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Abstract

Most of the conventional sheet metal forming processes uses expensive dies
for forming sheet metals into final shape. This increases the cost of production. For
eliminating these limitation one can utilize the new die less sheet metal forming
process known as incremental sheet metal forming (ISMF). The process involves the
use of a single spherical tool to carry out local sheet metal deformation
progressively on a CNC milling machine. The controlled movement of the tool
enables a 3-dimensional profile to be made. The process can provide rapid
prototyping advantages for sheet metal parts which are made directly from a 3-D
CAD model to finished product without the conventional intermediate stage of tool
design and manufacture.

In this report the methodology of the Single Point Incremental Forming
(SPIF) and Double Sided Incremental Forming (DSIF) processes are presented.
Initially the CAD model of the final shape is produced then the STEP file is used to
create tool path for the ISMF process by using tool path generating module. This
tool path is then given as an input to the CNC machine and the desired motion of
tool is obtained in order to produce the final shape. First the FEM analysis of Single
Point Incremental Forming (SPIF) is done in order to analyze the deformation zone
and the velocity fields. Then upper bound approach is used to study the deformation
zone of SPIF. The velocity field and power dissipated are predicted using assumed
deformation zone.

The incremental sheet metal forming has a potential application in field of
aerospace and biomedical industries which are constantly looking for ways to reduce
the weight and to improve the mechanical properties of parts and structures. The
major advantage of ISMF technology is the possibility to manufacture sheet parts
which are difficult to form with traditional processes in a rapid and economic way

without expensive dies and long set-up times.

Key words: Incremental Sheet Metal Forming, Finite Element Analysis, Upper
Bound Analysis, Deformation Zone
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Now the result for variation of power dissipated with tool diameter, obtained from
presented upper bound solution is compared with experimental results obtained from

literature and shown in figure 5.5 and 5.6.
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Figure 5.5: Variation of dissipated power Figure 5.6: experimental results of variation of
with increase in tool diameter in presented forces with increase in tool diameter [12]

upper bound solution.
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Chapter 6

Conclusion and future work

6.1 Conclusion

In the present report first the FEM model of single point incremental forming
(SPIF) of 30° cone is used to observe and understand the physics of incremental
sheet metal forming. By observing the deformation zone using FEM analysis

following conclusions made.

e By analyzing it is evident that Ue (velocity along the angular direction in
plane perpendicular un-deformed sheet surface) is having little effect on
deformation zone.

e U, (velocity in radial direction of spherical tool) is having most influence on
deformation zone.

e U, (velocity along angular direction of plane parallel to un-deformed sheet

surface) is having very negligible effect on deformation zone.

On the basis of above conclusions expression for velocity field is obtained which is
further used for computing power dissipated in SPIF process. Further upper bound
analysis of deformation of sheet with liner interpolation of tool in Cartesian
coordinate is done in order to predict the dissipated power in SPIF.

Dissipated Power predicted in incremental forming can be expected to be
similar and repeatable. If the tool diameter or wall angle, are increased the dissipated
power will increase as well. An increase of the tool diameter has a substantial
impact on the amplitude of power required to form a given
part. Although it can reduce production time by allowing larger vertical step sizes
without affecting surface quality, large increases in tool diameter result in much
higher forces and could become a limiting factor.

Like tool diameter, wall angle when increased requires much greater forming
power. Evidently this is because the deformation zone becomes larger and,

subsequently, the dissipated power increases.
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6.2 Future work

In future the dissipated power predicted can be utilized to obtain the
components of force in three different directions which helps in understanding the
process mechanics and influencing parameters. Then the force obtained by
dissipated power predicted by upper bound solution can be used for the design of

tooling and fixtures.
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Appendix

Components formed by DSIF using Al 5052 sheet

Sheet Slicing
Test Geometry Thickness thickness
(mm) (mm)
1 0.1
Butterfly
shape 1 0.2
1 0.05
Sheet Slicing
Test Geometry Thickness thickness
(mm) (mm)
1 0.1
Pyramidal
shape 1 0.2
1 0.4

Table 4.2: Various components formed in ISMF experiment
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