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Tool frictional stir effect on dimensional accuracy and formability in single point
incremental forming at high rotational speeds
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Single point incremental forming is a new and flexible method for 3D parts production of sheet metal.
Received 02 September 2016 In this way, a hemispherical tool forms incrementally, the sheet being clamped in perimeter. Because of
Accepted 20 November 2016 the nature of localized deformation in this process, the formability is higher and forming forces are

Available Online 28 December 2016 lower as compared to traditional sheet metal forming process. However, in this method dimensional

accuracy is somewhat low due to spring back and bending that occurs in boundaries. Recently, the

Is(l-ez/g:;i‘z;t incremental forming incremental forming process Elsipg fri'ctional heat has be.en deyeloped. In thisbresearch, the experimental
Local heating effect of generated heat by friction stir of the tool on dimensional accuracy in components of AA3105
Tool rotation speed sheet has been studied at high rotational speeds. By this method, due to friction movements of tool, the
Dimensional accuracy temperature of formation area rises while fixing the general temperature of sheet by spraying cooling

liquid. Then, the sheet has low strength in contact region with tool while it has high strength in other
areas. As a result, the force imposed on the sheet as well as the undesirable plastic deformation will
decrease. Also, by decreasing the yielding stress, elastic strain and spring back decrease as well. An
increase in formability because of softening of forming area is another contribution of this strategy. This
idea has been studied via production of some parts of truncated-pyramid geometry and changing
rotational speed from 1000 to 7000 RPM. The results show that at speed higher than 3000 RPM,
formability and dimensional accuracy of the parts increase.
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Fig. 2 Schematic representation of the dependence of elastic strain to
yield stress
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Fig. 3 Stress strain curve for AA 3105 at different temperatures
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Fig. 4 Strain hardening exponent versus temperature relation for AA
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0.08 A\ 0.2 Cr
0.34 Zn 0.24 Cu
0.1 Ga 0.72 Fe
0.62 Mg
0.69 Mn

AA3105 insll SolSe o1y 2 Jooir
Table 2 Mechanical properties of AA 3105
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Fig. 12 Spraying a cooling liquid to the back of the plate to keep the
overall temperature of the part
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Fig. 13 Measuring formed part using coordmae measuring machine
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Fig. 14 Thermocouple temperatures recorded at different tool rotation
speeds
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Fig. 15 Temperatures recorded by infrared thermometer at different
tool rotation speeds of forming position
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Fig. 19 Fracture depth at different tool rotation speeds
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Table 3 Experimental results for maximum formable angle
determination at 1000 RPM tool rotation speed
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Fig. 16 Forme arts for determination of }naxim formable angle at
1000 RPM tool rotation speed
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Fig. 17 Maximum formable angle at different tool rotation speeds
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Fig. 18 Formed parts for fracture depth determination at different tool
rotation speeds
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Fig. 22 Experimental setup for surface roughness measurement
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Fig. 23 Surface roughness of formed parts at different tool rotation
speeds
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Fig. 24 Surface roughness of formed part at tool rotation speed of 1000
RPM
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Fig. 20 Section view of cad geometry and inner surface of formed
parts at 1000 RPM and 7000 RPM tool rotation speeds
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Fig. 21 Average and maximum of measured error values

00 (5 o3l sllas a5 aSilae polie 21 JSUs

12 o plasb 16 0,55 1395 siawl JASBAGE ALY | T


www.sid.ir
www.sid.ir

IHlen's SBaUs JPadig!

YU 531393 S s )3 (Sladois S5 5T 5B Jialrd »3 (63333 Sb B 5 5 laal x5S g il T Whasol a5y il

[9] D. Xu, W. Wu, R. Malhotra, J. Chen, B. Lu , J. Cao, Mechanism
investigation for the influence of tool rotation and laser surface
texturing (LST) on formability in single point incremental forming,
International Journal of Machine Tools & Manufacture Vol. 73, pp.
3746, 2013.

[10] M. Otsu, M. Yasunagab, M. Matsuda, K. Takashima, Friction
stir incremental forming of A2017 aluminum sheets, Procedia
Engineering, Vol. 81, pp. 2318-2323,2014.

[11] G. Ambrogio, L. Filice, F. Gagliardi, Formability of lightweight
alloys by hot incremental sheet forming, International Journal of
Materials in Engineering Applications, Vol. 34, pp. 501- 508, 2012.

[12] J. R. Duflou, B. Callebaut, J. Verbert, H. De Baerdemaeker,
Improved SPIF performance through dynamic local heating,
International Journal of Machine Tools & Manufacture Vol. 48,
No.5, pp. 543-549, 2008.

[13] J. R. Duflou, A. Szekeres, P. Vanherck, Force measurements for
single point incremental forming: an experimental study,
Proceedings of the 11th International Conference on Sheet Metal,
Erlangen, pp. 441-448, 2005.

[14] J. R. Duflou, Y. Tunc-kol, Force modelling for single point
incremental forming, Proceedings of the Ninth ESAFORM
Conference on Material Forming, Glasgow, pp. 287-290, 2006.

[15] D. Heyon Kim, C. Lee, A study of cutting force and preheating-
temperature prediction for laser-assisted milling of Inconel 718 and
AISI 1045 steel, International Journal of Heat and Mass Transfer,
Vol. 71, pp. 264-274, 2014.

[16] J. C. Rozzia, F. E. Pfefferkorna, F. P. Incroperab, Y. C. Shina,
Transient, three-dimensional heat transfer model for the laser
assisted machining of silicon nitride: 1. Comparison of predictions
with measured surface temperature histories, Internatioal Journal
of Heat and Mass Transfer, Vol. 43. No. 8, pp. 1409-1424, 2000.

[17] D. Xu, B. Lu, T. Cao, J. Chen, H. Long, J. Cao, A comparative
study on process potentials for frictional stir and electric hot
assisted incremental sheet forming, Procedia Engineering, Vol. 81,
pp. 2324 — 2329, 2014.

[18] A. Zahedi, B. Mollaei-Dariani, M. R. Morovvati, Numerical and
experimental investigation of single point incremental forming of
two layer sheet metals, Modares Mechanical Engineering, Vol. 14,
No. 14, pp. 1-8, 2015. (in Persian ..,l5)

[19] M. Durante, A. Formisano, A. Langella, F. C. Minutolo, The
influence of tool rotation on an incremental forming process,
Journal of Materials Processing Technology, Vol. 209, No. 9, pp.
4621-4626, 2009.

[20] J. R. Duflou, B. Lauwers, J. Verbert, Y. Tunckol, H. De
Baerdemaeker, Achievable accuracy in single point incremental
forming: case studies, Proceedings of the Eighth ESAFORM
Conference on Material Forming, Cluj Napoca, pp. 675-678, 2005.

[21] M. B. Silva, P. S. Nielsen, N. Bay, P. A. F. Martins, Failure
mechanism in single point incremental forming of metals,
International Journal of Advanced Manufacturing Technology, Vol.
56, No. 9, pp. 893-903, 2011.

[22] H. Mohammadi Najafabadi, A.A. Atai, M. Sharifinia, Numerical
and Experimental Inevstigation of Incremental Sheet Metal
Forming Parameters and Multi-objective Optimazation Using
Neural-genetic Algoritm, Modares Mechanical Engineering, Vol.
14, No. 2, pp. 167-174, 2014. (in Persian ...,5)

[23] M. J. Mirnia, B. Mollaei Dariani, An investigation on multistage
incremental forming to control thinning in a truncated cone of an
aluminum alloy sheet, Modares Mechanical Engineering, Vol. 14,
No. 14, pp. 262-270, 2015. (in Persian __..,15)

[24] J. Jeswiet, F. Micari, G. Hirt, A. Bramley, J. Duflou, J. Allwood,
Asymmetric single point incremental forming of sheet metal, CIRP
Annals Manufacturing Technology, Vol. 54, No. 2, pp. 623-649,
2005.

[25] M. Ham, J. Jeswiet, Single Point Incremental Forming and the
Forming Criteria for AA3003, CIRP Annals - Manufacturing
Technology, Vol. 55, No. 1, pp.241-244, 2006.

[26] A. H. Nikdooz, M. Mirnia, H. Baseri, Study of formability of
aluminum truncated pyramid in single-stage and two stage
incremental sheet forming, Journal of Modares Mechanic

Engineering, Vol. 16, No. 5, pp. 210-220, 2016. (in persian _...,l%)

12 ol 16 09 1395 il (oI Slse Swiie

S 5 Ao -5
CablB eSS Il YL Slyge slace e Sl ol> G o
ek gl ST (08 (oSS sl d e (golal 2o g oy SO
G S e w x5 54 0l saslie WSS wyp sl
Je o o0 sudy SWaol ol il el Sl sl 3000 RPM

wlss SRl 5 G smige sleo Ol A o 4T ead 55 b ol
3leolainl b gYL solel s 4y o, sl ols lis adsl claglesl acdl
&b 5l oolainl b ol g e jo ashd IS sles ols &js 0 3s, o)
anld plasl 5l e azkd plal 51 G ogd anils o5 ol (5,55

15l S 4 S USE o o g0 b 5 035 S uSile
Shhsd e pw ;o (2o IS al 8 plodl azs Wl Caw LS 559

2 03)ly S95m 42 50 9 lpl p o3l Slag s Djge cnl o Bl VL

JS s g a8l GhelS laiy ambo Lol eled e 0 )9
Socad o)lesd o (6,08 ClinS Az [0 g oad SVl gla 1S als

ey 55 ol sl falS (p i S8L falS (6 pSeta 928 4 5
1000 Jsoxs oily99 ce s 4y Csd 00,0 33 (5.0 4 7000 RPM. ilj90
A oanlie 8,5 oo pll ase sles o Lo i o ,5 80 JSS &S RPM
Oleds Sl Goe 5 (23SS BB aly Sl ad ssaline (pies
Loy 5 sles (ouils oS el e iy S bl slolns
ordge slod 8,5 oo uls a5 wis S oy il 6 5SS wole jl eolinal
L §yy iyl @IS mle Bk é e SIS 50 G

el 03,8 oy Gl Gyg 505 £ sl p3Y ol

&6

[1]1J. Allwood, G. King, J. Duflou, A structured search for applications
of the incremental sheet forming process by product segmentation,
Proceedings of the Institution of Mechanical Engineers, Part B:
Journal of Engineering Manufacture, Vol. 219, No. 2, pp. 239-244,
2005.

[2] J. R. Dufloul, B. Callebaut, J. Verbert, H. De Baerdemaeker, Laser
Assisted Incremental Forming: Formability and Accuracy
Improvement, CIRP Annals - Manufacturing Technology, Vol. 56,
No.1, pp. 273-276, 2007.

[3] O. Lasunon, W. Knight, Comparative investigation of single point
and double-point incremental sheet metal forming processes,
Proceedings of the Institution of Mechanical Engineers, Part B:
Journal of Engineering Manufacture,Vol. 221 No. 12 ,pp. 1725-
1732, 2007.

[4] G. Ambrogioa, V. Cozza , L. Filice , F. Micari, An analytical
model for improving precision in single point incremental forming,
Advances in Materials and Processing Technologies, Vol. 191, No.
1-3, pp. 92-95, 2007.

[5] P. Lehtinena, T. Viisédnenb, M. Salmic, The effect of local heating
by laser irradiation for aluminum, deep drawing steel and copper
sheets in incremental sheet forming, /5th Nordic Laser Materials
Processing Conference, Nolamp 15, Lappeenranta, Finland, pp.
312-319, 2015.

[6] G. Ambrogio, L. Filice, G.L. Manco, Warm incremental forming of
magnesium alloy AZ31, CIRP Annals - Manufacturing Technology,
Vol. 57, No. 1, pp. 257-260, 2008.

[7]1 G. Buffa, D. Campanella, L. Fratini, On the improvement of
material formability in SPIF operation through tool stirring action,
International Journal of Advanced Manufacturing Technology, Vol.
66, No. 9, pp. 1-9, 2012.

[8] G. Palumbo, M. Brandizzi, Experimental investigations on the
single point incremental forming of a titanium alloy component
combining static heating with high tool rotation speed, Materials
and Design. Vol. 40, No. 1, pp. 43-51, 2012.

674


www.sid.ir
www.sid.ir

