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ABSTRACT

Single point incremental sheet forming
[SPIF] is an emerging sheet metal forming
process suited for small volume and
prototyping. Several academic researchers
and experts in the metal forming industry
have investigated the process in the past
decade. However, further studies are
essential on the formability, accuracy,
surface finish, and process mechanics to
develop the process into an industrialized
sheet forming process. This study gives a
comprehensive literature review of the
effect of process parameters i.e. tool
diameter, step size, feed rate, and material
thickness on the formability, surface
quality, and accuracy. A systematic
quantitative literature review has
conducted to assess the effect of the
aforementioned process parameters, from
45 journal articles and 2 conference
proceedings. The study also examines
uniformity between conclusions made on
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the effect of process parameters;
distinguish what technique has used i.e.
Simulation or Simulation with the
Experimental. Besides this, the most
investigated sheet material has
distinguished. The study also included the
quota of assessments towards formability,
surface finish, and dimensional accuracy.
After the assessment has made, analysis of
the reviews made on the effect of the
process parameters has conducted and the
research gaps have outlined to provide
highlights for future research idea.

Keywords: Accuracy, Formability, SPIF,
Surface Finish, Systematic quantitative
review

I. INTRODUCTION

Single point incremental sheet forming is an
emerging process for manufacturing sheet
metal parts and it is well suited for small
batch production or prototyping. In SPIF
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sheet is formed into the desired final part by
a series of small incremental deformations
until the part fully formed.

The deformation is commonly
accomplished by using a spherical tipped
forming tool attached to a tool holding
devices that follow the contour created
from the CAM package (Figure 1.1). The
operation is performed either by using a
machine specifically designed for the
process, a three-axis CNC mill or industrial
robots.

SPIF has a number of merits, some of them
include there is no need of supporting dies;
no need for positive or negative molds. It
can be executed in a conventional CNC
machine and the forces required for
deformation is small when compared to the
conventional sheet forming. However, the
process is not fully industrialized, it needs
further investigations.

CNC control

tool path
planning

.

dddad

bunkm'ldor bociflng plate

blankholder “formed pat ™ backing plate

Figure 1.1 Single point incremental sheet forming and
basic elements[1]

The primary objective of the review is to
assess what the literature reports about the
effects of process parameters on
formability, surface finish, and dimensional
accuracy. Besides, assessing consistency
between conclusions, distinguish the types
of investigations used, identify the most
investigated material, to assess whether the
investigations towards formability, surface
quality, and dimensional accuracy were
conducted proportionally. Finally to find
out the research gaps.

II. METHODS

A systematic quantitative literature review
is mainly employed for the assessment. The
merits and other details of this literature
review method are described in Pickering
and Byrne [2].

In this review, original research articles and
conference proceedings were only
considered. a total of 45 journal articles and
2 conference proceedings( [3] and [4])
published from 2005 to 2017. In addition,
two-point incremental forming and heat-
assisted SPIF were not considered. The
research articles and conference
proceedings are collected mainly from
database searches. In this review, the most
commonly used academic search engine is
Google Scholar and the most used
databases searched is science direct.

2.1 Effect
formability

of process parameters on

Base on the assessments carried out,
formability can be evaluated by using three
distinct approaches. The first one is by
finding the maximum forming angle, the
second one is by considering the maximum
formability depth achieved and the third

one 1is by considering the maximum
thickness reduction achieved without
failure.

Effect of step depth on Formability

To find out what the pieces of literature
reports about the effect of step depth on the
formability in SPIF, a total of 18 studies
were taken. Of these, 12 studies found the
formability to increase with the lower value
of step depth. 5 papers conclude formability
increases with the higher value of step
depth and 1 paper conclude step depth
doesn't have a considerable impact on
formability. The results are illustrated in
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Figure 1.2 and details are presented in Effect material thickness on Formability
Table 1.1.

This review has conducted to examine the
From the Table 1.1, only 4 of the effect of material thickness on formability
investigations have conducted by in SPIF. The evaluation has taken from 15
combining simulation with experimental papers. Of these 15 papers, 14 of the papers
methods of investigation furthermore 18 concluded that increase material thickness
papers have investigated by using is compulsory to increase formability.
experimental investigation technique. Besides this 1 paper concludes that
Besides this, aluminum alloys have used in decrease material thickness to increase
most of the investigations. formability. The pie chart in Figure 1.3

. presents the details on the effect of material
Chezh'1an 2010 [20] Steel 0.3, 0.4,0.5 thickness on formability. From the Table
Experimental Step depth does not have 1.2, most of the studies have conducted by
much impact on formability. applying experimental investigations

technique. In this investigation aluminum
alloy is the most studied material.

Table 1.1 Effect of step depth on Formability

Authors Materials Step Depth (mm) Investigation Type Effect of step depth
Investigated

Conte 2017 [5] Composite 1,2 Experimental Formability increases with the

Davarpanah 2015 [6] | Polymer 0.2,0.4,0.6,0.8,1.0,1.4, Experimental higher value of step depth
1.8 Experimental

Pandivelan 2015 [7] | Aluminum 0.15,0.2,0.25,0.3,0.35 Experimental

Bagudanch 2015 [8] | Polymer 0.2,0.5 Experimental

Zhang2016 [9] Polymer 0.5, 1.0

Shanmuganatan Aluminum 0.2,04,0.6,08, 1 Simulation & Experimental | Formability increases with the

2013

Song 2017 [11] Aluminum 0.16,0.18 Simulation & Experimental

Golabi 2014 [12 Steel 1,152 Simulation & Experimental

Kurra 2017 [13 Steel 0.7,1.1,1.5 Simulation & Experimental

Ham 2006 [14] Aluminum 0.05,0.12,0.25 Experimental

Le 2008 [15] Polymer 02,1 Experimental

Hussain 2008 [16] Titanium 0.2,0.75,1.3 Experimental

Bhattacharya 2011 Aluminum 0.2,0.5,0.6,0.8,1 Experimental

[17]

Bosetti 2010 [3] Aluminum 0.3,0.8 Experimental

Huang 2008 [4] Aluminum 0.5,1,1.522.53,3.54 Experimental

Ham 2007 [18] Aluminum 0.05,0.12,0.25 Experimental

Oleksik 2014 [19] Aluminum 0.25,0.5,1 Experimental
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1 Papers —~ ® Formability increases with

5 Papers =
higher value of step depth

B Formability increases with
lower value of step depth

step depth does not have
much impact on
formability

12 Papers

Figure 1.2 Effect of step depth

1 Paper

M Increase material
thickness to increase
formability

® Decrease material
thickness to increase
formability

14 Papers
Figure 1.3 Effect of material thickness

Effect of Tool diameter on formability

To assess what the pieces of literature say
about the effect of tool diameter on the
formability in SPIF, 23 papers has taken.
The results of the assessment are present in
figure 1.4 and the detail is in table 1.3.

The details in table 1.3 reported that from
the total of 23 studies, 5 of the studies have
conducted by combining simulation with
experimental technique and 18 studies
have conducted by using an experimental
study. From the review, most of the studies
have conducted on aluminum alloys.

Effect of Feed rate on formability

Assessment of the available literature to
review the effect of step depth on the

Table 1.2 Effect of Material Thickness on Formability

Authors Materials | Material thickness Investigation Type | Effect of material thickness
Investi- (mm)
gated
Franzen 2009 [21] Polymers |2,3 Experimental Increase material thickness
to increase
Shanmuganatan2013[10] | Aluminum | 1,1.25 Simulation & formability
Experimental
Golabi 2014 [12] Steel 0.5,0.7 Simulation &
Experimental
Jeswiet 2005 [22] Aluminum |[1.21, 1.02 Experimental
Ham 2006 [14] Aluminum |[0.81,1.2,2.1 Experimental
Manco 2010 [23] Aluminum (1,2 Experimental
Silva 2010 [24] Polymer 2,3 Experimental
Marques 2012 [25] Polymer 2,3 Experimental
Bhattacharya 2011 [17] | Aluminum |0.28,0.49,0.71 Experimental
Gulati 2016 [26] Aluminum |0.55, 1.09,1.67 Experimental
Bagudanch 2015 [8] Polymer 1.5,2.0 Experimental
Chezhian 2010 [20] Steel 0.4,0.6,0.8 Experimental
Huang 2008 [4] Aluminum |0.2,0.4,0.6,0.8,1,1.2 | Experimental
Tisza 2012[27] Aluminum (0.6, 1.0, 1.5 Experimental
Zhang2016 [9] Polymer 1.5,2 Experimental thickness to increase form-
ability
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formability in SPIF shows four different
conclusions made by the researchers
(Figure 1.5). Table 1.4 describes the
studies that have conducted to investigate
the effect of feed rate.

Table 1.4 the details in which, 4 of the
investigations have conducted by
combining simulation with experimental
technique while 10 of the investigations has

conducted by using an

experimental

1 Paper
P N\

14Papers

8 Papers

B Formability increases as
tool radius increases

® Formability increases as
tool radius decreases

certain limit. '
Smaller tool diameter

gives the better
formability but up to

certain limit,

investigation. Figure 1.4 Effect of tool diameters
Table 1.3 Effect of Tool diameter on formability
Authors Materials Tool diameter Investigation Type Effect of Tool diameter
Investigated (mm)

Le 2008 [15] Polymer 6,12 Experimental Formability increases as

Ziran 2010 [28] Aluminum 4,6,10 Experimental tool radius increases

Silva 2010 [24] Polymer 10,15 Experimental

Bagudanch 2015 [8] Polymer 6,10 Experimental

Zhang 2016 [9] Polymer 10,12 Experimental

Majagi 2015 [29] Aluminum 6,8,10 Experimental

Golabi 2014 [12] Steel 6,10,14 Simulation & Experimental

Li 2014 [30] Aluminum 30,25.4,20,10 Simulation & Experimental

Ham 2006 [14] Aluminum 4.76,12.7 Experimental Formability increases as

Franzen 2009 [21] Polymer 10,15 Experimental tool radius decreases

Marques 2012 [25] Polymer 8,10,12 Experimental

Hussain 2008 [16] Titanium 8,12,16 Experimental

Durante 2011 [31] Aluminum 5,10,15 Experimental

Malwad 2014 [32] Aluminum 6,12 Experimental

Huang 2008 [4] Aluminum 4,6,8,10,12, 14 Experimental

Ham 2007 [18] Aluminum 4.76, 6.35,9.52 Experimental

Bhattacharya 2011 [17] Aluminum 4,6,8 Experimental

Gulati 2016 [26] Aluminum 8,12 Experimental

Oleksik 2014 [19] Aluminum 6,8, 10 Experimental

Shanmuganatan 2013 [10] Aluminum 2.5,5,10 Simulation & Experimental

Kurra 2017 [13] Steel 6,10, 14 Simulation & Experimental

Naga 2014 [33] Aluminum 8,10, 12 Simulation & Experimental

Malwad 2014 [32] Aluminum 6,12 Experimental Formability increases as
tool radius decreases But
up to certain limit.
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conclusions made by the researchers are

I Paper m Formability increases detailed in Table 1.5

as the feed rate

decreases Le 2008 [15] Formability increase; when

Large tool radius with a small step size;
Small step size with a small

m Feed rate does not
Have significant
influence on )
formability feed rate ; A large tool with a small feed

rate

Figure 1.5 Effect of Feed Rate Bosetti 2010 [3] Step-down, feed rate

interactions do not influence formability

Effect of Parameter interactions on

Formability Huang 2008 [4] Formability will decrease

A few numbers of researchers have studied
the effect of parametric interactions on the
formability in SPIF. The conclusions that
have gathered from these few studies
showed, all the studies have conducted by
using an experimental technique. Besides,
the investigations [37], [3], [4] and [14] use
an aluminum sheet for the conduct of the
investigation while [15], uses polymer sheet
for the conduct of the investigation. The

with the decrease of (to/Rtool) ratio and
(Az/Rwa) ratio; or The formability increases
with the decrease of (Rwo/to) ratio and (Az/
to) ratio;

Ham 2006 [14] Small tool size and thickest
material increase formability

Note: Original sheet thickness (t); Step
depth (Az); Tool Radius (Ruwer)

Table 1.4 Effect of Feed rate on formability

Authors Materials Feed Rate (mm/ Investigation Type Effect of Feed rate
Investi- min)
gated
Rattanachan 2009 [34] Steel 300, 3000 Experimental Formability increases as
Le 2008 [15] Polymer 1000,3000 Experimental the feed rate decreases.
Hussain 2008 [16] Titanium 1200,2600, 4000 Experimental
Ham 2006 [14] Aluminum 1270, 2540 Experimental
Gulati 2016 [26] Aluminum 1000, 2000, 2500 Experimental
Zhang2016 [9] Polymer 100,500 Experimental
Radu 2011 [35] Steel 1500,3000 Simulation & Experimental
Naga 2014 [33] Aluminum 100,300,500 Simulation & Experimental
Kurra 2017 [13] Steel 750, 1500, 2250 Simulation & Experimental
Golabi 2014 [12] Steel 600,1200 Simulation & Experimental Feed rate does not
Bhattacharya 2011 [17] Aluminum 40,60,80 Experimental Have significant influ-
ence
Uheida 2017 [36] Titanium 1200,2000,4000 Experimental on formability
Bosetti 2010 [3] Aluminum 1000,1500 Experimental
Bagudanch 2015 [8] Polymer 1500,3000 Experimental High feed rate increases
formability
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2.2 Effect of Process Parameters on
Dimensional Accuracy

Dimensional accuracy is of vital importance
in any manufacturing process. All
manufacturing processes have different
allowable dimensional tolerances. SPIF
cannot be marketed as a viable forming
method unless information like dimensional
accuracy has been determined. The
dimensional accuracy study is important for
determining how accurate SPIF is; this
could lead to an understanding of possible
applications for SPIF[40].

Effect of step depth on accuracy

Effect of step depth on accuracy has tested
by considering two investigations that have
satisfied the criteria to review its effect on
accuracy. The final conclusions in both
studies were accuracy increases with a
decrease in step size. In both studies,
aluminum alloy is the material used for the
study. The first investigation [10], has
conducted by using both simulation and
experimental techniques. The variations of
step depth used in the first investigation
are 0.2, 0.4, 0.6, 0.8 and Imm. An
experimental investigation technique has
used for the conduct of the second
investigation [38]. Besides, the step depth
variation used in the second study is 0.1,

0.6, 1.1, 0.1, 0.2, 0.3, 0.4, 0.5, 0.7 and
1.0mm.

Effect of Material thickness on accuracy

From the survey made only 1 study has
found in which that concludes material
thickness influences the accuracy of the
parts formed by the single point
incremental sheet forming. The researcher
has confirmed accuracy increases whenever
the sheet thickness increased [21]. Polymer
sheets with 2 and 3mm thickness have used
in the investigation. The method the
researchers used for the conduct of the
investigation was experimental.

Effect of Tool Diameter on Accuracy

From the assessment carried out on the
effect of tool diameter on the accuracy, 1
study has found in which that concludes
tool diameter influences the accuracy. The
researcher has concluded that accuracy
increases with a decrease in tool radius.
Simulation with the experimental
investigation has used for the conduct of
the study [35]. Steel sheet material has
used for the investigation. Besides, 6 and
10mm diameter forming tool has used for
the investigation.

Table 1.5 Effect of Parameter interactions on Formability

Authors

Effect of Parameter interactions

Hussain 2010 [37] [Formability increases; when Higher step size with higher tool radius is used.
Formability decreases; when Small step size with higher tool radius or Large step
size with a small tool radius is used

Le 2008 [15]

Formability increase; when Large tool radius with a small step size; Small step size
with a small feed rate ; A large tool with a small feed rate

Bosetti 2010 [3]

Step-down, feed rate interactions do not influence formability

Huang 2008 [4]

Formability will decrease with the decrease of (to/Rtool) ratio and (Az/Riool) ratio; or The
formability increases with the decrease of (Riool/to) ratio and (Az/to) ratio;

Ham 2006 [14]

Small tool size and thickest material increase formability

Note: Original sheet thickness (to); Step depth (Az); Tool Radius (Rrool)
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Effect of Feed rate on Accuracy

From the investigation carried out on the
effect of feed rate on accuracy, two studies
have found in which that concludes feed
rate affects the accuracy ([35], [39]). The
first conclusion is that accuracy increases
with the decrease in feed rate [35] and the
other conclusion is that an increase in feed
rate improves accuracy [39]. The first
investigation uses steel material and the
feed rate used is 1500 and 3000mm/min.
Besides, this study uses simulation and
experimental investigation techniques. The
second investigation uses polymer sheet
and the feed rate used is 1200, 1400 and

1600mm/min. The investigation technique
used in this study is experimental.

Effect of Parameter interactions on accuracy

From the review made on incremental sheet
forming only one paper has found in which
that concludes parameter interactions
influence the accuracy [41]. An
experimental technique has used for the
investigation and the material used for the
conduct of the investigation is Aluminum.
The first conclusion of the researcher is
accuracy increases with the interaction of
minimum vertical step size with maximum;
sheet thickness, tool diameter, and feed

Table 1.6 Effect of Step Depth on Surface Roughness

Authors Step Depth (mm) Effect of Step Depth
Radu 2011 [35] 0.05,0.5 With smaller vertical step
Shanmuganatan 2013 [10] [0.2,0.4,0.6,0.8, 1 depth better surface finish achieved.
Golabi 2014 [12] 1,1.5,2
Cerro 2006 [43] 0.5,1
Mulay 2015 [44] 0.25,0.5
Malwad 2014 [32] 0.2,0.5
Echrif 2014 [45] 0.25,0.6,1, 1.25
Hamilton 2010 [46] 0.10,0.25, 0.40
Mulay 2017 [47] 0.2,0.4,0.6
Gulati 2016 [26] 05,1,15
Hussain 2008 [16] 0.2,0.75,1.3
Malwad 2014 [32] 0.2,0.5
Chezhian 2010 [20] 0.3,0.4 0.5
Lu 2014 [38] 0.1,0.6,1.1,0.1,0.2, 0.3,
0.4,0.5,0.7,1.0
Lasonon 2013 [48] 0.381,0.762
Cavaler 2010 [49] 0.4,0.6,0.8 Better surface finish
Bosetti 2010 [3] 0.3,0.8 achieved with an increase of
Shah 2016 [50] 0.2,0.5,1 the vertical depth
Bhattacharya 2011 [17] 0.2,0.5,0.6,0.8,1 Surface roughness increases up to a certain
angle and then decreases.

International Journal of Modern Engineering and Research Technology
Volume 5 | Special Issue | June 2018



National Conference on Advances in Mechanical Engineering and Nanotechnology (AMENT2018) 29-30 June, 2018,
Dept. of Mechanical Engineering, University College of Engineering (A), Osmania University, Hyderabad, TS, India

A Systematic Quantitative Review of the Effect of Process Parameters in Single Point Incremental Sheet Forming

Author(s): Zeradam Yeshiwas, A. Krishnaiah | Hyderabad

rate. The second conclusion of the
researcher is accuracy increases with the
interaction of maximum sheet thickness
with; maximum tool diameter and
Minimum feed rate. The third conclusion of
the researcher is that accuracy increases
with the interaction of maximum tool
diameter with maximum feed rate and
minimum spindle speed.

III. SURFACE ROUGHNESS SUMMERY OF
PAPERS

Surfaces are commercially and
technologically important for a number of
reasons. The first one is Aesthetic reasons,
Secondly, Surfaces affect safety. Thirdly,
Friction and wear depend on surface
characteristics. Fourthly, Surfaces affect
mechanical and physical properties; Fifthly,
Assembly of parts is affected by their
surfaces; the last one is, smooth surfaces
make better electrical contacts [42].

Effect of step depth on Surface Roughness

The assessments on the pieces of literature
to review the effect of step depth on the
surface roughness in SPIF shows three
different conclusions that have made by
the researchers. Figure 1.6 described the
conclusions and Table 1.6 present the
details. Steel sheet has used in 4 of the
investigations including [35], [12], [20],
[49] and aluminum has used for the
conduct of the study in all the rest of 15
investigations. Besides this simulation and
experimental investigations have used in
the studies [35], [10], [12] and [43]. While
the rest of the investigations have
conducted using experimental investigation.

®m With smaller vertical
step depth better
surface finish
achieved.

1 Parer

® Roughness decreases
with increase of the
vertical depth

Surface roughness
increases with step
depth up to certain
angle and then
decreases.

Figure 1.6 Effect of step depth

Effect of Material thickness on Surface
Roughness

Based on the reviews made, two studies
have investigated the effect of material
thickness on the surface roughness of the
part produced by the SPIF ( [26] [20] ).
The first investigation concluded that
increasing material thickness leads to the
rough surface of the formed part [26].
Aluminum alloy has used for the conduct
of the study and the material thickness
variations used in this investigation is 0.55,
1.09 and 1.67mm. The second investigation
[20], concluded Increasing sheet thickness
leads to the better surface finish. The
material thickness variations used in this
investigation are 0.4, 0.6, and 0.8mm. Both
of the investigations have used an
experimental method for the conduct of the
investigation.

Effect of Tool diameter on Surface
Roughness

The assessments on the pieces of literature
to review the effect of tool diameter on the
surface roughness in SPIF show two
different conclusions that have made by the
researchers. Figure 1.7 display the results
and table 1.7 describes the details.
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Table 1.7 depicts the details of the tool
diameter used and the conclusions made on
the effect of tool diameter on the surface
roughness. Aluminum alloy is the materials
used in 5 of the investigations [10], [17],
[45], [47] and [26]. Steel material has used
for the conduct of 2 of the investigation
[35], [49] and further 2 of the
investigations used polymer sheet [9], [21].
Besides this, two of the studies [10] and
[35] used both simulation and experimental
methods. While the experimental method
has used in the rest of the investigations.

Effect of Feed rate on surface roughness

To review the effect of feed rate on the
surface finish, 7 studies have analyzed. 3 of
the papers conclude feed rate does not have
a significant influence on surface finish.
Figure 1.8 illustrates the result of the
review. The details of the conclusions on
the effect of feed rate have illustrated in
table 1.8. Aluminum alloy is the materials
used in 6 of the investigations and steel
material has used in 1 of the investigation.
One study [35], used both simulation and
experimental methods for the study. The

Table 1.7 Effect of Tool Diameter on Surface Roughness

Authors Tool diameter (mm)

Effect of Tool diameter

Shanmuganatan 2013 [10]

2.5,5,10

Increasing tool diameter enhance the

Radu 2011 [35] 6,10 surface finishing

Bhattacharya 2011 [17] 4,6,8

Cavaler 2010 [49] 16,20

Echrif 2014 [45] 5,10,20,30

Mulay 2017 [47] 8,10,12

Gulati 2016 [26] 8,12

Zhang 2016 [9] 10,12

Franzen 2009 [21] 10,15 Decreasing tool diameter enhance the surface

finishing

Table 1.8 Effect of Feed on Surface Roughness

Authors

Feed rate(mm/min)

Effect of Feed rate

Mulay 2015 [44]

500,800,1200

Does not have a significant

Bosetti 2010 [3]

1000,1500

Effect on surface finish.

Shah 2016 [50]

500,800,1200

Radu 2011 [35]

1500,3000

Increase feed rate leads to a

Lasonon 2013 [48]

317.5, 635,1270

better surface finish

Mulay 2017 [47]

600, 1400, 2200

Decrease feed rate leads to a better surface
finish

Gulati 2016 [26]

1000, 2000, 2500
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material used in this investigation is steel.
Experimental method has used in the
investigations [44], [3], [50], [48], [47] and
[26]. The material used for the conduct of
the investigations in these 6 studies is
Aluminum.

| Paper

B Decreasing the diameter
of the forming tool
enhance the surface
finishing

B Increasing the diameter of the
forming tool enhance the
surface finishing

Figure 1.7 Effect of Tool diameters

2 Papers

H Feed rate does not have
significant effect on
surface finish.

B [ncrease feed rate leads to
a better surface of the
formed part.

Decrease feed rate leads
to a better surface of the
formed part.

2 Papers

Figure 1.8 Effect of Feed rate

Effect of parametric interaction on surface
roughness

Effect of parameter interactions on surface
roughness has reviewed by considering the
2 Studies [51, 29]. The material used in the
first case is Steel. Based on the conclusion
made, increasing feed rate and step depth
decreased roughness and also large tool
radius and higher step depth improve
roughness [51]. An aluminum sheet
material has used in the second
investigation. The researcher has
concluded, an increase in vertical step with

the larger size of tool diameter decreases
the surface roughness [29]. The
experimental study is the technique used in
both of the investigations.

IV. CONCLUSIONS AND RESEARCH GAP

The intention of the review in this literature
has outlined in the introduction part of this
unit. In this section, the conclusions and
research gaps are described based on the
aims of the review. In the first part of this
section, the summary of a quantitative
review of the sheet material used; the
methods used for the investigation; the
most investigated quality of the part
(formability, accuracy, and surface finish)
by single point incremental forming is
identified. In the second part of this
section, the research gaps based on the
quantitative reviews are highlights for
future studies.

Formed Sheet

Aluminum 1is the most studied material
from the reviews carried out on the effect
of process parameters on formability,
surface roughness and accuracy in the
single point incremental sheet forming
process. From 47 papers, 29 of the studies
have conducted on Aluminum Alloys. The
investigations further comprise the
polymer, steel, titanium and composite
sheet materials. Figure 1.9 illustrates
details of how many times the materials
used in the investigations.

The same survey result has been noted by
Echrif and Hrairi [52] in 2011. It is
noticed that only certain sheet metal types
are used in the forming processes such as
aluminum, titanium, magnesium, polymer,
and copper. It is observed that aluminum
alloy was more studied, and that is because
aluminum sheets have better formability
when compared to other sheet metals.
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Types of Investigations

In this literature survey, the investigations
that have been conducted to examine the
formability, surface finish and accuracy of
the parts made by the single point
incremental sheet forming have considered.
Form 47 papers 39 papers were conducted
on the experimental investigations whereas
8 of the investigations have conducted by
simulation with the experimental technique.
The details of how many papers relied on
experimental or simulation with the
experimental technique are described in
figure 1.10.

Based on the investigations as depicted in
figure 1.10, the experimental approach has
used in most the studies. While simulation
combined with the experimental approach is
an emerging technique in the study of the
single point incremental sheet forming
process.
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Figure 1.9 Formed sheet distributions
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Figure 1.10 Investigations techniques used

Consistency of results

The reviews conducted to investigate the
effect of process parameters on formability
has used to decide on the consistency of the
studies. The formability has chosen because
it has extensively investigated when
compared from accuracy and surface finish
studies.

From the reviews, highest consistency or
agreement between the researchers (More
than 90%) has observed on the effect of
material thickness on the formability, which
is when the thickness of the material
increases the formability of the part made
by the single point incremental sheet
forming also increase. The other
evaluations on the effect of feed rate, the
effect of tool diameter, the effect of step
depth do not show excellent consistency
since the maximum consistency is below
70% (figure 1.11).

Effetof Fed teon formabi]ity TN G45%
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s Title
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Figure 1.11 Consistency on the evaluations made

Most studied quality

Investigations on formability, surface
roughness, and accuracy in the single point
incremental forming further assessed by
considering the 45 journal articles and 2
conference proceeding. The details of the
quantitative data on the studies made to
investigate the most investigated quality of
accuracy, surface roughness, and
formability have illustrated in figure 1.12.
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From figure 1.12, most of the investigations
have conducted to study the formability in
the single point incremental sheet forming
process and also less research interest has
given to the accuracy of the single point
incremental sheet forming process.

Studies on effect Parametric Interactions

In this literature study, the effect of a
particular process parameter in the
formability, surface finish and accuracy of
the parts produced by the single point
incremental sheet forming is introduced.
However, 6 authors have pointed out the
effect of parametric interactions on the
formability, surface finish and accuracy of
the parts formed by the single point
incremental sheet forming. Form 48 studies
6 studies investigated the effect of
parametric interactions as depicted in figure
1.13.

From figure 1.13, a majority of the
investigations have been a relay on the
investigation of the effect of particular
process parameters on the formability,
surface finish and accuracy of the parts
formed by single point incremental sheet
forming. From figure 1.13, we further
understand that fewer research concerns
have given to investigate the effect of
parametric interactions on SPIF.

40 34

Number of Papers
3]
<

[l ~

Surface
Roughness

Formability Accuracy

Investigations

Figure 1.12 Most studied quality

Number Of Investigations

6
Effect of Single  Effect of Parameter
Parameter Interactions
Effect of parametrs

Figure 1.13 Studies on effect Parametric Interactions

O

V. RESEARCH GAP

The following major research gaps
have observed after carry out the
systematic  quantitative literature
review taken from 45 journal articles
and 2 conference proceedings.

Most the studies on the single point
incremental sheet forming are dealt
with the formability studies. From
the review, accuracy and surface
finish studies need more concern.

There is no consistency in the results
of the effect of process parameters
on the formability limit, accuracy
and surface finish. As a result of
this, investigate the effect of process
parameters on the formability limit,
surface roughness and accuracy of a
specific material are significant.

Aluminum is the most studied
material in SPIF. However, a wide

range of materials other than
aluminum needs to examine.
From the evaluations on the

consistency in section 1.5.3 is clear

that working on optimization
techniques 1is required to get
optimum process parameters for

better formability, accuracy and
surface roughness of the parts that
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)

Most of the investigations are
experimental investigations. So
simulation with experimental studies
should be considered.

Most of the investigations on the
effect of process parameters has
not studied the effect of parametric
interactions on the formability,
surface roughness, and accuracy.
Rather, the studies concerned with
making the other parameters constant
and varying the required parameter.
Hence, the effect of parameter
interactions needs more
consideration.

REFERENCES:

[1]

[2]

[3]

[4]

J. Jeswiet, F. Micari, G. Hirt, A.
Bramley, J. Duflou, and J. Allwood,
“Asymmetric Single Point
Incremental Forming of Sheet
Metal,” CIRP Ann. - Manuf.
Technol., vol. 54, no. 2, pp. 88114,
2005.

C. Pickering and J. Byrne, “The
benefits of publishing systematic
quantitative literature reviews for
PhD candidates and other early-career
researchers,” High. Educ. Res. Dev.,
vol. 33, pp. 534-548, 2014.

P. Bosetti and S. Bruschi,
“Formability limits and
microstructural features of parts made
by single-point incremental forming,”
ASME Int. Mech. Eng. Congr. Expo.
Proc., vol. 3, no. PARTS A AND B,
pp. 1-8, 2010.

Y. Huang, J. Cao, S. Smith, B.
Woody, J. Ziegert, and M. Li,
“Studies of Size Effect on the
Formability of a Domed Part in
Incremental Forming,” ASME 2008
Int. Manuf. Sci. Eng. Conf., vol. 1,
pp. 645-654, 2008.

[5]

[6]

[7]

[8]

[9]

[10]

[11]

R. Conte, G. Ambrogio, D. Pulice, F.
Gagliardi, and L. Filice, “Incremental
Sheet Forming of a Composite Made
of Thermoplastic Matrix and Glass-
Fiber Reinforcement,” Procedia Eng.,
vol. 207, pp. 819—-824, 2017.

M. A. Davarpanah, A. Mirkouei, X.
Yu, R. Malhotra, and S. Pilla,
“Effects of incremental depth and
tool rotation on failure modes and
microstructural properties in Single
Point Incremental Forming of
polymers,” J. Mater. Process.
Technol., vol. 222, pp. 287-300,

2015.
C. Pandivelan and A. K.
Jeevanantham, “Formability

evaluation of AA 6061 alloy sheets
on single point incremental forming
using CNC vertical milling machine,”
J. Mater. Environ. Sci., vol. 6, no. 5,
pp. 1343-1353, 2015.

I. Bagudanch, M. L. Garcia-Romeu,
G. Centeno, A. Elias-Zufiga, and J.
Ciurana, “Forming force and
temperature effects on single point
incremental forming of
polyvinylchloride,” J. Mater. Process.
Technol., vol. 219, pp. 221-229,
2015.

X. Zhang, J. Wang, and S. Zhang,
“Study on Process Parameters on
Single Point Incremental Forming of
PVC,” Mater. Sci. Forum, vol. 878,
pp. 74-80, 2017.

S. P. Shanmuganatan and V. S.
Senthil Kumar, “Metallurgical
analysis and finite element modelling
for thinning characteristics of profile
forming on circular cup,” Mater.
Des., vol. 44, pp. 208-215, 2013.

X. Song, J. Zhang, W. Zhai, M.

International Journal of Modern Engineering and Research Technology
Volume 5 | Special Issue | June 2018



National Conference on Advances in Mechanical Engineering and Nanotechnology (AMENT2018) 29-30 June, 2018,
Dept. of Mechanical Engineering, University College of Engineering (A), Osmania University, Hyderabad, TS, India

A Systematic Quantitative Review of the Effect of Process Parameters in Single Point Incremental Sheet Forming

Author(s): Zeradam Yeshiwas, A. Krishnaiah | Hyderabad

[12]

[13]

[14]

[15]

[16]

[17]

Taureza, S. Castagne, and A. Danno,
“Numerical and Experimental Study
of Micro Single Point Incremental
Forming Process,” Procedia Eng.,
vol. 207, pp. 825-830, 2017.

S. Golabi and H. Kbhazaali,
“Determining frustum depth of 304
stainless steel plates with various
diameters and thicknesses by
incremental forming,” J. Mech. Sci.
Technol., vol. 28, no. 8, pp. 3273—
3278, 2014.

S. Kurra, N. Swetha, C. V. Reddy,
and S. P. Regalla, “Experimental and
finite element studies of single stage
incremental forming process : effect
of process parameters on maximum
wall angle and thickness
distribution,” Adv. Mater. Process.
Technol., vol. 698, no. December, pp.
1-13, 2017.

M. Ham and J. Jeswiet, “Single point
incremental forming and the forming
criteria for AA3003,” CIRP Ann. -
Manuf. Technol., vol. 55, no. 1, pp.
241-244, 2006.

V. S. Le, A. Ghiotti, and G.
Lucchetta, “Preliminary studies on
single point incremental forming for
thermoplastic ~materials,” Int. J.
Mater. Form., vol. 1, no. SUPPL. 1,
pp. 1179-1182, 2008.

G. Hussain, L. Gao, and Z. Y. Zhang,
“Formability evaluation of a pure
titanium sheet in the cold incremental
forming process,” Int. J. Adv. Manuf.
Technol., vol. 37, no. 9-10, pp. 920—
926, 2008.

A. Bhattacharya, K. Maneesh, and J.
Cao, “Formability and Surface Finish
Studies in Singie Point Incrementai
Forming,” J. Manuf. Sci. Eng., vol.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

133, no. December, 2011.

M. Ham and J. Jeswiet, “Forming
limit curves in single point
incremental forming,” CIRP Ann. -
Manuf. Technol., vol. 56, no. 1, pp.
277-280, 2007.

V. Oleksik, A. Pascu, and E.
Avrigean, “Theoretical and
Experimental Studies on the
Influence of Process Parameters on
Strains and Forces of Single Point
Incremental Forming,” Adv. Mater.
Res., vol. 939, pp. 367-372, 2014.

S. Chezhian Babu and V. S. Senthil
Kumar, “Investigations on
Incremental Forming of Low Carbon
Steel Sheets,” Appl. Mech. Mater.,
vol. 26-28, pp. 340-346, 2010.

V. Franzen, L. Kwiatkowski, P. A. F.
Martins, and A. E. Tekkaya, “Single
point incremental forming of PVC,”
J. Mater. Process. Technol., vol. 209,
no. 1, pp. 462-469, 2009.

J. Jeswiet and D. Young, “Forming
limit diagrams for single-point
incremental forming of aluminium
sheet,” J. Eng. Manuf., vol. 219, no.
4, pp. 359-364, 2005.

G. L. Manco and G. Ambrogio,
“Influence of thickness on formability
in 6082-T6,” Int. J. Mater. Form., vol.
3, no. SUPPL. 1, pp. 983-986, 2010.

M. B. Silva, L. M. Alves, and P. A. F.
Martins, “Single point incremental

forming of PVC: Experimental
findings and theoretical
interpretation,” Eur. J. Mech. A/

Solids, vol. 29, no. 4, pp. 557-566,
2010.

T. A. Marques, M. B. Silva, and P. A.

International Journal of Modern Engineering and Research Technology
Volume 5 | Special Issue | June 2018



National Conference on Advances in Mechanical Engineering and Nanotechnology (AMENT2018) 29-30 June, 2018,
Dept. of Mechanical Engineering, University College of Engineering (A), Osmania University, Hyderabad, TS, India

A Systematic Quantitative Review of the Effect of Process Parameters in Single Point Incremental Sheet Forming

Author(s): Zeradam Yeshiwas, A. Krishnaiah | Hyderabad

[26]

[27]

[28]

[29]

[30]

[31]

[32]

F. Martins, “On the potential of single
point incremental forming of sheet
polymer parts,” Int. J. Adv. Manuf.
Technol., vol. 60, no. 1-4, pp. 75-86,
2012.

V. Gulati, A. Aryal, P. Katyal, and A.
Goswami, “Process Parameters
Optimization in Single Point
Incremental Forming,” J. Inst. Eng.
Ser. C, vol. 97, no. 2, pp. 185-193,
2015.

M. Tisza, “General overview of sheet
incremental forming,” J. Achiev.
Mater. Manuf. Eng., vol. 55, no. 1,
pp. 113-120, 2012.

X. Ziran, L. Gao, G. Hussain, and Z.
Cui, “The performance of flat end
and hemispherical end tools in single-
point incremental forming,” Int. J.
Adv. Manuf. Technol., vol. 46, no. 9—
12, pp. 1113-1118, 2010.

S. D. Majagi, G. Chandramohan, and
M. S. Kumar, “Effect Of Incremental
Forming Process Parameters On
Aluminum Alloy using Experimental
Studies,” Adv. Mater. Res., vol. 1119,
pp. 633-639, 2015.

Y. Li, Z. Liu, W. J. T. (Bill. Daniel,
and P. A. Meehan, “Simulation and
Experimental Observations of Effect
of Different Contact Interfaces on the
Incremental Sheet Forming Process,”
Mater. Manuf. Proscesse, vol. 29, no.
2, pp. 121-128, 2014.

M. Durante, A. Formisano, and A.
Langella, “Observations on the
influence of tool-sheet contact
conditions on an incremental forming
process,” J. Mater. Eng. Perform.,
vol. 20, no. 6, pp. 941-946, 2011.

D. S. Malwad and V. M. Nandedkar,

[33]

[34]

[35]

[36]

[37]

[38]

“Deformation Mechanism Analysis
of Single Point Incremental Sheet
Metal Forming,” Procedia Mater.
Sci., vol. 6, no. Icmpc, pp. 1505—
1510, 2014.

D. G. M. V. Naga chaitanya, Sunder
singh sivam S.P, Dr. M. Gopal, “An
Experimental Investigation on the
Single Point Incremental Forming Of
Aluminium,” Int. J. Eng. Res., vol. 3,
no. Special 1, p. 155-159 ISSN:2319
—6890)(online),2347-5013(print),
2014.

K. Rattanachan, “Formability in
Single Point Incremental Forming of
Dome Geometry,” Aijstpme, vol. 2,
pp. 57-63, 2009.

C. Radu, “Effects Of Process
Parameters On The Quality Of Parts
Processed By Single Point
Incrementa Forming,” Int. J. Mod.
Manuf. Technol., vol. III, no. 2, pp.
91-96, 2011.

E. H. Uheida, G. A. Oosthuizen, and
D. Dimitrov, “Investigating the
Impact of Tool Velocity on the
Process Conditions in Incremental
Forming of Titanium Sheets,”
Procedia Manuf., vol. 7, pp. 345-350,
2017.

G. Hussain, L. Gao, N. Hayat, and N.
U. Dar, “The formability of annealed
and pre-aged AA-2024 sheets in
single-point incremental forming,”
Int. J. Adv. Manuf. Technol., vol. 46,
no. 5-8, pp. 543-549, 2010.

H. Lu, Y. Li, Z. Liu, S. Liu, and P. A.
Meehan, “Study on step depth for
part accuracy improvement in

incremental sheet forming process,”
Adv. Mater. Res., vol. 939, pp. 274—

International Journal of Modern Engineering and Research Technology
Volume 5 | Special Issue | June 2018

280, 2014.
2



National Conference on Advances in Mechanical Engineering and Nanotechnology (AMENT2018) 29-30 June, 2018,
Dept. of Mechanical Engineering, University College of Engineering (A), Osmania University, Hyderabad, TS, India

A Systematic Quantitative Review of the Effect of Process Parameters in Single Point Incremental Sheet Forming

Author(s): Zeradam Yeshiwas, A. Krishnaiah | Hyderabad

[39]

[40]

[41]

[42]

[43]

[44]

[45]

D. Rajenthirakumar and R. Sridhar,
“Single point incremental sheet
forming of polymer on Computer
Numerically Controlled (CNC)
milling machine tool,” Key Eng.
Mater., vol. 623, pp. 420426, 2014.

M. Ham and J. Jeswiet, “Dimensional
Accuracy of Single Point Incremental
Forming,” Int J] Mater Form, pp. 1171
— 1174, 2008.

M. Vahdati, M. Sedighi, and H.
Khoshkish, “An Analytical Model to
Reduce Spring-Back in Incremental
Sheet Metal Forming (ISMF)
Process,” Adv. Mater. Res., vol. 83—
86, pp. 1113-1120, 2010.

M. P. Groover, “Fundamentals of
Modern Manufacturing: Materials,
Processes and Systems,” Fourth Edi.,
2010, pp. 87-90.

I. Cerro, E. Maidagan, J. Arana, A.
Rivero, and P. P. Rodr, “Theoretical
and experimental analysis of the
dieless incremental sheet forming
process,” J. Mater. Process. Technol.,
vol. 177, pp. 404408, 2006.

A. S. Mulay and R. R. Navthar,
“Parametric Investigation of Single
Point Incremental Forming of
Commercial Aluminum Alloy,” Int. J.
Innov. Eng. Res. Technol., pp. 1-6,
2015.

S. B. M. Echrif and M. Hrairi,
“Significant parameters for the
surface roughness in incremental
forming process,” Mater. Manuf.
Process., vol. 29, no. 6, pp. 697-703,
2014.

% %k sk sk ok

[46]

[47]

[48]

[49]

[50]

[51]

[52]

K. Hamilton and J. Jeswiet, “Single
point incremental forming at high
feed rates and rotational speeds:
Surface and structural consequences,”
CIRP Ann. - Manuf. Technol., vol.
59, no. 1, pp. 311-314, 2010.

A. Mulay, B. S. Ben, S. Ismail, and
A. Kocanda, “Experimental
Investigation and Modeling of Single
Point Incremental Forming for
AAS5052-H32 Aluminum Alloy,”
Arab. J. Sci. Eng., 2017.

O. Lasunon, “Surface Roughness in
Incremental Sheet Metal Forming of
AA5052,” Adv. Mater. Res., vol. 755,
pp. 203-206, 2013.

K. Rattanachan and C. Chungchoo,
“The Effected of Single Point
Incremental Forming Process
Parameters on the Formed Part
Surface Roughness,” Adv. Mater.
Res., vol. 979, no. 2, pp. 335-338,
2014.

H. Shah and S. Chaudary,
“Optimization of Process Parameters
for Incremental Sheet Forming
Process,” Int. J. Technol. Res. Eng.,
vol. 3, no. 7, pp. 1432-1435, 2016.

K. Rattanachan and C. Chungchoo,
“The Effected of Single Point
Incremental Forming Process
Parameters on the Formed Part
Surface Roughness,” Adv. Mater.
Res., vol. 979, pp. 335-338, 2014.

S. B. M. Echrif and M. Hrairi,
“Research and Progress in
Incremental Sheet Forming
Processes,” Mater. Manuf. Process.,
vol. 26, no. 11, pp. 1404-1414, 2011.

International Journal of Modern Engineering and Research Technology
Volume 5 | Special Issue | June 2018



