresses and then the effects of normal comprehensive stress and through-thickness
shear stress on the limit strains were proved and the generalized forming limit curves were obtained.
The results show that forming limits can be increased significantly by both normal compressive stress
and through-thickness shear stresses. Also, the effects of normal stress on increasing the formability of
sheet compared with the effects of through-thickness shear stress are greater.
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Fig. 1 Scheme of the initial M-K model, a- the undeformed, b- the
deformed state

UK i 3l g~ 0S8 e 5 sty — il MK gl oo slos 1 JSCi

193

e St 5 B de (ol i MEK Jae a8 i
oasie Slallls 5 b taghy (35T die) cnl 58 el (2O SE 9>
Lol el 0 g 2 U gioxin ol (555 055 Us5 Jalge 13 g b5 50
oS ol 2235 S el 5y s ploml (slp i iy 4 aF IS
gl )3 85 Sgo i Sed e 485 Sl o b e nl a0
SREn 3l Shr g Jlep slagas Sl ad,e b (e Kb o lalages
ot 35,5 oo Sloslons 5 Lasls ) it Sesls s 4 glamio 25 cl>
ol 5l eolial a5 0ls 352y ()l slaanlp wiz e 0gh e a8 S
@y (@SS oz slaanlp o bl ilaie ol 5 (258
ankad g )l iled (852 (BOUSD g () (pOSSE wiile (55
P L oedee S cals slivdy o LAp Gl S sbrl ce IS
Jloy G485 9575 5 Jlw YL i 4 azgi b S g e slann ]
s sihate iz (23 ul 908

o Jloges 1y Jloy JLed 3 [B] o isem 5 5 d[B] JTgms 5 Sl
O 5 sapeole ioged s 5 Jelod MK o bl yy (oo S
STKM- 5 AABOLL 5T as St o> loges 5 1y Jloy a5 31 71
O ol b as wels lis g ws ST )y M-K Jao bl 11A
axiyd g whoo JUEI YU S 4y (2O KL B> i )lid Loy
Juoy g5 58] il 5 cadtle bie (ali8) 536 G5 s i S
9 W) (o) STIZ Vg (a3 JSh (s 0> g (S 9o sla g
GRS Sl 53 53 555 Gy T 1y GRS saeme 53 00le al (sl
0] (2,5 5 daiiz g (pizmand sl i (6 y9macs LS 5 (5590090
MK Jao ol 1y Jloys 5 g (oomlis o @S, L (265 e Sl
5 ey O3 STKM-11A 5 AAGOLL (AISI-1012 osle g45 amw (sly
isls 18 b

03 RS oyder (Slmie b8 aS wisls lis [110] ) Ken g 3991
o 309 2 S e 12 BB (s (oSS laan T
oS B v 3l xS osll Gla S 958 o0 (B Sla S g
L Jleel ez 1, MK Jaw [12] Jggi 5 0991 090 aialyses Lol
Joges lag] ogi o Jolis 1) (25 jemils adlge i ples a5 wols dnwgs
O &S wisls las g ws S slgiiey GFLD ol & ol 20 S5 0>
el )0 g 9> Sl S (Gulbe o (p 5 g )l b
n o [1448] ) Sen 5 501 sms e (I3l |y By sy S
PSS ) oge GoS (258 5 050,S Jlesl MoK Jus o) gl
2 Al b pap s o ol Glas 5 We)S it 3B slags
5 6 o)y i Ss Clil 8l coge al 0olS oasay £58s
oS [15] O 5 (huaE D9l e (4,5 dgu o Ghalidl Az po
9 W33 oy 90 9 Jeel MK Juo )3 (Lilod 0 & 1 (steles (B
cpl 3 S plalid 1y by i (6138 5 e3gamme Loy S yge5] 51 eoliul b
2 oS (Lhp 5 GBS A o w (pegy) &5 ab e gl Buiod
o LS b 25 10% 5l jdn Lol yo 5 cnl a7 (glaan ]2

STy 5l (gl 30 o Soecamdly jo T (09 Glazio 5,8
g by i «SKlaol 3929 Jodo 4y 3,9 b Il (uled @ly jo ol i
Sl 4 darg b aSee oy culbse gy o LSy Gl il
)50 PIUSL 9> s (a5 Cels sl 3 LA sla S
930 3 el Sl nl 0,5 Bk Ba cl iy el 485 18 )
2 el (o )35 1 o5 559 o1 50 &5 mlpd (2,8 b dlie ool o

11 o)l 17 0593 1396 (youp (oo Suille wiie


https://dorl.net/dor/20.1001.1.10275940.1396.17.11.12.2
https://mme.modares.ac.ir/article-15-744-fa.html

[ Downloaded from mme.modares.ac.ir on 2025-04-03 ]

[ DOR: 20.1001.1.10275940.1396.17.11.12.2 ]

Ve 9 (5 u05 T pu0 020 0 3uan

M-K aidliasmgs Jawo jl o dlaswl b 3 )Kbuo i f,%,JT@), G233 S 3 p3 QIS 2ely b 31wy 2

a a
Onn Ont On3
a — a a a
[0% 03 = | One Ott Ot3
a a a
On3 Ot3 033

o11* 0 013*
=T| 0 0% 0,3%TT
013" 023" 033" a7
[de®] s = Tde] 25T T (18)

—sin(8) cos(8) 0

[ cos(8) sin(@) 0]
T =
0 0 1

19
4l 50 o t6)S gas 5l (ol 6 L bl agly (JSCS yuis an] 3 (b

J29] Wi o s (20) alasly Gl (505,15l dl> o 58 10 g o0g (Ko
1+de; @

1+dey* (20)
rie Fon 42l 5> G 5 )5 9o sleadlie plas dlpe cal 9
e 5 5o (15,5 gei Juld Jogome yiol)l Catn dslol jo el oo
Jleel b2 S0 @) azgi b ogd dwlome b Ll ddlaie o i jeudl

w10 15(22,21) Laslg, Sl sliwly o 550 Jolss Loyl i

tan(6 + d@) = tan(0)

FP —F*=0 (21)
(Fun® = Bun®)’ + (Fue” = Fo®)” + (Fas” = Fs®)” = 0 (22)

e oo glyzinl (25-23) Lals, 5l 555 Jobs alobes aw
Ot = 0" t° (23)
G, P = a,,0t0 24)

btb — aza
Op3 U7 = 0p3°t

(25)
sl fy = t2 /8% adgl i g po M-K adgl Jaw ;0 aS pl & azgi b

Sgbse iy (26) alal) Bl el yo

b
f =5 = fexpless — e5%) (26)

tu
B9 o Jol> (29-27) Lajly, &yg0 4 955 Jobs SYolas (] by

z
A
Fa
b
> 7
(@
3
A
-
| Il/'
I Vel b e
H > 7

(b)
Fig. 2 Force equilibrium, a- section sheet in nt coordinate, b- section
sheet in n3 coordinates
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Fig. 7 The effect of through-thickness shear stresses, 013 and 6,3 , on
FLD for alloy AA6011
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Fig. 8 The effect of normal and through-thickness shear stresses,
033 and 0,3, on FLD for alloy AA6011
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Fig. 9 The concurrent effect of compressor normal stress and through-
thickness shear stresses on FLD for alloy AA6011
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