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An analytical investigation into the effect of GTN model parameters on the
forming limit diagram of sheet metals
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ARTICLE INFORMATION ABSTRACT
Original Research Paper A Forming Limit Diagram (FLD) is a graph which depicts the major strains versus values of the minor
Received 19 June 2015 strains at the onset of localized necking. Experimental determination of a FLD is usually very time

Accepted 26 September 2015

Available Online 01 Novermber 2015 consuming and requires special equipment. Many analytical and numerical models have been developed

to overcome these difficulties. The Gurson- Tvergaard- Needlemann (GTN) damage model is a
micromechanical model for ductile fracture. This model describes the damage evolution in the

Keywords: . . . . s : .

Forming limit curve microstructure with physical equations, so that crack initiation due to mechanical loading can be
GTN model predicted. In this work, by using the GTN damage model a failure criterion based on void evolution was
ductile fracture examined. The aim is to derive constitutive equations from Gurson's plastic potential function in order

analytical approach

! to predict the plastic deformation and failure of sheet metals. These equations have been solved by
sheet metal forming

analytical approach. The Forming Limit Diagrams of some alloys studied in the literature have been
predicted using MATLAB software. The results of analytical approach have been compared with
experimental and numerical results of some other researchers and showed good agreement. The effects
of GTN model parameters including f,, fc, f, fr » as well as anisotropy coefficient and strain hardening
exponent on the FLD and the growth procedure of void volume fraction have been investigated
analytically.
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Fig. 4 Void volume fraction versus equivalent plastic strain
for IF steel with material properties in Ref.[25]

LIF oYgs ol Jolae Sadly i) Jlia jo o)j}‘sogor.f)ba,o.;‘]-ﬁ
[25] &0 )0 S99 ool Glasin

o plnil [30] lz 5 L)laT bawg a8 5 & j50 Ghagh b (5,500 aunlis
GTN Jow 5l g <l 03¢0 22Ni M0 Cr 37 asllas 9,90 solo .ol

éjéooudﬁ;?}ldg)ongw‘s;ﬁ&qPo;jw
Jae Culgd g oole g lisle dlal, 4 beye coll colps 00,5 oolaiul

11 o)l A5 09> 1394 O (R Sl (swdye

ol 503 )0 & el e anwloe <15
(C)i- 0, +(Cy);- 0

2(C1); 0+ (Cr);-1+a)
x 0.0001

(82)i = (&)1 +

(40)
Sy patin Hlade o 85 A o il 4 §e8 lle Wiy,

Al g dmaloes 1) (20 IS5 v pouie jl aball SO S S Sl
om0 bla a 50 polde gl g 358 Dl wigy [T Lo o

S g -5

Sla soie (gl ol j0 43S O jge Ll Wy, olejleoe cux
Syge o SKiagh ple adlae 090 lajll @ beype (23S 0>
el bS8 s g (Gt e Rl s 65 L el
al  Gi 90 5o lRaegh ple ous 5 228 @S b el (o,
aalal jo el 0s0,5 duslie o 0 Siluwal g 50 =558 0, lues Jlso
s Jofefnfr ori o> Glops Juls GTN Jao sl sl )l 5l
Ee S92 e 85 sl g Jl g (69,5 berl o po rires
SR e 5 pw)yp Sj5e 0y (e S Al Wgy 5 (RIS W

3= 398 O Riluod lzo 4y 2 GTN Juto oy 2 =1-5
SlialesT 5l Jol> [25] (liSen 5 (oulie (2355 0o smie 3 JS
e b anglie o ) sgazme lizl iluand o IF SY58 (65,0 (2
5 sy a5 4B Sge il S 5| Sl a S5 0>
0 GTN Juo colgs g oole g,lizle abaly 4y bgsye <ol ulyps om0
Ny, o oRaegn ol il sass S &2 51 sl gz 0 ey
el yagms Ll b 1 0yi> slind 51 GTN Jaa gillae 555 (6 jldnss
e it o e Sy e onlie o pobilan S L s fo
s s5ms sy sl (sihtent b Lot o ) ol s IS5 o
5 s 5l ol wilgs g0 BB (plojls B! o cowe L Ll
Febl Slaalsl jo jshaie pan ol foo Gl lade 330 (5,50l
S sy gy g (RIS w> ie 69 ¢ fr Gl 0 pez S
o7 S S A S0 0 el BT 18 ) 0590 0 )k (sezm>
2 [25] e oobe (ol Jolaw by i Jlade Blis 5 0,
Jo a5 0sd o cdmlin el ool ool las Lo SOlawlxe il
0,0 JolSS g oy anslyd o 1) 0yh slaasl Sl canl 0B L3 4 Lo
b asly (b8l fo adsl Jlade )0 ez puS ok iuled (Soaite
adl g paads ol of lade alasd ul 5l Jl o fo Sl Hlade
Teeo (S 952) Sl ff el (pom S Jlale 4 ol 0 b
Cood| 1 olanil alasd 10 00> o> puS Jlade g 08> Slinsl £484 alax

[25] osle (5 il absly 5wy polin 1 Jgur
Table 1 The constitutive equation and its values [25]

JUES RNV JUEL
435 MPa Strength Coefficient(K)
0.23 StrainHardening Exponent (n)
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Table 6 The GTN model parameters values [26]
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Fig. 6 The comparison of experimental and FEM FLDs of
Ref.[26] and this research results
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Fig. 5 Void volume fraction versus equivalent plastic strain
for IF steel with material properties in Ref.[25]
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Table 7 The constitutive equation and its values [32]

1.2mm 0.8 mm GBy9 Cwolbrs
0.227 0.224 n
493 491 K(MPa)
1.97 1.94 7
2.03 1.98 Tys
2.37 2.25 Too
Ty + 21y + 1
2.10 2.04 F=2 25 90
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Table 8 The constitutive equation and its values [32]
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Fig. 7 The FLD of Ref.[32] and this research FLD for thin
sheet of IF steel
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Fig. 11 Void volume fraction versus equivalent plastic strain

for IF steel with material properties in Ref.[25]
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Table 9 The Relative variation of f values and FLD, in percent
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Fig. 15 Comparison of different FLDs for different values
of anisotropy coefficient r for AI5052 in Ref.[26]
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Fig. 16 VVoid volume fraction versus equivalent plastic strain
for AI5052 with material properties in Ref.[26]
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Fig. 17 Comparison of different FLDs for different values
of strain hardening coefficient n for AlI5052 in Ref.[26]
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