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ABSTRACT

The hybrid method, known as Incremental Sheet Hydro Forming (ISHF), is a combination of the
techniques of Incremental Sheet Forming and Sheet Hydro-Forming. The primary concern identified in
the incremental sheet forming formation strategy relates to the potential failure of the product due to the
thinning of the sheet and subsequent springback. In response to the issue of sheet failure resulting from
thinning, a revised iteration of the integrated sheet hydroforming (ISHF) method was proposed. The
revised version of the ISHF process has demonstrated notable improvements in the malleability of the
material. The ISHF technique entails the movement of a single ball tool along one side of the sheet's
surface, while hydraulic support is applied on the opposite side through the use of pressurized hydraulic
fluid. The present study sought to investigate the impact of hydraulic support on metal formability and
thickness distribution. In addition, a modified variant was also considered. The experimental results are in
close agreement with the predictions made by the analytical models. The strain distribution throughout the
length of deformation for the sheet has been calculated. The surface quality of the products was found to
be satisfactory and a preliminary simulation has been performed. This study examines the influence of
process factors, specifically spindle speed (1000/1500/2000 RPM), feed rate (400/600/800 mm/min), tool
diameter (8/10/12 mm), and step-down (0.2/0.4/0.6 mm), on the cone-shaped feature at the specimen of
aluminum alloy A 5010. The results demonstrated that, through analysis of variance, the most influential
factor in the distribution of thickness was speed. Regarding formability, the rate of change was found to be
the highest at 50%.
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I.  INTRODUCTION

manufacturing principles, resulting in alterations to the part

The process known as Incremental Sheet Forming (ISF) is a
highly adaptable method used in the production of intricate
three-dimensional sheet metal components. The formability of
ISF is considerably more effective than that of conventional
sheet forming techniques. On an annual basis, a substantial
quantity of metals, amounting to hundreds of millions of tons,
undergo metal forming procedures on a global scale [1]. The
Single Point Incremental Forming (SPIF) process may be
defined as a progressive technique that incorporates bed sheet
metal forming technology. This method employs layered

shape across multiple parameters, including those pertaining to
two-dimensional layers [2]. The metal forming industry
represents a substantial contribution to the Gross Domestic
Product (GDP) of industrialized nations, with a significant
portion of GDP ranging from 15% to 20%. Furthermore, it
fulfils a social function by providing employment for a
considerable number of people. The metal forming sector is
typically distinguished by its capacity to manufacture an
essential volume of semi-finished and finished goods. This
characteristic renders it conducive to undertaking extensive
research and development programs, since even a marginal cost
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reduction per ton can accumulate into substantial savings [3].
The significance of the incremental forming process has
captured the attention of numerous researchers who are
interested in creating strategies to enhance its efficiency and
optimize production by achieving satisfactory thickness
distribution and dimensional accuracy. Authors in [4]
undertook an investigation of the impact of process parameters
on accuracy, employing a robust statistical analytic
methodology. Inadequate geometric precision in workpieces is
a common issue encountered in single-point incremental
forming (SPIF) [5]. This is due to insufficient support and
undesired plastic deformation although attempts have been
made to address this issue. Authors in [6] demonstrated that
enhancing geometric precision requires prioritizing the precise
estimation of the sheet thickness, that is, the contact area
between the tool and the sheet, and the forces involved in the
forming process. In their study, Authors in [7] presented a
technique to address the inaccuracies in incremental sheet
forming that arise due to local heating. They also presented the
initial experimental findings obtained. Authors in [§]
successfully developed a novel platform with the capacity to
accurately quantify the forces exerted throughout the
incremental forming process, while authors in [9] investigated
the influence of ultrasonic vibration on the SPIF method. The
generation of force during the forming process has the potential
to result in the occurrence of fractures, which could
subsequently impact the precision of the sheet metal. The goal
of this study, as set forth by authors in [10], was to investigate
the impact of several parameters in a newly developed hybrid
incremental sheet forming method on various characteristics of
the final product. The principal objective of this study was to
investigate the impact of the previously mentioned variables on
variations in thickness, dimensional precision, and surface
quality. The results of the study indicate that there is a
discernible discrepancy in the geometry of the end product,
with the deviation becoming increasingly noticeable as one
moves from the central region towards the periphery of the
deformed plates. Furthermore, the study demonstrated that pre-
forming is a pivotal factor influencing the distribution of
relative thickness and dimensional precision in the incremental
sheet forming process.

Authors in [11] examined the impact of heat treatment on
the thinning ratio and thickness distribution of samples
processed using the SPIF technique, with a particular focus on
the 6061-aluminum alloy. In order to analyze the reduction in
thickness along the wall parts, the Finite Element Method
(FEM) was applied, deploying the Abaqus software. A
deviation ratio of 3% and 5% between the numerical and
experimental results for the original sample and heat-treated
samples was observed, respectively. Authors in [12] examined
the properties of fractures occurring in Ti6Al4V sheets
subjected to deformation by the Double-Sided Incremental
Forming (DSIF) technique in the present study. A comparative
analysis of the ISF method and the pressure-assisted ISF
process using Computer-Aided Engineering (CAE) simulation,
was conducted in 2018. The researchers found that the
application of pressure-induced ductility results in a reduction
in forming forces when pressure-assisted ISF is employed. It
was observed that the energy requirements for pressure-assisted

ISF are slightly higher than those for the conventional ISF
procedure. Authors in [13] put forth a proposal that entails the
utilization of a Hybrid Forming (HF) technique, which
combines Multi Point Forming (MPF) and SPIF
methodologies. The objective of this hybrid approach is to
fabricate a hemispherical component from a brass sheet. The
findings indicate the production of a defect-free product,
accompanied by enhancements in microstructure, characterized
by a notable reduction in grain size. Authors in [14] discussed
the impact of four distinct parameters on minimum thickness,
springback, and surface roughness within the context of a two-
point incremental forming process. The findings reported in the
scholarly literature are not always consistent, and there is an
ongoing debate regarding the impact of specific process
parameters on the quality of the resulting component. Some
scholars contend that the magnitude of the vertical step-down
has no impact on formability. It is proposed, however, that it
affects surface roughness and processing time [15]. In regard to
the issue of feed rates, authors in [16] indicated a preference for
slower feed rates. However, a recent study, [17], demonstrated
that SPIF may be successfully executed at high feed rates,
thereby enhancing its appeal to manufacturers. Authors in [18]
conclude that there is an inverse relationship between surface
roughness and tool tip diameter on the same site. Moreover,
additional experiments conducted at the site demonstrated that
the tool diameter does not exert a statistically significant
influence on roughness. The researchers found that the
application of pressure-induced ductility results in a reduction
in forming forces when pressure-assisted ISF is employed. It is,
however, important to note that the energy requirements are
somewhat greater than those for the conventional ISF
procedure.

Authors in [19] employed a combination of finite element
analysis, response surface methodology, and sequential
quadratic programming algorithms to ascertain the optimal
forming strategy. This approach permitted the optimization of
the tool path, a reduction in the manufacturing time for
asymmetric parts, and the achievement of a uniform
distribution of wall thickness. In a further contribution to the
field, authors in [20] devised an innovative approach to
incremental sheet formation, with the objective of investigating
the fracture characteristics of sheet metal. The researchers
observed that the meridional bending deformation induced by
the novel tool was greater than the tensile deformation
observed in conventional incremental sheet forming. This leads
to a more consistent distribution of wall thickness and
enhanced resistance to cracking. Authors in [21] conducted a
study on the damage mechanism of conical components during
the process of single-point incremental forming. The thickness
variations of two hardening models were then compared
following the occurrence of springback. Moreover, an
additional study has been conducted with the objective of
enhancing the even distribution of wall thickness by employing
the technique of multi-pass incremental sheet forming [22]. A
three-dimensional coordinate program embedded within the
NC machining code to guarantee that the tool path generated in
the simulation aligns with the actual tool path during the
manufacturing process, was used, and determined that
enlarging the plastic deformation zone may result in a more
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uniform distribution of thickness throughout the forming
process. Nevertheless, previous research on innovative
techniques, tools, and methodologies in single-point
incremental forming has been unable to effectively regulate the
increase in uniform thickness distribution and the improvement
of critical conditions through the use of hydraulic pressure. The
influence of the support force on the quality of double-sided
incremental sheet formation was examined [23], and was found
that by adjusting the force provided by the support tool, it was
possible to not only reduce the residual stress in the
components, but also to improve the fatigue life of the parts.
Authors in [24] employed pressurized fluid in a counter-
directional manner relative to the forming surface and observed
that hydraulic support may markedly enhance the product's
formability and result in a consistent distribution of wall
thickness. Authors in [25] incorporated hydrostatic support into
the incremental sheet formation process. It was observed that
this modification resulted in a more uniform distribution of
wall thickness at the bottom of the sheet, as determined by
simulation, reducing the probability of fracture occurring.
Authors in [26] employed a second-pass tool path approach to
modify the final thickness profiles along the walls of sections
with steep angles. It was determined that this technique
effectively reduces thinning in the key locations along the wall.
Authors in [27] investigated the influence of various factors on
the thinning ratio and deformation zones of manufactured
components utilizing SPIF. The numerical values obtained
represent the thickness used in the fitted formula for predicting
the wall thickness. The experimental verification demonstrated
the accuracy of the numerical and fitted formula findings. A
variety of forming trajectories were deployed to reduce the
thinning ratio along the wall sections. The impact of multi-
stage forming on reducing the thickness decrease in the
incremental forming process was examined and the efficacy of
employing diverse trajectory strategies for the forming tool in
the creation of components with steeper walls was
demonstrated [28]. In all of the aforementioned research, the
opposing side of the formed metal is a vacuum space. In
contrast, in the current work, hydraulics were used as a support
mechanism for the metal on the opposing side, as shown in
Figure 1.

The objective of this study is to evaluate the performance of
a vertical machining center in terms of spindle speed (RPM),
feed rate (mm/min), tool diameter (mm), and step-down (mm).
The primary objective is to evaluate the response variables of
the maximum thinning rate (in percentage) and formability.
This is achieved by examining the role of hydraulics in
supporting the metal on the opposite side, with a view to
determining the quality of the resulting forming.

II. EXPERIMENTAL MEASUREMENTS AND
METHODS

The study used a Computer Numerical Control (CNC)
vertical machining center as the primary tool for conducting its
experiments. The machine, which was provided by C-Teck
Machine Works, exhibited precise specifications. The
operational range of the device was found to be 450 mm, 350
mm, and 350 mm. The machine's spindle speed range was
observed to span from 80 to 8000 RPM. The CNC milling

machine is portrayed in Figure 2. In order to conduct the
experiments, a cylindrical forming tool with a hemispherical
head was utilized.
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Fig. 2. Conventional CNC milling machine c-tek technology corporation
(KM-80 D) experimental setup (die and blank holder).

The subsequent step involved the arrangement of the blank
holders. The sheet metal was positioned onto the bottom blank
holder and transferred into position on the worktable.
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During the simple pass, the upper blank holder served the
function of a press. The trials involved the examination of
numerous parameters, including spindle rotation, axial feed
rate, and x and y feed rate. In the course of the present research,
the parameters were deliberately selected as specified in Table
1. The fabrication of conical cups was then carried out using the
provided part program, as depicted in Figure 3. The primary
objective of the fixture was to provide a stable and reliable
means of support for the workpiece throughout the forming
process. It is of critical importance to obtain a dependable grip,
as the generation of localized stress during the shaping process
can lead to adverse outcomes. The clasp was constructed with a
metallic framework and securely attached between the base of
the fixture and the fastening plate with steel fasteners. In order
to fabricate the fixture, it was decided that four distinct
components would be used. The initial component to be
secured was the foundation, which was determined to have a
thickness of 15 mm to withstand vibrations and external
influences. The structure for supporting the workpiece was
formed by four rectangular rods, each with a thickness of 25
mm, which were elevated vertically from the base plate. The
UG-NX software was deployed for the purpose of designing

and generating three-dimensional models from the
aforementioned components.
TABLE L. PARAMETERS AND LEVELS
Parameters | Spindle Speed | Feed | Tool Diameter | Step down
Level 1 1000 200 8 0.2
Level 2 1500 400 10 0.4
Level 3 2000 600 12 0.6

Fig. 3.

Sample after forming.

The fittings were manufactured in accordance with the
precise shape specifications, while the design and fabrication of
the tools, which have diameters of 8, 10, and 12 mm, were
tailored to meet the precise specifications of the conical shape.
The selection of the aluminum alloy AA 5010 as the material
for exploring the SPIF process was primarily based on its
significant industrial applications in sheet metal forming.

III. DESIGN OF HYDRO SYSTEM

The Hydro device enables the maintained formation of the
sheet through the application of static pressure, with the
capacity to vary the pressure and provide variable support at
different phases through the introduction of pressure-controlled
hydraulic oil to the rear of the suspended sheet, based on SPIF.
The fundamental principles of the Hydro system are illustrated
in Figure 4. The hydraulic system comprises a fuel tank, a
pressure gauge, a relief valve, a check valve, and a hydraulic
hose. The predetermined pressure can be provided to the rear of
the sheet by adjusting the relief valve and monitoring the
pressure gauge.

Fig. 4.

The Hydro system principle's schematic diagram.

IV. TAGUCHI EXPERIMENTAL DESIGN METHOD
AND ANALYSIS OF VARIANCE (ANOVA)

This methodology is based on two fundamental elements:
an Orthogonal Array (OA) matrix and the Signal-to-Noise ratio
(S/N). The OA matrix is used to determine the number of
samples required, taking into account the different levels of the
control parameters. In contrast, the S/N ratio is employed to
distinguish between the intended values (signal) and the
unintended values (noise) associated with the output attributes
[29]. The determination of signal-to-noise ratios is subject to
variability contingent upon the objective functions or distinct
qualities under consideration [30]. The methodology was
developed using the MINITAB 16 software. The application of
variance analysis, specifically Analysis of Variance (ANOVA),
allows for the evaluation of the influence of formation
variables on residual stresses throughout the entirety of the
experimental phase [31]. In this analysis, the F-ratio is
employed for the purpose of assessing the statistical
significance of a specific parameter. This is achieved by
comparing the ratio between the mean square errors and the
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residual stress. The F-ratio is used to ascertain the 95%
confidence level in the computations of the operational
variable. Moreover, the P-values provide information about the
statistical significance of each parameter [32].

The present investigation concerns the measurement of
surface irregularity (mm) and springback (in percentages) in
the SPIF process for an aluminum alloy, AA 5010. The
material has a thickness of 1 mm and dimensions of 250 mm x
250 mm. These characteristics present challenges for
manufacturing operations. In the present investigation, the
process parameters that can be independently regulated include
spindle speed, tool diameter, feed rate, and step-down.

V. RESULTS AND DISCUSSION

The Taguchi Method was proved to be an effective tool for
identifying the optimal parameters required to achieve the
desired objectives in terms of industrial aids and product
quality. The results were then organized in a tabular format to
facilitate subsequent discussions and analysis. In accordance
with the data presented in Table II, it can be presumed that the
material under examination has the potential to be effectively
utilized in a multitude of industrial contexts. In the course of
data processing, the values were subjected to normalization in
order to standardize measurements that originated from a
variety of scales onto a unified scale. The normalization
process was employed to obtain standard values, which are also
presented in Table II. Priority weights were assigned in order to
ascertain the impact of each response on the formation yield. In
the context of specific responses, such as maximum thinning
and formability (%), lower values were considered more
favorable due to their alignment with the "lower is better"
criterion. Accordingly, the lowest recorded value is regarded as
the positive ideal solution, while the highest value signifies the
negative ideal solution. Table II presents the computed positive
and negative ideal solutions.

TABLE II. READINGS OF EXPERIMENTAL OUTPUTS
Tool Ste .
No. Speed Feed‘ diameter d()Wll)l Ma?ﬂm‘um Formability
(RPM) | (mm/min) Thinning
(mm) (mm)
1 1000 200 8 0.2 19.032 44.28
2 | 1000 400 10 0.4 17.16 42.12
3 | 1000 600 12 0.6 23.192 324
4 | 1500 200 10 0.6 29.432 51.84
5 | 1500 400 12 0.2 19.656 42.12
6 | 1500 600 8 04 24.128 324
7 | 2000 200 12 0.4 16.952 45.36
8 | 2000 400 8 0.6 15.912 42.12
9 | 2000 600 10 0.2 20.072 324

A detailed analysis of the data displayed in Tables III and
IV reveals that parameters 1 and 2 have the highest rankings.
Therefore, the optimal parameter configuration for achieving
the optimum thinning is determined to be a spindle speed of
1000 RPM, a step-down of 0.4 mm, a feed rate of 400 mm/min,
and a tool diameter of 8 mm, as evidenced in Table II and
confirmed in Figures 5 and 6. The determination of the
maximum thinning represents a critical parameter in plastic
forming processes, as it provides an accurate assessment of the
effect of deformation on the surface roughness. Accordingly,

this investigation considered the use of maximum thinning to
be a significant parameter. The minimum value of maximum
thinning is determined by a number of factors, including the
maximum spindle speed, average feed rate, tool diameter, and
step-down. These factors are subject to influence from the
respective maximum spindle speed, average feed rate, tool
diameter, and step down.

TABLE III. ANOVA RESULTS FOR MAXIMUM THINNING
Source of variance | DOF | Sum of squares | Variance | P (%)
Speed 2 42.35 21.18 50.05%
Feed rate 2 25.0 12.5 26.66%
Tool dia 2 6.9 3.45 9.88%
Side step 2 13.3 6.6 13.13%
Total 8 87.52 100
TABLE IV. ANOVA RESULTS FOR FORMABILITY
Source of variance | DOF | Sum of squares | Variance | P (%)
Speed 2 7.7 3.9 3.00%
Feed rate 2 234.54 117 90.99%
Tool dia 2 7.7 3.9 3.00%
Side step 2 7.7 3.9 3.00%
Total 8 257.8 100
Speed Feed rate
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Fig. 5. Mean effect diagram maximum thinning.
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Fig. 6. Mean effect diagram formability.

The formability of the sheet metal is dependent upon the
plastic deformation of the sample, which is in turn related to
the maximum spindle speed, average feed rate, tool diameter,
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and step-down. Formability can be defined as the capacity of a
material to undergo deformation without the occurrence of any
flaws. Figures 5 and 6 illustrate that the maximum degree of
thinning is maintained by a consistent set of parameters,
whereas the material's elastic recovery behavior is linked to its
formability. Figure 5 demonstrates the influence of the feed
rate, step-down, and tool diameter on the thinning of the sheet
material during incremental sheet forming. It is, however,
important to recognize that the impact of these variables on
maximum thinning may vary depending on the specific process
parameters, material properties, and tooling conditions. The
correlation between incremental sheet formation and the impact
of elevated spindle speeds are provided and it is observed that
increased spindle speeds result in elevated strain rates and
reduced contact durations between the tool and the sheet. An
elevated strain rate can result in an increased tendency for
thinning and an enhanced plastic deformation of the sheet
material. However, there are limitations to the extent to which
the spindle speed can be increased without adversely affecting
the process of formation. It is of great importance to conduct a
comprehensive examination of the process parameters in order
to achieve the maximum possible thinning in incremental sheet
forming while simultaneously ensuring the integrity of the
forming process. The impact of the feed rate on the thinning
phenomenon within the context of the forming process is also
examined. The simulation involves conducting the forming
process at varying feed rates while maintaining all other
parameters at a constant level. The experimental setting is
replicated by applying suitable tool paths and load conditions
in order to assess the influence of the feed rate on thinning. In
general, both data sets highlight the significance of conducting
process parameter research and simulation to gain insights into
and enhance maximum thinning in incremental sheet forming.

Figure 5 also shows the impact of the step-down, which
denotes the extent of tool penetration in each incremental stage
on the thinning of the sheet. An increase in the step-down
parameter is associated with an amplified distortion and
material displacement during tool movement, which in turn
leads to an increased thinning of the sheet. However, as with
the feed rate, the step down is constrained by the capabilities of
the machine and the properties of the material being shaped.
The significance of tool diameter in sheet incremental forming
and its influence on maximum thinning is presented, as well. A
tool with a wider diameter is capable of greater deformation of
the material, leading to the production of narrower sections
with each successive step. It is of critical importance to
consider the interaction between the tool's geometry and the
material properties of the sheet. The flow of the material and
the thinning process are influenced by a number of factors,
including the shape of the tool, the radius of the edge, and the
level of surface polish. Therefore, the process of optimizing the
tool diameter must take the aforementioned considerations into
account. It is widely observed in the process of sheet
incremental forming that an increase in the feed rate, step-
down, and tool diameter tends to result in the thinning of the
sheet. Nevertheless, practical constraints must be considered in
light of potential process instabilities, material fractures, and
quality issues that may arise when parameter values are pushed
to their limits. It is therefore essential to adjust these parameters

in accordance with the specific material, machine capabilities,
and forming requirements, taking into account factors such as
thinning levels, process stability, and component quality. In
order to gain insight into the influence of these attributes on the
thinning phenomenon during the forming process, a
combination of experimental testing and numerical simulations
can be employed. These methodologies facilitate the
identification of the most suitable parameter values and their
impact on the thinning phenomenon within the forming
process.

VI. CONCLUSION

In the present study, optimal results were achieved with
regard to thickness distribution (maximum thinning) and
enhanced formability of the manufactured samples via the
hydraulic system that was specifically designed, manufactured,
and implemented as a support for the metal through the use of
pumping hydraulics from the opposite side.

REFERENCES

[1] B.T. Araghi, G. L. Manco, M. Bambach, and G. Hirt, "Investigation into
a new hybrid forming process: Incremental sheet forming combined with
stretch forming," CIRP Annals, vol. 58, no. 1, pp. 225-228, Jan. 2009,
https://doi.org/10.1016/j.cirp.2009.03.101.

[2] A. Mohammed and W. Jawad, "Practical test and FEA to evaluation of
the thickness distribution for octagonal cup generated by deep drawing,"
in Electromechanical Engineering & its Applications, Baghdad, Iraq,
Jan. 2024, vol. 3002, Art. no. 080022, https://doi.org/10.1063/
5.0205959.

[3] Z. H. Mohsein, W. K. Jawad, and A. H. Abed, "Experimental and
Analytical Investigation of Deep Drawing Process for producing
Pentacle Cups," Engineering, Technology & Applied Science Research,
vol. 14, no. 3, pp. 13856-13863, Jun. 2024, https://doi.org/10.48084/
etasr.7074.

[4] G. Ambrogio, V. Cozza, L. Filice, and F. Micari, "An analytical model
for improving precision in single point incremental forming," Journal of
Materials Processing Technology, vol. 191, no. 1, pp. 92-95, Aug. 2007,
https://doi.org/10.1016/j.jmatprotec.2007.03.079.

[5] J. Min, B. Kuhlenkétter, C. Shu, D. Storkle, and L. Thyssen,
"Experimental and numerical investigation on incremental sheet forming
with flexible die-support from metallic foam," Journal of Manufacturing
Processes, vol. 31, pp. 605-612, Jan. 2018, https://doi.org/10.1016/
jjmapro.2017.12.013.

[6] A. Bansal, R. Lingam, S. K. Yadav, and N. Venkata Reddy, "Prediction
of forming forces in single point incremental forming," Journal of
Manufacturing  Processes, vol. 28, pp. 486493, Aug. 2017,
https://doi.org/10.1016/j.jmapro.2017.04.016.

[7]1 L. Thyssen, C. S. Magnus, D. D. Storkle, and B. Kuhlenkétter,
"Compensating geometric inaccuracies in incremental sheet forming at
elevated temperatures,” Procedia Engineering, vol. 207, pp. 860-865,
Jan. 2017, https://doi.org/10.1016/j.proeng.2017.10.842.

[8] J. Duflou, Y. Tunckol, A. Szekeres, and P. Vanherck, "Experimental
study on force measurements for single point incremental forming,"
Journal of Materials Processing Technology, vol. 189, no. 1, pp. 65-72,
Jul. 2007, https://doi.org/10.1016/j.jmatprotec.2007.01.005.

[9] P.Lietal, "Evaluation of forming forces in ultrasonic incremental sheet
metal forming," Aerospace Science and Technology, vol. 63, pp. 132—
139, Apr. 2017, https://doi.org/10.1016/j.ast.2016.12.028.

[10] H. Zhang, B. Lu, J. Chen, S. Feng, Z. Li, and H. Long, "Thickness
control in a new flexible hybrid incremental sheet forming process,"
Journal of Engineering Manufacture, vol. 231, no. 5, pp. 779-791, Mar.
2017, https://doi.org/10.1177/0954405417694061.

[11] E. A. Abbas and K. K. Mansor, "Numerical and Experimental
Investigation of the Effect of Strength of Aluminum 6061 Alloy on
Thickness Reduction in Single-Point Incremental Forming," Advances in

www.etasr.com

Ghatzi et al.: Experimental Evaluation of a System to Control the Incremental Forming of Aluminum ...



Engineering, Technology & Applied Science Research

Vol. 14, No. 5, 2024, 16943-16949 16949

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Science and Technology. Research Journal, vol. 17, no. 4, pp. 271-281,
Aug. 2023, https://doi.org/10.12913/22998624/170713.

B. Valoppi et al., "On the Fracture Characterization in Double-Sided
Incremental Forming of Ti6Al4V Sheets at Elevated Temperatures,"
Procedia Manufacturing, vol. 10, pp. 407-416, Jan. 2017,
https://doi.org/10.1016/j.promfg.2017.07.014.

A. S. Bedan, S.J. Algodi, and E. A. Hussain, "Investigating the Effect of
Hybrid Process: MPF/SPIF on the Microstructure and Mechanical
Properties of Brass (65-35) Sheet," Advances in Science and
Technology. Research Journal, vol. 17, no. 3, pp. 302-308, Jun. 2023,
https://doi.org/10.12913/22998624/167409.

M. Strano, "Technological Representation of Forming Limits for
Negative Incremental Forming of Thin Aluminum Sheets," Journal of
Manufacturing Processes, vol. 7, no. 2, pp. 122-129, Jan. 2005,
https://doi.org/10.1016/S1526-6125(05)70089-X.

J. Jeswiet, F. Micari, G. Hirt, A. Bramley, J. Duflou, and J. Allwood,
"Asymmetric Single Point Incremental Forming of Sheet Metal," CIRP
Annals, vol. 54, no. 2, pp. 88-114, Jan. 2005, https://doi.org/10.1016/
S0007-8506(07)60021-3.

S. P. Shanmuganatan and V. S. S. Kumar, "An Experimental
Investigation on Profile Forming of an End Cap Using Al 3003 (O),"
Advanced Materials Research, vol. 291-294, pp. 549-555, 2011,
https://doi.org/10.4028/www.scientific.net/ AMR.291-294.549.

A. Kumar, V. Gulati, P. Kumar, V. Singh, B. Kumar, and H. Singh,
"Parametric effects on formability of AA2024-O aluminum alloy sheets
in single point incremental forming," Journal of Materials Research and
Technology, vol. 8, no. 1, pp. 1461-1469, Jan. 2019, https://doi.org/
10.1016/j.jmrt.2018.11.001.

M. Durante, A. Formisano, and A. Langella, "Observations on the
Influence of Tool-Sheet Contact Conditions on an Incremental Forming
Process," Journal of Materials Engineering and Performance, vol. 20,
no. 6, pp. 941-946, Aug. 2011, https://doi.org/10.1007/s11665-010-
9742-x.

M. Azaouzi and N. Lebaal, "Tool path optimization for single point
incremental sheet forming using response surface method," Simulation
Modelling Practice and Theory, vol. 24, pp. 49-58, May 2012,
https://doi.org/10.1016/j.simpat.2012.01.008.

T. Cao, B. Lu, H. Ou, H. Long, and J. Chen, "Investigation on a new
hole-flanging approach by incremental sheet forming through a featured
tool," International Journal of Machine Tools and Manufacture, vol.
110, pp. 1-17, Nov. 2016, https://doi.org/10.1016/j.ijmachtools.
2016.08.003.

L. B. Said, J. Mars, M. Wali, and F. Dammak, "Numerical prediction of
the ductile damage in single point incremental forming process,"
International Journal of Mechanical Sciences, vol. 131-132, pp. 546—
558, Oct. 2017, https://doi.org/10.1016/j.ijmecsci.2017.08.026.

J. Li, J. Hu, J. Pan, and P. Geng, "Thickness distribution and design of a
multi-stage process for sheet metal incremental forming," The
International Journal of Advanced Manufacturing Technology, vol. 62,
no. 9, pp. 981-988, Oct. 2012, https://doi.org/10.1007/s00170-011-3852-
y.

K. Praveen, C. Shivaprasad, and R. N. Venkata, "Effect of support force
on quality during double-sided incremental forming: an experimental
and numerical study," The International Journal of Advanced
Manufacturing Technology, vol. 122, no. 11, pp. 4275-4292, Oct. 2022,
https://doi.org/10.1007/s00170-022-09871-0.

G. Kiigiiktirk and H. V. Yazgmn, "Improvement of incremental sheet
metal forming with the help of a pressurised fluid system," Materials
Testing, vol. 64, no. 8, pp. 1214-1222, Aug. 2022, https://doi.org/
10.1515/mt-2022-0032.

L. Bai, "Study on Single Point Incremental Forming Accuracy and
Influence Mechanism of Static Pressure Support and Ultrasonic
Vibration," Ph.D. Thesis, Xi’an University of Technology, Xi’an, China,
2019.

M. J. Haddad, M. Tajik, A. Fadaei Tehrani, A. Mohammadi, and M.
Hadi, "An experimental investigation of cylindrical wire electrical
discharge turning process using Taguchi approach," International
Journal of Material Forming, vol. 2, no. 3, pp. 167-179, Sep. 2009,
https://doi.org/10.1007/s12289-009-0401-4.

[27]

[28]

[29]

[30]

[31]

[32]

D. Young and J. Jeswiet, "Wall thickness variations in single-point
incremental forming," Journal of Engineering Manufacture, vol. 218,
no. 11, pp. 1453-1459, Nov. 2004, https://doi.org/10.1243/
0954405042418400.

A. S. Jaber, "Finite Eelement Simulation of the Two Point Multistage
Incremental Sheet Metal Process," Journal of Engineering and
Sustainable Development, vol. 21, no. 5, pp. 1-14, Sep. 2017.

R. N. Yerrawar and R. R. Arakerimath, "Parametric Analysis of
Magnetorheological Strut for Semiactive Suspension System Using
Taguchi Method," Engineering, Technology & Applied Science
Research, vol. 8, no. 4, pp. 3218-3222, Aug. 2018, https://doi.org/
10.48084/etasr.2139.

R. N. Abbas and A. S. Abbas, "The Taguchi Approach in Studying and
Optimizing the Electro-Fenton Oxidation to Reduce Organic
Contaminants in Refinery Wastewater Using Novel Electrodes,"
Engineering, Technology & Applied Science Research, vol. 12, no. 4,
pp. 8928-8935, Aug. 2022, https://doi.org/10.48084/etasr.5091.

M. A. Abdullah and T. F. Abbas, "Numerical Developing the Internet of
Things To Remotely Monitor the Performance of a Three Dimensions
Printer for Free-Form Surface," Journal of Engineering Science and
Technology, vol. 18, no. 6, pp. 2809-2822, 2023.

M. A. Hamed and T. F. Abbas, "The Impact of FDM Process Parameters
on the Compression Strength of 3D Printed PLA Filaments for Dental
Applications," Advances in Science and Technology. Research Journal,
vol. 17, no. 4, pp. 121-129, Aug. 2023, https://doi.org/10.12913/
22998624/169468.

www.etasr.com

Ghatzi et al.: Experimental Evaluation of a System to Control the Incremental Forming of Aluminum ...



