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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. 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 coordinae measuring machine
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Fig. 10 The location of thermocouple for measuring the temperature of
part center
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Fig. 11 Infrared thermometer to measure forming location temperature
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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. 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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