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ARTICLE INFORMATION ABSTRACT
Original Research Paper The Incremental Sheet Metal Forming (ISMF) process is a new and flexible method that is well
Received 26 January 2013 suited for small batch production or prototyping. In this study, after the process simulation with
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ABAQUS software and verification of results through experimental tests, the effects of three
parameters including friction coefficient, tool diameter and vertical step size on three objectives
including vertical force, minimum thickness of deformed sheet and amount of spring-back are
investigated. A neural-network model is developed based on simulation data and the effects of
parameters are studied on each objective. Also multi-objective genetic algorithm is performed to
get the Pareto front of optimum points.
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1- Tan-Sigmoid

2- Feed Forward

3- Back Propagation

4- Levenberg-Marquardt

5- NSGA (Nondominated Sorting Genetic Algorithm)

\YY



ubhled 9 GLTixs (g 3exo ORS

Sl - puoc @i 198l ouwgs 4338 Jia Silwding 9 )9 TN HRIYSD by L YL T 9 BIIE W)

odel Cows 4y aigy ala o (g3luding g (g lwand Sy alin ¥ Jguo

AWK BRRTC RN g PRRTFSCRUNA S KWN 30 gy ylade 30 gy ylade KW 30 B9 Cewlbs JSlas Gy Cwles o>
Uas (mm) (s 5ledinge (mm) s3lwas s N) gloarge  N) giloans s (mm) (5l (mm) silwacs ;o
-AY'E AN ARERYN Y/ ARATAY YY# AR «[AYAY «[AYAY
R ST T
¥ bty T T
: 5 "'"'T"‘-----.
: = : -----1_..-.~*-‘---
- [ H e
- ikt LT | : W [
- ¥ oL LT TN ¥ 4 .
o7 ’ H e L ]
450 =" ¥ _ -i--..-..,n ! : el
‘.'_.‘ 1-‘ —-+..:..........____‘-“ ' E '
Q. - - L -'-‘--‘—""'"-n-... L] H
Y s ; q‘ﬂ"ﬁ i : B TR
Yv) H - AL LT H H W H
Les” Feeeea., H i i
1 - el L S H '
5 0 ' BabL bt Tt S H
) 350=%"~ " H M ey senay
3 Lt ' i :
-"--: "“:'-‘.-\-...-_,'_...“.“ : :
30047} T s 1
e, — b TNmesmaset] /"n.szs
™ T mam el 1S
£.830

MM 556 g
“ M

g bl 55,k agex VP UG

5 Sr8 CiSy Plax wsogee 5958 Sl sl s35es ol ol -
el s 4 cilitee (5 l0ke wwlis JBlas aicin

&lp-0

[1] E. Hagan, J. Jeswiet, A review of conventional and modern single-point
sheet metal forming methods, Proceedings of the Institution of
Mechanical Engineers, Part B: Journal of Engineering Manufacture, Vol.
217, No. 2, pp. 213-225, 2003.

[2] J. Kopac, Z. Kampus, Incremental sheet metal forming on CNC milling
machine-tool, Journal of Materials Processing Technology, Vol. 162-163,
No.3, pp. 622-628, 2005.

[3] S. Dejardin, S. Thibaud, J.C. Gelin, G. Michel, Experimental investigations
and numerical analysis for improving knowledge of incremental sheet
forming process for sheet metal parts, Journal of Materials Processing
Technology, Vol. 210, No. 2, pp. 363-369, 2010.

[4] ]. Jeswiet, E. Hagan, Rapid Prototyping of a Headlight with Sheet Metal,
Proceedings of Shemet, Canadian Institute of Mining, Metallurgy and
Petroleum (Canada), pp. 165-170, 2001.

[5] D. Leach, AJ. Green, AN. Bramley, A new incremental sheet forming
process for small batch and prototype parts, 9th International Conference
on sheet metal, pp. 211-218, 2001.

[6] L. Filice, L. Fratini, F. Micari, Analysis of Material Formability in
Incremental Forming, Annals of the CIRP, Vol. 51, No. 3, pp. 199-202, 2002.

[7] Y.H. Kim, ]J. Park, Effect of process parameters on formability in
incremental forming of sheet metal, Journal of Materials Processing
Technology, Vols. 130-131, No.2, pp. 42-46, 2002.

[8] J. Duflou, Y. Tunc kol, A. Szekeres, P. Vanherck, Experimental study on
force measurements for single point incremental forming, Journal of
Materials Processing Technology, Vol. 189, No. 4, pp. 65-72, 2007.

[9] A. Petek, K. Kuzman, J. Kopa¢, Deformations and forces analysis of single
point incremental sheet metal forming, Archives of Materials Science and
Engineering, Vol. 35, No. 3, pp. 107-116, 2009.

[10] A.B. Lopes, F. Barlat, ].J. Gracio, J.F. Ferreira Duarte, Effect of texture and
microstructure on strain hardening anisotropy for aluminum deformed
in uniaxial tension and simple shear, International Journal of Plasticity,
Vol. 19, No. 2, pp. 1-22, 2003.

[11] "Standard test methods for tension testing of metallic materials", ASTM, 2004.

[12] L.R. Sanchez, Modeling of springback, strain rate and Bauschinger
effects for two-dimensional steady state cyclic flow of sheet metal
subjected to bending under tension, International Journal of Mechanical
Sciences, Vol. 52, No. 1, pp. 429-439, 2010.

VY

e b culs Blas e ytin 5L ager polie 4 4z L
L g8 cuSy Jlas g YYAOYN e b gy JBlas o /ATYFmm
Slaize b Lyge dhd JSos o5 aiboe <NV mm jlade
9y &S laad g ies oo | (YYAIBYN o /AFYSmm (/)Y )imm)
Slatse b cal gladais w)ls abais cpl 511 alold o 2aS o5 )L dgan
el SKhsl (oo Jaie L (Y-Y/YN /AYAYmm +/V\Y- Ymm)
AV mm g550e pl8 o3lasl 5 O mm I3l Hlad o5lal
izl 8 (3l ool Cews @y g aball (b)) jolite 4 rioren
b sbwand 5l Jol> lagz s> ¥ Jgu 5o 2855 plol alais ol o
10 a5 jgblen .l oo duslie sdel Cavs 4 agy ahi slo g5
amlie jo Joud LB slas ao o b bl ol wed oo cdlice Jgaz ()
3550 0del Cwd 4y digy aladi ol sl ailedal s & ¢g5luaig i b

S or 9 S8 domis -F

polie g ol ools jgel uae 4l (gjluand sloislesl mls
Shasle anld gla el ol anee

W@gr 0l odls iige] (gilwad mls jl eoliiwl b oS eac aSs -
WS St ) e 9 60909 Sedls G BLI )| p9 4 colys

5 (YYAIOYN /AFYFmm o+/))19mm) claise 4 Lygis abais -
Slate b logy abi jl alob peS b9l 4z 5l labis
ojlail /o8 SKlasl cops o (Y-V/YN +/AYA¥Ymm +/V\Y- Ymm)
el Caws 4 VY'Y mm gogee pl5 o5lal g0 mm )yl L3

Wt g 68 Sy Jhe (gasee 59y Pl sl Jlpl S8 -
el Cewd 4 0MM (G 9 Cwles JBlas

Gy ST 5 9990 o B ol ¢l SBaol e -

ol Cws N wwlbs JBlos anciw g

Y ooolosds N E 0993 AVAY i)l (u)de Sl Swdiie



uhled 9 ‘sélgT\_ﬁ:;i [CRVE QYIS S - ues InIg_),III Joasgs A332 Ain Giwding 9 B9 GRS RIS 0“»9) B i)l ()5 9 (G333

[14] M. Durante, A. Formisano, A. Langella, MemolaCapeceMinutolo F., The [13] J. Jeswiet, F. Micari, G. Hirt, A. Bramley, ]. Duflou, ]. Allwood, Asymmetric
influence of tool rotation on an incremental forming process, Journal of Single Point Incremental Forming of Sheet Metal, CIRP Annals -
Materials Processing Technology, Vol. 209, No. 3, pp. 4621-4626, 2009. Manufacturing Technology, Vol.54, No. 2, pp. 88-114, 2005.

Y ooolosds N E 0993 AVAY i)l (uode Sl Swdiie VY



