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ABSTRACT

Abstract of thesis presented to the senate of Universiti Putra Malaysia
in fulfillment of the requirement for degree of master

TOOL DESIGN AND PARAMETERS OPTIMIZATION FOR
INCREMENTAL SHEET FORMING PROCESS

By
MAJID MOAYEDFAR
February 2013
Chairman: Associate Professor Zulkiflle Bin Leman

Faculty: Engineering

Incremental Sheet Forming (ISF) is a method developed to form a desired surface
feature on sheet metals in batch production series. Due to lack of reliable data about
the process, researchers are currently experimenting with the parameters to achieve
the optimum process setting. In this work, ISF was carried out on stainless steel
sheets using Computer Numerical Control (CNC) lathe and milling machines.
Experiments were conducted to find out how the ISF process parameters i.e. tool
material, spindle speed and feed rate, affect the quality of the part produced. Prior to
running the experiments, a ball-point shaped tool made of bronze alloy was
fabricated due to its superior ability to reduce the amount of friction and improve the
surface quality of the stainless steel sheet compare to the aluminum-bronze and brass



alloy. The experiments employed the method of forming in negative direction with a
blank mold and the tool that helped to shape the desired part quickly. The differences
between the milling and lathe machine were also considered in this study and the
results showed that the lathe machine was more efficient in terms of programming
and the working time was reduced by 50% for circular parts. The programming was
generated using the MasterCAM software for the CNC lathe machine and edited
before transferring to the machine. However, the programming for the milling
machine was written manually for simplicity. The amount of lubrication was also one
the parameters of interest in this study but its effect on the part output was not
significant, therefore, the amount used was kept constant about 250 CC throughout
the experiments to avoid waste of lubricant. Besides that, the temperature of the
contact area was measured and it showed that the amount never rose to more than
80°C which was still acceptable for ISF. From the results, the optimum spindle speed

was found to be at 186 rpm and the optimum feed rate was 500 m/min.



ABSTRAK

Abstrak ini disediakan kepada Senat Universiti Putra Malaysia
sebagai memenuhi keperluan untuk ijazah master Sains

REKA BENTUK ALAT DAN PENGOPTIMUMAN PARAMETER UNTUK

PROSES PEMBENTUKAN KEPINGAN TOKOKAN

Oleh
MAJID MOAYEDFAR

Februari 2013

Pengerusi: Prof. Madya Zulkiflle Bin Leman, PhD

Fakulti: Kejuruteraan

Pembentukan Kepingan Tokokan (ISF) adalah satu kaedah yang dibangunkan untuk
membentuk ciri-ciri permukaan yang diingini pada kepingan logam dalam siri
pengeluaran berkelompok. Disebabkan oleh kekurangan data yang boleh dipercayai
tentang proses ini, penyelidik sedang menjalankan ujikaji terhadap parameter untuk
mencapai parameter proses yang optimum. Dalam kajian ini, ISF telah dilakukan
pada kepingan keluli tahan karat menggunakan mesin larik kawalan berangka
komputer (CNC) dan mesin mencanai. Ujikaji telah dijalankan untuk mengetahui
bagaimana parameter proses ISF iaitu bahan alat, kelajuan spindel dan kadar suapan,

menjejaskan kualiti bahagian yang dihasilkan. Sebelum menjalankan eksperimen,



alat berbentuk bola mata bulat yang diperbuat daripada aloi gangsa direka kerana
keupayaannya lebih baik untuk mengurangkan geseran dan meningkatkan kualiti
permukaan kepingan keluli tahan karat berbanding dengan aloi aluminium-gangsa
dan loyang. Eksperimen menggunakan cara yang membentuk arah negatif dengan
acuan kosong dan alat yang membantu untuk membentuk bahagian yang diingini
dengan cepat. Perbezaan antara mesin canai dan mesin larik juga telah diambil kira
dalam kajian ini dan hasil kajian menunjukkan bahawa mesin larik lebih cekap dari
segi pengaturcaraan dan masa kerja berkurangan sebanyak 50% bagi bahagian
membulat. Pengaturcaraan yang dihasilkan menggunakan perisian MasterCAM
untuk mesin larik dan diedit sebelum dipindahkan ke mesin. Walau bagaimanapun,
pengaturcaraan untuk mesin canai telah ditulis secara manual kerana ia lebih mudah.
Jumlah pelinciran juga merupakan salah satu parameter yang menarik dalam kajian
ini tetapi kesan pada bahagian yang dikeluarkan adalah tidak ketara, oleh itu, jumlah
yang digunakan adalah sentiasa malar about 250 CC sepanjang eksperimen untuk
mengelakkan pembaziran pelincir. Selain itu, suhu kawasan sentuhan juga diukur
dan ia menunjukkan bahawa ia yang tidak pernah meningkat kepada lebih daripada
80°C iaitu masih boleh diterima untuk ISF. Dari keputusan, kelajuan optimum

spindel dijumpai pada 186 rpm dan kadar suapan yang optimum adalah 500 m/min.
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CHAPTER 1

INTRODUCTION

1.1 Background

Incremental sheet forming (ISF) is a sheet metal forming technique where a sheet is
formed into the final work piece by a series of small incremental deformations.
However, studies have shown that it can be applied to polymer and composite sheets
too. Generally, the sheet is formed by a round tipped tool, typically 5 to 20mm in
diameter. The tool, which can be attached to a CNC machine, a robot arm or similar,
indents into the sheet by about 1 mm and follows a contour for the desired part. It
then indents further and draws the next contour for the part into the sheet and
continues to do this until the full part is formed. ISF can be divided into variants
depending on the number of contact points between tool, sheet and die (in case there
is any). The term Single Point Incremental Forming (SPIF) is used when the opposite
side of the sheet is supported by a faceplate and Two Point Incremental Forming

(TPIF) when a full or partial die is supports the sheet.

Forming of sheet metal contains different methods which are based on the use of
punches and dies. Conventional methods, like stamping and drawing are always used
in mass production, but the high cost require primary investment and the total price
for a sheet part in batch production rises, then the use of new sheet forming method
becomes essential. Therefore, if a large quantity of products is not needed, the
straight method does not have any value in the industry and the method of new

production, namely incremental sheet forming, is introduced since 1960 to reduce the



cost of parts for low volume production. Nowadays, the low volume production and
small batch series are more usable in a large number of industries (automotive and
airplane industries, rapid prototyping, parts for medical implants) and ISF appears to
be significant which fills this gap among the batch and the mass productions with

less lead time and investment.

Recent survey in many of developed industrial companies shows some important
factors which effect on the volume of production such as cost of production, initial
investment, amount of benefit, environmental effect and brand corrosion (making
bad effects on the reputation of a famous company trade mark ) (Subramoniam et al.,
2010). It will be great that the new method of production improves the total amount
of items and change them to the applicable factors. Incremental sheet metal forming

has numerous advantages which make this procedure more privileged.

Most of the automotive companies are looking for a technology that helps them to
manufacture their new design even if it is a conceptual plan. One other important
advantage of ISF is that the process is so quick and there is almost no lead time
(Jeswiet et al., 2005). As mentioned before, another benefit of this process is the
variety of products which help manufacturers to design a new plan upon the market,
update their old design, check out the first plan in an actual part and check the final
design by the material and without concentrating on their test or experiment costs. As
it seems in the other literature since 1960, (Jeswiet et al., 2005) ISF has the ability to
be used as a technique to show the importance of forming parameters in some parts
of sheet forming process. It is even used as an experimental procedure to identify the

mechanical characteristics of sheet metals in some stamping companies. Incremental



sheet forming has some advantages than two more important sheets forming

processes; spinning and shear spinning, which are illustrated in the Table 1.1. In this

part some of these advantages will be compared with other processes and proves that

ISF is rather privileged to stamping in batch series. (Hadoush et al., 2011) and

(Emmens et al., 2008)

Table 1.1: Comparison between spinning, shear spinning and ISF

Spinning

Shear spinning

ISF

Blank edge
Wall thickness

Shape basically
Determined by
Die/Mandrel
required
Asymmetric
Shapes possible

moves inwards

remains more or
less constant

movement of roller,
or by mandrel

yes (acts as fixture)

limited

remains constant
reduces, has to
follow the sine
law

mandrel

yes

no

clamped

reduces, determined
by the process

movement of punch
or roller

no

yes




1.2 Problem Statement

There are some parameters which are rather important in ISF than the other sheet
forming process such as temperature, friction, feed rate, clamping force, tool path

and tool shape.

Some of the articles research on tool path (Bambach et al., 2009; Hirt et al., 2005)
and some others worked on simulation of the process (Bambach et al., 2005;
Hadoush et al., 2009b). In addition, there are some other important parameters in the
forming process which changing of them would change the whole part of the
experiment. One of these parameters is the tool coordinate. Since the tool
coordination in this process is simpler than other sheet forming process, the shape of
tools in ISF has changed that called tool’s shape. Previous tools used a simple
indenter that moves toward the clamped sheet and the movements of the tool were
dictated by CNC milling machine program which completes the final shape. In some
different experiments an indenter was fastened on a robot actuator and was forced
point by point on the surface of the sheet. None of these methods could give the
customers a reasonable final surface quality. Moreover, the accuracy of final shape
was different from the one which was designed by the CAD software. The reason

was because of the spring back phenomena and temperature effect.

The indenter is a simple tool; a long shank with a narrow neck and a hemispherical
head. These tools are in different sizes but do not have different shapes. It is obvious
that the simpler tool is more desirable but because of low range of pre-fabrication

and variety of shape will be problematic in final shape that needs all kind of head



geometry and also it does not have any special effect on the characteristics of
ultimate parts. The indenter has some characteristics itself as a forming tool. If the
simple indenter is not wear resistant, it will be deformed during the experiment and if
it is not heat treated, it would not be tough enough and cannot decrease the effect of
friction which causes the corrosion on the sheet surface resulting in sheet failure or

unacceptable surface of the final part.



1.3 Aims and Objectives

ISF is a process which like other new technical procedure has some limitations such
as the volume of products, shape of sheet metal parts and surface quality. As
mentioned in previous section, indenters are not as complete as the tool to be used in
an industrial application. The design and manufacture of these kinds of tools are

simple but do not have any appropriate results, so the goals of this research are:

1- To design a conceptual tool for ISF to present as an applicable indenter.
2- To determine the optimum parameters of ISF in using CNC lathe and milling

machine.



1.4 Research Scope

Incremental sheet forming is on the procedure of upgrading to solve the production’s
problems in batch series or even sometimes solve the problems of the sheet metal
forming process. There are a lot of parameters that can affect the quality of products
which should be improved. New parameters are in need which can just manage a
new process. This study is mostly concentrated on the tool shape which is used in

ISF and tried to show some valid data for further activities.

During all the experiments, some parameters were fixed such as the sheet metal
which is stainless steel 316 that has 1mm thickness. Also the clamping force did not
change during the experiment so the experiment is focused on the parameters that
can be adjusted by the tool and the machine. Other parameters such as sheet clamp,
tool path, simulation of process and some other important parameters for ISF have

not been considered but it would be recommended for future research.

Also in this study worked only on stainless steel L316 sheet metal (AISI 316). In
addition, for forming process a CNC lathe machine and a CNC milling machine is
employed. Therefore, the study is contained with using a CNC machine to shape the
stainless steel sheet metal with an indenter. During this process some parameters for
forming process can be found and also the optimum tool material, spindle speed,
feedrate and temperature are considered. Moreover, the optimum parameter are

generated some figures to be standardized for future work.
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