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Abstract - The present work focuses on investigating the influence of step size, tool diameter, and spindle speed on
aluminium sheets. In SPIF, forming tool is generally programmed to move along a CNC controlled definite path to form a
predetermined shape by local deformation layer by layer. Forming force produces stresses and strain in the sheet depending
upon part shape which further determines structural integrity of the final component. Experimentation is performed based on
full factorial method. In this experimentation, thickness variation in different rolling directions and micro-hardness are taken
as output responses and the effect of various process parameters like tool diameter, step depth and feed rate are studied on
these responses. Analysis of variance is carried out to find out the significance of the input process parameters and its
percentage contribution. It is concluded that tool diameter and step depth are the most significant process parameters for the
output responses.
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I INTRODUCTION surface. In one of papers on SPIF, M. Durz_ante et al.
[3] concluded that forming force requirement was

New sheet metal fabrication techniques have reduced when tool was set in any of the direction.

advanced to the point that they can be used to make
customize parts or small batches of small batch
production with short turnaround times from concept
to completion. SPIF (single point incremental
forming) is a unique and innovative method for rapid
prototyping and small-batch sheet part production.
SPIF is a die less technique that may produce parts
with symmetrical and non-symmetrical geometries
and a wide variety of thicknesses without the use of
costly dies. It enables the production of complex
sheet metal components at a reasonable cost. SPIF
has numerous applications in the medical, aerospace,
and automotive industries.

Erika et al. [1] focused on the impact of the tool strain
path on AA7075-O sheet formability and localized
thinning in single point incremental forming. They
came to a conclusion that thickness fluctuation along
the truncated cone's wall comprises three separate
regions: bending, thinning, and steady state. D.S
Malwad et al. [2] experiments were conducted with
varied forming angles to analyze the deformation
mechanism of commercial aluminum alloy and
demonstrated thickness reduction as a function of
wall angles. They came to the conclusion that, for
wall angles less than 75 degrees, more formability
and forming depth can be reached. As the incremental
step size lowers, the required forming force lowers,
allowing for a larger forming depth and a better

Page | 390 Copyright @ 2020 Authors



Dogo Rangsang Research Journal
ISSN : 2347-7180

The surface roughness changes slightly but
neglected,whether tool is rotating or not as well as
its change in direction didn*t affect the surface
roughness. R Lingam et al. [4] studied the
anisotropic behaviour of the material with respect
to different rolling direction i.e., along rolling,
diagonally and in transvers rolling direction that
causes large change in thickness variation and in
spring-back as comparative to isotropic material
during 2018.Meftah Hrairi et al. [5] proposed the
variation in the surface roughness and concluded
that combination of larger tool size and smaller
step depth resulting smooth surface of the formed
component whereas, small tool size with larger
step depth gives rough surface finish causing
surface waviness. Vikas sisodia et al. [6] in 2019
investigated minimum thickness of the formed
part with dummy sheet. And it is observed that the
variation in wall thickness is small and overall
wall thickness distribution along the depth of
formed parts is almost uniform. Also, wall
thickness distribution obtained is close to the
value predicted by sine law. The maximum micro-
hardness values are observed in the areas of the
higher deformation of the sheet material studied
by C. Giardini et al [7] to understand the physical
limits of the material when subjected to this
deformation process.

Il. PROCESS METHODOLOGY

Experimental setup consists of VMC machine (as
shown in the below fig.1) having Fanuc controller.
The design of the fixture for desired shape as well
as tool are prepared in CAD software and then it is
fabricated.
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Clamping plate

Backing plate

Figure 1: Experimental setup

Aluminium alloy (AA5052) sheet is cut into pieces of
required dimensions with drilled holes on it for
clamping rigidly onto the fixture. Truncated Square
pyramid geometry of 600 and 90x90 mm2 was
decided for the experimental work. Tool path for
getting desired shape was generated in FUSION 360
Cam software. Afterwards the generated tool path
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was post process to get G and M codes for Fanug
controller.

For the study, experiments are designed as per Full
Factorial design of experiment and total 8
experiments are performed without spindle rotation.
The set of parameters with their levels are listed in
Table 1. The level of wall angle, step size, tool size
and feed rate are selected on the basis of literature
review.

Srno Parameters Units Levell Level2
Tool
Diameter Mm 10 14
2 Step Depth Mm 0.5 1
3 Feed rate mm/min 1000 1500

Table 1. Factors and their levels

Thickness distribution is measured at 11 different
locations i.e., 5mm from each other from the start
point of the tool to the end point of the tool along the
wall depth of the formed parts and also minimum
thickness reduction was noted for each formed part.
Each formed parts are wire cut in such a way that
allowing to measure thickness in longitudinal and
diagonal rolling direction. Micro-meter screw gauge
is used to measure the thickness at marked locations
along the wall length. Micro-Hardness of the formed
parts is measured along the wall depth at the same
location where thickness of each sample is measured
to know the hardness variation as a function of strain
hardening with respect to the thickness distribution.
Vickers micro-hardness testing machine equipped
with software is used for hardness measurement. In
order to place, the wire cut samples rigidly on the
platform of the tester so the indentation can be
achieved properly, cold mounting is done. Dwell time
of the indentation for an applied load must be
adequate to give little or no error in the D1 and D2
values of the diagonal to obtain accurate reading of
Micro-hardness.

Page | 392

Longitudinal

Diagonal rollin
g s rolling direction

direction

Copyright @ 2020 Authors



Dogo Rangsang Research Journal
ISSN : 2347-7180

I1l. RESULT AND DISCUSSIONS

Thickness distribution in longitudinal and diagonal
rolling direction is calculated for each formed part. At
the same time hardness of the formed parts is
calculated with respect to thickness distribution.
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Hardness is the function of plastic deformation i.e.,
strain hardening. Hardness variation is observed as
thickness change at different locations. Noted average
hardness varies from 67HV to 105HV for the formed
parts. Maximum micro-hardness value is observed
where maximum thickness reduction is noted.

Thmin in Toirin
. M min H
Exp. Tool diameter Step depth Feed rate Iongltgdlnal Diagonal Max. micro
. rolling . — hardness
No. (mm) (mm) (mm/min) L rolling
direction . (HV)
direction(mm)
(mm)
1 14 1 1000 0.631 0.645 104.38
2 10 0.5 1500 0763 0.755 915
3 14 1 1500 0.602 0.610 104.93
4 14 0.5 1500 0.681 0.675 99.75
5 10 1 1500 0.728 0.729 97.68
6 10 0.5 1000 0.801 0.810 91.135
7 14 0.5 1000 0.695 0.714 100.695
8 10 1 1000 0.755 0.785 90.815
Table 2. Experimental result considering static tool condition
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Figure 5: Comparison of wall thickness distribution between predicted thickness and measured minimum wall thickness in different
rolling directions.

In SPIF, wall thickness variation is observed contrary
to the stated sine law for wall thickness distribution.
The occurrence of the thinning band in SPIF mainly
due to local necking and stretching which is similar to
the necking noted in uniaxial tensile test. Predicted
thickness is calculated using sine law and compared

with calculated minimum thickness in longitudinal
and diagonal rolling direction along the wall of
formed parts. There is no significant change observed
in minimum thickness distribution along the wall of
the formed parts in different rolling directions.

Source DF SS MS F-value P-value
Model 3 0.031711 0.010570 67.38 0.001
Linear 3 0.031711 0.010570 67.38 0.001
Tool Diameter 1 0.023980 0.023980 152.86 0.000
Step depth 1 0.006272 0.006272 39.98 0.003
Feed rate 1 0.001458 0.001458 9.29 0.038
Error 4 0.000627 0.000157
Total 7 0.032338

Table 3. ANOVA for Minimum Thickness Distribution in Longitudinal Rolling Direction
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Analysis of variance (ANOVA) is carried out at 95%
confidence level to know the significant process
parameters and to their percentage contribution on
response. From the ANOVA table it can be observed
that tool size has major contribution in thickness
reduction followed with step depth in this
experimental analysis and feed rate has no significant
effect on the response.

Normal Probability Plot
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Figure 6: Normal probability plot for residual

The ,,pred R-squared™ of 0.9224 is in good agreement
with the ,,adj R-squared” of 0.966; i.c., the difference
is less than 0.5. Figure 6 shows the normal
probability plot of residuals and it can be observed
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that the predicted values by the model are in
reasonable agreement with the experimental results.
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Figure 7: Main Effects Plot for Minimum Thickness in
Longitudinal Rolling Direction

The main effect plot for minimum thickness variation
shows the effect of each main factors on the output
response. It can be observed that Tool diameter has
the maximum effect on thickness reduction followed
with step depth as the second most contributor
whereas feed rate has no significant effect on
thickness reduction. It gives the optimum values for
all the three factors as Tool diameter = 14 mm, Step
Depth =1 mm and Feed rate = 1500 mm/min.
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Figure 8: Max. micro-hardness for each formed part

IV. CONCLUSION

The effect of various process parameters in static
condition of forming tool on thickness distribution
was studied. Tool Diameter and Step Depth are the
most  influencing  parameters for  thickness
distribution. And, feed rate showed no significant
effect on thickness distribution. It is found that wall
thickness value reduced continuously and pass
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through a minimum value i.e., it doesn“t follow sine
law of thickness distribution. As Thickness reduction
increase hardness increase and reaches to maximum
where maximum thickness reduction is observed due
to larger plastic deformation and hence large work
hardening is observed. For Thickness variation, as
Tool diameter increases thickness reduction increases
i.e., it shows direct relation between them. Also,
Thickness reduction increases as Step Depth
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increases i.e., it shows direct proportionality between
them. However, Feed rate has least significant effect

on

Thickness reduction. From the graphical

representation it can be observed that there is no
significant change in thickness reduction along the
wall depth of each formed parts in Longitudinal and
Diagonal rolling direction. For max. micro-hardness,
it is observed that Tool diameter and Step depth are
the most significant process parameters whereas Feed
rate has no significant effect on micro-hardness of the
formed parts. Maximum micro-hardness is noted in
case of high-level values of process parameters for
tool diameter of 14mm and step depth of Imm.
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