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ABSTRACT

Single Point Incremental Forming (SPIF) process is one of the advanced forming techniques
that industry has nowadays. Improved formability is one of the major advantages of the process.
However, it is associated with limitation such as thinning of blank and poor geometrical accuracy of
the formed part. In this study, forming behaviour of homogeneous blanks during the SPIF process has
been investigated. A simulation study has been carried out using ABAQUS/Explicit. Effect of change
in thickness, yield strength, strain index and strength coefficient of blank on responses like Plastic
Equivalent Strain (PEEQ), percentage of thinning and geometrical accuracy of formed component has
been evaluated. It has been found that change in the thickness has major effect on PEEQ and
geometrical accuracy. Regarding percentage of thinning, change in the yield strength of blank is
found to be majorly affecting.

Keywords: Single Point Incremental Forming, Thinning, ABAQUS/Explicit, Formability and

Geometrical Accuracy.

1. Introduction

Lot of efforts have been made by the researchers to
develop new forming technologies particularly for the
automobile and aerospace industries. As a result, researchers
have yielded at Single Point Incremental Forming (SPIF)
process. Figure 1 represents the working principle of the SPIF
process.
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Fig 1. Schematic of Single Point Incremental Forming
(SPIF) process

In this process, localized deformation is provided
with the help of a hemispherical or spherical tool [1]. The
path of the tool depends upon the target geometry. Due to the
localized deformation, the formability of the blank is better
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[2, 3] and the force requirement is low in comparison to the
conventional forming processes. However, the process is very
time consuming and it is associated with the limitation of
spring back and thinning [4].

There are many process parameters associated with
this process such as tool feed (mm/sec), tool rotational speed
(Rotation Per Minute, RPM), tool type, incremental depth
(mm), wall angle (degree) and tool path strategy. For a given
tool path strategy and wall angle, the quality of part produce
from SPIF process depends upon above mentioned
parameters. The researchers generally investigate the
responses such as geometrical accuracy, surface finish [5] and
thinning in the formed part. It has been observed that as the
wall angle increases the thinning of the blank increases [2].
Apart from the process parameters, lubrication between blank
and tool also plays a vital role on the surface finish of the
formed part [6]. Regarding the surface finish, dummy sheet
can be used between tool and blank to avoid the direct contact
which will lead to improve the surface finish of the formed
component [7]. SPIF has many applications such as die
making [8] and few applications in medical industries [9, 10].

The forming behaviour of homogeneous blanks can
be studied using any simulation tool which yields in saving of
time, cost and material. ABAQUS/Explicit can be used for
the mentioned purpose and it has been found to be resulting is
acceptable results [2].
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So, in the present investigation, ABAQUS/Explicit
is used as a simulation tool. Simulation of SPIF process has
been done to form a truncated cone. The effect of material
parameters and blank thickness on responses like %thinning,
Plastic Equivalent Strain (PEEQ) and geometrical accuracy of
formed part has been reported.

2. Simulation Conditions

Different simulation and boundary conditions are
discussed in the next sections. In addition to that the material
properties considered for the simulation purpose are reported.

2.1 Materials

In the present simulation study, SPIF process has
been investigated for the homogeneous blanks. Total four
different blanks having different properties are formed using
the SPIF process. The thickness and material properties of the
four different materials are indicated in the table 1. It has
been assumed that all the material considered for the
simulation follows the Power-Law equation. The constant
properties are density of the material 2.680 X 10 kg/mm?,
Poisson's ratio 0.3 and Young’s modulus 70300 MPa.

Table 1. Material thickness and properties

Material Th(ir%ﬁ'; 5 St\r(;lg(]jth ?rt]rdeg)r(\ cig;?ir::?: Et
(MPa) (MPa)
A 2 200 0.125 300
B 1.25 200 0.125 300
Cc 2 150 0.125 300
D 2 200 0.100 300
E 2 200 0.125 250

2.2 Process conditions

Forming of all the different blanks was done using
the SPIF process. During the SPIF process some of the
process parameters were kept constant as represented in
table 2.

Table 2. Constant process parameters of SPIF

Sr.

No. Parameter Unit Value
1 Tool feed mm/sec 15
Coefficient of friction between i 01
blank and tool [11] '
3 Incremental depth mm 0.5
4 Wall angle Degree 45
5 Tool rotational speed RPM 1000
6 Truncated Cone height mm 20
7 Top diameter of truncated cone mm 50
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A truncated cone was formed using a hemispherical
tool of 6 mm radius. The blank dimensions were kept as 70 x
70 mm?. The tool was modelled as rigid body and the blanks
were modelled as shell deformable body.

2.3 Boundary Condition

The assembly of SPIF tool and blank is represented
in the figure 2. The blank edges were fixed in order to achieve
the pure stretching conditions. The tool path strategy adopted
was outward to inward radial tool movement. During the
forming process the tool radius compensation was not
considered.

Meshing of the shell deformable blank was done
using S4R linear quadrilateral element [2] using 0.5 mesh
size. As the SPIF tool was considered as rigid body, meshing
was not required for it.

Fig 2. Assembly of tool and blank

3. Results and Discussion

3.1 Formed Component

The tool was given the planner movement in XY
plane and blank was deformed in the direction of thickness.
Figure 3 indicates the formed component using the SPIF
process in ABQUS/Explicit. After the successful completion
of all the simulations, results such as plastic equivalent strain
(PEEQ) and thinning of blank were investigated. In order to
study the geometrical accuracy, formed geometry was also
compared with the target geometry for all the different
materials.

3.2 Thinning

In order to investigate the effect of change of each
parameter, results of material A are considered as reference.
The results of materials B, C, D and E are compared with
results of material A and accordingly the observations are
done.
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Fig 3. Formed component

Figure 4 represents the thinning of blank C after the
forming process has been completed. For material C, the
thinning of blank can be observed at tool initial position in
figure 4. When the tool comes at its starting position after
completing the planner movement, it deforms the blank and
because of that the blank experience excessive thinning at this
particular location. For material C, the initial blank thickness
was 2 mm and after forming final thickness was 0.864 mm
which means that there was 56.8% of thinning occurred in the
blank. Similarly, for different materials, %thinning was
investigated and the results are represented in the table 3.

Thinning due to
tool deformation

Tool Starting
/ Point

Tool

Fig 4. Thinning in the formed component for material C
(minimum thickness 0.864 mm and original thickness 2
mm) — 56.8% thinning
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Table 3. Thinning results for different materials

Material A B C D E

% Thinning 535 52 56.8 5505 52.86
Deviation from

Material A - 15 33 155 064

From table 3, on comparing the %thinning results of
all material with results of material A, it can be noted that the
%thinning is highest for material C and minimum for material
B. This indicates that decrease in the yield strength of
material will result in more thinning or in other words
thinning during the SPIF process is more affected by the
change in the yield strength of the material in comparison to
change in thickness, strain index and strength coefficient.
Yield strength represents the level of stress at which material
will start deforming. If the value of yield strength decreases
that means that material is easy to deform. For a particular
load it will deform excessively and that will lead to more
thinning of the blank during forming process. This is the
reason why material C has maximum %thinning.

3.3 PEEQ

After the completion of simulations, result of PEEQ
was extracted which indicates the permanent strain remained
in the blank after the forming process has been completed.
Figure 5 indicates the PEEQ in material C after the forming
process. The maximum plastic strain can be observed near the
tool starting position because at that place more deformation
is experienced by the blank.

Fig 5. PEEQ in the formed component for material
C — maximum PEEQ observed was 2.87
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Table 4. PEEQ results for different materials

Material A B C D E
PEEQ 287 230 287 305 284

Deviation from
Material A - 057 0 018 0.03

Table 4 indicates the results of PEEQ for all the
materials along with deviation of results from material A.
From table 4, it can be observed that the maximum and
minimum PEEQ is observed for material D and B
respectively. But, on comparison with the results of material
A, it can be noted that the maximum deviation is for material
B. This represents that PEEQ is significantly affected by the
change in thickness of the blank during the SPIF process in
comparison to the change in yield strength, strain index and
strength coefficient. The less amount of plastic strain
indicates less formability of the blank and which may be due
to the reduction of the thickness value.

3.4 Comparison of formed geometry

All the formed geometries for different materials are
compared with the formed geometry for material A as
depicted in figure 6. It can be observed that maximum
mismatch with formed geometry of material A is for material
B followed by material C, D and E. It indicates that the effect
of change in thickness on geometrical accuracy is highest in
comparison to the effect of change in yield strength, strain
index and strength coefficient. The formed geometry of
material E is exactly matching with the formed geometry of
material A. The deviation from formed geometry of material
A for all the materials is represented in table 5.

Forming height (imm)

Distance along the width of the cup (nm)

-\ =B =—C —D E

Fig 6. Comparison of formed geometry

Table 5. Deviation of formed geometry from formed
geometry of material A

Material B C D E

Deviation 2.03 1.45 0.70 0.65
From table 5, it can be noted that the geometrical
accuracy achieved in the SPIF is majorly affected by the
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thickness of the blank. Decrease in the thickness makes the
blank weaker and that reduced the load bearing capacity of
the blank. This will affect the formability of blank. This is the
reason why the deviation of formed geometry of material B
from material A is high. In addition to that strain index and
strength coefficient have negligible effect on geometrical
accuracy of the formed component using SPIF process.

4. Conclusion

In the present simulation study, investigation on
forming behavior of homogeneous blanks was done. Effect of
change in thickness, yield strength, strain index and strength
coefficient of blank on the responses like percentage of
thinning, PEEQ and geometrical accuracy was studied.
Following points can be concluded from the study:

i. Thinning of the blank is one of the major limitations of
the SPIF process. More thinning is observed at tool initial
position due to the incremental deformation provided by
the tool.

ii. Yield strength has maximum effect on thinning of the
blank during the SPIF process in comparison to the effect
of thickness, strain index and strength coefficient of the
blank.

iii. Change in the thickness of blank has the major effect on
the PEEQ experienced by the blank during the SPIF
process in comparison to the effect of yield strength,
strain index and strength coefficient of the blank.

iv. Geometrical accuracy is also one of the major concerns
of SPIF process. Regarding that it was found that change
in the thickness of blank has major effect on the
geometrical accuracy. Strain index and strength
coefficient ratio have negligible effect of geometrical
accuracy achieved in the SPIF process.
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