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ABSTRAK

Disebabkan oleh kesukaran gabungan daya yang berkuasa tinggi yang
mengakibatkan perubahan bentuk pada bahan dan kecacatan benda kerja telah
berpunca daripada beberapa faktor. Dalam projek ini, kaedah digunakan yang telah
digunakan dalam mengkaji perubahan bentuk bahan, kecacatan benda kerja dan daya
penekan ialah dengan menggunakan kaedah perisian ANSYS. Penggunaan kuasa
penekan yang tidak mencukupi atau tidak sesuai juga melalui proses pembengkokkan
dan pengosongan telah menyebabkan bahan kerja berkerut dan terkoyak. Selain itu,
sekiranya kuasa penekan yang digunakan terlalu tinggi juga menyebabkan kecacatan
pada bahan kerja. Antara matlamat projek ini ialah untuk merekabentuk satu set
pembengkokkan dan pengosongan serta menganalisa sama ada proses
pembengkokkan dan pengosongan dapat mengurangkan kecacatan bahan kerja di
dalam menghasilkan produk “Thimble Open Small” yang berkualiti. Dengan
menggunakan Analisis Dinamik yang eksplisit daripada perisian ANSYS, hasil
Analisa Unsur Terhingga (FEA) bagi reka bentuk set pembengkokkan dan
pengosongan akan diperolehi. Hasil daripada analisa tersebut, daya penumbuk
maksimum dalam proses pembengkokkan dan pengosongan telah dapat diketahui
faitu  sebanyak 43.29x10°N  untuk pengosongan dan 1.35x10°N  untuk
pembengkokkan. Selain itu, analisa ini juga mampu mengurangkan kerosakan pada
bahan kerja pembengkokkan dan pengosongan untuk menghasilkan produk “Thimble
Open Small”. Dalam erti kata lain, rekabentuk set yang baru bagi pembengkokkan
dan pengosongan dapat mengurangkan kerosakan pada bahan kerja memalalui proses
pembengkokkan dan pengosongan dalam menghasilkan produk ini dengan
produktiviti tertinggi, kitaran masa terkecil, tenaga kerja yang kurang dan kos yang
paling rendah berbanding pengunaan rekabentuk pembengkokkan dan pengosongan

yang sedia ada dengan nilai daya penekan yang sedia ada.



ABSTRACT

The difficulty of force relations, workpiece deformation can be caused by a
combination of factors. The most common method used in analyzing workpiece
deformation and fixturing forces is by using ANSYS. Insufficient punch force will
result to burr and tearing of the workpiece during the blanking and bending.
Application of too much punch force also would result in unnecessary defects and
high contact deformation to the workpiece. The aims of this project are to design a
blanking and bending die and determine whether a blanking and bending is able to
reduce burring and tearing in producing a thimble open small. By using Explicit
Dynamic Analysis from ANSYS software, the result of the Finite Element Analysis
for new design of blanking and bending die will be obtained. From the result, the
maximum punch force of blanking and bending die is obtained which are
43.29x10°N and 1.35x10°N and able to reduce the defect on blanking and bending
process to produce the thimble open small. As a result, the new design of blanking
and bending die presents the shortest process of bend and blank in producing the
thimble open small with highest productivity, lower cycle time, less manpower and

lowest cost compared to existing design with the same value of punch force.

il



DEDICATION

For My Father, Hashim Bin Yunus & all my family especially my sister, Nor
Hidayah binti Hashim who is always beside me either in a difficult situation or in

easy situations. She will very happy if he knows his name is in this report.

il



ACKNOWLEDGEMENTS

In the name of Allah S.W.T, the most gracious and the most merciful, thanks a lot for
giving me this strength and opportunity to complete this report. In pursuing this
research, I would like to thank several people who have contributed to this endeavor.
The following individuals provided valuable comments on earlier drafts of the work:
En. Baharudin bin Abu Bakar as my official supervisor, Dr. Shajahan bin Maidin and
Prof Hambali bin Arep@Arif as my second reader and others lectures who have
significantly helped, whether directly or not. Special thanks to all staff of Jati
Beringin Sdn. Bhd. especially to the top managements for their permission and
support in allowing me to perform my research at the company’s plant. A very hue
appreciation also would like to be given to all the office staff from the Faculty of

Manufacturing Engineering (FKP) for their courage and support.

v



TABLE OF CONTENT

Abstrak

Abstract

Dedication
Acknowledgement
Table of Contents
List of Tables

List of Figures

List of Abbreviations

1. INTRODUCTION

1.1 Backgrounds

1.1.1 Company

1.2 Problem Statement

1.3 Objectives

1.4 Scope

1.5 Structure of the Research
1.6  Gantt Chart

2. LITERATURE REVIEW
2.1 Die Making

2.1.1 Definition

2.1.2 History

2.1.3 Classification

2.1.3.1 Blanking Die

2.1.3.2 Cut-off Die

2.1.3.3 Piercing Die

2.1.3.4 Compound Die
2.1.3.5 Bending Die

il
il

v

Xil

Xviii

(o) T

O 992

11
11
13
14
15
16



2.1.3.6 Forming Die
2.1.3.7 Drawing Die

2.1.3.8 Trimming Die

2.14

Type of Die Processes

2.1.4.1 Blanking
2.1.4.2 Punching
2.1.4.3 Drawing
2.1.4.4 Troning
2.1.4.5 Bending
2.1.4.6 Piercing
2.1.4.7 Coining
2.1.4.8 Shearing

2.2

23

23.1
232
24

24.1
242
243
244
245
24.6

Standard of Tensile

Die of thimble Open Small

Blanking Die

Bending Die

Parameter of Thimble Open Small Die
Blanking Die Parameter

Bending Die Parameter

Properties of Sheet Metal

Sheet Thickness

Clearance between Punch and Die

Maximum Cutting Force and Punch Force

2.4.6.1 Blanking Cutting Force
2.4.6.2 Bending Punch Force

2.5
2.6
2.6.1

Previous Research
Finite Element Analysis (FEA)
Explicit Dynamic Analysis

3. METHODOLOGY

3.1
3.1.1
3.1.2

Flow Chart

Phase 0: Planning

Phase 1: Concept Development

vi

17
18
19
20
20
22
23
23
24
25
25
26
27
29
29
30
31
31
32
33
34
35
35
35
35
36
38
40

45
45
47
47



3.1.3 Phase 2: Detail Design

3.1.4 Phase 3: Analysis & Refinement

3.1.5 Phase 4: Report Submission & Presentation
3.2 Process to produce thimble open small
33 Concept Generation

3.3.1 Blanking Concept Generation

3.3.2 Bending Concept Generation

3.4  Concept Selection

3.5  Material Selection

3.6  Workpiece

3.7 3D-Modeling

3.8  Punch Force

3.9  FEA Simulation

3.10 Expected Result

4. PROCEDURE OF SOLIDWORK DRAWING AND EXPLICIT
DYNAMIC ANALYSIS

4.1 Procedure 3D Modelling

4.1.1 Lower Die

4.1.1.1 3D Modelling of Lower Die

4.1.2  Spring Back

4.1.2.1 3D Modelling of Spring Back

4.13  Puncher

4.1.3.1 3D Modelling of Puncher

4.1.4 Workpiece

4.1.4.1 3D Modelling of Workpiece

4.2  Assembly of Blanking Die

4.3 Create Analysis System

4.4  Engineering Data

4.5 Geometry

4.6  Stiffness Behaviour

4.7  Define Connections

4.7.1 Contact Regions

vil

47
48
48
48
50
50
53
56
56
57
58
59
60
62

63
63
63
69
69
75
75
81
81
83
83
84
89
90
92
96
96



4.7.2  Setting Contact Conditions Manually
4.8  Meshing

4.8.1 Physics Based Meshing

4.8.2 Using 3D Rigid Body Contact Meshing
4.9  Establish Analysis Settings

4.10 Fixed Support

4.11 Displacement

4.12  Solve

4.13  Review Results

5. RESULTS AND DISCUSSION

5.1 Results for Tensile Test

5.2 Results for Each Conceptual Design

5.2.1 Displacement Parameter

5.2.2 Blanking Analysis

5.2.2.1 Conceptual Design A

5.2.2.3 Conceptual Design B

5.2.2.3 Conceptual Design C

5.2.2.4 Conceptual Design D

5.2.2.5 Conceptual Design E

5.2.2.6 Summary Result of Total Deformation for Blanking analysis
5.2.2.7 Summary Result of Shear Stress for Blanking analysis
5.2.2.8 Summary Result of Structure for Blanking analysis
5.2.3 Bending Analysis

5.2.3.1 Conceptual Design A

5.2.3.3 Conceptual Design B

5.2.3.3 Conceptual Design C

5.2.3.4 Conceptual Design D

5.2.3.5 Conceptual Design E

5.2.3.6 Summary Result of Total Deformation for Blanking analysis
5.2.3.7 Summary Result of Shear Stress for Blanking analysis
5.2.3.8 Summary Result of Structure for Blanking analysis
53 Propose design

viii

100
101
101
103
105
106
107
109
114

119
119
124
124
129
129
132
135
139
142
146
147
147
149
149
153
157
161
165
169
170
171
173



5.3.1 Blanking Die
5.3.1 Bending Die

6. CONCLUSION AND RECOMMENDATION
6.1 Conclusion

6.2 Recommendation
REFERENCES

APPENDICES

A Gantt Chart for PSM [ & PSM 11
B Drawing of Deep Drawing Die
C Properties of Sheet Metal

D Properties of Alloy Tool Steel

X

173
174

175

175

176

177



1.1

2.1

4.1
5.1
5.2
53
54
5.5
5.6
5.7
5.8
59
5.10
5.11
5.12
5.13
5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23

LIST OF TABLES

The Data Test of Burr and Tear

The Dimension Specimen of ASTM D-638

The result of total deformation in form of tabula data

Dimensions involved in ASTM D-638

Result of obtained from tensile test for sample 1

Result of tensile test of five sample

Mean of maximum Stress from five samples

Standard tabular data of displacement

Tabular data of lowest displacement

Tabular data of highest displacement

Content of blanking analysis

Tabular data of total deformation for blanking analysis conceptual A
Tabular data of shear stress for blanking analysis conceptual A
Tabular data of total deformation for blanking analysis conceptual B
Tabular data of shear stress for blanking analysis of conceptual B
Tabular data of total deformation for blanking analysis conceptual C
Tabular data of shear stress for blanking analysis of conceptual C
Tabular data of total deformation for blanking analysis conceptual D
Tabular data of shear stress for blanking analysis of conceptual D
Tabular data of total deformation for blanking analysis conceptual E
Tabular data of shear stress for blanking analysis of conceptual E
Differences between actual depth of cut and analysis depth of cut
Maximum shear stress versus time of blanking analysis for each concept
Structural result of blanking analysis for each concept

Content of bending analysis

Tabular data of total deformation for bending analysis conceptual A

28

118
120
120
121
122
124
126
127
129
129
131
132
134
136
137
139
140
142
144
146
147
148
149
150



5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35
5.36
5.37

Tabular data of shear stress for bending analysis of conceptual A
Tabular data of total deformation for bending analysis conceptual B
Tabular data of shear stress for bending analysis of conceptual B
Tabular data of total deformation for bending analysis conceptual C
Tabular data of shear stress for bending analysis of conceptual C
Tabular data of total deformation for bending analysis conceptual D
Tabular data of shear stress for bending analysis of conceptual D
Tabular data of total deformation for bending analysis conceptual E
Tabular data of shear stress for bending analysis of conceptual E
Differences between actual bending height and analysis bending height
Maximum shear stress versus time of bending analysis for each concept
Structural result of bending analysis for each concept

Summary results of blanking analysis for each concept

Summary results of bending analysis for each concept

X1

151
154
156
158
160
161
164
166
167
170
170
171
173
174



1.1

2.1
2.2

23

24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
222

2.23

LIST OF FIGURES

The defect Burr and Tear

Die making Technique

Cannon artillery is an example of military equipment produced using

Blanc Technique

Muskets and bayonets are examples of firearms produced using

Blanc Technique
Blanking Die
Cut-off Die
Piercing Die
Compound Die
Bending Die
Forming Die
Drawing Die
Trimming Die
Blanking process
Punching process
Drawing process
Ironing process
Bending process
Piercing process
Coining process

Shearing process

Variable of tensile specimen ASTM D-638

Variable and feature of blanking die

(a) Sheet metal bending (b) Compression and tensile elongation during

bending

Conceptual operation of Bending Die

Xii

10
12
13
14
15
16
17
18
19
21
22
23
24
24
25
26
27
28
29

30
31



2.24
2.2.5
2.2.6

3.1
3.2
33
34
3.5
3.6
3.7
3.8
39
3.10
3.11
3.12
3.13
3.14
3.15
3.16

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

Variable in Blanking Die
Variable in bending die
Mild steel flat sheet with 2.00mm thickness

Flow Chart for PSM I and PSM 11

Flow chart making thimble open small
Concept A of blanking clearance 0.05+0.01
Concept B of blanking clearance 0.140.01
Concept C of blanking clearance 0.24+0.01
Concept D of blanking clearance 0.3+0.01
Concept E of blanking clearance 0.4+0.01
Concept A of bending clearance 0.6+0.02
Concept B of bending clearance 0.4+0.02
Concept C of bending clearance 0.2+0.02
Concept D of bending clearance 0.05+0.02
Concept E of bending clearance 0.8+0.02
Flow of material selection for Die

Flow of material selection of workpice

Flow of 3D modeling for thimble open small
FEA simulation using Explicit Dynamic Analysis in ANSYS software

Starting 3D modellingof lower die
Select the sketch plane of lower die
Skecth rectangle of lower die
Rectangle Extrude Boss 1 of lower die
Exturde cut 1 of lower die

Extrude cut 2 of lower die

Extrude Boss 2 of lower die
Design of the lower die

Sketch circle of spring back
Extrude Boss 1 of spring back
Circle size of spring back

Helical feature of spring back

Xiii

32
33
34

46
49
50
51
51
52
52
53
54
54
55
55
57
58
59
61

64
64
65
65
66
67
68
69
70
70
71
72



4.13
4.14
4.15
4.16
4.17
4.18
4.19
4.20
4.21
4.22
4.23
4.24
4.25
4.26
4.27
4.28
4.29
4.30
431
4.32a
4.32b
4.33
4.34
4.35
4.36
4.37a
4.37b
4.38a
4.38b
4.39a
4.39b
4.40a
4.40b

Swept boss feature

Spring support feature

Design of spring back

Rectangle sketch of puncher

Extrude Boss 1 of puncher

Feature of Extrude Boss 2 of puncher

Feature of Extrude cut 2

Feature of Extrude Boss 3 of puncher

Feature of Extrude Boss 4 of puncher

Design of puncher

Rectangle sketch of workpiece

Feature of Extrude boss for workpiece

Design of workpiece

Blanking Die

Flow Chart of Explicit Dynamics

New project in ANSYS

Project Schematic in ANSYS

New name of project

Engineering Data in ANSYS

Import of the drawing into ANSYS

Windows for attaching geometry from SolidWorks 2010

To edit the 3D model

Engineering Data workspace

Selecting desired length unit option before start DesignModeler
DesignModeler Workspace with successfully imported

Shown the Details view for PLATE changing Stiffness of the die
Shown the Details view for PLATE changing Stiffness of the die
Shown the Details view for Spring back changing Stiffness of the die
Shown the Details view for Spring back changing Stiffness of the die
Shown the Details view for Lower Die changing Stiffness of the die
Shown the Details view for Lower Die changing Stiffness of the die
Shown the Details view for Upper Die changing Stiffness of the die
Shown the Details view for Upper Die changing Stiffness of the die

X1V

73
74
75
76
76
77
78
79
80
81
82
82
83
83
84
85
85
86
86
87
87
88
90
90
91
92
93
93
94
94
95
95
96



4.41a
4.41b

4.42
4.43
4.44a
4.44b
4.45
4.46
4.47a
4.47b
4.48
4.49
4.50
4.51
4.52
4.53
4.48
4.49

5.1
5.2
53
54
5.5
5.6
5.7
5.8
59
5.10
5.11
5.12
5.13

Frictional contact region for die analysis

Frictional contact region for die analysis

Manual contact region for die analysis
Meshing option in Mechanical application
Meshing result of die analysis

Meshing result of die analysis

An analysis setting for die analysis

Fixed support for die analysis

Displacement setting for Die analysis
Displacement setting for Die analysis

Solution Information in Worksheet

Graph of time increment

Graph of energy conservation

Graph of momentum summary

Graph of energy summary

Mechanical Application for Total Deformation
Result of total deformation as an analysis structure

Result of total deformation as a graph displacement versus time

Variable of ASTM D-638

Graph of stress versus stroke strain for Sample 1

Graph displacement versus time for standard displacement
Result of structure analysis using standard tabular data

Graph displacement versus time for lowest displacement

Result of structure analysis using lowest tabular data of displacement

Graph displacement versus time for highest displacement

Result of structure analysis using highest tabular data of displacement

Graph displacement versus time of total deformation for concept A

Structure analysis of total deformation for conceptual design A

Graph shear stress versus time of total deformation for concept A

Structure analysis of total shear stress for conceptual design A

Graph displacement versus time of total deformation for concept B

XV

99
99

100
102
104
104
105
106
107
108
108
110
111
112
113
114
116
117

120
121
125
125
126
127
128
129
130
130
131
132
133



5.14
5.15
5.16
5.17
5.18
5.19
5.20
5.21
5.22
5.23
5.24
5.25
5.26
5.27
5.28
5.29
5.30
5.31
5.32
5.33
5.34
5.35
5.36
5.37
5.38
5.39
5.40
541
542
5.43
5.44
5.45
5.46

Structure analysis of total deformation for conceptual design B
Graph shear stress versus time of total deformation for concept B
Structure analysis of total shear stress for conceptual design B
Graph displacement versus time of total deformation for concept C
Structure analysis of total deformation for conceptual design C
Graph shear stress versus time of total deformation for concept C
Structure analysis of total shear stress for conceptual design C
Graph displacement versus time of total deformation for concept D
Structure analysis of total deformation for conceptual design D
Graph shear stress versus time of total deformation for concept D
Structure analysis of total shear stress for conceptual design D
Graph displacement versus time of total deformation for concept E
Structure analysis of total deformation for conceptual design E
Graph shear stress versus time of total deformation for concept E
Structure analysis of total shear stress for conceptual design E
Graph displacement versus time of total deformation for concept A
Structure analysis of total deformation for conceptual design A
Graph shear stress versus time of total deformation for concept A
Structure analysis of total shear stress for conceptual design A
Graph displacement versus time of total deformation for concept B
Structure analysis of total deformation for conceptual design B
Graph shear stress versus time of total deformation for concept B
Structure analysis of total shear stress for conceptual design B
Graph displacement versus time of total deformation for concept C
Structure analysis of total deformation for conceptual design C
Graph shear stress versus time of total deformation for concept C
Structure analysis of total shear stress for conceptual design C
Graph displacement versus time of total deformation for concept D
Structure analysis of total deformation for conceptual design D
Graph shear stress versus time of total deformation for concept D
Structure analysis of total shear stress for conceptual design D
Graph displacement versus time of total deformation for concept E

Structure analysis of total deformation for conceptual design E

Xvi

133
134
135
136
137
138
138
139
140
141
142
143
144
145

145
150
151
152
153
154

155
156
157
158

159
160
161
162
163
164
165
166
167



5.47  Graph shear stress versus time of total deformation for concept E 168

5.48  Structure analysis of total shear stress for conceptual design E 169

Xvil



AISI
ASTM
CES
DIN

FEA
JBSB
TNB
TMB
UTS
3D

LIST OF ABBREVIATIONS

American Iron and Steel Institute

American Society Testing and Material

Canbridge Education Selector

Deutsches Institut fur Normung, German Institute for
Standardization

Finite Element Analysis

Jati Beringin Sdn.Bhd.

Tenaga Nasional Berhad

Telekom Malaysia Berhad

Ultimate Tensile Strength

Third Dimensional

Xviil



CHAPTER 1
INTRODUCTION

This chapter describes the introduction of bending and blanking die for
producing the thimble open small of TM product at Jati Beringin Sdn. Bhd. (JBSB).
In this part, begin with the introduction of the background, followed by translation of

problem statement objectives, scope, and structure of the research are discussed.

1.1  Background of Company

1.1.1 Jati Beringin Sdn. Bhd

This company was formed in 2 september 1997 by Mr. Asmadi bin Wahid with his
partners Mr. Daud bin wahid that have experiences into the engineering field. The
company was operated at the Pantai Belimbing, Krubung and Telok Mas, Melaka.
Begin with a factory regarding the 0.5 acres of land in Pantai Belimbing, the 2.5
acres of land in Krubong, and 1 large amount of SME Bank in Teluk Mas that they
are loaded with loads of modern machinery and tool to guarantee the good operation
to be able to produce good quality of product. The major operation is the metal
fabrication in order to supply to their vendor which is Tenaga National Berhad
(TNB) and Telekom Malaysia Berhad (TM). This company also provides the service
system such as supply lab furniture, office, custom made of the steel product. The
machine that have used at this company is relating with metal forming such as
milling machine, stamping machine, drilling machine, and welding machine. Today,
along with the dynamic, progressive, high education and experience JBSB has

become a really competitive and strong company.



