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ABSTRAK 

 

 

 

Jika dibandingkan dengan aloi Aluminium yang lain, aloi Aluminium-Magnesium 

Siri 5XXX terkenal dengan sifatnya yang keras, tinggi daya kekuatan dan sukar 

untuk terhakis. Ini kerana aloi Aluminium jenis tersebut mengandungi jumlah elemen 

magnesium yang tinggi. Dalam industri automotif, proses untuk mencantum dua atau 

lebih, sama atau berlainan plat aloi Aluminium yang nipis adalah merupakan salah 

satu permasalahan yang besar bagi jurutera dan syarikat yang terlibat kerana 

parameter yang spesifik sukar untuk dicapai lebih-lebih lagi apabila menggunakan 

teknik kimpalan yang berasaskan robot seperti proses kimpalan Cold Metal Transfer 

(CMT). Jadi, satu penyelidikan telah dijalankan bagi mengenal pasti parameter 

kimpalan yang optimal untuk mencantum aloi Aluminium Siri 5052 dengan 

menggunakan robot kimpalan Cold Metal Transfer (CMT) selain mengenal pasti 

kesan parameter yang digunakan terhadap daya kekuatan hasil daripada cantuman 

tersebut. Plat aloi Aluminium Siri 5052 yang berukuran 2mm tebal, 150 panjang dan 

120mm lebar dicantumkan dengan menggunakan robot kimpalan Cold Metal 

Transfer (CMT) melalui corak kimpalan yang berlainan iaitu, corak lurus, pekeliling 

dan zig zag. Sumber tenaga elektrik ditetapkan pada 85, 95 dan 105Amp, sementara 

kelajuan kimpalan pula akan ditetapkan pada kadar 0.50, 0.75 dan 0.95 mm/min. Di 

dalam kajian ini juga, kaedah Taguchi telah digunakan untuk mengenal pasti 

parameter kimpalan yang optimal untuk mencantum plat aloi Aluminium Siri 5052. 

Hasilnya, berdasarkan analisis daripada kaedah tersebut, parameter kimpalan yang 

paling memberi kesan terhadap daya kekuatan yang terhasil ialah dengan 

menggunakan corak kimpalan secara pekeliling, sumber tenaga elektrik sebanyak 95 

Amp dan kelajuan kimpalan sebanyak 0.50 mm/min. 
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ABSTRACT 

 

 

 

The 5XXX Series Aluminium-Magnesium alloy is well-known as a hard, high 

strength and excellent corrosion resistance material among the other alloys due to the  

high content of magnesium elements in the series. When come to the automotive 

industry, the process to assemble a thin-sheet similar or dissimilar Aluminium alloy 

is became one of the major problem against the engineers and companies as the 

optimal parameter setting for joining this material is hard to achieve especially when 

using the robotic welding technique such as Cold Metal Transfer (CMT) welding 

process. Hence, this research is concerned about the optimization of welding process 

parameters on 5052 Aluminium alloy tensile strength using Cold Metal Transfer 

(CMT) welding process. The 2mm in thickness, 120mm x 150mm in width and 

length respectively of 5052 Aluminium alloy is welded by using the advanced Gas 

Metal Arc Welding (GMAW) robot with the welding patterns involved are straight 

stepped, zig zag (Tripecoid) and circular (Spiral). Welding currents will be set on 85, 

95 and 105Amp while welding speeds use are 0.50, 0.75 and 0.95 mm.min˗¹. The 

Taguchi’s method is used in order to identify the optimal welding process parameter 

setting. After run the analysis, the result shows that the most significance factors that 

affect the 5052 Aluminium alloy tensile strength are the welded specimen with the 

welding process parameters of spiral type welding pattern, 95Amp of welding 

current and 0.50 mm/min welding speed. 
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1.0  Introduction  

Basically, this section will be described on the background of the project, the 

problem statement of the project, the objectives and the scopes of the study. From the 

background of the study, the problem statement will be identified and later it will 

lead to the identification of the project’s objective. This study will be based on the 

objective that have been determined and are limited by the project’s scopes. 

 

 

 

 

 

INTRODUCTION 

CHAPTER 1 
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1.1 Project’s Background  

Well known as a lightweight, durable and highly recyclable material, 

Aluminium has become an essential element of daily life. As the sustainable material 

of choice, its applications span from everyday items, especially for heavy industrial 

markets such as transportation and aerospace companies. Aluminium helps these two 

mega industry by serve an innovative products without sacrificing safety or 

performance. Using light material is becoming more and more interesting in the 

automobile industry in order to protect the environment. Because of the Aluminium 

alloy special characteristics, the new types of car produced from thin Aluminium 

alloy are under rapid development and some products are already in market. Then, 

the welding of the thin Aluminium is the key problem to accelerate the use of the 

Aluminium alloy and guarantee the property of cars made of the Aluminium alloy 

materials. A recent development in welding technology is the Cold Metal Transfer 

(CMT) process which is ideally suited to welding Aluminium whereby this type of 

joining method are owing to the no-spatter welding process and low thermal input. 

1.2 Problem Statements 

Aluminium alloy is a soft, very sensitive and widely used in a thin shape or 

size of material when it comes to the welding process. As compared to the hybrid 

Tungsten Inert Gas (TIG) welding process which is the Cold Metal Transfer (CMT) 

welding process, the non-conventional TIG welding process is a process whereby the 

process parameters are hard to be controlled such as slow welding speed which it 

may tend to produce spatter and other welding distortions. 
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Hence, to overcome this problem, the new welding technology technique 

such as CMT welding process is used and the process parameters will be optimized 

in order to achieve a stable Aluminium alloy CMT welding process besides to reduce 

the welding distortion and increase Aluminium specimen capability. 

1.3 Objective 

The main objectives of this project are as follows: 

i. To determine the most significance process parameter setting that 

affect the tensile strength of 5052 Aluminium alloy using Cold Metal 

Transfer (CMT) welding process. 

ii. To optimize the tensile strength of the welded 5052 Aluminium alloy 

using the optimized Cold Metal Transfer (CMT) process parameter. 

 

 

1.4 Project’s Scope 

The scopes of this project are as follows: 

i. The type of material used in the welding operation is 5052 Aluminium 

alloy with the dimension of 150mm in length, 120mm in wide and 

2mm in thickness. 

 



4 
 

ii. The 5052 Aluminium alloy plates are welded by using the KUKA 

Cold Metal Transfer Robot Arm Welding Machine with aided by 

Migatronic Sigma Galaxy 400 power sources. 

 
iii. The joined 5052 Aluminium alloy plates will be cut into the dog bone 

shape by using the F0 MII 3015 NT AMADA Laser Cutting Machine. 

 
iv. The 5052 Auminium alloy dog bone shape specimens will be tested 

by using the 50kN Tab Top Model 5969 Instron Universal Tensile 

Testing. 

 

 

 

 

 

 

 

 



5 
 

 

2.0  Introduction  

In this chapter, the basic knowledge of the Cold Metal Transfer (CMT) 

welding process, 5052 Aluminium alloy materials, Taguchi methods and the 

Analysis of Variance (ANOVA) techniques will be discussed. The important process 

parameters used to join the Aluminium alloy materials by using the CMT welding 

process will be identified and some journals regarding to the technique used in the 

tensile testing process will be summarized. The idea and dimension used to design 

the specimen and tensile testing have been referred back to the previous study. 

 

 

 

 

LITERATURE REVIEW 

CHAPTER 2 
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2.1  Joining Process 

Joining is a process of assembling two or more similar or dissimilar materials 

by using a specific joining method depending on the function of the component will 

be used. Since a few decades ago, joining process became one of the most important 

fabrication technologies in various type of heavy industry especially in automobile 

manufacturing. Due to functional needs and technological limitations, it is usually 

not possible to manufacture a product without joining of some sort. Products are 

typically assembled using multiple components and joining processes are essential in 

manufacturing to provide product function and increase manufacturing process 

efficiency. Basically, material joining is based on the three main principles whereby: 

i. Material coalescence where the materials are held together by atomic or 

molecular binding forces. In this case, the atoms or /and molecules must be 

placed in close proximity to each other. For example, by processes without 

the presence of heat (solid state welding or diffusion), processes based on the 

mixing in a liquid state like (fusion welding) or processes with  addition of a 

third, generally hardening, liquid substance (e.g. soldering or adhesive 

bonding). 

ii. Interlocking joints are performed by the interlocking of two materials or by 

the anchoring of additional elements into or inside the corresponding 

materials. For example are the mechanical joints. 

iii. Frictional connections which are the results of friction between the involved 

materials, enhanced by the application of an external force. For example is 

the shrinking of a hub onto a shaft. 

 




