EXPERIMENTAL STUDY OF FORMABILITY
OF SHEET METAL IN DEEP DRAWING
PROCESS

MUHAMMAD SAFWAN BIN ISMAIL

BACHELOR OF ENGINEERING
UNIVERSITI MALAYSIA PAHANG

2010



UNIVERSITI MALAYSIA PAHANG

BORANG PENGESAHAN STATUSTESIS

JubuL: EXPERIMENTAL STUDY OF FORMABILITY OF SHEET
METAL IN DEEP DRAWING PROCESS
SESI PENGAJIAN:__2010/2011

Saya MUHAMMAD SAFWAN BIN ISMAIL (881206-02-5223)
(HURUF BESAR)

mengaku membenarkan tesis (Sarjana Muda/SaradagbrRalsafa)t ini disimpan di
Perpustakaan dengan syarat-syarainasm seperti berikut:

1. Tesis adalah hakmilik Universiti Malaysia Pahangdy/if®).
2. Perpustakaan dibenarkan membuat salinan untuktyjeagajian sahaja.
3. Perpustakaan dibenarkan membuat salinan tesisbhaggi bahan pertukaran antara insti
pengajian tinggi.
**Sila tandakan ¢/ )

(Mengandungi maklumat yang berdarjah keselamat
SULIT atau kepentingan Malaysia seperti yang termaktub
di dalam AKTA RAHSIA RASMI 1972)
TERHAD (Mengandungi maklumat TERHAD yang telah ditentuka
oleh organisasi/badan di mana penyelidikaaatikan)

TIDAK TERHAD

Disahkan oleh:

TANDATANGAN PENULIS) (TANDATANGAN PENYELIA)

Alamat Tetap:

NO. 55 LORONG 1, TAMAN PERUDA DAYANGKU NOORFAZIDAH BTE
08000 SUNGAI PETANI AWANG SHRI
KEDAH DARUL AMAN ( Nama Penyelia )

Tarikh: 30 MEI 2011 Tarikh: 30 MEI 2011

CATATAN: * Potong yang tidak berkenaan.

o Jika tesis ini SULIT atau TERHAD, sila lampatk surat daripada pihak
berkuasa/organisasi berkenaan dengan menyatekah tempoh tesis ini perlu
dikelaskan sebagai atau TERHAD.

. Tesis dimaksudkan sebagai tesis bagi ljdp&tor Falsafah dan Sarjana secara
Penyelidikan, atau disertasi bagi pengajian sdgaja kursus dan
penyelidikan, atau Laporan Projek Sarjana Muda (PSM



UNIVERSITI MALAYSIA PAHANG
FACULTY OF MECHANICAL ENGINEERING

We certify that the project entitled “Experimen&tlidy of Formability of Sheet Metal
in Deep Drawing Process” is written by Muhammadwgaf bin Ismail. We have
examined the final copy of this project and in opmion; it is fully adequate in terms
of scope and quality for the award of the degreeBafkchelor of Mechanical
Engineering. We herewith recommend that if it beepted in partial fulfilment of the
requirements for the degree of Bachelor of Meclaritngineering.

(CHE KU EDDY NIZWAN BIN CHE KU HUSIN)

Examiner Signature



EXPERIMENTAL STUDY OF FORMABILITY OF SHEET METAL INDEEP
DRAWING PROCESS

MUHAMMAD SAFWAN BIN ISMAIL

Report submitted in partial fulfilment of the regpments
for the award of degree of
Bachelor of Mechanical Engineering

Faculty of Mechanical Engineering
UNIVERSITI MALAYSIA PAHANG

MAY 2011



SUPERVISOR’S DECLARATION

| hereby declare that | have checked this project m my opinion, this project is
adequate in terms of scope and quality for the dvedrthe degree of Bachelor of

Mechanical Engineering.

Signature

Name of Supervisor: DAYANGKU NOORFAZIDAH BINTI AWAIKS SHRI
Position: LECTURER

Date: 30 MAY 2011



STUDENT’S DECLARATION

| hereby declare that the work in this project ig bown except for quotations and
summaries which have been duly acknowledge. Thegirbas not been accepted for

any degree and is not concurrently submitted fardvef other degree.

Signature

Name: MUHAMMAD SAFWAN BIN ISMAIL
ID Number: MAO7047

Date: 30 MAY 2011



TABLE OF CONTENTS

EXAMINER’S APPROVAL DOCUMENT
SUPERVISOR'S DECLARATION
STUDENT’'S DECLARATION
DEDICATION
ACKNOWLEDGEMENTS
ABSTRACT

ABSTRAK

TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

1.1 Introduction to Deep Drawing Process
1.2 Problem Statement

1.3 Project Objectives

1.4  Scopes of the Project

CHAPTER 2 LITERATURE REVIEW

2.1  Sheet Metal

2.2 Deep Drawing Process

2.3 Formability Test

2.4  Sheet Metal Forming in Swift Cup Test
2.5 Limiting Drawing Ratio

2.6 Forming Limit Diagram

2.6.1 Concept of Forming Limit Diagram
2.6.2 Calculation for Forming Limit Diagram

Page

Vi
vii

viii

Xii
Xii
XVi

Xviii

10
12

12
14



2.7 Punch Forces
2.7.1 First Drawing Operation
2.7.2 Subsequent Drawing Operation
2.8 Fracture in Deep Drawing
2.9 Defects in Deep Drawing
2.9.1 Wrinkling
2.9.2 Earing
CHAPTER 3 METHODOLOGY
3.1 Introduction
3.2  Procedures
3.3 Design of Experiment
3.4  Blank Preparation
3.5 Deep Drawing Die Service
3.6 LDR Experiment
3.7 FLD Experiment
CHAPTER 4 RESULTS AND DISCUSSIONS
4.1  Observations
4.2 LDR Experiment
4.2.1 Cup Observations in LDR Experiment
4.2.2 Experimental LDR Profile
4.3 FLD Experiment
4.3.1 Cup Observations in FLD Experiment
4.3.2 Experimental FLD Profile
CHAPTER 5 CONCLUSION
5.1 Conclusion of Experiment

5.2

5.1.2 Conclusion for LDR Experiment
5.1.3 Conclusion for FLD Experiment

Recommendations

16

17
17

18
20

20
23

25
25
26
31

35

39

40

43
43

3 4
49

55

5 5
56

64

64
65

66



Xi

REFERENCES 67
APPENDICES

Al Data of LDR Experiment 70
A2 Data of FLD Experiment 74
Bl Calculation of Blank Holding Contact Area Accmglto Blank Diameter 78

C1 Dimensions of Blank Holder Pillar 79

D1 Recommended Punch and Die Radii for Certain IBHErickness 80



Dedicated to my beloved parents



vi

ACKNOWLEDGEMENTS

In the name of Allah, the most beneficence and thest merciful.
Alhamdulillah, all praise to Allah for his blessirand love for me to complete the
project by the given duration.

| would like to express my sincere gratitude tahbof my supervisor, Mdm.
Dayangku Noorfazidah binti Awang Sh’ri and Mr. Asridadi bin Ahmad for their
invaluable guidance, ideas, constant encouragearehtontinuous support in making
this project possible. | am grateful for their cstent support throughout the project
with their patience and knowledge whilst allowing the room to work in my own. |
would like to thank both of them for the time spentproofreading and correcting the
mistakes in the report.

Also, | acknowledge my sincere indebtedness topasents Mr. Ismail bin
Shaidan and Mdm. Siti Mariyam binti Shafie for therayers, love, sacrifice and faith
on me for throughout all of my life and also myligs for their willingness to help in
this project.

My sincere thanks also go to the technical sw@fffdMP Faculty of Mechanical
Engineering, who helped me in many ways espedialthe operation of machines and
equipments. | would also like to express my spebiahks to Dr. Ahmad Syahrizan bin
Sulaiman for his letting me used of his deep drgwdie machine in metal forming
laboratory and also Mr. Jasri bin Mohamad for ligises and ideas in my project. Not
to be forgotten also Mr. Asmizam bin Mokhtar fos laissistance in guiding me to cut
the materials all the way throughout the project.

Last but not least, | would like to thank to mggentation’s panel members for
their comment and suggestion on my project whicls waucial for the successful
completion of this study.



Vii

ABSTRACT

One of the most common outcomes in deep drawingessis a cup fractures that
occur at the bottom of the cup shell. This cuptirexis cause by many parameters like
blank holder force (BHF), blank diameter, frictibetween punch and blank, normal
anisotropy of material, blank thickness and manyand@he main objectives of the
present study is to find the value of limiting drag/ratio (LDR) in LDR test and to
predict the forming limit behaviour of sheet metaldeep drawing by construct a
forming limit diagram (FLD) in FLD test for bothwahinium AA1100 and copper. To
determine the drawability of aluminium AA1100 armpper, LDR test with variable of
blank diameters (80mm, 85mm, 90mm, 95mm and 100amd)two set of BHF (with
spring constant is 16.3 N/mm and 10 N/mm ) waszetl. On the other hand, the
parameters that have used in FLD test is variabldamk thickness (1mm and 0.6mm)
and surface condition of a blank using aluminiuml1AB0 as a constant material. In
surface condition of a blank, a lubricant have badded to investigate the effect of
friction between blank and punch in deep drawingcpss. It is observed that higher
blank diameter and BHF raises the value of LDR #@ns increases the drawability of
aluminium AA1100 sheet and copper sheet. For FIdD) the level of FLD is increasing
with increasing of blank thickness of aluminium AIKID. Besides that, the present of
lubricant also raised the level of FLD and thusséesthe tendency of aluminium
AA1100 sheet to rupture. From both of the experitnéncan be concluded that the
formability of sheet metal is increasing due tor@asing of blank diameter, blank
thickness, BHF and present of lubricant. Besides, tthe formability of aluminium
AA1100 sheet is better compare to copper sheet.
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ABSTRAK

Salah satu hasil yang paling umum berlaku dalamandean dalam adalah keretakan
cawan yang berlaku di bahagian bawah kulit cawagretakan yang berlaku pada
cawan ini disebabkan oleh pelbagai parameter segaya penahan bahan (BHF),
diameter bahan, geseran antara penumbuk dengan, atiaotropi bahan, ketebalan
bahan dan sebagainya. Objektif utama penyelidikadijalankan adalah untuk mencari
nilai nisbah penarikan terhad (LDR) di dalam uji@sabah penarikan terhad dan juga
untuk meramalkan perilaku had pembentukan lembagam dalam proses penarikan
dalam dengan membina gambarajah had pembentuk&aleamlogam (FLD) di dalam
ujian FLD untuk kedua-dua bahan yang digunakam i@itminium AA1100 dan juga
kuprum. Untuk mengkaji keboleh tarikan lembararatogaluminium AA1100 dan juga
kuprum, ujian LDR telah dijalankan dengan mengganakemboleh ubah diameter
bahan (80mm, 85mm, 90mm, 95mm dan 100mm) dan jugaseét BHF (dengan
kemalaran spring 16.3 N/mm dan juga 10 N/mm). Riuswang lain pula, parameter
yang telah digunakan di dalam ujian FLD adalahlbatn lembaran logam (Imm dan
0.6mm) dan juga keadaan permukaan bahan dengangorakan bahan yang sama
jaitu aluminium AA1100. Untuk keadaan permukaan dmahsatu pelincir telah
digunakan bagi menyiasat kesan geseran antara lemhzyam dan juga penumbuk
dalam proses peanarikan dalam. Daripada ujian L&R) yelah dijalankan, ianya dapat
diperhatikan yang pengunaan diameter bahan yargy loesx juga BHF yang tinggi
dapat meninggikan lagi keboleh tarikan lembaramtog@luminium AA1100 dan juga
kuprum. Untuk ujian FLD, tahap sesebuah FLD akamingkat sekiranya ketebalan
lembaran logam aluminium AA1100 yang digunakan joggningkat. Selain daripada
itu, kehadiran pelincir juga akan meningkatkan laégihap FLD lembaran logam
aluminium AA1100 seterusnya menunjukkan kecendeaangembaran logam
aluminium AA1100 untuk retak juga akan berkurangripada pemerhatian kedua-dua
eksperimen yang telah dijalankan ini, ianya dap@&ingpulkan bahawa keboleh
bentukkan lembaran logam sesebuah logam akan nkeisgkiranya diameter yang
besar, ketebalan yang tinggi, BHF yang tinggi dayajkehadiran pelincir digunakan.
Selain daripada itu juga, keboleh bentukkan lemb#rgam aluminium AA1100 juga
adalah lebih tinggi berbanding lembaran logam kompru
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CHAPTER 1

INTRODUCTION

1.1 INTRODUCTION TO DEEP DRAWING PROCESS

Deep drawing process is a sheet metal forming geoadere a punch is utilized
to force a flat sheet metal to flow into the gapnaen the punch and die surfaces. As a
result, the sheet metal or blank will deformed idésired shape like cylindrical, conic,
or boxed-shaped part and also complex parts whigimally require redrawing
processes by using progressive dies. Deep drawiagopular selection due to its rapid
press cycle times. Its capability of producing ctiocgted shaped and geometries with
low labours requirement is also an advantage inufis@turing industries (Boljanovic,
2004). A few examples of deep drawing applicatitimst is widely use nowadays

include beverage cans, automotive bodies, airpeafels and sinks.

The important variables which affect the formabildaf sheet metal in deep
drawing process can be divided into two categofidsterial and friction factors; and
tooling and equipment factors. With the right amdger selection of these variables, the
formability of the material can be process at giraum result and reducing the defects
in deep drawing process like fracture, wrinklinglaaring (Tzou et al., 2007).

Sheet metal forming process is used for both saridl mass production. Their
characteristics are high productivity, highly eifict use for material, easy servicing
machines, the ability to employ workers with relaly less basic skills and other
advantageous economic aspects. Part that madeshest metal has many attractive
qualities: Good accuracy of dimension, adequatength, light weight and a broad

range of possible dimensions (Boljanovic, 2008).



1.2 PROBLEM STATEMENT

In many cases after the sheet metal was succedsdw in deep drawing
process, the fracture at the shell of the specinadmays occurred and thus cause the
defects on the product. It is one of the most comrmodesired outcomes in deep
drawing because if this happen, the product iefects condition and the deep drawing
process must be redone again using another specifies fracture is caused by
excessive punch force, excessive blank holder faxeessive friction between blank
and tooling, insufficient clearance between punoth die and insufficient punch or die
corner radius. Hence, many experimental work tlaaehbeen done lately to prevent or
reduce this fracture when running a deep drawiruggss. The common method that
have been use to investigate the formability obsiheetal in deep drawing process is by
calculate the limiting drawing ratio (LDR) of sheretal to investigate their drawability
and the other method is by construct the formingtldiagram (FLD) of sheet metal to

predict their formability behaviour during deepwiag operations.

1.3 PROJECT OBJECTIVES

1) To investigate the effect of variable blank diameted blank holder force on LDR
for aluminium AA1100 and copper.
2) To predict the forming limit of aluminium AA1100 thi variable of blank thickness

and effect of lubricant by construct the FLD diagra

14 SCOPESOF THE PROJECT

1) To conduct an experimental study of deep drawinggss by using a deep drawing
machine with supported of hydraulic press machine.

2) The punch diameter that was used is 50 mm wittclpiand die corner radii of
6.36 mm.

3) Blank material that was used is aluminium AA1100d appper that is widely uses
nowadays in deep drawing process.

4) Blank diameters that was used is 80 mm, 85 mm, 80 8 mm and 100 mm in
LDR study.



5)

6)
7

8)

9)

Blank diameter was cut using electric dischargemmac(EDM) wirecut because of
its cutting precise.

The blank holder force that was used in presemlysg116.3 N/mm and 10 N/mm.
Blank thickness is 1 mm and 0.6 mm with the di@nef 95 mm for Aluminium
AA1100 in FLD study.

The diameter of circle grid that was used in FLBttis 2 mm according from
previous studies.

Lubricant that was used in LDR and FLD test is iuth grease.



CHAPTER 2

LITERATURE REVIEW

21 SHEET METAL

Sheet metal is one of the most important sensiiied products used in the steel
industry, and sheet metal forming technology isrdftge an important engineering
discipline within the area of mechanical enginegriBheet metal is characterized by
high ratio of surface to thickness. Sheet metaifog is basically conversion of flat
sheet metal into a product of desired shape withiedect like fracture or excessive
localised thinning (Gardeen and Daudi, 1983).

The products made by sheet metal forming processksle a large variety of
shapes and sizes, ranging from simple bends tolel@uiovatures with shallow or deep
recesses. Typical examples are metal desks, apeliaodies, aircraft panels, beverage
cans, auto bodies, and kitchen utensils. In masgscavhile deforming the sheet metal,
the component fractures at certain point. The caoséailure are parameters related to
forming process. The sheet metal is availableapfeces. The sheet metals are formed
by running continuous sheet of metal through aslitler. The sheet metal thickness is
called gauge and the gauge of sheet metal ranges 30 gauges to 8 gauges. The

thinner the metal is, the higher of gauge.

There are many application that using sheet niéal car bodies, airplane
wings, roofs, lab table and many more. In autonesbihe sheet metal is deformed into
the desired and brought into the required form éb gar part body pressings like
bonnet, bumpers, doors, etc. In aircraft's sheetalms used for making the entire

fuselage wings and body. In domestic applicatidrees metal is used for making many



parts like washing machine body and covers, irgrs tdimepiece cases, fan blades,

cooking utensils and etc.

2.2 DEEPDRAWING PROCESS

Deep drawing is a manufacturing process of forrghget metal stock, called
blanks, into geometrical or irregular shapes tlmatraore than half their diameters in
depth. Deep drawing involves stretching the mettlbaround a plug and then moving
it into a moulding cutter called a die. Common ssapf deep drawn products including
cylinders for Aluminium cans and cups for bakingngalrregular items, such as
enclosure covers for truck oil filters and fire ieguishers, are also commonly

manufactured by the deep drawing method.

The drawing of sheet metal or commonly known aspddrawing is a process
which a punch is used to force a sheet metal tw Between the surfaces of a punch a
die. As a result, a cylindrical, conical or box-gbd part is formed in the die with
minimal material scrap (Boljanovic, 2004). In tlpgocess, a flat sheet metal was kept
under a blank holder force (BHF). The blank holsleould allow the material to slide
into the die surface but at the same time, thatefonust be a great enough to prevent
wrinkling of the sheet as it drawn as shown in Feg@.1. The punch transferred the
force through the punch and thus the punch trasstimé force through the walls of the
cup as it drawn into the die cavity (Singh, 2008).

In deep drawing process, it can be divided into types that is pure bending
and ironing. Pure bending is type of deep drawinfpaut a reduction in the thickness
of the workpiece material while in ironing, it aggedrawing with a reduction in the
thickness of the workpiece material (Boljanovic,02) A schematic illustration of
these two types of deep drawing is shown in Figu2e From the Figure 2.1, it is clear
that the basic tools for deep drawing are the putighdrawing die ring, and the blank
holder. However, some products cannot be drawn isingle draw and requires
secondary drawing that is redrawing process. Assalt, the design of the die will be
more complicated as a progressive die is normalipired to allow multiple drawing

operations under one production line.
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A percentage reduction of 48% is considered éxaelon the first draw.

Succeeding draws are smaller. There should be peepble change in the thickness
of the material between the blank and the finigbesd.



Results of deep drawing are mostly empirical itureand research has been
done only limited almost exclusively to the drawwfgeylindrical cup. For other shapes
theoretical analysis is too much complicated ansl i@ practical significance (Singh,
2008).

In deep drawing process, there are several fadt@s can be affected the
process which are categorized into two groups: N&tand friction factors, and tool
and equipment factors. Thus it is important befaonening the deep drawing process,
these factors was considered well to prevent aesirable result like earing, fracturing,

and wrinkling.

In Figure 2.3, it shows clearly these two fact@raterial and friction, tool and
equipment) that need to consider in deep drawinggss. Recently more studies have
been develop by refer to these factors in orderemak improvement while running

deep drawing process.

‘ Factors of Tool .
and Equipment | Ri-punch corner radius
| e
o Ra-die corner radius

Pt ! A -

[ | R{ Ve [ Pa e c-clearance
[ - 1 ] Pa-blank holder pressure
' } ! s
Blank Final part . . i
PROCESS ‘ ~—_ v-speed of the punch
| = . K-limiting drawing ratio
[ [ n | ‘ R o n-strain hardening coefficient

R-normal anisotropy

: p- coefficient of friction
between:punch-workpiece-die

Factors of material
and friction

Figure 2.3: Significant variables in deep drawing

Source: Boljanovic, 2004



23 FORMABILITY TEST

Sheet metal formability is undergoing a transitimom art to science.
Formability within each forming mode can be relatedspecific metal formability
parameters. The successful sheet metal formingepsoevhich is can be converts
initially from flat to desired shape. There are mamgjor failures that always happened
such as splitting, wrinkling or shape distortiomeTformability test is use to access of
sheet to be deformed into useful part (Wick et1l98).

The testing can be divided into two types: Intengnd simulative. The intrinsic
tests measure the basic material properties urgtic stress strain states, for example
the uniaxial tensile test and the plane strainilengst. Traditional evaluation of
formability is based on both intrinsic tests anchudative tests. The intrinsic tests
measure the basic characteristic properties of maltethat can be related to their
formability. These tests provide comprehensive rmiation that is insensitive to the
thickness and surface condition of the materialargples of intrinsic tests are
Hydraulic Bulge test, Marciniak In-Plane Sheet immstest, and Miyauchi shear test.
The simulative test can provide limited specifitormation that may be sensitive to
factors other than material properties like theckhess, surface condition, surface
lubrication and etc. Subject the material to defation that closely resembles the
deformation that occurs in a particular forming m@ben. Examples of these tests
include Ericksen, Olsen, Fukui and Swift Cup T€¢tagoner and Chenot, 2001).

24  SHEET METAL FORMING IN SWIFT CUP TEST

The Swift Cup test is usually considered to prevdadmeasure of the drawability
of sheet metal. A schematic representation in SGufp test is shown in Figure 2.4. A
disc-shaped sheet specimen of metal is placed batthe blank holder and the die and
then it is drawn into a cup by a cylindrical punéhcup with a cylindrical shape will be
form after that. Various shapes were proposed bift 8w the bottom of the punch, but
in the present study only flat-ended punches welldonsider (Budiansky and Wang,
1966).



Figure 2.4: Schematic representation of Swift cup test

Source: Budiansky and Wang, 1966

Let the radius of the punch and the radius of $pecimen bea and b
respectively. Then the ratio between these twaugthat also known as drawing ratio,
can be write ab/a. One of the principal objectives of the Swift Ciegt is to determine
the limiting drawing ration, LDR which is defined @he largest drawing ratio from
which a cup can be drawn without fracture. Thedvattawing materials are recognized
as those having the higher LDR’s.

The result in Swift Cup test is correlates welthwihe performance of sheet
metal in deep drawing components. It can be testdda variable size of sheet metal
blank by increasing the diameter. The maximum blgsizk that can be drawn without
fracture occurring over the punch nose can be teseslculate the LDR’s. Because the

condition of the edge of each blank can have arortapt effect on the test result, the
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blank edges usually turned in a lathe to ensueenstree, hurt-free edges (Khoruddin,
2009).

25 LIMITING DRAWING RATIO

The limiting drawing ratio (LDR), is commonly uséadl provide a measure of
the drawability of sheet metal. The correlationttid LDR of a sheet metal with its
material properties and process parameters hasdotigated by industrial necessity for

improving drawability (Leu, 1999).

LDR is a ratio between the maximum blank diamdteat can be drawn
successfully to the cup diameter, is often takerasuee as measure of drawability
(Verma and Chandra, 2006). The drawability of simeetal or LDR can be determined
from different diameters of blanks with constantkhess. The LDR can be expressed

as shown in Equation 2.1.
_D
LDR ="1/p (2.1)

Where,
D, = Maximum diameter of successful formation of cup

D, = Initial blank diamater berfore drawing process

The blank diameter or sheet metal diameter is ohéhe most important
parameter that have to consider in determine th&.LDheoretically, the bigger the
blank diameter it is, the higher value of LDR (Verand Chandra, 2006). It means the
blank with high value of LDR is a good materiakctinsider in deep drawing process.

Many researchers have studied the effect of noamaotropy,R, and strain
hardening exponent), on the limiting drawing ratio using either thepeximental
studies or the numerical models. The anisotropgngortant in symmetrical draws was
first shown by Whiteley (1960) and that researddt thas been done by Whiteley was
used widely nowadays. Whiteley state that the L2Remhds ork. The higherr, the
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better is the LDR. It was also concluded that LDé#esinot depend in any significant
manner on the strain hardening exponent. Similarclesions were also reached by

several experimental investigations (Verma and Grer2006).

Table2.1: LDR values from previous studies

Material LDR (calculated) L.DR
(experimental)
Steel CA-DDQ 2.3025 2.1805
Steel BA-DDQ 2.2135 2.1805
Steel BA-CQ2 2.2575 2.1758
Mild Steels 2.4246 2.2486

Adapted from: Leu (1999)

Nevertheless, sheet metal with higher averagenstralue such as alpha-
titanium are generally more desirable in deep digwdue to its higher formability.
However, in actual applications, the price of thetenial needs to be considered to keep
production cost realistic. In addition, the plaaaisotropy also needs to be considered

as it would affect the formation of ears.

Most of the deep-drawn products today are usumadige of steel and aluminium
alloys as they have higher formability and loweic@rcompared to the other metals
such as copper and tin. The high strength stiffb@sgeight ratio, good formability and
good corrosion resistance of aluminium alloys mékan ideal candidate to replace
heavier materials such as steel in fulfilling theight reduction demand in automotive
industry (Miller et al., 2000)
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2.6 FORMING LIMIT DIAGRAM
2.6.1 Concept of Forming Limit Diagram

The concept of forming limit diagram (FLD) wasroduced by Keeler (1965)
and Goodwin (1968) which represents the first gaf@iterion for deep drawing
operation. Marciniak and Kuczynski (M-K) have prepd a mathematical model for
the theoretical determination of FLD that suppaaesnfinite sheet metal to contain a
region local imperfection where heterogeneous igladdw develops and localizes
(Slota and Spisak, 2005). From FLD, the formingitiof sheet metal can be predicted
by measured the reading of minor strain and maj@ins from the experiment and
converted the data into FLD.

The FLD, which is consequently been widely refeezhin the sheet metal
forming industry is now a standard characteristichie optimization of sheet metal
forming processes. In FLD, the higher level of FcBn obtain, the more good of

material that was used (Elangovan and Narayandi})20
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Figure 2.5: Example of FLD in sheet metal forming

Source: Pepelnjak and Kuzman, 2007
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Figure 2.7: Forming limit diagram principle
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The first pioneer works of the experimental deieation of FLD by Keeler and
Goodwin were followed by numerous research ac#igitranging from improved
methods for experimental determination of FLD talgtical concepts allowing the
calculation of FLD up to numerical approaches whack based on the simulations of

various testing methods in digital environment @wejak and Kuzman, 2007).
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Among several developed experimental tests, therewo experiments which
have shown exceptional suitability for the evalomtiof the entire range of FLD
combined with simple tooling and experimental pchoe that is Nakazima and
Marciniak test. Marciniak (1973) has proposed ahoeétfor determination of the FLD
with a flat punch (Banabic et al., 2000). The test consists of the drawing die, the
blank holder and the punch. The punch has an evgpartially sunk forehead. Various
strain conditions are achieved by different widtisthe analysed specimens which
enable the determination of the entire range of Rkith one tool geometry only.
During the testing procedure the even punch for@lcaases the plane strain conditions
in the analysed specimen area (Pepelnjak and Kuz208x7).

The FLD can be predicted by running the experinmenvarious types of sheet
metal, the sheet metal thickness and with diffexaitie of BHF. Narayanasamy and
Narayanan (2007) has done the test with varialdekbthickness with IF steels as a
material while Assempour et al. (2008) has doneetkgeriment with variable size of

diameter with ST12 low carbon steel as a material.

Table 2.2: Parameter that have been used in FLD experimemt firevious studies

Material Blank Diameter (mm) Blank Thickness
(mm)
IF Steels' 80 0.6,0.9,1.2,1.6
Low Carbon Steels ST?2 80, 90, 100 2.5

Adapted From!Narayanasamy and Narayanan, 20@&sempour et al., 2008

2.5.2 Calculation for Forming Limit Diagram

The circle grid is the first methods that haverbelone by Keeler (1964) and
Goodwin (1968) to evaluate the FLD. The circle gmtl show the deformation of sheet
metal after through the deep drawing process. Tiferehce between diameter length
of the circle before and after deformation can éeorded to evaluate the FLD. The
major straing; and minor straing, of the blank can be calculated by using the foemul

as shown in Equation 2.2 and 2.3.
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Dl.cg(major) - DO,cg(major)

Major Strain, & (2.2)

DO,cg(major)

D . - D .
Minor Strain, &, = LegGminor) 0.cq(minor) (2.3)

DO,cg(minor)

Where,
D, = Diameter of circle grid before deformation (mm)

D, = Diameter of circle grid after deformation (mm)

Before running the deep drawing process, the ghneétl or blank was marked
with a close packed array of circles grid. Thicleirgrid was important at the place
where the deformation of sheet metal will deforméese it can see clearly at that circle
the deformation of the circle. Common length otlergrid that have been used in FLD

test is ranging from 2mm to 8mm.

before fracture

at fracture strain

() (b)

Figure 2.8: Example of circle grid in FLD: (a) Before defornuet; (b) After

deformation

Source: Udomphol, 2007

Figure 2.8 show that a rupture of material aftadargoes a deep drawing
process. The rupture of the specimens occur bec#Eude elongation of the material
may pass the limit of its plasticity limit (CraigD00). The circles nearest to the fracture

line gives the strain ratio at the critical poiSthey, 2000).

When the die is punch the blank into desired shiédygedeformation of the circle

grid will resulting the stretching the circles irgdipse. The circle grid will deform into
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two types that is major strairg;() and minor straing;). The example of these two

strains is shown in Figure 2.8.
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Figure 2.9: Circle grid before and after deformation: (a) Dnagvarea; (b) Stretch area
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Adapted from: Udomphol, 2007

In figure 2.9, the black circle shows the origirsllape of circle grid before
undergo a deformation while red circle shows th& skape of circle grid after undergo

the deformation.

The reading of both major and minor strain in deep drawing process can be

recorded on FLD which can be used to predict theddbility of sheet metal.

2.7 PUNCH FORCES

The first deep drawing operation is not a steddtesprocess. The punch force
needs to supply the various types of work requinedeep drawing, such as the ideal
work of deformation, redundant work, friction woakd the work required for ironing.
The punch forces can be divided between the fratvthg operation and the following

drawing operations (Boljanovic, 2004).
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2.7.1 First Drawing Operation

In deep drawing process, the first drawing proces®ry important because the
force that has been given by punch is differenceflowing drawing operations. The

first drawing punch forces can be calculated bynida as shown in Equation 2.4.

D
E, = 11k lnd—l (2.4)

s1

F, = Punch forces for first drawing (N/mz)

D, = Initial diameter of blank before drawing process (mm)
ds; = Mean diameter of cup after the first drawing (mm)

d; = Inside diameter of cup after the first drawing (mm)
2.7.2 Subsequent Drawing Operation

Subsequent drawing operations are different from first drawing operation
because in deep drawing process, the flange diamwételecrease however the zone of
plastic deformation does not change due to stetadg-process. The punch force for the

next drawing operation can be calculated as in &gua.5.
D,
Fi = TI.'dlt(UTS) [d— - 07] (25)
i

Where,
F; = Punch forces for subsequent drawing (N/mz)

d; = Punch diameter (mm)
D, = Blank diameter (mm)

t = Material thickness (mm)
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28 FRACTURE IN DEEP DRAWING

Shell fracture is one of the outcomes commonlyeoled in deep drawing
process. Shell fracture is a fracture that occuthencup on the sheet metal or blank
after through the deep drawing process. Shell dracin deep drawing is caused by
excessive punch load on the blank that has restribed several factors like excessive
punch force (BHF), excessive blank holder forcesessive friction between blank and
punch, insufficient clearance between punch andadié insufficient punch or die

corner radius. An example of shell fracture is shawFigure 2.10.

Figure 2.10: Shell fracture of sheet metal after went througbpldrawing process.

Source: Yoshihara et al., 2005

Excessive punch force would result in shell freetdirectly as it increase the
load on the blank, causing the shell to tear octin@ once it exceeds the material
plastic limit. Thus, the determination of the shieapunch force is crucial to ensure
sufficient force is provided for a given deep dnagvoperation, and yet not too high to
cause fracture. From the previous studies thabbas studied by Korhenen (1982), it is
can be calculated the maximum drawing force as showEquation 2.6. It was
observed that for a constant thickness, the reguymench force increases when the
punch diameter is increase. The punch and die cawrmius does not affect the
maximum punch force significantly if they are aade 10 times greater than the blank
thickness. The fracture toughness and allowable $iae of materials is decreases with

the increases of the materials yield strength @therty, 1996).
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1 +R 1+n
F = (Jﬁ) X UTS X 7TD1 Xt (26)

Where,
— ; : N
F = Maximum drawing force ( /mz)
R = Strain ratio
D; = Blank diameter before drawing process (m)

n = Strain hardening coefficient

t = Blank thickness (m)

Besides that, excessive BHF will also result iellstiacture as it would result in
excessive friction between blank and die, which Moncrease the punch load causing
the shell fracture as it exceeds its plastic lifaigure 2.11 simplified the effect of BHF

in deep drawing process as it is exceeds or irtseiffi due to displacement of punch.

~ Excessive BHF
(fracture)

Optimal BHF range

BHF

Insufficient BHF
(wrinkling)

Punch Displacement

Figure 2.11: Effect of BHF in deep drawing

Source: Obermeyer and Majlessi, 1998

As for the punch and die corner radius, it casdees that too small of a punch or
die corner radiusk; will cause excessive thinning and tearing at tbioln of the cup
(Rao, 1999). If the radii are too small, the regdiforce to draw the blank will be
increased. This causes the tensile stresses imathal direction on the cup wall to
increase until a certain extent where it will catise cup to tear at the critical region,
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which is at the bottom corner of the cup. Hences dustomary to provide punch corner

radius of 4 — 10 times of blank thickness.

Furthermore, the LDR also one of the main fadtat tauses the fracture of cup
in deep drawing process. This is because of pundiiaink diameter ratio exceeds the
LDR for the material in a single draw. This is digethe fact that deep drawing is

independent on the ductility of the blank, whiclafected by the amount of strain.

When the fracture of shell happen, the other defedich is occur in deep
drawing process also will happen (Moshksar and Zéeama 1997). The fracture due to
excessive drawing speed is caused by inadequateofionaterial in the deep drawing
pocess. However, too low of a drawing speed wdltein reduced the production rate.
From previous studies, Browne and Hillary (2003¢duslrawing speeds of 0.1 — 0.3
m/min for drawing of C.R.1 steel cups of 39.3mmnaugder using blanks of 72.28mm

diameter and 0.9mm thick.

29 DEFECTSIN DEEP DRAWING

In deep drawing process, there are several devgutsh is occurred after the
deep drawing process like wrinkling, earing, exs@&sshinning of cup and rupture of
the blank. The defects usually occur due to unBlgtar non-optimal variables in deep
drawing process. Thus, in the designing the deapidg die and run the experiment,
these defects which is occur must be avoided ierotal take an ideal result from the

experiment.

29.1 Wrinkling

Wrinkling is one of the major defects that ocaursheet metal forming by
conventional deep drawing process. Wrinkling maylserious obstacle to a successful
forming process and to the assembly of parts, aaylatso play a significant role in the
wear of tool. In order to improve productivity atlie quality of products, wrinkling
must be avoided. Wrinkling is a kind of bucklingegplomenon that prevents from

forming of the sheet. If the buckling take placdlamge area it is well known as well as
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it is called puckering if take place on the walltbé cup (Ziaeipoor et al., 2008). The
schematic diagram in Figure 2.12 shows the mechmamwi wrinkling initiation and
growth in the cylindrical cup deep drawing procasd Figure 2.13 shows example of

wrinkling after deep drawing test.

Figure 2.12: The mechanism of wrinkling initiation in the flam@rea of the cup

Source: Ziaeipoor et al., 2008

Figure 2.13: Example of wrinkling
Source: Schnakovszky and Ganea, 2007

During the deep drawing process, the sheet uiéeblank holder is drawn into

the deformation zone by the punch. As a result, pressive hoop stress and thus
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wrinkling can be developed in the sheet metal urtderholder (flange wrinkling) as
well as those in the side wall, as wrinkling isrepomenon of compressive instability.
The magnitude of the compressive stress necessaritiate the side- wall wrinkling is
usually smaller than that for the flange wrinklirgince the wall is relatively
unsupported. Hence, the formation of side-wall Wigs is relatively easier especially
when the ratio of the unsupported dimension to tstiéekness is large (Cao and Wang,
1999).

There are several factors that leads to the wngKibrmation like the retaining
force of the blank, the geometrical parameterefdie, the frictions that appear during
deep-drawing between the blank and the work elesneftthe die, the material
characteristics and anisotropy, the contact camuhtithe part geometry, the mechanical
properties of the material, the imperfections ie #tructure and the initial state of
internal tensions of the material, etc. (Schnakkysmnd Ganea, 2007).

The wrinkling which is occurs in deep drawing pss can be divided into two
types that is corrugation which is flange instapiland bending over that is the
instability in the body of the piece. The phenonremd wrinkling is specific to the

process of deep drawing and also depend on th&grosi the piece in which it occurs.

(@) b) (

Figure 2.14: Wrinkling types: (a) Corrugation; (b) Bending over

Source: Schnakovszky and Ganea, 2007
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Usually, the retaining force has to increase alaitp the increase of the deep
drawing depth but it has to take note that if &due is too big it can lead to cracks and
even a break of the material. The main geometniarpaters of the die which influence
the wrinkling is the diameter of the punch. In tase of friction between the piece and
the tool, the increase of the coefficient of fiactidetermines the wrinkling to reduce but
high value of the coefficient can cause cracksraaterial breakage (Schnakovszky and
Ganea, 2007).

29.2 Earing

Earing is one of the defects which is commonlyeobsd in deep drawing
process. By definition, earing is uneven heightatedge of a drawn product, forming
a series of peak and valleys along its circumfezeKeshor and Kumar (2002) defined
earing is the formation of waviness on the tophaf tirawn cup. The numbers of ears
formed is commonly four (Hosford and Caddell, 2Qd3)t might also be two, six or
eight, depending on thermo-mechanical processirdy raicrostructure of the sheet
(Engler and Hirsch, 2007).

Figure 2.15: Earing in deep drawing

Source: Engler and Hirsch, 2007

During deep drawing, the sheet metal is subjetdatifferent amount of plastic

strain for each angle relative to rolling directiamhich causes different amount of
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elongation resulting in formation or ears. The aelénce in amount of elongation
resulting in formation of ears. The difference imaunt of plastic deformation in
different angle is due to anisotropic propertiesvaterial. Earing in deep drawing is
usually not desirable as the ears serves no pugusevill have to cut off, resulting in
loss of material, production rate and increaserodgpction costs (Kishor and Kumar,
2002).



CHAPTER 3

METHODOLOGY

3.1 INTRODUCTION

This chapter describes the methods that will lelus aiding with the research
based on the scope that had been given. Othetthihrthe methodology of the project
and the flow chart of the project will be describedhis chapter. In deciding the best
method to conduct the experiments, a review otlithigations and problematic areas in
deep drawing is described and documented. Thugethew will clarify the problems
that will occur during this project. The processes illustrated in the flow chart in

section 3.2.

3.2 PROCEDURES

In Figure 3.1, it is illustrate the flow of thisgect according to the scope given
from it starts until end. This flow chart will deteine the method to accomplish the
main objectives of this project and will ensurestproject is success. The process flow
of the project is represented by the flow charfigure 3.1. Initially, the first step is to
identify the problem statements, objectives andpscof the project. The problem
statement will be based on the literature review the issues concerning the
problematic area in deep drawing process. Baseth@robjectives given the related
information will be taken into account and will bralyze to meet the required need of
the main objectives of this project. In the flowact) to determine best parameters that

concerning in deep drawing process was mainly basgatevious studies.
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Figure 3.1: Methodology flow chart for the present study

3.3 DESIGN OF EXPERIMENT

In the present study, the test is divided into tests that is to find the LDR and
to predict the deformation of sheet metal in desgpwihg process. In LDR test, the
aluminium AA1100 and copper is use to investigéte formability in deep drawing
process with parameters of blank diameter, lubtjcand blank holder force. While in

deformation test, the FLD was used as indicatqréalict the sheet metal formability in
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deep drawing process using aluminium AA1100 as nahtevith thickness and

lubricant as parameters.

The tooling dimensions that are used in the ptestenly were similar to Swift
flat-bottomed cup test as mentioned in the workTokis (1999). The schematic

drawing of die that is use in the present studshswn in Figure 3.2.

Punch

Blank Holder .//

Blank
| e |
T & [ &
T, = 6.36mm
Ty = 6.36mm
\ N
Imm —>| &—
Die i

Figure 3.2: The schematic drawing of deep drawing die in ttes@nt study

The investigation will be conduct on aluminium AKID and copper, where
both materials are face-centred cubic (FCC) strecthe compositions for aluminium
AA1100 and copper used are given in Table 3.1 aatulel3.2 respectively. The blank
thickness that will use in present study is 1mm @u&egnm.

Table 3.1: Material composition of aluminium AA1100

Material Aluminium AA1100
Compositions Al Si Fe Cu Mn Mg
Wt % 99.9 0.0315 0.269 0.104 0.0015 0.0019
Compositions Zn Cr Ni Ti Ga \%

Wt % 0.006 < 0.001 <0.005 <0.0384 0.0210 0.0147
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Table 3.2: Material composition of copper

Material Copper
Compositions Cu Zn Pb Sn Mn Ni
Wt % 99.9 < 0.005 0.0232 < 0.005 0.0028 0.0094
Compositions As Be Ag Sb Cd Co
Wt % 0.0021 < 0.005 0.0078 0.0056 0.0013 0.0109

Two sets of blank holder forces is use to studydfiect of blank holder force
(BHF) in deep drawing process. Each set of blar@drdorce will utilize four units of
coil springs. The type of blank holder that willeus coil springs. The coil springs use
in the present study is shown in Figure 3.4 anddhee profile illustrated in Figure 3.3.
The blank holder or spring is use in present stadgellow spring which consist spring
constantk of 10 N/mm and blue spring which consist kwalue is 16.3 N/mm are set

to be in the range of 400 N and 1310.62 respegtivel

900 -
800 -
700 -
600 -

500 - _
200 - —BHF = 10

300 - N/mm

200 - —BHF = 16.3
100 - N/mm

Blank Holder Force (N)

10 20 30 40 50

Punch Stroke (mm)

Figure 3.3: Blank holder force in the present study
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BHF = 16.3 N/mm

Al

(i

Figure 3.4: Coll springs use in the present study

In the present study, a deep drawing machine ghase in the present study is
based on Swift cup test parameter which is widedgdunowadays in industry and
science. This deep drawing machine is suitableeterthine the formability of sheet
metal because of the parameter that was set upea@sding to Swift Cup Test that
many researchers and scientists also refer toSWwist Cup Test. This deep drawing
machine was design and fabricated from previoudesiis that also has done the deep
drawing experiment but with different objectivesttwthe present study. Figure 3.5

shows the example of deep drawing die that was mspeesent studies.

Figure 3.5: Deep drawing die machine use in the present study
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This deep drawing die is supported by a Chunghléraulic press machine
model CTO-05. The hydraulic press machine is usentwe the deep drawing die
machine vertically and punch the blank or sheetam@tto cylindrical cup. This
hydraulic press machine must be handle very cdyefutile running the experiment
and the condition of this hydraulic press machile® anust be in a top condition to
avoid an unwanted accident while running the deawihg experiment like a failure of
hydraulic system may caused a serious injured ¢oudger. An example of hydraulic
press machine that is use in the present studyisrsis Figure 3.6.

T mpEg
= Ol T

Figure 3.6: Hydraulic press machine use in the present study

Table 3.3: Parameter setup for LDR experiment in the predeutys

Material BIaanO:iczlder Blank Diameters Blank Thickness
Yellow Spring 80 mm, 85 mm, 90 mm, 1 mm
Aluminium (10 N/mm) 95 mm, 100mm
AA1100 Blue Spring 80 mm, 85 mm, 90 mm, 1 mm
(16.3 N/mm) 95 mm, 100mm
Yellow Spring 80 mm, 85 mm, 90 mm, 1 mm
Copper (10 N/mm) 95 mm, 100mm
Blue Spring 80 mm, 85 mm, 90 mm, 1 mm

(16.3 N/mm) 95 mm, 100mm
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Table 3.4: Parameter setup for FLD experiment in the prestrmty

Blank Blank and Die Material Blank Blank E;ECU 'i'f;fé
Thickness Condition Diameter Holder Force Grid
Lubricate - .
o Aluminium Blue Spring
(Lithium 95 mm 2 mm
1 mm Grease) AA1100 (16.3 N/mm)
e Aluminium Blue Spring
Non-lubricate AA1100 95 mm (16.3 N/mm) 2 mm
Lubricate - .
o Aluminium Blue Spring
(Lithium 95 mm 2 mm
0.6 mm Grease) AA1100 (16.3 N/mm)
e Aluminium Blue Spring
Non-lubricate AA1100 95 mm (16.3 N/mm) 2 mm

34 BLANK PREPARATION

Before running the deep drawing experiment, thenklor specimen of the

experiment must be prepared in order to achieve etkigeriment objectives. The

material that was selected is aluminium sheet gilde AA1100 and copper sheet.

Firstly, the sheet metal of aluminium AA1100 anghper with thickness 1mm was cut

into rectangular shape with dimensions of 120mmi@mm. The blank was cut using

LVD hydraulic shear model MVS-C as showing in Fg3c7.

Figure 3.7: Hydraulic shear machine use in present study t@ chheet metal.
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After the sheet metal was successfully cut acogrth desired shape (120mm x
140mm), then it is necessary to drill the sheetamesing drill machine or milling
machine but in present study, the drilling machivess chosen because it is easy to
conduct. The hole is needed to drill because tHe Wwas a path of wire to be thread
during cutting process using Electric Discharge Miae (EDM) Wirecut. In the present
study, the diameter of drill tools that is usedlism. Figure 3.8 shows an example of
Sealey Pillar Drill model GDM120BX that was used thre present study while in
Figure 3.9 shown the dimension of the blank thag washot after the drilling operation
while Figure 3.10 shows example of blank after wanmugh the drilling process.

Figure 3.8: Drilling machine use in the present study to makela on the sheet metal
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Figure 3.9: Dimension of the specimens after through the dglibperation

Figure 3.10: Example of aluminium AA1100 sheet after went alitigl operation

After the specimen was drilled successfully, thecgmen is needed to cut into
circular shape using Electric Discharge Machine NBE@Wirecut. In the present study,
the EDM Wirecut is because it will cut the sheethma precise shape of circular. It is
important because in deep drawing process, theedenof blank will affect the result.

Therefore, a precise shape of circular is needeguré 3.11 shows the example of
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Sodick EDM Wirecut model AQ535L that is in presstudy to cut the sheet metal into
circular shape perfectly.

Figure 3.11: EDM Wirecut use in present study to cut the shestaimnto circular

shape

Figure 3.12: Example of aluminium AA1100 specimens. From |IBfank diameter 80,
85, 90, 95 and 100mm
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Figure 3.12 shows an example of sheet metal tlagt successfully cut using
EDM Wirecut. It can see that the specimen was edeptly and precisely using EDM
Wirecut because EDM Wirecut is a Computer Numei@ahtrol (CNC) machine type.

After the blank is successfully cut into circuktrape, the experiment of LDR
and FLD can be run using a deep drawing machisd@sn in Figure 3.5. Note that for
FLD experiment, another blank is needed to prepacause of difference of thickness
that was used that is 0.6mm for aluminium AA1100.

35 DEEPDRAWING DIE SERVICE

Before running a deep drawing experiment, a deapidg die machine that is
in present study is need to services first. Thepddrawing die is needed to cleaning
using sand paper with grade 1000. Another thirthesdeep drawing die is also need to
lubricate using Lithium grease lubricant that isd&ly used in industry nowadays.
Figure 3.13 shows some of part in deep drawinghdgiewas clean up using sand paper

and some of part that was lubricate using Lithiveage lubricant.

Figure 3.13: Lubricate process for deep drawing die main part
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Figure 3.15: Lubricate process for deep drawing punch and goiits

While lubricating and cleaning process were donetlee deep drawing die
machine, it is noted that the pillar of blank haleeere bent. The blank holder pillar is
one of the most important in deep drawing die maeliecause this pillar will support
the blank holder above the spring coils that ipresent study. So a new blank holder
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pillar is needed to fabricate in order to achieveeter result in the experiment that will
be running. Figure 3.16 show example of blank hopdéar that was bent.

Figure 3.16: Blank holder pillar that was bent

First, the material that was selected to fabritiaige blank holder pillar is carbon
steel with grade AISI 1045. After the material wsected, the material is needed to
undergo facing and turning operation using lathechime. Figure 3.17 show the
example Shun Chuan conventional lathe machine meR&1330 that is used in the

present study to do a facing and turning operat@mnshe carbon steel. The dimension
for blank holder pillar is shown in Appendix C1.
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Figure 3.17: Lathe machine use in the present study to fabritetdlank holder pillar

When the process of turning and facing is comgdletieen a thread of hole is
needed to make at the above of the blank hold&rpirhe purpose was to lock the
blank holder pillar with a blank holder using atealscrew with 4mm diameter. A hand

tap that is used is M5 x 0.8 as shown in Figur8.3.1

Figure 3.18: Hand tap use in the present study to make a thindaldnk holder pillar.

When the thread is done, then the blank holdéarps ready to install with the
deep drawing die that will be used in present study
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3.6 LDREXPERIMENT

In LDR experiment, the blank material that wasdusealuminium AA1100 and
copper with same thickness that is 1mm. The dianfeteboth materials that will be
used to investigate in the experiment is 80, 85,%0and 100mm. For blank holder
force, two type of coil springs is used in this estment that is blue spring (BHF16.3
N/mm) and yellow spring (BHF = 10 N/mm).

First, the blank is place on the blank holder. eNtttat, it is very dangerous to
place the blank directly with hand because of afunation from the hydraulic press
machine may cause the die fall from its originasipon. So it is recommended to place
the blank with wood stick or something that is loRggure 3.19 show the Aluminium

blank with diameter 80mm is placed on the blanklapin the present study.

Figure 3.19: Aluminium AA100 specimen with diameter of 80mm laged on the
blank holder

After the blank is placed at the centre on thenklaolder, then a drawing
operation can be run. The blank is drawn until bfenk is ruptured. Note that in the
present study, the maximum punch stroke that esnaitl is 55mm. The purpose is to
avoid the clash between punch and top die thatoailise damages to the punch. After

that, all the above step is needed to be done dgaithis time, the drawing operation
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must be stop before the blank is ruptured. Let a&afjrst trial, the blank is ruptured
when the drawing operation is at 50mm, so for #eoad trial let the drawing operation

stop at 45mm punch stroke.

When the maximum punch stroke is obtained, theamipally was drawn to its
maximum critical diameter. Then the diameter ofstbup can be measured using

vernier calliper.

All the above steps is need to repeat again wahkodiameter of 85, 90, 95 and
100mm and also using copper as blank. After thet,llue spring can be replace by

yellow spring and all the procedure as stated ctice 3.6 have to repeat again.

3.7 FLDEXPERIMENT

Another test that has been done in the presedi st FLD experiment. The
purpose of this experiment is to predict the fogmbehaviour of the material while
undergo a drawing process. Unlike LDR experimehf) Fexperiment only focus on
one material that is aluminium AA1100 with thicksg&6mm and 1mm in the present
study. Also, the blank holder force that is usedh@ present study also focus on blue
spring (BHF = 16.3 N/mm). In addition, the blanlamtieter that is used also constant
that is 95mm. But in this test, the variable ttmused is thickness of the blank and
lubricant. The thickness that is used in this ie€L6mm and 1mm while lubricant that
is used is Lithium grease.

In FLD experiment, a circle grid has to be madelmblank. The diameter of
circle grid that is used in the present study isr2nihe circle grid was draw using red
marker pen. Figure 3.20 shows the circle grid izet been drawn on the blank.



41

Figure 3.20: Circle grid on the aluminium AA1100 specimens witank thickness

1mm

After the circle grid was successfully drawn oa thank, the FLD experiment is
ready to be running. The indicator was make by drawn the paper with increment of

5mm and paste it on the blank holder pillar as showFigure 3.21.

Figure 3.21: Indicator of punch stroke use in the present study

Let say in the trial of FLD test, the blank aneé dias lubricated using Lithium

grease and the thickness of blank that is usechis.1Figure 3.22 show an example of
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Lithium grease that is used in present study. ThB Experiment can be tested by
provide 5 samples of blank. Each blank was drawnificrement of 10mm. For

example for the first blank, it is drawn until 10mand the second blank was drawn
until 20mm and so on with other blank until find&ibk that is drawn to 50mm of draw

depth.

Figure 3.22: Lubricant use in the present study

After each drawn is successful, the deformatiolh @dcur on the blank and it
can see clearly through the deformation of theleigeid. The circle grid will deform
into an oval shape and the length for both majat emnor in this circle can be
measured. After all the 5 blank is successfullyairathe blank of 1mm thickness is
replaced with the blank of 0.6mm thickness. All #i®ve procedures were needed to
repeat again. And after that, the deep drawingsdireeeded to be dried for another test
that is to test the effect of presence of lubricdiie material that will be use also same
that is aluminium AA1100 with thickness of 1mm a@dmm. Note that for blank
thickness 0.6mm, the blank was drawn for increnoé®mm. It is because the blank of

thickness 0.6mm is easy to rupture compare to kaickness 1mm.
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RESULTSAND DISCUSSION

41  OBSERVATIONS

After the sheet metal is successfully deformed (@th LDR and FLD
experiment) by a drawing operation, the blank tldeformed into a cylindrical shape
same as Swift’s cup test. The deformation of theisuotally depends on the parameter
that have been discussed in previous chapter.idrchapter, it will show the result that
is obtained from LDR and FLD experiment.

42 LDREXPERIMENT
4.2.1 Cup Observationsin LDR Experiment

The deep drawn cup for aluminium AA1100 and coppeLDR test can be
divide into two that is using blue spring (BHF =3®&/mm) and yellow spring (BHF =

10 N/mm). Figure 4.1 show some of cup that sucafigsdrawn using the blue spring
(BHF = 16.3 N/mm) for Aluminium AA1100 with blankickness of 1mm.
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Figure4.1: Drawn cups for aluminium AA1100 using blue spr{BiHF = 16.3 N/mm)
as blank holder force. From left: Blank diametey &0, 90, 95 and 100mm

In figure 4.1, it can see that from left to rigtite height of cup is increase due to
the increasing of blank diameter but for the cuat thlank diameter is 100mm, the
height of cup is decrease compare to cup that bthaketer is 95mm. It happens
because if the blank of 100mm is drawn more thawshin Figure 4.1, the cup will
fracture and defect.

For the cup of blank diameter 80mm, it can see thatcup is successfully
drawn without wrinkling and earing occur. For thexhcup that diameter of cup is
85mm, it can see that an earing is start to ocgnd so with cup of blank diameter
90mm, the earing also occurs. For the cup of bliiakneter is 95mm, the wrinkling is
start to occur. It may because of a lot of surfaea that was hold by blank holder or
blank holding pressure (BHP) causes the wrinkliwgd for the cup of blank diameter
is 100mm, the wrinkling is become worst and theghedf cup also decrease compare
to 95mm diameter blank.
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Figure4.2: Drawn cups for copper using blue spring (BHF 318/mm) as blank
holder force. From left: Blank Diameter 80, 85, 98, and 100mm

In figure 4.2, it can see that from left to rigtite height of cup is increase due to
the increasing of blank diameter but for the cuplahk diameter is 100mm, the height
of cup is decrease compare to cup of diameternsn®5t happens because if the blank

of 200mm is drawn more than that shown in Figuge the cup will fracture and defect.

For the cup of blank diameter 80mm, it can see thatcup is successfully
drawn without wrinkling and earing. For the nexpdbat the blank diameter is 85mm,
it can see that a earing is start to occur. Angvish the cup of blank diameter 90mm,
the earing also occur but it is more worst compareup of blank diameter is 85mm.
For the cup of diameter 95mm, the wrinkling is tstaroccur. It may because of a lot of
surface area that was hold by blank holder or BH&ses the wrinkling. And for the
cup of blank diameter 100mm, the wrinkling is beeoworst and the height of cup also

decrease compare to cup of 95mm diameter blank.
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Figure 4.3: Drawn cups for aluminium AA1100 using yellow sgri(BHF = 10 N/mm)
as blank holder force. From left: Blank Diameter 89, 90, 95, and 100mm

In figure 4.3, it can see that from left to rigtite height of cup is increase due to
the increased of blank diameter but for the cuplafk diameter 200mm, the height of
cup is decrease compare to cup of blank diametem®5It happens because if the
blank of 100mm is drawn more than shown in Figu/& #he cup will fracture and
defect.

For the cup of blank diameter 80mm, unlike the thgt is using blue spring
(BHF = 16.3 N/mm) for aluminium AA1100, the cupaiseady have some defects on it.
The earing is already occurs. Also with the cuplahk diameter 85mm, the earing is
become worst compare to cup of blank diameter 80Muot. for the cup of blank
diameter 90mm, the wrinkling is starts to occuraemg the earing defects. And with
another cup of blank diameter 95mm, the wrinklisgriuch worst compare to of blank
diameter 90mm. Like stated on Figure 4.1, the vimgkmight occurred because a lot
of surface from the blank that was hold by blankdbo or in other words is blank
holder pressure (BHP). Thus the wrinkling mightwc@dnd for cup of blank diameter

100mm, the wrinkling is much worst compare to ctiplank diameter 95mm.
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Figure 4.4. Drawn cups for copper using yellow spring (BHFG=N/mm) as blank
holder force. From left: Blank Diameter 80, 85, 98, and 100mm

In figure 4.4, it can see that from left to rigtite height of cup is increase due to
the increasing of blank diameter but for the cuplahk diameter 200mm, the height of
cup is decrease compare to cup of blank diametem®5It happens because if the
blank of 100mm is drawn more than shown in Figu# #he cup will fracture and

defect.

For the cup of blank diameter 80mm, unlike the thad was using blue spring
(BHF = 16.3 N/mm) for Copper, the cup is alreadyehaome defects on it. The earing
is already occurs. Also with the cup of blank digené85mm, the earing is become
worst compare to cup of blank diameter 80mm. Buttfe cup of blank diameter
90mm, the wrinkling is starts to occur replacing #aring defects. And with another
cup of blank diameter 95mm, the wrinkling is mucbrst compare to of blank diameter
90mm. Like stated on Figure 4.1, the wrinkling mighcurred because a lot of surface
from the blank that was hold by blank holder oroimer words is BHP. Thus the
wrinkling might occur. And for cup of blank diamet#00mm, the wrinkling is much

worst compare to cup of blank diameter 95mm.

From literature review, the optimal blank holdingegsure (BHP) should be
between 0.5% - 1.0% of the yield strength of theemia (Hosford and Caddell, 2007).
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The BHF is a product of BHP and blank holder congsea, which differs according to
blank diameter as shown in Figure 4.5. The calmnatf blank holding area is given in
Appendix Bl. The theoretical BHP and BHF for thesant study is as calculated in

Table 4.1 and Table 4.2.

7000 ~
6000 -
5000 -
~ 4000 -
3000 -
2000 -
1000 -

Blank holder contact area
(mm sq.)

85 90

95 100

Blank diameter (mm)

Figure 4.5: Relation between blank holder contact area antkldéameter

Table4.1: Theoretical blank holding pressure for materiaecuin present study

Material Yield Strength, Yo (MPa)  Theoretical BHP (M Pa)
Aluminium AA1100 29.9 0.1496-0.2991
Copper 50.0 0.2498-0.4995

Table 4.2: Theoretical and utilized blank-holding force faeph drawing experiment

Material Blank Theoretical Utilized BHF (N)
diameter BHF (N) Blue Spring  Yelow Spring
(mm)
Aluminium 80 458 - 916 400 - 1000 1311 - 2294
AA1100 85 629 - 1110 400 - 1100 1311 - 2497
90 658 - 1316 400 - 1200 1311 - 2621
95 767 - 1533 400 - 1300 1311 - 2785
100 895 - 1762 400 - 1400 1311 - 2949
Copper 80 765 - 1530 400 - 1000 1311 - 2294
85 927 - 1854 400 - 1100 1311 - 2457
90 1099 - 2197 400 - 1200 1311 - 2621
95 1280 - 2560 400 - 1300 1311 - 2785
100 1471 - 2942 400 - 1400 1311 - 2621
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4.2.2 Experimental LDR Profile

From the deep drawing experiment, the LDR valoegtp that is drawn
without fracture for both materials with variabliemheter and blank holder force was
taken. All the data of LDR value can be refer inpapdix Al.

1.95 -
1.9 -
1.85 -
1.8 -
1.75 -
1.7 -
1.65 -
1.6 -
1.55 -
1.5

LDR

80 85 90 95 100
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1.95 -
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1.85 -
1.8 -
1.75 -
1.7 -
1.65 -
1.6 -
1.55 -
1.5

LDR

80 85 90 95 100

Blank Diameter (mm)

(b)

Figure 4.6: LDR profile using blue spring (BHF = 16.3 N/mmY &) Aluminium
AA1100 and (b) Copper
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In Figure 4.6(a), it shows the graph of LDR valtm@msaluminium AA1100 while
Figure 4.6(b), it shows the graph of LDR valuescopper using blue spring (BHF =
16.3 N/mm) as a blank holder force. Both of thepfrahows that the LDR for
aluminium AA1100 and copper is increase due toeasing of blank diameter in linear
form. But as it reach blank diameter 100mm, it sar that the graph is no longer in
linear form. The value of LDR for the blank dianret®0mm is slightly decrease
compare to blank diameter 95mm. The decrease ®1LDR value may cause from the
extremely wrinkling that was occurred when runnihg experiment for blank diameter
100mm that cause by high BHP. As stated by Verm@hs2the increasing of blank
diameter will cause an increasing of LDR too. Whidkeans with the increasing of

blank diameter, the drawability of sheet metal dlig.
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@
o 1.7 -
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Figure4.7: LDR profile using yellow spring (BHF = 10 N/mm)rf¢a) Aluminium
AA1100 and (b) Copper
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Figure4.7: Continued.

In Figure 4.7(a), it shows the LDR values for ailionm AA1100 while Figure
4.7(b), it shows the LDR values for copper usintjoye spring (BHF = 10 N/mm) as a
blank holder force. From the graph it can see thatLDR values also increase same
with blue spring (BHF = 16.3 N/mm) for both matériBut for copper, it can see that
the value of LDR is decrease when it reach blakndter 90mm. Unlike aluminium
AA1100, the value of LDR for copper is increasinghwincreasing of blank diameter.
Both of the graph shows the value of LDR is notrdase when it reach blank diameter
100mm. It may because of the BHP that is used éow spring (BHF = 10 N/mm) is

significant with the present setup parameter.

So the comparison value of LDR for aluminium AADI&nd copper which is
using yellow spring (BHF = 10 N/mm) and blue spr(BiiF = 16.3 N/mm) as blank

holder force is shows in Figure 4.8.
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Figure 4.8: Comparison of LDR value between aluminium AA110d aopper using
(a) Blue spring (BHF = 16.3 N/mm) and (b) Yellowisg (BHF = 10 N/mm)

From figure 4.8(a), the graph shows the comparafaaduminium AA1100 and
copper by using blue spring (BHF = 16.3 N/mm) ddaak holder force while Figure
4.8(b) shows the comparison of aluminium AA1100 aopper using yellow spring
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(BHF = 10N/mm) as a blank holder force. Like dis® before this, the value of LDR
Is increasing due to increasing of blank diameter.

Overall from the Figure 4.8, the value of LDR fdurainium AA1100 is higher
compare to copper. It shows that the drawabilityaloiminium AA1100 is more good
compare to copper either using blue spring (BH6:3 IN/mm) or yellow spring (BHF
=10 N/mm) as a blank holder forces. From literat@view, Whiteley, 1960 stated that
the LDR is depends on normal anisotrofyalue of the materials. The higher value of
R, the higher value of LDR. So it can conclude tifat normal anisotropy value of
aluminium AA1100 is higher compare to copper angstthe drawability of aluminium

AA1100 also higher compare to copper.

From all the above statement, it can be discusdlypmow the blank diameter
and type of materials can influence the LDR valnedeep drawing. Besides blank

diameter and type of materials, the BHF also halvg anfluence in deep drawing.
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Figure 4.9: Comparison of LDR value using different blank reslébrce for (a)
Aluminium AA1100 and (b) Copper
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Figure 4.9: Continued.

In Figure 4.9(a), the graph shows the value of liBiRaluminium AA1100 with
two set of BHF (16.3 N/mm and 10 N/mm) while in tig 4.9(b), the graph shows the
value of LDR for copper with two set of BHF (16.3nhNm and 10 N/mm). Both
materials shows that the value of LDR for blue mpriBHF = 16.3 N/mm) is higher
compare to yellow spring (BHF = 10 N/mm).

With this observation, it can be conclude that thawability of sheet metal
(aluminium AA1100 and copper) using blue spring BBH 16.3 N/mm) is more good
rather than using yellow spring (BHF = 10 N/mm).cAading to Obermeyer and
Majlessi, 1998, an insufficient of BHF may caus&@nkling in deep drawing. The
LDR value also will decrease with the increasingwrinkling that was occurred
because it will affect the diameter of cup aftex tlhawing process. So it is important to
use an optimized BHF when conducting the deep digveixperiment to avoid the

wrinkling occurred.
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43 FLD EXPERIMENT

4.3.1 Cup Observationsin FLD Experiment

In FLD experiment, the diameter of circle grid afieformation is taken for
every specimens or blank. As stated in chaptdreéBntaterial that is using in present the
study is aluminium AA1100 with thickness of 1mm @@mm. A blank diameter and
BHF that is used in FLD test is constant whichGmén and 16.3 N/mm respectively.

(@)

Deformation of circle
grid

(b)

Figure 4.10: Example of circle grid deformation on 1mm blanickimess of different
punch stroke for (a) 20mm, (b) 50mm and (c) 55mm
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Figure 4.10: Continued.

In Figure 4.10, it shows some of circle grid timtdeforms from its original
shape after undergoes a drawing process. In Figuf4c) the sheet metal was fractured
due to excessive BHF exerted on the sheet metehnltsee clearly that the circle grid

will deform into ellipse shape after undergoesdbep drawing process.

4.3.2 Experimental FLD Profile

In FLD experiment, the test is divided into twcs stated in objective, the FLD
test is conduct to investigate the forming behawvioualuminium AA1100 with the
variable of lubricant and blank thickness. The defation of circle grid is increasing
with the increasing of punch stroke in the deepwirg process. The data of FLD

experiment can be refer in Appendix A2.
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Figure4.11: Forming limit diagram of aluminium AA1100 with lrila thickness 1mm
for condition (a) With lubricant and (b) Withoutdricant

In Figure 4.11(a), it shows the forming limit diagh of aluminium AA1100 for
blank thickness 1mm with the present of lubricahtlevin Figure 4.11(b), it shows the

forming limit diagram of aluminium AA1100 for blartkickness 1mm without the
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present of lubricant. From the diagram, it canteaéat major strain or major axis, the
value of strain is increasing with the increasifigunch stroke while the value of strain

at minor axis is decreasing for both conditionstiveind without lubricant).

Theoretically, the shape of FLD for aluminium AALwill be in linear shape
(black line) but due to limited apparatus in expennt setup like coil springs that was

used, the shape of FLD is not in linear line (dine).

Major Strain

-0.12 -0.115 -0.095 -0.03 -0.01

Minor Strain

(@)

Figure 4.12: Forming limit diagram of aluminium AA1100 with bllrthickness 0.6mm
for condition (a) With lubricant and (b) Withoutdricant
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Figure4.12: Continued.

In Figure 4.12(a), it shows the forming limit diagh of aluminium AA1100 for
blank thickness 0.6mm with the present of lubrioahtle Figure 4.12(b), it shows the
forming limit diagram of aluminium AA1100 for blanthickness 0.6mm without the
present of lubricant. Same with Figure 4.11, thieevaf strain is increasing at major

axis while the value of strain is decreasing atanaxis.

Unlike Figure 4.11, Figure 4.12 shows that the shafpFLD for both conditions
(with and without lubricant) is approaching a lineaape. It may because of the setup
that was used in the present study is more suitablglank thickness 0.6mm rather that

1mm in FLD experiment.

In FLD experiment, a prediction of forming limiarfaluminium AA1100 can be
predict from the Figure 4.11 and Figure 4.12. Asiiomed by Goodwin, 1968, the blue
line indicated that the blank is deformed to i@l limit. The area below the blue line
indicated the failure zone while the area abovebibe line indicated the safe zone for
aluminium AA1100 that undergoes deep drawing pracksneans that the aluminium

AA1100 will be ruptured if the value for both stmai(major and minor) is below the
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blue line area or below the critical zone. Buthié tvalue of strain (major and minor) is
in the safe zone that is above the blue line, thmiaium AA1100 sheet is still in a

good condition to be drawn (Banabic, 2000).

Suppose the FLD will be shape completely as statiterature review like
Figure 2.5 and Figure 2.6. But due to limited afltand equipment in present the study,
only drawing area (left side) can be obtain andthetstretching area. Furthermore, the
die radius that was used in the present studyliadrical shape with punch radius is
6.36mm. From the previous studies that have beee #dg Narayanasamy, 2006, the
punch shape that was used is hemispherical shaple.némispherical punch shape, it
is possible to obtain the reading of strain in dregrand stretching area in sheet metal

deformation using FLD method.

With the data of strain for both blank thicknessnfd and 0.6mm) and both
surface condition (with and without present of laant) is obtain, a comparison can be

made to see the effect of these variable in deswidg operations.

— \Nith Lubricant
- = Without Lubricant

Major Strain

n-2
U. 4

-0.15 -0.1 -0.05 0

Minor Strain
(@)

Figure 4.13: Comparison of FLD of aluminium AA1100 in both catnehs for blank

thickness (a) 1Imm and (b) 0.6mm
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Figure 4.13: Continued.

In Figure 4.13(a), the graph shows a comparisofldd for both conditions
(lubricate and non-lubricate) for blank thicknesami while Figure 4.13(b) shows a
comparison of FLD for both conditions (lubricatedaron-lubricate) for blank thickness
0.6mm using aluminium AA1100 as blank. From botapdy, it shows that the level of
FLD for both blank thickness (Imm and 0.6mm) witlegent of lubricant is higher
compare to un-present of lubricant. As stated yn&hvan, 2010, the material with
higher level of FLD is good material to considen.\@th this, it can say that the present
of lubricant in deep drawing process is more gomamare to un-present of lubricant by

referring their FLD level.

Besides that, the blank thickness also one ofnifaén factor that have to
consider in deep drawing. With the variable of Bl#imckness, the normal anisotropy of

material,R value of the material also change.
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Figure 4.14: Comparison of FLD of aluminium AA1100 for both blathickness in
conditions of (a) with lubricant and (b) withoubhicant

From Figure 4.14(a), it shows a FLD of aluminiunA2400 for both blank
thickness (Imm and 0.6mm) with the present of tari while Figure 4.14(b) shows
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the FLD of aluminium AA1100 for both blank thickseSlmm and 0.6mm) without the
present of lubricant. Both of the graph shows that blank thickness of 1mm has a
higher level of FLD compare to blank thickness iéni\s mentioned in Figure 4.13,
higher level of FLD indicated a good material tosioler in deep drawing experiment.
It means that in sheet metal forming especially}dé@ep drawing, a sheet metal with
higher thickness is good material to considers bbecause of higher thickness of sheet
metal have a higher value of material normal aniggt R. As stated by Whiteley,
1960, a material with high value &fis a good material to consider in deep drawing

process.



CHAPTER 5

CONCLUSION

51 CONCLUSION OF EXPERIMENT

In the present study, a deep drawing die that wsed is similar to Swift
cupping test which was designed to draw a circolank into cylindrical cup. For both
experiment that is LDR and FLD, the purpose of ¢h@g experiments is to investigate

the formability of sheet metal.

5.1.2 CONCLUSION FOR LDR EXPERIMENT

In LDR experiment, the main objective is to fittetvalue of LDR by using
variable of blank diameter, blank holder force apde of material. From literature
review, the LDR values indicate the level of itendability. It can understand that the

specimen with high LDR value is good to be drawdeep drawing operations.

From the experiment, the value of LDR is increasmth increasing of blank
diameter and blank holder force. The value of LD#ng blue spring (BHF =16.3
N/mm) is higher compare to yellow spring (10 N/miB¢sides that, the blank diameter
of 100mm for both materials (aluminium AA1100 armpper) also has a higher LDR
values compare to blank diameter of 80mm. It me@hen running a deep drawing
experiment, it is necessary to consider a blank Wwatge diameter and high blank
holder force. But for blank holder force, it is essary to study first an optimal BHF
that is needed to drawn the sheet metal. It isusercd the BHF that was used is higher
than the optimal BHF that is needed, than the simeal will be ruptured when the
experiment is done. But if the BHF that was usedess than the optimal BHF, a

wrinkling may occur and thus the value of LDR atsight be effect.
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In addition, aluminium AA1100 has higher value @R compare to copper by
referring their LDR values. It may because of tr@nmal anisotropy,R value of
aluminium AA1100 is higher than copper. So it cancbnclude here, the drawability of
aluminium AA1100 is higher than copper by referrihgir value of LDR.

5.1.3 CONCLUSION FOR FLD EXPERIMENT

As for FLD, the test is use from previous studyptedict the formability of
sheet metal by finding their value of strains. Fi® is important because it can show
the area of the material or blank which is thefesaea and failure area. So by construct
the FLD, the forming limit of the material of cae Ipredicted by referring their FLD
respectively. In the present study, the materiat th used is aluminium AA1100 with

variable of blank thickness and surface conditibthe blank.

From the FLD experiment, it is observed that #nel of FLD is higher if the
thickness of the blank also high. In the presemdystthe blank thickness of 1mm has
higher level of FLD compare to blank thickness @nm. It shows if higher thickness
of blank is use in deep drawing, the possibilityte# blank to rupture is less compare to
lower blank thickness. So it can be conclude thgihdr thickness of sheet metal will

raise the level of FLD and thus the material wél/b a lower tendency to rupture.

As for surface condition of the blank with the phnthe present of lubricant
shows that the level of FLD is higher compare tepuesent of lubricant. It is because
of friction that was exerted between punch and lbiarhigh if there was no lubricant
used. So it can be conclude that the present oickt (Lithium grease) will raise the
level of FLD and thus the material that was useao &lave lower possibility to rupture

compare to material that was not used lubricant.
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52 RECOMMENDATIONS

From the present study, there are several recouiatiens which may be use to
improve the results for similar studies in the feturhe recommendations are listed as

follows.

(1) Gas-springs (i.e. nitrogen spring) should be ustead of coil spring to provide

higher and constant BHF, especially at lower pustobke to prevent wrinkling.

(2) For drawing of blanks of variable diameters, thankl holder should have several
rings with different blank-slot diameters corresgimig to the blank diameter used to

allow accurate centering of the blank.

(3) The bottom plate that was used to hold or supp@rtcbil springs is need to merge
with the deep drawing die as a one system to ptexeron-uniform blank holder

force that was exerted on the blank.

(4) To get a full shape of FLD graph, it is suggestedige a hemisphere punch instead
of cylindrical punch. It is because it is possitieget a stretch forming area by using

the hemisphere punch.

(5) To draw the circle grid, etching process might Be instead of drawing the circle
grid by marker pen. It is because if the circledgd done using etching process, a
perfect shape of circle grid will be get and thadiag of circle grid deformation also

can be taken accurately.
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APPENDIX Al
DATA OF LDR EXPERIMENT FOR ALUMINIUM AA1100 (BHF = 16.3 N/mm)

Table6.1: Data of LDR experiment for first drawing operation

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.06 1.598
85 50.30 1.690
90 50.52 1.781
95 50.95 1.865
100 53.88 1.856

Table6.2: Data of LDR experiment for second drawing operatio

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.10 1.597
85 50.18 1.694
90 50.36 1.787
95 50.99 1.863
100 53.84 1.857
Table6.3: Average data of LDR experiment
Blank diameter (mm) Critical cup diameter LDR
(mm)
80 50.08 1.597
85 50.24 1.692
90 50.44 1.784
95 50.97 1.864

100 53.86 1.857
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DATA OF LDR EXPERIMENT FOR COPPER (BHF = 16.3 N/mm)

Table 6.4: Data of LDR experiment for first drawing operation

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.14 1.596
85 50.32 1.689
90 50.60 1.779
95 51.25 1.854
100 54.08 1.844

Table 6.5: Data of LDR experiment for second drawing operatio

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.10 1.597
85 50.40 1.687
90 50.62 1.778
95 51.45 1.846
100 54.40 1.838
Table6.6: Average data of LDR experiment
Blank diameter (mm) Critical cup diameter LDR
(mm)
80 50.12 1.596
85 50.36 1.688
90 50.61 1.778
95 51.35 1.850

100 54.24 1.844
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DATA OF LDR EXPERIMENT FOR ALUMINIUM AA1100 (BHF = 10 N/mm)

Table6.7: Data of LDR experiment for first drawing operation

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.08 1.597
85 50.58 1.681
90 53.57 1.680
95 54.27 1.751
100 56.01 1.785

Table 6.8: Data of LDR experiment for second drawing operatio

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.12 1.596
85 50.68 1.677
90 53.69 1.676
95 54.35 1.748
100 55.43 1.804
Table6.9: Average data of LDR experiment
Blank diameter (mm) Critical cup diameter LDR
(mm)
80 50.10 1.597
85 50.63 1.659
90 53.63 1.680
95 54.31 1.749

100 55.72 1.795
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DATA OF LDR EXPERIMENT FOR COPPER (BHF = 10 N/mm)

Table 6.10: Data of LDR experiment for first drawing operation

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.22 1.593
85 51.20 1.660
90 54.65 1.638
95 56.51 1.681
100 57.86 1.728

Table 6.11: Data of LDR experiment for second drawing operatio

Critical cup diameter

Blank diameter (mm) LDR
(mm)
80 50.02 1.599
85 51.46 1.652
90 54.38 1.641
95 57.13 1.663
100 58.36 1.714
Table6.12: Average data of LDR experiment
Blank diameter (mm) Critical cup diameter LDR
(mm)
80 50.12 1.596
85 51.33 1.656
90 54.74 1.644
95 56.82 1.672

100 58.11 1.721
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APPENDIX A2

DATA OF FLD EXPERIMENT FOR ALUMINIUM AA1100 WITH 1Imm
THICKNESS (WITH LUBRICANT)

Table 6.13: Data of FLD experiment for first drawing operation

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.46 1.99 0.230 - 0.005
20 2.60 1.84 0.300 - 0.080
30 3.28 1.77 0.640 -0.115
40 3.33 1.75 0.665 -0.125
50 3.45 1.73 0.725 -0.135

Table 6.14: Data of FLD experiment for second drawing operatio

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.52 1.99 0.260 - 0.005
20 2.76 1.82 0.380 - 0.090
30 3.12 1.81 0.560 -.0.095
40 3.27 1.73 0.635 -0.135
50 3.33 1.71 0.665 -0.145

Table 6.15: Average data of FLD experiment

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.49 1.99 0.245 - 0.005
20 2.68 1.83 0.540 - 0.085
30 3.20 1.79 0.600 - 0.105
40 3.30 1.74 0.650 -0.130

50 3.39 1.72 0.695 - 0.140
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DATA OF FLD EXPERIMENT FOR ALUMINIUM AA1100 WITH 1Imm
THICKNESS (WITHOUT LUBRICANT)

Table 6.16: Data of FLD experiment for first drawing operation

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.52 1.99 0.260 - 0.005
20 2.67 1.82 0.335 - 0.090
30 3.20 1.79 0.600 -0.105
40 3.30 1.71 0.650 -0.145
50 3.31 1.69 0.655 - 0.155

Table6.17: Data of FLD experiment for second drawing operatio

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain

(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.46 1.97 0.230 - 0.015
20 2.63 1.86 0.315 - 0.070
30 3.10 1.81 0.550 - 0.095
40 3.30 1.79 0.650 -0.105
50 3.41 1.73 0.705 - 0.135

Table 6.18: Average data of FLD experiment

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.49 1.98 0.245 -0.010
20 2.65 1.84 0.325 - 0.080
30 3.15 1.80 0.575 - 0.100
40 3.30 1.75 0.650 -0.125

50 3.36 1.71 0.680 - 0.145
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DATA OF FLD EXPERIMENT FOR ALUMINIUM AA1100 WITH 0.6mm
THICKNESS (WITH LUBRICANT)

Table 6.19: Data of FLD experiment for first drawing operation

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 241 1.99 0.205 - 0.005
15 2.42 1.97 0.210 -0.015
20 2.50 1.84 0.250 - 0.080
25 2.85 1.79 0.425 - 0.105
30 2.99 1.78 0.495 -0.110

Table 6.20: Data of FLD experiment for second drawing operatio

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain

(mm) major axis minor axis (g1) (g2)
(mm) (mm)
10 2.43 1.97 0.215 -0.015
15 2.52 1.91 0.260 -0.045
20 2.66 1.78 0.330 0.110
25 2.83 1.75 0.415 -0.125
30 2.85 1.74 0.425 - 0.130

Table 6.21: Average data of FLD experiment

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.42 1.98 0.210 -0.010
15 2.47 1.94 0.235 - 0.030
20 2.58 1.81 0.290 - 0.095
25 2.84 1.77 0.420 -0.115

30 2.92 1.76 0.460 - 0.120
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DATA OF FLD EXPERIMENT FOR ALUMINIUM AA1100 WITH 0.6mm
THICKNESS (WITHOUT LUBRICANT)

Table 6.22: Data of FLD experiment for first drawing operation

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.44 1.99 0.220 - 0.005
15 251 1.95 0.255 - 0.025
20 2.65 1.83 0.325 - 0.085
25 2.76 1.79 0.380 - 0.105
30 2.86 1.77 0.430 -0.115

Table 6.23: Data of FLD experiment for second drawing operatio

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain

(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.36 1.99 0.180 - 0.005
15 2.45 1.93 0.225 -0.035
20 2.48 1.77 0.240 -0.115
25 2.82 1.73 0.410 -0.135
30 2.96 1.71 0.480 - 0.145

Table 6.24: Average data of FLD experiment

Diameter of Diameter of
Punch stroke circlegridon  circlegridon  Major strain Minor strain
(mm) major axis minor axis (£1) (g2)
(mm) (mm)
10 2.40 1.99 0.200 - 0.005
15 2.48 1.94 0.240 - 0.030
20 2.57 1.80 0.285 - 0.100
25 2.79 1.76 0.395 -0.120

30 291 1.74 0.455 - 0.130




APPENDIX B1

CALCULATION OF BLANK HOLDING CONTACT AREA ACCORDING TO
BLANK DIAMETER

Blank diameter, D Blank area, 4, Punch area, A, E(I)ﬁ?gc?grdegr
(mm) (mm?) (mm?) A -A, (mm?)
80 5026.548 1963.495 3063.053
85 5674.502 1963.495 3711.006
90 6361.725 1963.495 4398.230
95 7088.218 1963.495 5124.723
100 7853.982 1963.495 5890.487
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APPENDIX C1

DIMENSIONS OF BLANK HOLDER PILLAR
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APPENDIX D1

80

RECOMMENDED PUNCH AND DIE RADII FOR CERTAIN BLANK

THICKNESS

Blank thickness

Drawing edge radius (punch or die)

In. mm In. mm
0.015-0.018 0.36 - 0.45 0.156 — 0.250 4.00 - 6.35
0.021 - 0.027 0.50-0.70 0.187 -0.312 4.75-7.15
0.031 -0.046 0.80-1.20 0.187 - 0.312 4.75-8.00
0.048 — 0.062 1.20-1.60 0.250 - 0.375 6.35-9.50
0.078 — 0.093 2.00-2.25 0.312 - 0.437 8.00 (011.0
0.109 - 0.125 2.80-3.50 0.343 - 0.468 8.70 (12.0

Source: Suchy (2005)
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