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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, fn, 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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growth and coalescence of voids
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Fig. 3 Experimental and FEM FLDs in Ref.[25] and their
comparison with this research FLD for IF steel
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Fig. 4 Void volume fraction versus equivalent plastic strain
for IF steel with material properties in Ref.[25]
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Table 1 The constitutive equation and its values [25]

JUES RNV JUEL
435 MPa Strength Coefficient(K)
0.23 StrainHardening Exponent (n)
o=Ks" Strain Hardening Law
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Table 5 The constitutive equation and its values [26]

e oo JUEL
424 MPa Strength Coefficient(K)
0.28 StrainHardening Exponent (n)
o=Ke" Strain Hardening Law
0.785 Anisotropy Coefficient (r) [31]
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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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g=Ks" Strain Hardening Law
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Table 4 The GTN model parameters values [30]
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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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Fig. 8 The FLD of Ref.[32] and this research FLD for thick
sheet of IF steel
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Fig. 9 The FLDs for different values of f, for IF steel 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
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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. 12 VVF. versus equivalent plastic strain ,Al5052 [26]
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Fig. 13 The FLDs for different values of fy for IF steel [25]
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Fig. 11 Void volume fraction versus equivalent plastic strain

for IF steel with material properties in Ref.[25]

[25] IF 0¥ (sl Jolae Seoiadly (45,5 Jolie ;0 0ya> ozm pu8 11 S0

11 O)Lm’b A5 093 1394 ORAR (B0 \_:A.‘l&b oWy


www.sid.ir

Ubhed 9 (G Sloc jue

G BB g SR IYSD 3 13905 599 22 CTN Jdwo sl il ply H31 (x5 (w29

Aoy & FLDgy (pod Ol pess o s Ol poss polie 9 Jgus
Table 9 The Relative variation of f values and FLD, in percent
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15.38 200 fO
52.4 27.3 fC
48 200 fN
28 66.7 ff
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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]

S 5 g aliee polie sl 4 (@0 S ax sla szmie dunlio 17 Sl
[26] &0 50 O ge 5052 Pwy’\ slpn

Sy 4l -6

350 SH Br9 GANISE S oz GTN Jow (agsy ool 5o
bogally 5l esliiul b cenSs Sl Llos > b 0,5 15 oolil
IS v S (o Kieghy (B alewy 4 0ad Geed GTN o
> igla e b (23S0 s slagiorie 0 pew i g dsl
5 on3)5 amlie )50 (I Shngl lawgs odd (poad go0e (A3 S
2 osdle GTN Jow 6l ol 51 e sl flis Joud B cillae

Syge B v Sie G9)n FE) Olg 5 63, lerl ups
el 38,5 18 o)
a> Gie 69, p (fo) opix adsl e puST allly S °
GRIFl S WS patie (L85 IE myn Syee (BISSE
5 @IS > pmie gl alS cel Gl gl ke
Rlo b amlio 53 T 3B Lol 00,5 o oole (53 S8 3920
Lol 32U o 2l )b
oS Ay dgy o (fo) Gl e e S el B e
el bl b GRlB S 18 ) 3 90 c0yi co>
oy olinil g3y abind o Jobue Saiadly Lis S e Lials
Ol was 4 ol Ce g g 0,8 olaas] E989 DAl 00,5 oo
 SsS Jobae Ky G55 55 5 e e 5 Ml
5“)@(7?)6@. CeSl el (3 0ji> ce> S e
e g el Gl a e 1l e Gl g5 oS
Bgdes o3le (s RIS (e JRalS 5 (2O S 0o
> i gy p (fv) i Ly ez S el B e
L oS wpo )8 alaxdle 285 )13 (wjp g o 090 (IS
5 @D w> g mhe GRll ol lade (I
e Al asle (s iy 5

11 O)Lm’b A5 093 1394 ORAR (B0 \_{ul.{n oWy


www.sid.ir

Ubhed 9 (S Sloc jue

SIS Sl G g SR IYSD 3 13905 599 22 CTN Jdwo sl il ply H31 (x5 (w39

the Prediction of Ductile Fracture Occurrence: an inverse approach,
Journal of Materials Processing Technology, Vol. 60, pp. 311-316,
1996.

[22] A. Mkaddem, R. Hambli, A. Potiron, Comparison between Gurson
and Lemaitre damage models in wiping die bending processes,

International Journal of Advanced Manufacturing Technology, Vol.

23, pp. 451-461, 2004.

[23]1 X. D. Qian, Y. S. Choo, J. Liew, J. Y. R. Wardenier, Simulation of
Ductile Fracture of Circular Hollow Section Joints Using the
Gurson Model, Journal of Structural Engineering, Vol. 131, pp.
1161-1169, 2005.

[24] X. Teng, T. Wierzbick, S. Hiermaier, I. Rohr, Numerical prediction
of fracture in the Taylor test, International Journal of Solids and
Structures, Vol. 42:2929, pp. 1253-1276, 2005.

[25] M. Abbasi, M. A. Shafaat, M. Ketabchi, D. F. Haghshenas, and Mo.

Abbasi, Application of the GTN model to predict the forming limit
diagram of |IF-Steel, Journal of Mechanical science and
Technology, Vol. 26(2), pp. 345-352, 2012.

[26] H. Min, L. Fuguo, W. Zhigang, Forming Limit Stress Diagram
Prediction of Aluminum Alloy 5052 Based on GTN Model
Parameters Determined by In Situ Tensile Test, Chinese Journal of
Aeronautics, Vol. 24, pp. 378-386, 2011.

[27]1L. F. Peng, F. Liu, J. Ni, et al., Size Effects in Thin Sheet Metal
Forming and Its Elastic- Plastic Constitutive Model. Materials &
Design., Vol. 28(5), pp. 1731-1736, 2007.

[28] G. Vadillo, R. Zaera, J. Fernandez-Saez, Consistent Integration of
the constitutive Equations of Gurson Materials Under Adiabatic
Conditions, Computer Methods in Applied Mechanics and
Engineering, Vol. 197 (15), pp. 1280-1295, 2008.

[29] F. Barlat, H. Avetz, J. W. Yoon, et. al., Linear Transformation-
Based Anisotropic Yield Functions, International Journal of
Plasticity, Vol. 21(5), pp. 1009-1039, 2005.

[30] S. Acharyya, S. Dhar, A complete GTN model for prediction of
ductile failure of pipe, Journal of Materials Science, Vol. 43, pp
1897- 1909, 2008.

[31] L. Fratini, G. Ambrogio, R. D. Lorenzo, L. Filice, F. Micari,
Influence mechanical properties of the sheet material on
formability in single point incremental forming, CIRP Annals =
Manufacturing Technology, Vol. 53 ,pp. 207- 210, 2004.

[32] M. Abbasi, B. Bagheri, M. Ketabchi, D. F. Haghshenas,
Application of response surface methodology to drive GTN model
parameters and determine the FLD of tailor welded blank,
Computational Materials Science, Vol. 53, pp. 368-376, 2012.

[33] W. F. Hosford, R. M. Caddell, Metal Forming, Mechanics and
Metallurgy, Cambriedge University press, Cambriedge, Vol. 1, pp.
237-254, 2007.

11 D)Lo.\b 15 )9 1394 O (R0 \-gulio Wi

Nucleation and Growth: Part | - Yield Criteria and Flow Rules for
Porous Ductile Media, Journal of Engineering Materials and
Technology, Vol. 99, pp. 2-15, 1977.

[91 V. Tvergaard, A. Needleman, Analysis of Cup-Cone Fracture in a
Round Tensile Bar, Acta Metallurgica, Vol. 32, pp. 157-169, 1984.

[10] Yiu. Cheng, Numerical Investigation on Void Growth Ahead of A
Blunt Crack Tip, In: International Conference on nonlinear
Mechanics, ICNM, Shanghai, pp. 175-180, 1998.

[11] K. Decamp, L. Bauvineau, J. Besson, A. Pineau, Size and geometry
effects on ductile rupture of notched bars in a C-
Mnsteel:experiments and modelling, International Journal of
Fracture, Vol. 88, pp. 1-18, 1997.

[12] AR. Ragab, Prediction of ductile fracture in axisymmetric tension
by void coalescence, International Journal of Fracture, Vol. 105,
pp. 391-409, 2000.

[13] A. Pineau, Notch fracture toughness of a cast duplex stainless steel:
modelling of experimental scatter and size effect, 14th
International Conference of Structural Mechanics, Smirt 14, Lyon,
pp. 475-482, 1997.

[14]J. H. Lee, Y. Zhang, A Finite-Element Work-Hardening Plasticity
Model of the Uniaxial Compression and Subsequent Failure of
Porous Cylinders Including Effects of Void Nucleation and
Growth—~Part I: Plastic Flow and Damage, Journal of Engineering
Materials and Technology, Vol. 116, pp. 69-79, 1994.

[15] Y. P. Qiu, G. J. Weng, Plastic potential and yield function of
porous materials with aligned and randomly oriented spheroidal
voids, International Journal of Plasticity, Vol. 6, pp. 271-290,
1993.

[16] Z. L. Zhang, C. Thaulow, J. Odegard, A complete Gurson Model
based -approach for ductile fracture, Engineering Fracture
Mechanics, VVol. 67(2), pp. 155-168, 2000.

[17]1 M. Rakin, Z. Cvijovic, V. Grabulov, S. Putics, Prediction of ductile
fracture initiation using micromechanical analysis, Engineering
Fracture Mechanics, Vol. 71, (4-6), pp. 813-827, 2004.

[18] T. V. Pavankumar, M. K. Samal, J. Chattopadhyay, B. K. Dutta, H.
S. Kushwaha, E. Roos, Transferability of fracture parameters from
specimens to component level, International Journal of Pressure
Vessels and Piping, Vol. 82, Issue 5, pp. 386-399, 2005.

[19] M. Brunet, F. Morestin, H. Walter, Damage ldentification for
Anisotropic Sheet Metals Using a Non- Local Damage Model,
International Journal of Damage Mechanics, Vol. 13, pp. 35-57,
2004.

[20] M. Brunet, S. Mguil, F. Morestin, Analytical and Experimental
Studies of Necking in Sheet Metal Forming Processes, Journal of
Materials Processing Technology, Vol. 80-81, pp. 40-46, 1998.

[21] L. Fratini, A. Lombardo, F. Micari, Material Characterization for

252


www.sid.ir

