
 
 

 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 
 

USING FINITE ELEMENT METHOD IN OPTIMISATION 
OF DIE CASTING DESIGN 

 
 
 
 
 
 
 
 

ELFETORI F. ABDEWI 
 
 
 
 
 
 

FK 1999 11 



USING FINITE ELEMENT METHOD IN OPTIMISATION 
OF DIE CASTING DESIGN 

ELFETORI F. ABDEWI 

MASTER OF SCIENCE 
UNIVERSm PUTRA MALAYSIA 

1999 



USING FINITE ELEMENT METHOD IN OPTIMISATION 
OF DIE CASTING DESIGN 

By 

ELFETORI F. ABDEWI 

Thesis Submitted in Partial Fulfilment of Requirements for the degree of 
Master of Science in the Faculty of Engineering, 

Universiti Putra Malaysia 

March 1999 



DEDICATED TO 

My PARENTS, AND 
My WIFE 



ACKNOWLEDGEMENTS 

First of all, I would like to express my utmost thanks and gratitude to 

Almighty Allah S.W.T. for giving me life without which this thesis never be 

carried out. Selawat and salam to His righteous messenger, Prophet Muhammad 

S.A.W. 

I wish to express my profound appreciation and gratitude to the chairman of 

the supervisory committee, Assoc. Prof. Shamsuddin bin Sulaiman, for his 

supervision, guidance and constructive suggestions and comments throughout the 

duration of the project. 

I am also indebted to the members of the supervisory committee, Dr. A. M. 

S. Hamouda and Dr. Megat M. Hamdan for their affectionate guidance, prompt 

decision and valuable assistance during this period. Special gratitude to Dr. A. M. 

S. Hamouda for useful suggestions and his support. 

I acknowledge the assistance rendered by the respective lectures, staffs of 

the graduate school and staffs of the University Putra Malaysia, too numerous to 

mention individually, in many direct and indirect way. 

Last, but not least, I would like to express my deep gratitude to my family, 

parents, my wife, my daughter, and my brothers, who provided much moral 

support and for their sacrifices and love. 

iii 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... iii 
LIST OF TABLES . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... vi 
LIST OF FIGURES ... ...... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... '" ... ... ... vii 
LIST OF ABBREVIATIONS AND NOMENCLATURES ... ... ... ... ... ... ix 
ABSTRACT ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... xi 
ABSTRAK ... ... ... ... ... ... ... ... ... ... ... '" ... ... ... ... ... ... ... ... ... ... ... ... ... . xiii 

CHAPTER 

I INTRODUCTION ... ... '" ... ... '" ... ... ... ... ... ... ... ... ... .. 1 

Problem Definition and Scope of Work ... ... ... ... ... ... ... ... . 3 
Objectives ... ... ... ... ... ... ... ... ... '" ... ... '" ... ... ... ... ... ... . 5 
I...ayout of Thesis ... ... ... '" ... ... ... ... ... ... ... ... ... ... ... ... ... 5 

II UTERATURE REVIEW ... ... '" ... ... ... ... ... ... ... ... ... .. 6 

Historical Background of a Pressure Die-Casting Process ... 7 
Clamping Force in Die Casting Process ... ... ... ... ... ... ... ... 9 
Finite Element Methods (FEM) ... ... ... ... ... ... ... . .. ... ... ... .. 10 
Die Design Consideration ... ... ... ... ... ... '" ... ... ... ... ... ... .. 13 

A Definition of Design ... '" ... ... '" ... ... ... ... ... ... ... 13 
Die Design ... ... ... ... ... ... ... ... ... '" ... ... '" ... ... ... .. 13 
Some General Factors in Die Design ... ... ... ... ... ... . 14 
Factors of Die Failure ... ... ... ... ... ... ... ... '" ... ... ... 15 
Failure Due to Design ... ... ... ... ... ... ... ... '" ... ... ... 16 
Failure Due to Poor Heat Treatment ... ... ... ... ... ... .. 16 
Alignment of Die ... ... ... ... ... ... ... ... ... ... ... ... ... ... 16 
Draft Angle Consideration ... ... ... ... ... ... .. . ... ... ... . 17 
Runner Systems Consideration ... ... ... ... ... ... ... ... .. 18 
Steps for Mechanical Surface Treatment. .. ... ... ... ... 19 
Thermal Stresses in Die ... .. . ... ... ... ... ... '" ... ... ... . 19 

Fracture Mechanics ... ... '" ... ... '" ... ... ... ... ... ... ... ... ... '" 19 
Definition of Mechanical Failure ... ... ... ... ... ... ... ... 20 
Early Fracture Research ... ... ... ... ... ... ... ... ... ... ... . 20 
Post-War Fracture Mechanics Research ... '" ... ... '" 21 
Fracture Mechanics From 1960 to 1980 ... '" ... ... ... 21 
Using of Fracture Mechanics in Design ... ... ... ... ... .23 

Die Life Prediction ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 23 

III DESIGN OPTIMISATION OF THE DIE CASTING ... . 26 

LUSAS ... ... ... ... ... ... ... . .. ... ... '" ... ... '" ... ... ... ... ... ... ... 26 
Die Geometry Analysis ... ... ... ... ... ... .. . ... ... ... '" ... ... ... .. 27 
Finite Element Analysis ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 28 

iv 



Element Types ... ... ... ... ... ... ... ... ... '" ... ... ... ... ... 29 
Modelling of the Structure ... ... ... ... ... ... ... '" ... ... . 29 
Meshing of the Model ... ... ... ... ... ... ... ... ... ... ... ... 30 
Material Properties ... ... ... ... ... ... ... ... ... ... '" ... ... . 30 
Boundary Conditions ... ... ... ... ... ... ... ... ... ... ... ... . 31 

Structure Load Analysis ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 35 
Thermal Load Analysis ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 37 

IV DIE DESIGN ANALYSIS RESULTS AND 
DISCUSSION ... ... ... ... ... ... ... ... ... '" ... ... ... ... ... ... ... ... 47 

Model Mesh ... ... ... ... '" ... ... ... ... ... ... ... ... ... ... ... ... ... ... 48 
Die Deformation ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 48 
Equivalent Stress Contours ... ... ... ... ... ... ... ... ... ... ... ... ... 49 
Prediction of Die Life ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 50 

Damage Contours ... ... ... ... ... ... ... ... ... ... ... ... ... ... 50 
Loglife Contours ... ... '" ... ... ... ... ... ... ... ... ... ... ... 53 

Thermal Analysis ... ... '" ... ... ... ... ... ... ... ... ... ... ... ... ... ... 53 
Temperature Contours ... ... ... ... ... ... ... ... ... ... ... ... 54 
Thermal Stress ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 54 

Thermal History of the Die ... ... ... ... ... ... ... ... ... ... ... ... ... 57 
Weight Ratio Rule ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 57 
Die Geometrical Optimisation ... ... ... ... ... ... ... ... ... ... ... ... 58 
Die Cost Optimisation ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 59 

V DISCUSSION ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 87 

VI CONCLUSIONS AND RECOMMENDATIONS ... ... ... . 89 

Conclusions ... ... ... ... '" ... ... ... ... ... ... ... ... ... ... ... ... ... ... 89 
Recommendations ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 92 

REFERENCES ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 93 

APPENDIX ..... ... ... ... ... . . . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 98 

VITA ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .. 100 

PUBLICATIONS ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 101 

v 



liST OF TABLES 

Table Page 

1 Equivalent Stress and Deflection of the Initial Die at a Pressure 
wad of 100 Mpa. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 51 

2 Equivalent Stress and Deflection of the Modified Die at a 
Pressure wad of 100 Mpa ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 51 

3 Thermal Stresses in X and Y Directions of the Initial Die at a 
Thermal wad of 670°C ... ... ... . ... ... ... ... ... ... ... ... ... ... ... ... ... . 56 

4 Thermal Stresses in X and Y Directions of the Modified Die at a 
Thermal wad of 670°C . ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 56 

5 Geometrical Specifications of the Dies .. ... ... ... ... ... ... ... ... ... ... ... 59 

vi 



LIST OF FIGURES 

Figure Page 

1 Re search flowchart ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 5 

2 Ca sting part (Anchor) and half of the initial die block ... ... ... ... ... .. 38 

3 Lower half (cup) of the modified die ... ... ... ... '" ... ... ... ... ... ... ... . 39 

4 2-dimen sional plane stre ss continuum element s ... ... ... ... ... ... ... ... 40 

5 2-dimen sional field element s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 41 

6 Support of the initial and modified die s ... ... ... ... ... ... ... ... ... ... ... .42 

7 Thermal load on initial and modified die s ... ... '" ... ... ... ... ... ... ... . 43 

8 Chart for u se in determining value s of Z ... ... ... ... ... '" ... ... ... ... ... 44 

9 Pre ssure load on the initial and modified die s ... ... ... '" ... ... ... ... ... 45 

10 Typical S-N curve s for two metal s ... ... ... ... ... ... ... ... ... ... ... ... ... .46 

11 Me sh of the initial and modified die s... ... ... ... ... ... ... ... ... ... ... ... 63 

12 Me sh and deformed me sh of the initial die ... ... ... ... ... ... ... ... ... ... 64 

13 Me sh and deformed me sh of the modif ied die ... ... ... ... ... ... ... ... ... 65 

14 Outline s of the deformed me sh of the initial and modified die s ... ... 66 

15 Equivalent st re ss conto urs of the initial and modified die s ... ... ...... 67 

16 Equivalent stre ss along a section of the initial and modified die s ... . 68 

17 Maximum de flection of the initial and modified die s ... ... ... ... ... ... 69 

18 Maximum equivalent stre ss of the initial and modified die s ... ... ... . 70 

19 Minimum equivalent stre ss of the initial and modified die s ... ... ... .. 71 

20 Damage contour s of the initial and modified die s ... ... ... ... ... ... ... . 72 

21 Loglife contour s of the initial and modified die s ... ... ... ... ... ... ... ... 73 

22 Temperature contour s of the initial and modified die s ... ... ... ... ... .. 74 

vii 



23 Temperature along a section of the initial and modified die s ... ... ... 75 

24 Contour s of thermal stre sse s in X-direction for the 
initial and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 76 

25 Contour s of thermal stre sse s in Y -direction for the 
initial and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... . 77 

26 M aximum thermal stre ss in X-direction of the initial 
and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 78 

27 Minimum thermal stre ss in X-direction of the initial 
and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 79 

28 M aximum thermal stre ss in Y -direction of the initial 
and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... 80 

29 Minimum thermal stre ss in Y -direction of the initial 
and modified die s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... 81 

30 Temperature hi story at node s number 345 & 624 ... ... ... ... ... ... ... . 82 

31 Temperature hi story at node s number 2770 & 2738 ... ... ... ... ... ... . 83 

32 Geometrical modification step s of the die ... ... ... ... ... ... ... ... ... ... . 84 

33 Ratio of die weight to ca sting weight for the four 
die-modification step s ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... .... 85 

34 Damage and Loglife contour s of the initial d ie at 
a number of cycle s equal one ... ... ... ... ... ...... ... ... ... ... ... ... ... ... . 86 

viii 



ABBREVIATIONS AND NOMENClATURES 

FE : Finite Element 

CAD : Computer Aided De sign 

C AA  : Computer Aided Analy si s  

FEA : Finite Element A naly si s  

FEM : Finite Element Method 

R a : Factor of Roughne ss 

LEFM : Linear Ela stic Fracture Mechanic s 

CTOD : Crack Tip Opening Di splacement 

C : Carbon 

E : Modulu s of Ela sticity (N/m2) 

v : Poi sson' s ratio 

p : Den sity ( Kg/m 3) 

0* : Equivalent stre ss (N/m2) 

01 : Stre ss in X- direction (N/m2) 

02 : Stre ss in Y - direction (N/m2) 

03 : Stre ss in Z- direction (N/m2) 

cp : Specific heat (IIKg °C) 

k : Thermal conductivity (W/m °C) 

h : Convective heat tran sfer coefficient (W/m2 °C) 

X : Product of the Gra shof and Prandtl number s 

Y : Nu sselt number 

t : Temperature (C) 

ts : Surface temperatu re (C) 

tf : Film temperature (C) 

ix 



Lit : Temperature difference (C) 

g : Gravitational acceleration (m/ s2) 

L : Length, fundamental unit of length (m) 

Jl : Dynamic vi sco sity (Kg/m s) 

� : Temperature coefficient of thermal conductivity (C-1) 

Crm : Raw material co st 

Cmc : Machining co st 

Ct : Total co st 

qx : Heat flow in X-direction (W) 

qy : Heat flow in Y -direction (W) 

x 



Ab stract o f  the si s  submitted to the Senate o f  Univer siti P utra Malay sia in partia l 
fulfilment o f  the req uirement s for the degree o f  Ma ster o f  Science. 

USING FINITE ELEMENT METHOD IN OPTIMISATION 
OF DIE CASTING DESIGN 

By 

ELFETORI F. ABDEWI 

March 1999 

Chairman: Shamsuddin bin Sulaiman, Assoc. Prof. 

Faculty: Engineering 

Die ca sting proce ss i s  one o f  the w idely used proce sse s  in the 

manufac tur ing area. It ha s the capability for high prod uction rate s with good 

streng th, high q uality part s with complex shape s. Die i s  the main factor which 

affect s the co st o f  thi s proce ss. Even when the proce ss i s  semi or fully a utomated 

the co st o f  the die i s  proportionately high. 

To de sign an optimum die, it ha s been unde rstood that it i s  very di ffic ult to 

achieve the target practically witho ut prior prediction. It need s contin uo us 

monitoring o f  the proce ss, starting from the fir st shot until the fail ure o f  the die. 

Even then it cannot be said that, the die ha s been optimi sed to prod uce a parti cular 

part. To decide so, several te st s  sho uld be carried o ut on the same part. As thi s will 

be very co stly, it wo uld be unwi se to do it. B ut in the pre sence o f  theoretical 

analy si s, the n umber o f  te st s  will be red uced. For the se rea son s the Finite Element 

Analy si s  (FEA) would appear to be well suited to inve stigate the re spon se o f  such 

sy stem to struct ure and potential loading. Such a comp utational inve stigation i s  the 

subject o f  thi s re search. 
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carried out for a high number of cycle s. 
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Pro se s  tuangan acuan merupakan satu pro se s  yang bia sa digunakan dalam 

bidang pembuatan. Ia berkebolehan untuk mengha silkan produ ktiviti yang tinggi, 

ke kuatan dan kualiti bahan yang baik serta dalam bentuk yang komplek. Acuan 

merupakan faktor utama di mana ia mempengaruhi ko s pro se s  ini. Ko s acuan ini 

adalah tinggi samada dalam pro se s  separuh atoma si auau sepenuhnya. 

Untuk merekabentuk satu acuan yang optima, adalah jela s bahawa ini 

adalah su sah untuk mencapai matlamat ini secara praktikal tanpa anggaran terlebih 

dahulu. Ia memerlukan pemantauan yang berteru san di mana ia bermula dari 

produk pertama hingga ke kegagalan acuan. Untuk tuj uan ini, beberapa ujian 

perl u dijalankan pada produk ini. Di sebabkan oleh ko snya yang tinggi, adalah 

tidak se suai untuk melakukan demikian. 

Tetapi dengan kehadiran anali si s  teori, bilangan ujian ini boleh 

di kurangkan. Ata s sebab -sebab itu, Anali sa Un sur Terhingga (PEA) adalah se suai 
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CHAPTER I 

INTRODUCTION 

Casting process is one of several different methods, which can shape 

materials into useful products. Making parts by casting molten metal into a mould 

and letting it solidifies is a logical choice. Indeed, casting is among the oldest 

methods of manufacturing and was first used in about 4000 B.C. to make ornaments, 

copper arrowheads, and various other objects (Kalpakjian, 1995). 

One of man's ancient applications of the casting process had been 

mentioned clearly in the Holy Qur'an: 

"Bring me blocks of iron. At length, when he had filled up the space 
between the two steep mountainsides, he said, Blow (with your bellows), then, 
when he had made it (red) as fire, he said: bring me, that I may pour over it, 
molten lead" (Abdullah Yusuf Ali, 1994). 

This proves without any doubt that this process is as old as history. 

Basically, metal-casting processes involve the introduction of molten metal 

into a mould cavity where, upon solidification, the metal takes the shape of the 

cavity. The casting process is thus capable of producing intricate shapes in a single 

piece, including those with internal cavities. Very large or hollow parts can be 

produced economically by the casting technique. 

1 
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Of the variants of die casting, one of the widely used processes is pressure 

die casting. This process is classified as a permanent casting process. It has the 

capability for high production rates with good strength, high quality parts with 

complex shapes. It involves forcing the molten metal into the cavity at a high 

pressure. Products made by pressure die casting have excellent dimensional 

accuracy and surface finish as well as being economically viable, especially for 

repetitive casting. 

Since die is the main is part of this process which determines the economics 

of the whole process, die life itself is an important parameter for measuring the 

economic efficiency of pressure die casting. Therefore this work focuses on the 

means of optimising die design to produce products with high dimensional quality 

and high production rates. 

There are many parameters affecting die life. Given this multiplicity, it is 

near impossible to calculate and analyse these parameters in the absence of high

speed computers. Today, computers allow designs to be assessed much more 

quickly and easily. A complex engineering design can be evaluated by exact 

mathematical models. Finite Element Method is a suitable technique for such 

investigations. Different FE codes for different applications are available. LUSAS 

was identified as one of the codes suitably applicable to cover all the analysis and 

optimisation needed for this research. 

Since we cannot calculate the response of a complex shape to any external 

loading, we must divide the complex shape up into a number of smaller and 
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simpler shapes. These are the finite elements that give the method its name. The 

shape of each fmite element is defmed by the co-ordinates of its nodes. Adjoining 

elements with common nodes will interact (Mystro User Guide, 1995). Thus, one 

of the main aims of this work was to draw the path of the die design, and provide 

the design procedure for any die shape. 

Problem Definition and Scope of Work 

The present work is an extension of previous work done by Abedin, (1997). 

That work focused on developing a CAD/CAA system, which is an integration of 

CAD and CAA techniques for the casting process, and for testing the developed 

system to produce an anchor using the pressure die casting process. The analysis 

carried out by Abedin, (1997) was mainly on heat flow and fluid flow of the molten 

metal, while the die itself was assumed to be strong enough to handle the process 

safely. 

The approach used for this problem of ensuring sufficient strength of die 

was through a formal numerical optimisation procedure. As shown in Figure 1, the 

procedure starts with the initial die proposed by Abedin, (1997). This die needs to 

be examined or tested as to its ability for sustaining the exerted loads during the 

process without any failure for a sufficient number of cycles. Full analysis and 

optimisation were carried out. It includes thermal load analysis, structural load 

analysis, and geometrical load analysis. The output of all the analysed processes is 

the modified die. Failure tests were carried out on the modified die in order to 
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check its validity before being able to finally design a die that has the ability to 

withstand all the loads exerted through out the process. 

Objectives 

The present study focuses on designing an optimum die for a pressure die 

casting process. The product to be produced is an anchor. In this respect the aims of 

the current project are: 

1. To create a finite element model of the die to be designed. 

2. To generate a finite element analysis with different element types. 

3. Evaluating the process by varying single parameters until the optimum design 

is achieved. 

4. To find out the thermal stresses which affect the die life. 

5. To analyse the fatigue loads and predict the die life. 

6. To develop a technique which can aid in the optimum design of such systems. 

Layout of Thesis 

The thesis is divided into six chapters. The first chapter contains the 

introduction and the objectives of the research. Literature review is presented in 

Chapter II. Chapter III deals with design optimisation of the die used in casting, 

which includes die geometry analysis, thermal load analysis, and clamping force 

analysis. Chapter IV represents the results and discussion. Chapter V summarised 

the discussion of the whole thesis. Conclusions and recommendations of the overall 

research are presented in Chapter VI. 
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CHAPTERll 

UTERATURE REVIEW 

In this chapter, important factors that influence the analysis and 

optimisation of the die casting process are reviewed. The more pertinent research 

work in the field of die casting design are summarised. The fmite element method 

is discussed. The mechanics of fracture, die life prediction, and fatigue crack has 

been extensively reviewed. 

Fackeldey et al., (1995) have presented an in-house 3-dimensional finite 

element model. They used the fmite element program, CASTS for evaluating the 

process by varying single parameters, i.e. the initial temperature as well as the 

mould geometry. This leads to an optimisation of the process and allows an 

assessment of the mould life. 

Guleyupoglu et al., (1995) described a methodology to optimise the casting 

riser design. A genetic algorithm was used for simplicity as well as robustness. 

Moreover, values of selected riser design parameters were examined using a 

modulus based approach to optimise the riser yield while achieving functional 

performance. They showed that the geometric modulus approach is a viable method 

of evaluating the efficiency of a riser and optimising its design. 

6 
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Byrne P. E. et al., (1995) illustrated a couple of design sensitivity analysis 

and numerical optimisation with process simulation to improve the design of 

castings and weldments. They derived a mathematical expression for explicit 

sensitivity analysis of weakly coupled thermal stress systems. In an example, they 

used thermal analysis to determine an optimal riser design for a steel hammer 

casting. 

Richard L. et al., (1993) demonstrated the results of optimising production 

of a die casting by numerical simulation of die filling and solidification. A model 

was presented and the simulated results were compared with the actual results. 

Their work demonstrated that the application of numerical simulation in the die 

design is extremely helpful in optimising die casting production. 

IDstorical Background of the Pressure Die-Casting Process 

Pressure die-casting belongs to the family of casting processes, which 

utilise a permanent mould. Other processes in this family include gravity die

casting and low pressure die-casting. Historically, gravity die casting predates the 

other two processes by several thousand years. Archaeological evidence would 

suggest that a form of gravity die casting was in use during the Bronze Age period 

for the manufacture of axe heads, the mould material being stone (Upton, 1982). 

Like many technological processes, the origins of pressure die casting are 

not known with any degree of certainty. However it is generally considered that 


