Do lwds Jemieml o 0

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Faculty of Manufacturing Engineering

TENSILE PROPERTIES AND WELD DIMENSION OF DIS-
SIMILAR MATERIAL JOINT BETWEEN AA5083 AND
AA6061 WITH COLDARC GAS METAL ARC WELDING

Gogulan A/L P.Manickavelu

Master of Manufacturing Engineering (Industrial Engineering)

2021



TENSILE PROPERTIES AND WELD DIMENSION OF DISSIMILAR MATE-
RIAL JOINT BETWEEN AA5083 AND AA6061 WITH COLDARC GAS METAL
ARC WELDING

GOGULAN A/L P.MANICKAVELU

A thesis submitted
in fulfilment of the requirements for the degree of Master in Manufacturing

Engineering (Industrial Engineering)

Faculty of Manufacturing Engineering

UNIVERSITI TEKNIKAL MALAYSIA MELAKA

2021



DECLARATION

I declare that this thesis entitled “Tensile properties and Weld Dimension of Dissimilar
Material Joint between AA 5083 and AA6061 with ColdArc Gas Metal Arc Welding” is
the result of my own research except as cited in the references. The thesis has not been

accepted for any degree and is not concurrently submitted in candidate of any other degree.

. TS~
Signature n  — /// .................

Name . GOGULAN A/L P/MANICKAVELU

Date VNIRUAL IVIALAT Sl G LAY



APPROVAL

| hereby declare that | have read this report and in my opinion this report is sufficient in
terms of scope and quality as a partial fulfilment of Master of Manufacturing Engineering

(Industrial Engineering).

Signature Y TR SUPUSSRNS Ou RN
Supervisor Name eI « & 1 s

Date R



DEDICATION

TO MY DEAREST PARENTS,
Mr P. Manickavelu and Ms M. Jayanthi

TO MY BELOVED SIBLINGS

TO MY SUPPORTIVE FRIEND,
THANA KRISHNAN

TO MY HONOURED SUPERVISOR,
PM.DR. NUR IZAN SYAHRIAH BINTI HUSSEIN
For her support, guidance and advices dur-

ing accomplishment of this project

TO ALL STAFF & TECHNICIANS



ABSTRACT

AA 5083 and AA6061 dissimilar Aluminium Alloy are joined by ColdArc GMAW. Both
aluminium from 5XXX and 6 XXX series which commonly used in high strength products.
The welding carried out by using EWM Robot Welding. ColdArc setting used in the EWM
Robot Welding for this experiment. The joint type used was butt joint with 3mm material
thickness. Furthermore, the design matrix for parameters obtained from the Taguchi
method. The parameters are taken as factors and output are tensile testing and hardness
test. Finally, the Taguchi Method method utilised in analysing the data or result obtained
from the experiment. ColArc GMAW utilised in this experiment to identify the difference
in the strength of welded joints and Heat-Affected Zone (HAZ). This is because normal
fusion welding exerts a high rate of heat input while colArc reduces heat input at the arc.
The heat input from the welding has a severe effect on the coarse grain structure and inter-
metallic development in the weld zone. The high and low heat input influences the strength
of the HAZ of the material. Besides, the tensile properties of the material face severe
changes according to the level of heat input and other parameter settings. Parameters such
as current, voltage, arc travel speed and type of filler wire can affect this strength of the
material. Besides, heat input also can influence the dimension of weld bead on the weld-
ment and penetration of the weldment. The high and low of bead width and bead height
are affected by the heat input from the setting of parameters. Therefore, to ensure this prob-
lem can be solved by using optimised parameters.



ABSTRAK

AA 5083 dan AA6061 Aluminium Alloy yang berbeza disatukan oleh ColdArc GMAW.
Kedua-dua aluminium dari siri 5XXX dan 6XXX yang biasa digunakan dalam produkyang
kekuatan tinggi. kolArc GMAW digunakan dalam eksperimen ini adalah untuk mengenal
pasti perbezaan kekuatan sendi yang dikimpal dan kawasan yang terpengaruh dengan
haba (HAZ). Ini kerana kimpalan peleburan normal memberikan kadar input haba yang
tinggi sementara ColArc mengurangkan input haba pada arka. Input haba dari kimpalan
mempunyai kesan yang teruk terhadap struktur butiran kasar dan pengembangan antara
logam di zon kimpalan. Input haba tinggi dan rendah mempengaruhi kekuatan HAZ bahan.
Selain itu, sifat tensile bahan menghadapi perubahan teruk mengikut tahap input haba dan
tetapan parameter lain. Parameter seperti arus, voltan, kelajuan perjalanan arka dan jenis
wayar pengisi boleh mempengaruhi kekuatan bahan ini. Selain itu, ketinggian dan lebar
manik kimpalan juga menunjukkan pengaruh parameter. Bentuk dan ukuran manik kim-
palan yang baik menunjukkan kualiti pengelasan pada bahan. Oleh itu, untuk memastikan
masalah ini dapat diselesaikan dengan menggunakan parameter yang dioptimumkan.
Kimpalan dilakukan dengan menggunakan EWM Robot Welding. Jenis sendi yang
digunakan adalah sambungan butt dengan ketebalan bahan 3mm. Selanjutnya, matriks
reka bentuk untuk parameter yang diperoleh dari kaedah Taguchi. Parameter diambil se-
bagai faktor dan output adalah ujian tegangan dan kekerasan. Akhirnya, kaedah Taguchi
Method digunakan dalam menganalisis data atau hasil yang diperoleh dari eksperimen.
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CHAPTER 1

INTRODUCTION

1.1  Background

Welding has been widely used as a method of joining similar and dissimilar of var-
ious types of metals such as copper and brass, magnesium alloy, aluminum alloy, steel and
stainless steel, cast iron and titanium. In these, Aluminum Alloy (AA) is commonly used
in welding process in most of the manufacturing and industries sector for instant automo-
biles, automotive, aircraft, marine, rail, buildings, constructions, energy distribution and
etc.

Welding process, welding technology and the use of materials for weldment continue
to evolve according to the high demand from marine applications including subsea instal-
lations, underwater naval requirements and deep-sea mining, including shipyard construc-
tions and shipbuilding. Welding technology and welding process are crucial for produce
high quality of joint in marine applications that are watertight and oil-tight.

The AA has become the most broadly used material in marine due to its great cor-
rosion resistance. AASxxXx series and AABxxx series are widely being used and accepted
as the most suitable materials in marine applications due to the mechanical properties. The
AA5xxx series has magnesium and the AA6xxx series contains magnesium-silicon. Ac-
cording to various scholars, the advantages of aluminium used in marine applications are

as follow.



a.  Aluminium alloys are light in weight.
b. The easy formability of aluminium alloy makes it more unique.

c. The resistivity of aluminium alloy towards corrosion in marine environments.

d. Aluminium also a metal that environmental compatibility.
e. Usage of aluminium alloy are cost-effective.

f.  Aluminium are recyclable.

Guo et al. (2014) stated that Friction Stir Welding (FSW) is most commonly used
welding techniques for joining the dissimilar materials. There are vast amount of studies and
researches on dissimilar materials welding that are mainly discussed on FSW techniques.
Mvola et al. (2015) claimed that Gas Metal Arc Welding (GMAW) techniques have great
potential in welding dissimilar material of ferrous, non-ferrous or combination of ferrous
and non-ferrous metals of different grades.

Meanwhile, in under water, Shielded Metal Arc Welding (SMAW), Tungsten Inert
Gas (TIG) and Flux Cored Arc Welding (FCAW) were used as a conventional welding

technique. Underwater welding is divided into wet welding and dry welding.
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Figure 1.1: Systematic Diagrams of Dry and Wet Welding Process (Sundarapandiyan

et al., 2017)
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1.2 Problem Statement

Aluminum Alloys is the most commonly used material in marine applications. Even,
aluminium alloys is considered as a marine material (sea metal) (Alcan Marine, 2017) due
to its corrosion and wear resistant behavior. In fact, aluminum need more heat input to weld
the aluminum alloy due to the greater thermal conductivity of the aluminum alloy (Lui-
jendijk, 2000).

Welding is used to joint similar and dissimilar material. Dissimilar aluminium alloys
have different composition. Hence, in dissimilar aluminium alloys welding, the weldment
can yield to undesirable or unfavourable conditions due to the variation in thermal conduc-
tivity (Luijendijk, 2000).

It has been proven that FSW is an effective welding process that able overcome the
weaknesses of conventional welding techniques such as TIG and MIG (GMAW). There
are vast number of researches and studies on FSW of dissimilar material joint in marine
environment. Several scholars and researchers have explored and researched GMAW of
dissimilar metal joint but as yet there is still gap to investigate the cold arc GMAW in weld-
ing applications. The cold arc GMAW still not explore which has excellent potential to

perform welding process at lower heat input.

Nazemi (2015) explained that when aluminium alloy is undergo welding process the
tensile properties and weld bead dimension of the material will change especially in Heat-
Affected Zone (HAZ). The high heat input from the welding will lower the mechanical
strength in the HAZ. The final material properties will be different compared to before
welding properties. By above phenomenon the material will be affected at zones that the
heat has been absorbed during the process. Moreover, the width of HAZ on the material

are influence by the rate of heat input and heat reduction. Concurrently, few parameters
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of the GMA welding will affect the rate of heat input and heat reduction. The few parame-

ters such as voltage, current and travel speed.

ColdArc is an arc welding process that weld material in low-heat with short arc for
high dimensional stability welding. ColdArc is an innovative welding process of GMAW
(De Dompablo, 2013). The conventional GMAW can be upgraded and improvised to low
heat energy potential for welding thin plates or any type of materials. Arc in conventional
GMAW can be balanced and controlled for low heat input. Low heat energy input can lower
the burn-through exposure, lesser the distorting, improve melt pool control and reduce
sparks (Kolarik et al., 2012). For this reason, welding manufacturers have taken advantage
of this and explored the potential of low heat welding processes. The exploration has led to
the new discovery of heat reduces the welding process, for instance, ColdArc and Cold Ma-
terial Transfer (CMT).

Since this is a new property of material, there are few types of research only avail-
ableusing AA5083 and AA6061 along with coldArc GMA welding. Therefore, suitable and
optimized parameter need to be identified and stated before doing a further experiment.
Therefore, in this context, the quality of welding in terms of tensile properties and weld
bead dimension of dissimilar material joint of AA5083 and AA6061 will be investigated

using coldArc GMAW techniques.

1.3 Research Objectives

Concerning the preceding problem statements, the objectives of this research are:

i.  To analyse the weld bead dimension of the AA5083 and AA6061.
ii.  Toinvestigate the effect of coldArc GMAW parameters on tensile properties of Alu-

minium Alloy 5083 and 6061 weldment using ER 5356 and ER 5183 filler wire.



iii.  To suggest the best set of parameters for AA5083 and AA6061 butt joint using col-

dArc GMAW.

1.4 Scope of Study

The scope of work explained how the objectives of this project to be achieved. This
research focuses on welding using coldArc GMAW on dissimilar material which is
AA5083 and AA6061. The EWM machine will be used for this research along with filler
wire chosen for this material is ER5356 and ER5183. The type of joint that will be used is
butt joint on the material with a thickness of 3mm. The design will be generated by using
Minitab software. The welding inspection is tensile testing, and weld bead dimension of
the dissimilar material joints.

At the beginning of the research, the AA5083 and AA6061 need to be cut into a spe-
cific dimension (200mmx80mmx3mm) using a shearing machine. The result of the inspec-
tions will be further optimized to find the optimum parameter using the design of experiment

(DoE) that has been selected.



CHAPTER 2

LITERATURE REVIEW

2.1 Gas Metal Arc Welding (GMAW)

Innovation has transformed the processes and technology of welding which is cost-
effective, durable and produce higher weld quality. Therefore, conventional GMAW can be
improvised and upgraded to coldArc GMAW. ColdArc GMAW processes able to control
the high heat input of welding materials. Innovations in GMAW are wildly unknown and
rarely used (Kah et al. 2013).

It is necessary to investigate conventional GMAW to get a clear picture of ColdArc
GMAW. GMAW developed and pioneered by N.G. Slavianoff in 1888. GMAW, is also
known as a Metal Inert Gas (MIG) or Metal Active Gas (MAG) welding, is an arc welding
process that has a consumable filler known as an electrode. The electrode is applied to the
base metal during the welding process. GMAW uses inert gas which acts as shielded gas.

GMAW is the process of joining the metals by heating to a melting point.



Bare solid wire

Shielding Welding electrode
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. ~—Electrical Current
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Electrode Gaseous Shield

R
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B-Weld Buildup D-Weld metal
E-Heat-affected-zone

Figure 2.1: GMAW process (Welding Handbook Welding Science and Technology, 2001)

GMAW can be obtained in Semiautomatic welding, Machine welding and Automatic
welding. Semiautomatic welding is controlled by hand and known as hand-held welding;
Machine welding is not handheld welding but the process requires manpower to control and
adjust the machine; Automatic welding process uses some equipment and the operator or
welder are not required to controls and adjust the weldment process.

At first, GMAW is used to joint aluminium and at a later stage, it widely used for
weld another type of metals such as steels, copper, titanium, and nickel alloys. Briefly,
GMAW process can be used for welding ferrous and non-ferrous metals in most of the man-
ufacturing and industries applications. GMAW able to weld metal in all position with asig-
nificant fusion of electrodes, shielding gas and welding variables.

According to Ajit Hooda (2012), GMAW process of welding is most commonly used
in industries for joining similar and dissimilar materials. Welding dissimilar materials are
complicated due to the compositions of the two materials is different. Nevertheless, the

demand for dissimilar metals join is constantly rising in welding industries.



Conventional welding processes (arc welding) such as GMAW have been used for
weld metals in marine environments. On the other hand, Gyasi (n.d) claimed that short-
comings arise in the use of arc welding of GMAW in marine applications. Alternatively,
modern welding processes, friction stir welding (FSW) take over conventional welding pro-
cesses mainly in the marine environment for the joining purposes.

Although GMAW is widely used in the welding industry, that particular arc welding
process is unpopular in the underwater welding process due to the usage of shielding gas
(Ajit Hooda, 2012). Consequently, this situation leads to research and development in the
welding industry. Welding process and technology have been explored and the innovative
welding industry has discovered ColdArc GMAW. The new innovative welding technol-

ogy offers a potential solution for conventional GMAW.

2.1.1 ColdArc GMAW
ColdArc welding process was pioneered and invented by EWM Hightec Welding

GmbH and introduced the innovative welding process in 2004. The ColdArc is well known
as a short arc process resulting from the variation of cyclical between the arc and phases
of short circuit (Rosado et al. 2011) & (Dompablo 2013). To sum up, ColdArc welding
process is a modification of conventional GMAW. ColdArc GMAW processes able to ful-
fil the basic requirement in welding to the joint metal which is crack-free and without effect
any mechanical and metallurgical properties of the two materials. Sabdin et al. (2018) con-
veyed that ColdArc is an alternative welding method to conventional short-circuit welding
that provides adaptation to the electric current process.

ColdArc GMAW process was accepted and used for similar and dissimilar metals
welding. The study of Sabdin et al. (2018) confirmed that ColdArc welding process can be
used to join dissimilar thin sheet metals. The study further emphasised that it is necessary

to establish proper and suitable welding speed to ensure low porosity and reduce distortion
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on the welding metals.
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Figure 2.2: Phases of ColdArc (Rosado et al., 2011)

COIJArc arc

Figure 2.3: Comparison of Cold Arc process and standard short arc (Rosado et al., 2011)

Figure 2.3 and 2.4 shows the difference between coldArc process and standard short



arc process when the arc re-ignition happens. The output of both processes showed clearly
in Figure 2.4. Adamiec et al. (2011) remarked that ColdArc welding process can provide
high quality welded connections of the thin sheet for all type of metal joint. Adamiec et al.
(2011) additionally argued that cold arc welding processes have the potential to expand
and provide butt joint of thin sheets metals which is considered as impractically welded by
any conventional welding process. The result of the study shows that ColdArc welding
process can be adopted for thin sheets and butt joints. The study further pointed out that
Cold Metal Transfer (CMT) has similar potential as ColdArc welding process.

The CMT was developed and patented by FORNIUS in 2004, it is a GMAW
(MIG/MAG) welding process which utilized high-speed digital control, inverters and pro-
cessor that adjusts the whole process such as the current, voltage and arc length (Furukawa
2006 & Kah et al. 2013)

Technology et al., (2017) concluded that ColdArc GMAW and CMT GMAW are
a new form of welding technologies specially designed for thin plates. Both this welding
technology cost-effective. Technology et al., (2017) further documented that ColdArc and
CMT GMAW technology has high demand in producing lower manufacturing cost and

offering high welding quality.

Figure 2.4: The principal phases in the new CMT (from left to right) (Technology et

al., 2017)
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2.2 Aluminium Alloy

The distinctive mixtures of properties provided by aluminium and its alloys create
aluminium one amongst the foremost versatile, cost-effective, and enticing metallic mate-
rials for a broad vary of uses in automotive, shipbuilding, and marine industries. Alumin-
ium alloys are foremost demanding material in certain industries due to its unique and ad-
vantageous properties such as resistance towards corrosion, ease of machinability, high
toughness, can withstand extreme temperature and lightweight. According to Davis (2001),
aluminium alloys are second solely to steels in manufacturing industries especially in
building parts of the marine and automotive industries. For example, Aluminium alloy uti-
lised 15% of the total body weight of average cars and 34% in Audi A2 (Olabode et al., 2013).
There are two categories of aluminium which is cast and wrought categories. Each category
has a primary mechanism of property development. Normally, alloys react to thermal treat-
ment based on phase solubilities. Thermal treatments such as quenching, precipitation, heat
treatment or age, hardening. There is a difference in nomenclatures of the cast and wrought
alloys so that it will be easy to be identified. For wrought alloys, a four-digit system is used
while for cast alloy a three-digit system is employed to provide an inventory of both com-

position families. Example of wrought composition families is 1xxX, 2xxX, 3xxx and so

on.
Aluminium Alloy Designation Principle Alloy Element
13X 99% pure
2XNX Cu
33X Mn
43N 51
3O Mg
630X Mg and 5i
THNX Zn
830X Others

Figure 2.5: Standard terminology and principle alloy element of aluminium (Alam

and Ansari, 2017)
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In this study, aluminium alloy usage in underwater weldings such as shipbuilding
and marine application is focused. This is because of its corrosive nature in saltwater. Even
tho' pure aluminium encompasses a high natural resistance to corrosion compared to sev-
eral alternative metals, the constant exposure to water and wetness in marine applications
warrants further protection. Once alloyed with alternative metals like magnesium, metallic
element develops an associate even higher level of corrosion resistance that may tolerate
constant contact with water and hydrogen-oxygen. These specially treated metallic element
alloys are called a marine-grade metallic element. Aluminium alloy series which contain
magnesium are 5xxx and 6xxx series. Olabode et al., (2013) stated that researches identi-
fied that welding aluminium demands larger caution compared with steel, significantly as
regards the quantity of heat input and pre- weld improvement, which acceptable weld
processes for aluminium joints restricted as a result of the weldable thickness varies sig-

nificantly with the various welding processes.

According to Olabode et al. (2013), gas used as shielding gas during welding of
aluminium alloy must be inert gases since aluminium alloy consists of high chemical com-
position. Helium and argon gases are frequently used gas for welding of aluminium alloy.
These both gases are named for protection of weld pool. Helium is expensive compared to
argon gas and the presence of helium gas during welding can increase the heat input at the
arc which can produce deeper penetration. To increase or improve the weldability of alu-

minium alloys can utilise both gases in mixed mode.

12



Atomic Mumber 13
Atomic Weight {g/mol) 26.98
Valency 3
Crystal Structure FCC
Melting Point (2C) 660.2
Boiling Point {*C) 2480
11 - =]
Mean Spe?g;;giaéj{o 100°C) 0.219
Thermal Conductivity {0-100°C) 0.57
(cal/cms. °C)
Co-Efficient of Linear_ﬁExpansion 235
(0-100°C) (x10°%/oC)
Electrical Resistivity at 20%C
(e =69
Density (gfcm?) 2.6898
Modulus of Elasticity (GPa) 68.3
Poissons Ratio 0.3

Figure 2.6: Properties of aluminium alloy (Aalco-Ferrous, 2018)

Figure 2.6 can see the typical properties of aluminium alloy. Normally, the tensile
strength of pure aluminium is very low, to improve the tensile strength of aluminium alloy
it needs to be added some alloying elements which are silicon, copper, manganese and
magnesium. By adding this alloying elements can improve the strength properties of alu-
minium alloy. Aluminium is suitable or comfortable to cold working environments where it
has an advantage of increasing tensile strength with decreasing heat while retaining its
toughness. Furthermore, aluminium has a unique where it can be severely deformed without
any failure. The tensile strength of aluminium can be increased up to 690 MPa for specific
heat-treatable alloys where the tensile strength of pure aluminium is just 90 MPa. (Alam

and Ansari, 2017)

When aluminium alloy is welded, the strength of the material will be affected. The
heat from the welding also causes deformation and residual stresses in the aluminium plate.
Nazemi (2015) stated that there will be few mechanical changes will be found on the material
at Heat-Affected Zone (HAZ) after welding process takes place. This occurs because the
heat input produced during the welding will affect the HAZ of the material. The rate of heat

input will affect the size or dimension of HAZ. When the rates of heat input are higher
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and solidification rate is faster the HAZ will be smaller. When low heat input with low
solidification rate the HAZ will be larger. Besides, the size of HAZ also affected by the

welding speed.
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Figure 2.7: Schematic diagram of microstructural changes in aluminium alloys (a) cool-

ing thermal cycle (b) microstructure of the welded joint (Nazemi, 2015)

2.2.1 AA 5083

AA 5083 is which is known as aluminium-magnesium or 5XXX alloys series which
is widely used as medium-strength aluminium alloy. AA 5083 is frequently used to fabricate
as the ship hull parts such as boats, naval craft and ferries. AA 5083 is also the common
metal used in the automotive industry due to its unique properties which are formability,
strength, weldability and corrosion resistance (Gargatte et al., 2013). AA 5083 is light-
weight due to its low-density feature which is 2.6gm/cm3 compared to other aluminium

alloys.
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During the welding process, the Heat-Affected Zone (HAZ) will be affected for an

example the material will be annealed and recrystallized (Mutombo et al., 2011). Besides,

the changes from the previous work hardening process will be lost when the material or
alloy is exposed to a temperature above 343 Fahrenheit for a few seconds. On other hand,
the hardness of the material will be decreased within the HAZ because of the heat input
produced during the welding. The softening level of AA 5083 affected by a few factors
such as welding technique, size of workpiece, heat absorbed by the material and rate of

solidification time.

2.2.2 AA 6061

Aluminium alloy 6061 or known as aluminium-magnesium and silicon (0.3-1.5 w%,
Si, Mg) which is from 6XXX series of aluminium alloy. This 6XXX series alloy is a heat-
treatable alloy commonly used in the aerospace industry. It has good strength and durabil-
ity, good surface finishing, seawater resistance, and machinability and easy weldability.
Besides, coarse columnar grains are typically formed on this alloy at the weld fusion zones
because the prevailing thermal conditions during solidification of weld metal. This condi-
tion leads to bad weld mechanical properties and poor resistance to hot cracking (Article,
2009). Nevertheless, welding of these alloys are a bigger challenge since the softening in
the weld fusion zone and HAZ. Other than that, hot cracking in the weld zone also consid-
ered as a serious problem. The following figure shows the weldability of various alumin-

ium alloys.
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Figure 2.8: The weldability of various aluminium alloys (Balos and Bajic, 2017)

2.2.2 AA 5083 and AA 6061

The welding of AA 5083 and AA 6061 is a bigger challenge since both are from
different series. Both the aluminium alloy are different in chemical composition and its
properties. Jannet et al., (2014) stated that the welded joints of AA 5083 and AA 6061
aluminium alloy are influenced by the process of welding and post-weld ageing treatment
and shows changes in tensile properties. Meanwhile, the tensile properties observed for post-
weld ageing has a rational rise compared to welded joints. Besides, the welding of alumin-

ium 5083 and 6061 can reduce corrosion resistance. (Mutombo and Technology, 2011)

2.3 GMAW Parameters

There are various GMAW parameters such as current, voltage, arc travel speed, wire
feed speed, wire extension, shielding gas and gas flow rate. GMAW parameters are signif-

icant components which can influence the quality, productivity and cost of welding joint.
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To attain good weld quality, one should know about controlling and adjusting welding pa-
rameters. Researchers expressed that with the right set of the parameters can result in a
good welding bead and a significant viewpoint of good welding. Kanwar et al, (2016) ex-
pressed that to improve the mechanical strength of the joint, quality of welding is signifi-
cant during the welding process. The researcher added that welding parameters are control-
ling or influencing the weld quality. Besides, before welding or setting up parameters few
factors need to take into accounts such as material thickness, accurate wire size, and angle
of the joint. The main issue when using GMAW which must be focused on is fixing or
setting the right optimised parameters value to obtain desired characteristics of the weld

bead.

Esme et al. (2009) stated that weld quality can affect the mechanical properties of
the weldment and HAZ. However, chemical composition and metallurgical properties of
the material can affect the weld metal and HAZ of the material. On the other hand, me-
chanical and metallurgical features of the weldment are affected by the weld bead geome-
try. When the welding process is running, the changing conditions of parameters must be
identified to get an optimised result which will influence the arc and welding bath and must
be observed. To gain a good arc parameter must be an accurate or suitable condition. The
parameters selected must be divided into a few runs. The number of runs must be accord-
ingly. To gain optimum parameter setting, can use the Taguchi method. There are two
variables in parameters which is adjustable variable and fixed variable. Adjustable varia-
bles are those parameters voltage, current and arc travel speed while fixed variable will be
shielding gas, torch angle, wire length, welding direction, material position and gas flow
rate. Normally, manufactures will face the challenge to meet good joint with required bead
geometry and less deterioration residual stresses by controlling or adjusting the input pro-

cess parameters. In this study, there are four parameters chosen to weld AA 6061 and AA
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5083 which is voltage, current, arc travel speed and two filler wires.

2.3.1 Welding Current

In GMA welding, the most significant parameter is current. It is essential every
welding carried out since current can influence weld quality and normally chosen depends
on the thickness of the plate and travel speed. To attain good quality weld bead shape, length
and penetration current is chosen accordingly. Method et al. (2014) stated that the setting
of arc current in GMA welding has a great effect on the length of weld bead, shape, pene-
tration and deposition rate. Deep penetration is attributed when greater heat input is sup-
plied to the material. This scenario usually happens in the material that joint using direct
current electrode positive (DCEP) in GMA welding where current is the major contribution
towards the weldment. Welding current has a significant effect on the length, depth, and
width of weldment and diameter of the weld bead meanwhile, all other parameters remain

unchanged.

2.3.2 Voltage

Next to welding current, arc voltage is necessary for GMA welding which must be
under observation during the welding process. The length of the arc is connected right to
voltage meanwhile other process variables are kept constant for example the electrode
composition and size, shielding gas and welding methods. Arc formation on the material
is based on the voltage setting. If the voltage is not controlled properly will produce imbal-
anced spatter and porosity. Besides, the uncontrolled voltage will form undercut and forms
narrower beads with more convexity in the fillets. Overlapping of the weld bead and poros-

ity is also lead by the uncontrolled voltage. The factor that considered in choosing voltage
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setting is the thickness of the material, joint length, electrode composition and length,

shielding gas and weld type. (Method et al., 2014)

2.3.3 Arc Travel Speed

Researcher Method et al. (2014) the movement of arc along the base material is
called arc travel speed. The effects of arc travel speed are almost common with the effects
of arc voltage. When the speed of arc diversified the deep of penetration will be reduced
while at a certain rate it will be penetrated mostly. For example, when the travel speed is
slower with balanced current supplied wider bead and better heat absorbed by the material
since it has been heating for a long duration. During welding, larger bead shape will be
formed when the heat input is higher which helps weld to flow through and weld metal
deposition based on the length of the unit. The presence of heat input can be adjusted by
travel speed. When the travel speed is slower the heat input higher while lower when the

travel speed is higher. The formation of the weld bead also affected by travel speed.

2.3.4 Filler Wire

In GMA welding, the process of welding starts by melting the base material accord-
ing to its melting point. The distribution of heat of the welding process usually set up ac-
cording to the material melting point to prevent the material from melting entirely. By
doing this, heat dissipation is controlled during welding. Besides that, to attach the two
surface of metals filler wire is used which is made up of flux and metal. The unique property
of filler wire is it will get extremely hot but they do not melt. In GMA and arc welding filler
wire is utilised as a conductor. Mathers (2002) expressed that when choosing filler wire

must consider a few factors which are crack-free, optimum strength of welded joints but
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other factors are important when choosing the filler wire. Unlike in welding of steel, the
filler wire chosen will be the same with parent material composition. While filler metals
for aluminium do not match the parent metal in few or all of the properties. The engineers

are facing some challenges in choosing the right filler wire composition for the welding.

For AA 5XXX and AA 6XXX series the most used filler wires are Er 5183 and Er
5356. Mutombo et al. (2011) mentioned that filler wires can produce a specific combina-
tion of mechanical properties, corrosion resistance and crack free. Filler wire improves the
strength of weldment while can lessen the crack sensitivity of the material. For this study,

Er 5183 and Er 5356 is compatible with both aluminium alloy 5083 and 6061 series.

Cherical Composilion, wi %

. ‘ ; T

Filler Metal i Vg S M T B Meltmg range, "C
ER4043 Bal. - 525 - - - 2/4-p32
ER5183 Bal. 475 - (.75 015 - 579-538
ERA356 Bal. 012 - 0.12 (.12 0.13 2/1-635

Table 2.9: Chemical composition of filler wire and with melting point (Mutombo et al.,

2011)

There are few features that need to take into account while choosing the appropriate
filler wire:

e Ductility of weld metal

e Weld metal corrosion resistance

e Ease of welding

e Crack free caused by hot temperature

e The weldment colour which can match the base metal.

20



Figure 2.10: Filler wire (Source: FKP UTeM)
2.4  Butt Joint
The edge or point of two pieces is attached called joint. A welding joint is formed
under hot phenomenon which has high effectiveness compared to other types of joints.
Joint can conduct if there are more than two pieces and materials to be joined. In welding,
joints are led by some geometry set. There are few types of joint in welding: corner, butt,
lap, edge and tee joints. Each joint has a different setup in the position of the material.
Joints that attached by welding have few advantages:
I.  The welded joints have lightweight since the material added has a low weight.
Il.  The level of effectiveness of welding is higher compared to other types of welding.
I1l.  During the hot stage in welding, the position of the material can be adjusted even
after welded.

IV.  Ease of welding joint in troublesome areas.

21



Perpendicular (07)

|

i
i
- -

Figure 2.11: Buitt joint (Chatterjee et al., 2012)

Figure 2.11 shows the schematic diagram of the butt joint. The position of plates in
a butt joint is the same level. The joint will be produced in between when both plates placed
side to side. In butt joint, the weldment will be formed and risen a bit on top of both plates.
Butt joint consist of two types such as groove and fillet weld. \When the position of material

is not placed accordingly the welding will lead to distortion and residual stresses.

2.5 Heat Input of Welding

In arc welding, an electric arc passes energy from the welding electrode to the base
metal. In order to create the weld, both the base metal and the filler metal are melted before
the welder begins the arc. This melting is possible because an electrode is provided with an
acceptable amount of power (energy transmitted per unit time) and energy density. The heat
input is a proportional measure of the transmitted energy per unit weld volume. It is an im-
portant function since it impacts the cooling rate, such as the preheat and interpass tempera-
ture, which may influence the weld and HAZ mechanical properties and metallurgical struc-
ture.

In general, a weld's cross-sectional area is proportional to the amount of heat input.
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This makes sense intuitively, since as the arc is supplied with more steam, more filler metal
and base metal are melted per unit volume, resulting in a greater bead of weld. (Funderburk,
1999)

2.6  Design of Experiment

Design of Experiment (DOE) is a technique used to tabulate data and organise the
data tabulated. Method (2014) stated that R.A. Fisher started and lead the Design of Ex-
periment (DOE) in London at the year 1920s. DOE is an effective statistical technique
which is utilised to identify the effect of major variables. Besides, it can identify the rela-
tionship between the factors that have a significant effect on the process and the output of
the process. The problem-solving needs can be answered by DOE with the help of the
Taguchi technique. Furthermore, product layout optimisation also can be conducted by
DOE. The extra cost of a project or study can be reduced by using DOE. DOE technique
can speed up process design, reduce design changes, material and labour complexity,
which all these can minimise the cost of design. Cheepu et al. (2018) stated that improve-
ment in the quality of manufactured goods by developing of Taguchi method. Taguchi
improvised in designs where the variation of data identified and tabulated in various forms.
To control and understand DOE must be able to understand the analysis of variance

(ANOVA).
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2.7  Tensile Properties

Tensile testing can determine the tensile strength, yield strength and ductility of the
material by carrying out the test. In tensile testing, the joint metals will face destructive test
process. The material will behold end to end and applied some force to pull from both sides.
From this test, we can identify the specific material can withstand until what force and the
area of material that fractured. This test provides a stress-strain graph of the material to
identify tensile modulus. Normally, tensile testing is carried out by following a few stand-
ards which are fixed for all industry (Saba et al., 2018). The strength of HAZ will be ef-
fected after welding is carried out on material. Cetine and Ayvaz (2014) expressed that the
fracture has occurred at HAZ of the dissimilar welds where the strength decreased in HAZ.
Normally, the HAZ will fracture during this test where filler material has a significant in-

fluence on that.

2.8  Weld Bead Dimension

Weld bead is a single longitudinal line formed by welding machine along a joint on
the material. The weld bead usually formed during the welding process. The deposited
weld metal forms a bead shape on the material. This is caused by the melting of filler wire
and fused into the material. Weld bead size which formed on the material is controlled by
current and arc travel speed (Esabna). The height and width are the main focused point to
identify a weld bead size and shape. In a welding arc, the voltage parameter is used to
control the weld bead shape. When the voltage is high, the bead height decrease meanwhile

beads width increase. Besides, the current has the greatest effect on the width of the bead
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while arc travel speed has the most influence on the depth of bead. When the current is
lowered, the smaller the weld bead produced. While, According to Abu Aesh (2001),
scholar expressed that when the arc travel speed is decreasing, the deepest bead can be
found. Furthermore, by rising current, bead width will be increased. Width of Heat-Af-
fected Zone (HAZ) also influence when the current and arc travel speed is increased. Figure

2.14 explains how to calculate the dimension of bead height and bead width.

HEIGHT BEAD
“SEAD"| HEIGHT

l WIDTH

f .. (e

BEAD
WIDTH

Figure 2.12: The height and width weld bead (www.esabna.com, n.d.)

Besides, weld penetration also is one of the results from the welding. Weld penetration is
fusion line distance which flows through below of the surface of the material that is being
welded. One of the parameters that affect the weld penetration is current. An increase and

decrease in current will cause an increase and decrease in penetration. (Esabna)

25


http://www.esabna.com/
http://www.esabna.com/

2.9 Summary

Scholars previously use most common parameters are welding voltage, welding
current, wire feed speed and arc travel speed. The material used in previous studies are
mostly stainless steel, carbon, mild steel and so on. This study covers four types of parame-
ters which are current, voltage, arc travel speed and filler wires. These parameters
mostly used and studied by previous scholars but in this study type of filler, the wire is
added to identify the mechanical properties and microstructure of the welded alloy. Further-
more, the welding will be conducted on dissimilar metal which is AA 5083 and AA 6061
with coldArc GMAW where previously majority scholars used Friction Stir Welding
(FSW). In this study, the heat input rate can be reduced compared to the FSW method
which significantly affects the strength of weld metal. The welding will be carried out in a
butt joint type. The welded samples will undergo tensile testing where the samples must be
fabricated into dogbone shape according to ASTM-ES8 standard. Besides, the weld bead

dimension will be compared with the heat input.
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CHAPTER 3

METHODOLOGY

This chapter encounters the steps and methods to carry out this experiment. The details
of the methods are explained in this chapter to clarify the details for readers. Most of the selec-
tion, testing, procedures and analysis are followed by prepared specification and some based
on observations from previous scholars. The flow of the project can be showed lively if the
methodology is done according to planned arrangements. Besides, the objectives and desired
output can be acquired via the methodology. A flowchart in Figure 3.1 was constructed by
gathering the methods and steps to carry out the experiment. The flow of arrangement is well-
planned in a smooth flow and accordingly. The process starts with material preparation, design
of experiment, experimental setup, conducting the experiment, setting up the parameter, me-
chanical testing and analysis of testing using ANOVA. During welding, the parameters are

changed according to the design of matrix tabulated from the Taguchi method.
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3.1 Flowchart

Figure 3.1 shows the workflow and experimental methods of this experiment.
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Figure 3.1: Process flowchart
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3.2 Raw Material Preparation

This experiment carried out to analysis the mechanical properties of AA 5083 and AA
6061 welded plates by coldArc GMAW. The material prepared according to specified dimen-
sion which is 200mm x 80mm x 3mm. The raw material is fabricated based on the dimension.
The length of the sample was 200mm, width 80mm and the thickness was 3mm. The raw mate-
rial positioned as in Figure 3.2. The sharp edges of the plates were finished nicely before the
welding. Those aluminium plates will be brushed using a wire brush to ensure there is no oxide
layer and dust is present. The presence of an oxide layer and dust might affect the melting

point of aluminium alloy and affect the strength of weldment.

Figure 3.2 Samples position during welding

Table 3.1: Nominal content of AA 5083 and AA 6061

5083 Composition 6061
Balanced Aluminium 95.85-98.56%
0.1% max Copper 0.15-0.40%

0.05-0.25% max Chromium 0.04-0.35%
0.4% max Iron 0.0-0.7%
4.0-4.9% Magnesium 0.8-1.2%
0.4% max Silicon 0.40-0.8%
0.15% max Titanium 0.0-0.25%
0.4-1.0% Manganese 0.0-0.15%
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3.3 Filler Wire Preparation

Generally, for AA 5083 the suitable filler wire was ER 5356, ER 5183, and ER5556
while for AA 6061 were ER 4043 and ER 5356. In this experiment, the filler wire chosen was
ER 5356 and ER 5183. ER 5356 most commonly used in the automotive industry due to its
unique properties which were high strength and the feedability during the welding process. On
the other hand, ER 5183 has good corrosion resistance, high strength, good ductility and heat
resistance. The ER 5183 can keep or maintain good weld seam colour where other filler wire
face challenge in maintaining the colour. Usually, filler wires are chosen when the alloy con-

tent of filler wire is higher than the base metal. By doing this, can minimize cracking on the

weldment.

Table 3.2: ER 5356 and ER 5183 nominal content

Composition ER 5356 ER 5183
Aluminium 92.9-95.3% remainder
Copper 0.10% max 0.10% max
Chromium 0.05-0.20% 0.05-0.25%
Iron 0.40% max 0.4% max
Magnesium 4.5-5.5% 4.3-5.2%
Silicon 0.25% max 0.4% max
Titanium 0.06-0.20% 0.15%

Manganese 0.05-0.20% 0.50-1.0%
Zinc 0.10% 0.25% max
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3.4 Design of Experiment

In an experiment, there is a number of factors, parameters and results must be observed
and tabulated. Design of experiment (DOE) is a tool which can divide the parameters into
possible combination where the number of factors involved and note the result of the experi-
ment in a simple way. This tool cut most of our cost by solving the problems arise. Usually,
mankind faces a hard situation in arranging the parameter combination equally while this tool
can produce possible combinations within seconds after the data entered. This tool also able to
find the cause and effect relationship, besides it, suggests the best set of parameters to in the
end. This tool needed in an experiment to manage process inputs to get optimised output. The
main parameters chosen for this experiment is current, voltage, arc travel speed and type of
filler wire which are varied with two levels each and results identified from the mechanical

testing are analysed as response variables.

(&8 [ Al | Session
Main Effects Plot for Means
Main Effects Plot for SN ratios
31/1/2021 1:47:53 PM
Welcome to Minitab, press F1 for help.
Retrieving g project from file: 'C:\USERS\USER\DESETCP\TESTING PIC\MINITAB
RESULT TENSILE.MPJ"
] Worksheet 1 ==
+ 1 cz c3 ca Cc5 Cce Cc7 Ccs
Current | Voltage ATS Filler Wire Tensile Testing 1 Tensile Testing 2 Tensile Testing 3| Heat Input
2 100 14.1 0.60 5183
3 100 15.8 0.60 5183
4 a0 15.8 0.65 5183
5 100 141 0.65 5183
6 100 158 0.65 5183
T 20 158 0.60 5356
8 100 14.1 0.60 5356
9 100 15.8 0.60 5356
10 90 141 0.65 5356
1" 90 15.8 0.65 5356
12 100 14.1 0.65 5356

Figure 3.3: Design matrix via Taguchi method
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35 Experimental Setup

For GMAW automated welding jigs are a significant tool. Jig plays a huge role during
welding of materials. Jigs are specialised to hold the materials in the position required. Every
joint type has a different position. A jig holds the material or sample firmly and immovable.
Besides, jigs are fabricated according to the joint type. Currently, there are jigs which can hold
almost all the type of joints, the jig fabricated to hold all the type of joints. Figure 3.5 shows
the position of samples on the jig. For butt joint usually, the samples are grooved before the
welding for good penetration. Figure 3.6 shows the jig used for welding the samples of this

experiment.

Figure 3.6: Jig for butt joint
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3.6 GMAW Machine

The GMAW machine that frequently used to weld samples is EWM GMA Welding Ro-
bot. This machine is an automated machine in other word Welding Robot. The parameters and
other settings will be coded into the tool. Once the setting is done, the robot welding will move
automatically in the direction required and according to the parameter set. The parameter cur-
rent, voltage, arc travel speed and type of filler wire will be adjusted according to the samples.
The shielding gas, nozzle distance wire feed speed and other parameters will be controlled. The
direction of the robot will be coded before the welding and the jig position will be fixed and not
required to move from that specific location. This because the movement of the robot once has
been set, the direction of the motion will be the same for the next samples until the end. Be-
sides, the welding will be set according to coldArc mode. This mode will reduce the heat input

to samples during the welding.

Figure 3.8: EWM GMA machine controller

34



3.7 Cleaning Process Before and After

A common industrial solvent used to clean metal surfaces before welding is acetone.
This essentially removes grit, grease and stain from metals, allowing welding to be smoother,
and even stronger. Besides, the cleaning process is essential after welding the samples. This
because after each welding the spatters and welding dust will form onto the surface of weld-
ment and samples. Besides, after the welding and cleaning process, the samples will be fabri-
cated into a dogbone shape for tensile testing. Wire cut machine will be utilised to cut those

samples for dogbone shape specimens.

Figure 3.10: Dogbone shape for tensile testing (Kumar, 2018)
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3.8  Heat Input of Welding

Heat input in welding has significant effect on the mechanical properties of the welded
material. It is not possible to calculate heat input directly. However, the estimated values of arc
voltage, current and travel speed can be determined. A proportional indicator of the energy
transmitted during welding is the heat input. In analysing welding processes within a given
phase, it is a valuable method. The heat input will all affect the cooling rate, weld size and

material properties. On the heat input, some welding codes position precise controls.

H= 60xVxlI (31)

1000 x S
where,

H = heat input (kJ/in or kJ/mm)

V = arc voltage (volts)

| = current (amps)

S =travel speed (in/min or mm/min)
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3.9 Wire Cut Machine

The material that has been welded are prepared for testing. For tensile testing, the sample
must be in dog bone shape followed by ASTM-E8 standard. The dimension of the samples must
be followed according to the standard. This required dimension for the ease of positioning in the
tensile machine. There is a total of 12 samples and three specimens was to cut from the welded

sample. All these three specimens for tensile testing.

Figure 3.11: Wire cut machine
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3.10 Tensile Testing

The fabricated dogbone shape specimens sent for tensile testing. This required dimen-
sion of each of dog bone shape sample for the ease of positioning in the tensile machine. From
every sample, three specimens required and the average value calculated in the end. Observe
the fracture during the test and record the data. The data recorded will be the maximum tensile
value that made the specimen fracture. The test ran at 5Smm/min for each sample. The dog bone

shape design for the test samples is attached to Appendix 1.

Figure 3.12: Tensile machine
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3.11 Weld Bead Dimension

Weld bead size measured by bridge cam gauge where can measure the size of height,
bead width and penetration on the material. This method is done by manually by using welding
gauge. Weld bead inspection is essential in welding experiment to measure the weld quality.
This tool also can measure excess weld metal, weld throat size, depth of pitting, bead height
and width. There are tolerances for the bead size, if the dimension of the sample exceeds the
tolerance it will be rejected. From figure 3.14, the weld dimension is measured. Weld dimen-
sion consists of two sides one face and another back. Usually at back of the material weld

penetration will be measured.

Figure 3.14: Shows the face(left) and back(right) of the welded sample
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3.12 Taguchi Method Analysis

In this experiment, the main effect plot of signal-to-noise ratios method is used. This
method can be done by using Design of Experiment(Doe). This method identifies the contri-
bution of parameters and arranges those parameters in a ranking form. From figure 3.15 can

be seen as the main effect plot of SN ratios of four parameters.

Main Effects Plot for SN ratios
Data Means

e Current Voltage
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Figure 3.15: Main effect plot of SN ratios
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CHAPTER 4

RESULT AND DISCUSSION

In chapter 4, the findings of the experimental work are outlined and discussed. For each sample
of the butt joint aluminium alloy 5083 and 6061, the process variables of coldArc GMAW such
as current (A), voltage (V) and arc travel speed (m/min) are modified. The mechanical properties
are reported and discussed in this chapter of each butt joint aluminium alloy after welding.
Firstly, the samples were visually inspected to identify defects on the weld bead. Next, the sam-
ples Bead Height and Bead Width were observed and discussed. Followed by, tensile testing

was carried out to obtain Ultimate Tensile Strength (UTS) of the samples.

4.1  Visual Inspection

Table 4.1: The visual inspection of all the twelve samples.

NO | SAMPLE PARAMETER

INSPECTION

Current-90A
Voltage-14.1V
ATS-0.60m/min
Filler Wire-5183

-incomplete penetra-
tion

-poor stop

-excess  penetration
at the end

-poor penetration
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Current-100A
Voltage-14.1V
ATS-0.60m/min
Filler Wire-5183

-no smooth weld-
ment

-incomplete penetra-
tion

-poor penetration

Current-100A
Voltage-15.8V
ATS-0.60m/min
Filler Wire-5183

-incomplete fusion
-poor start and stop

Current-90A
Voltage-15.8V
ATS-0.65m/min
Filler Wire-5183

-poor penetration
-poor start and stop
-excess fusion at stop
-incomplete fusion

Current-100A
Voltage-14.1V
ATS-0.65m/min
Filler Wire-5183

-poor weldment
-incomplete fusion
-poor start and stop
-poor penetration
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Current-100A
Voltage-15.8V
ATS-0.65m/min
Filler Wire-5183

-poor start and stop
-incomplete penetra-
tion

-excess fusion at start
and stop

Current-90A
Voltage-15.8V
ATS-0.60m/min
Filler Wire-5356

-poor start and stop
-excess fusion at stop

Current-100A
Voltage-15.8V
ATS-0.60m/min
Filler Wire-5356

-poor start and stop
-excess fusion at stop

Current-100A
Voltage-15.8V
ATS-0.60m/min
Filler Wire-5356

-poor start and stop
-excess fusion at start
and stop

43




10

11

Current-90A
Voltage-14.1V
ATS-0.65m/min
Filler Wire-5356

-poor penetration

12

Current-90A
Voltage-15.8V
ATS-0.65m/min
Filler Wire-5356

-incomplete penetra-
tion

Current-100A
Voltage-14.1V
ATS-0.65m/min
Filler Wire-5356

-incomplete penetra-
tion
-incomplete fusion

weldment of AA5083 and AAG6061 can be detected from the above table. It is possible to detect
bad welding start and end on almost all the samples. Besides, sample 1, 2, 5 and 10 implied a

poor penetration on the sample. From figure 4.1 we can see poor penetration of sample 1. This

Twelve samples that have been welded are displayed in Table 4.1. A few defects on the

is how the other three samples less exhibit poor penetration on the surface.
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Figure 4.1: Sample one with poor penetration

Figure 4.2: Sample 5 with bad fusion line

Besides, Figure 4.2 shows sample 5 which have bad fusion line on the weld area. Other
than sample 5, sample one, two, and three also exhibits poor fusion line. There twelve samples
and we can divide it into two groups where group one consist of sample one to six while group
two consist of sample seven to twelve. These two groups can be differentiated by two where
group one welded using filler wire er 5183 while group two utilised er 5356. As from the visual
inspection we can see most of the poor fusion line is from group one while group two samples
have good fusion line. This can be said one of the reasons for poor fusion line and bad penetra-

tion can be the parameter setting especially filler wire.
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Figure 4.3: Good fusion line
A smooth weld seam or weld flow can be observed from samples from the Figure 4.3.
Mostly, samples with good fusion line can be found from group two samples. Most of the sam-
ples affected with a poor start and stop at each side of the tip. Poor start causes overheat and
burn through the sample and the same goes to poor stop where the nozzle stops right before it
reaches the end. This gives an incomplete look at the end of the weldment for each sample. This

scenario can be noticed in Figure 4.4.

VIR R T SN rR

-

-

Figure 4.4: The poor start and stop of the weldment
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4.2  Heat Input Calculation

Heat input in this experiment calculated by using the following formula:

where,

_60xVxI
1000 x S

H = heat input (kJ/in or kJ/mm)

V = arc voltage (volts)

| = current (amps)

S =travel speed (in/min or mm/min)

(4.1)

Table 4.2: The heat input of samples

No | Current(A) | Voltage(V) | Arc Travel Filler | Heat In-
Speed(m/min) | wire | put(KJ/mm)
1 90 -l 0.60 5183 | 0.1269
2 100 14.1 0.60 5183 | 0.141
3 100 15.8 0.60 5183 | 0.158
4 90 15.8 0.65 5183 | 0.1313
5 100 14.1 0.65 5183 | 0.1302
6 100 15.8 0.65 5183 | 0.1458
7 90 15.8 0.60 5356 | 0.1422
8 100 14.1 0.60 5356 | 0.141
9 100 15.8 0.60 5356 | 0.158
10 90 14.1 0.65 5356 | 0.1171
11 90 15.8 0.65 5356 | 0.1313
12 100 14.1 0.65 5356 | 0.1302
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4.3 Weld Bead Dimension
4.3.1 Weld Bead Dimension of Weldment

Table 4.3: Shows bead width and bead height of weldment with heat input

No Weldment Weld Penetration HEAT IN-
PUT(Kj/mm)
BW \ BH BW \ BH

Group 1

1 4 1 0.5 0.1 0.1269

5 4 2 0 0 0.1302

4 6 0.5 2 0.3 0.1313

2 4 1.1 3 2 0.141

6 6.2 3 4 2.1 0.1458

3 6.2 3 6 2.3 0.158
Group 2

10 4 0.5 0 0 0.1171

12 4.5 0.5 4 0.6 0.1302

11 6 0.2 3 0.4 0.1313

8 5.2 0.9 3 0.8 0.141

7 6 0.5 5 2.0 0.1422

9 5.5 0.61 4.5 g 0.158

WELDMENT BW AND BH OF GROUP 1

S5

S1 S2
1 S4

0.1269 0.1302 0.1313 0.141 0.1458 0.158
Heat Input (kJ/mm)

e B\W/ BH

Figure 4.5: The bead width and bead height of weldment of group one samples

From Table 4.2, two groups have been identified where one is group 1 which consist
sample one to six while group 2 consist of samples from seven to twelve. Figure 4.5 consist of

group one samples output. The blue line from the figure indicates the bead width (bw) while the
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orange line indicates bead height (bh) of the weldment. The chart indicates the heat input value
from the lowest to highest and the bead height and width plotted according to data.

From the figure, the bead width and height of the weldment reacts according to the heat
input from the welding. A larger value of bead width is recorded during high heat input. Bead
height at high heat input is also recorded as a larger value. Both bead width and height exhibits
a lower value at low heat input. Sample one and five has a lower value in bead height and width

while sampling six and three exhibits higher value.

WELDMENT BW AND BH OF GROUP 2

6
5 /\/\
4

S8

1 S10 S12 S7 S9
S11 == .

S

0.1171 0.1302 0.1313 0.141 0.1422 0.158
Heat Input (kJ/mm)

e B\W BH

Figure 4.6: The bead width and bead height of weldment of group two samples

Figure 4.6 derives data for group two samples. From the figure, bead width at high heat
input is larger while at low heat input smaller value recorded. Sample seven, nine and eleven
exhibits larger bead width while sample ten and twelve shows smaller bead width. The bead
height of all samples almost exhibits low value which is below 1mm for both at high and low
heat input.

From the observation from both figures, bead width and bead height exhibit high value

in high heat input. This because the high heat input contributes to a high volume of weld pool
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from the nozzle towards the material. Shen et al (2012) stated that with growing heat input, the
bead reinforcement, bead thickness, penetration depth, HAZ scale, deposition area and penetra-

tion area increased.

4.3.2 Weld Bead Dimension of Weld Penetration

WELD PENETRATION BW AND BH OF GROUP 1

3 s3

54/

= —

0.1269 0.1302 0.1313 0.141 0.1458 0.158
Heat Input (kJ/mm)

e— B\V BH

Figure 4.7: The bead width and bead height of weld penetration of group one samples

Figure 4.7 shows plotted data for bead width and height for weld penetration of group
two samples. The plotted data shows a significant rise in bead width of penetration from sample
five to sample three where the heat input from low to high. When the heat input increases the
bead width also increases in this case. At 0.1302 kJ/mm bead width of sample five at Omm as
heat input increases to 0.158 kJ/mm bead width of sample three recorded at 6mm. For bead
height of the penetration at first, three levels of heat input recorded smaller value and from the
third level to the fourth level there is a significant rise in the bead height of penetration and then
continue to be in the same level till the last heat input. The least value recorded is for sample
one which is 0.1mm at 0.1269 kJ/mm while the highest bead height recorded is in sample three

which is 2.3mm at highest heat input which is 0.158 kJ/mm.
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WELD PENETRATION BW AND BH OF GROUP 2

S7 S9

1 512 58

S1

S11

0.1171 0.1302 0.1313 0.141 0.1422 0.158
Heat Input (kJ/mm)

e B\W BH

Figure 4.8: The bead width and bead height of weld penetration of group two samples

Figure 4.8 indicates the bead width and height of weld penetration for group two which
is from sample seven to twelve. From the figure above, bead width at low heat input is smaller
while at high heat input the larger bead width obtained. There is a drastic change from sample
ten to sample twelve which is from Omm to 4mm bead width recorded. There is no penetration
in sample 10 recorded. In the other hand, bead height of penetration exhibits low value for the

first four samples. Sample seven and nine exhibits high bead height at high heat input.

From Figure 4.7 and 4.8, the bead width and height of weld penetration tends to increase
along with the heat input. When the heat input increases the bead width and height of penetration
also increases. With increasing heat input with minor variations, depth of penetration indicates
an overall increase. Huge volumes of heat are required to be transmitted into the weld zone by

high heat input, and thus, the large penetration depth is possible. (Mondal et al., 2016)
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4.4 Tensile Testing

Table 4.4: The parameters along with tensile strength and heat input

(€3]
o

No | Current(A) | Voltage(V) | Arc Travel Filler | Tensile Test- | Heat In-
Speed(m/min) | wire | ing(MPa) put(KJ/mm)
Group 1

1 90 14.1 0.60 5183 | 110.41 0.1269
2 100 14.1 0.60 5183 | 182.50 0.141

3 100 15.8 0.60 5183 | 220.42 0.158

4 90 15.8 0.65 5183 | 202.33 0.1313
5 100 14.1 0.65 5183 | 143.40 0.1302
6 100 15.8 0.65 5183 | 201.22 0.1458

Group 2

7 90 15.8 0.60 5356 |211.03 0.1422
8 100 14.1 0.60 5356 | 189.89 0.141

9 100 15.8 0.60 5356 | 208.49 0.158
10 90 14.1 0.65 5356 | 158.35 0.1171
11 90 15.8 0.65 5356 | 208.69 0.1313
12 100 14.1 0.65 5356 | 216.80 0.1302

Ultimate Tensile Strength
” s 211.03 208.49 208.69 2168
- 2, 202.33 201.22 L.
158.35

E 150 143.4

2 100

o

o

From Figure 4.9, can derive the Ultimate Tensile Strength (UTS) value of each sample
from the experiment done. As it can be seen, the sample from 1 to 6 welded using filler wire
5183 while 7 to 12 welded using 5356. In this experiment, sample 1 to 6 taken as group one and
7 to 12 taken as group 2. From group one, the highest UTS was 220.42 MPa which is for sample

3 while the lowest UTS value recorded was for sample 1 which is 110.41 MPa. In group 2, the

110.41 |

Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample Sample

1 2

Figure 4.9: The tensile strength of samples in a bar chart

3

5 6

7

Samples

m Ultimate Tensile Strength
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highest UTS value was 216.8 MPa for sample 12 while as for lowest value was sample 10 which
is 158.35 MPa. When generally compared both groups, group two has high UTS value mostly

than group one.

Figure 4.10: The samples taken after tensile testing

From Figure 4.10, sample 1, 2, 5 and 10 has the lowest UTS value which is 110.41 MPa,
182.50 MPa, 143.40 and 158 MPa respectively. As it can be seen from Figure 4.10, the samples
fractured at weld metal. The common thing found in those samples was welding voltage 14.1V
which the parameter is lower than another parameter which is 15.8V. Besides, the penetration
of four samples is very poor. In general, when the broken samples from the tensile experiments
were tested, the fractures resulted in the welding metals joined with a lower heat input for the

samples. The heat input for sample 1, 2, 5and 10 is 0.1269, 0.141, 0.1302 and 0.1171. Generally,

53



lower heat input leads to partial penetration and this causes fracture at the weld metal area of the
samples. In (Mercan et al., 2020) stated that for the specimens associated with a lower heat

input, the fractures resulted in the weld metals. This was because a reduced heat input allows

the joints to partially penetrate.

"‘ » Fq - . | e = &
Figure 4.11: Weldment and weld penetration of samples

From above Figure 4.11, can observe the fusion of weld and weld penetration is good
compared to other samples. Besides, these samples also got exerted highest UTS value where

sample 3 tested at 220.42 MPa, sample 7 got 211.03MPa and sample 12 got 216.80 MPa.
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Figure 4.12: Heat input with UTS value of the samples

Figure 4.12 shows two lines at side to side where the left line indicates the heat input of
Group 1 samples while the line at the right indicates heat input of Group 2. Above graph is about
Ultimate Tensile Strength Vs Heat Input of the samples. In group 1, sample 3 got the highest
UTS value at highest heat input rate where 220.42 MPa at 0.158 kJ/mm while in group 2, sample
12 got the highest UTS value at lowest heat input which is 216.80 MPa at 0.1302 kJ/mm. This
can be concluded that using Er 5183 can obtain the highest UTS value at the highest heat input
while using Er 5356 can obtain highest UTS value at lowest heat input. This statement can be
supported by Hidayat et al., (2020) where the writer stated that the higher the heat input will
provide high tensile strength for ER5183 filler metal welding, but the lower tensile strength was

provided by the high heat input for ER5356 welding.
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Main Effect Plot for Signal-to-Noise Ratios For Tensile Testing

Table 4.5: Control Factor and Level

Factor Unit Level 1 Level 2
Current A 90 100
Voltage \Y 14.1 15.8

Arc Travel Speed mm/min 0.6 0.65
Filler Wire Er 5183 5356

Table 4.6: Taguchi’s L9 Orthogonal Array

No | Current(A) | Voltage(V) | Arc Travel Filler wire
Speed(m/min)
1 90 14.1 0.60 5183
2 100 14.1 0.60 5183
3 100 15.8 0.60 5183
4 90 15.8 0.65 5183
5 100 14.1 0.65 5183
6 100 15.8 0.65 5183
7 90 15.8 0.60 5356
8 100 14.1 0.60 5356
9 100 15.8 0.60 5356
10 90 14.1 0.65 5356
11 90 15.8 0.65 5356
12 100 14.1 0.65 5356

In this analysis, the Taguchi L9 orthogonal array is used to achieve optimal welding pa-
rameters. Table 4.4 indicates the parameters for welding and the level selected for the experi-
ment. Besides, in the Taguchi experimental arrangement in the above Table 4.5, parameters for

twelve samples were arranged.
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Main Effects Plot for SN ratios
Data Means
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Figure 4.13: The Main effect plot for SN ratios

From above Figure 4.13, can be seen the main effect plot graph for signal-to-ratios. The
main effect plot was set to larger is better in the Taguchi. This is because larger the better gives
better quality in characteristics. (Koilraj et al., 2012) The effect of the three parameters on the
tensile strength of the welded joint of the aluminium alloy AA5083 and AA6061 is seen in
Figure 4.13. The experimental data are transferred into SN ratio. From the figure above, good
tensile strength can be obtained when all the parameter setting is in level 2 which is current

100A, voltage is 15.8V, arc travel speed is 0.65 m/min respectively.

The data attributed can be supported by a few past studies. According to (Method et al.,
2014) the correct setting of current gives a good deposition rate and penetration on the weld
material. This good deposition rate and better penetration enhance the strength of the material.
According to (Oluwole and Ajibade, 2010) when the voltage increases the tensile strength and
hardness of the material tend to increase. This can be seen in our experiment where 15.8V setting
gives a good output of the strength of the sample. Also, arc travel speed affects the rate of heat

input and welding penetration(Karaagac and Uluer, 2017) 0.65m/min is the better setting where
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it is not too high and it is not too less. This setting tends to allow moderate heat input which
tends to increase the weld penetration. Thus, good weld penetration gives better tensile strength.
The last parameter setting was filler wire. As we can see from the main effect plot Er 5356 tend
to give good strength to sample. Rajesh P Vermae et al.,(2014) stated that mechanical properties

of the welded samples were further strengthened by the ER5356 filler metals.

Table 4.7: Response Table of Signal to Noise Ratios for Tensile Strength

Level Current(A) Voltage(V) Arc Travel Filler Wire
Speed(mm/min)
1 44.77 44.25 45.23 4471
2 45.71 46.39 45.40 45.92
Delta 0.94 2.14 0.17 1.21
Rank 3 1 4 2

Table 4.6, demonstrates the Tensile Strength of experimental analysis. From the experi-
mental analysis, can obtain the ranking for all the parameter setting of the experiment. As it can
be seen, welding voltage has a higher influence on the S/N ratio of the experimental analysis
followed by filler wire is second, thirdly current(A) and the last is arc travel speed. The delta

value of voltage was 2.14, filler wire was 1.21, thirdly current which is 0.94 and lastly arc travel

speed 0.17.
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CHAPTER S

CONCLUSION AND RECOMMENDATIONS

Aluminium alloy 6061 and 5083 joint using GMA welding with 3mm plate thickness in butt
joint form by adjusting four parameters to identify the tensile properties and weld bead dimen-
sion of the weldment. The four-parameter selected was Current(A), Voltage(V), Arc Travel
Speed (m/min) and Filler Wire which significantly affects the tensile strength and weld bead
dimension. In this experiment, tensile testing machine utilised to identify the ultimate tensile

strength. Besides, welding gauge and ruler used to calculate the dimension of the weldment.

51 Conclusion

The following conclusions are drawn based on the experimental investigation about the
effect of coldArc GMAW process variables on the tensile strength and weld bead dimension of
butt joint dissimilar aluminium alloy 5083 and 6061.

i.  The heat input has a great influence on the tensile properties of the material. At high heat
input, both group 1 and group 2 samples give high strength. While when the heat input
is too low the strength of both group samples is poor.

ii.  Optimal parameter for tensile testing is Current 100A, Voltage 15.8V, Arc Travel Speed

0.65 m/min and Filler Wire Er 5356 based on the main effect plot of S/N ratios.
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iii.  The weld bead dimension tends to react according to the heat input rate. When the heat
input is higher the deposition rate is higher which tends to result in wider bead and deeper
penetration.

iv.  In this experiment, the Taguchi method is very useful to tabulate the set of parameters

setting into a well-organized design matrix to control the number of experimental runs.

5.2 Recommendations
There is a lot of literature and thesis available on welding parameters and optimization,
and this study can be one of the recommendations for individuals using coldArc setting in
GMAW robot welding to weld dissimilar aluminium alloy. This research concerns only four
parameters, namely Voltage, Current, Arc Travel Speed and, type of Filler Wire. The field of
research, such as other parameters, microstructure observation and weld quality, can be broadly
extended in future studies.
i.  The welding parameters must be adjusted according to the material and their effect on
the mechanical properties of the material.
ii.  Before finalizing the parameters, one must test run the material with few parameters that
tabulated from previous journal and articles.
iii.  In future, an ANOVA analysis must be carried out to get the percentage contribution of
each parameter in the welding experiment.
iv.  Make sure clean the sample with acetone before welding to ensure get strong welding.
v.  The jig must be cleaned occasionally after every run to avoid the improper position of

material which might be affected by the presence of spatters.
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5.3

Sustainable Development

Sustainable engineering is a modern approach to build or run structures where the oper-

ation does not destroy the natural world and protects the capital of nature for future generations.

In welding and other engineering areas, renewable engineering should be conducted to ensure

that it does not affect the environment. In the welding sector, few sustainability advances must

be made:

5.4

First, the experiment in GMA Robot welding must be conducted in a simulation to iden-
tify how much welding time, the quantity of material and amount of filler wire needed
for the experiment. This method can reduce the wastages of material and control excess
filler wire.

The 6Rs need to be followed. The 6Rs consist of reinventing or rethink, reduce, reuse
and repair, recycle and replace or rebuy. In this experiment reduce, recycle and replace

or rebuy applicable.

Complexity
One requires information from the study and testing of the parameters that consume time
and cost to select the best set parameter for welding aluminium alloy.
One needs some skills and experience to recognize the settings of Taguchi method to
tabulate the outcome of the analysis.
The specification requires careful designing to ensure that the jig is sufficient for the
material dimension.
Compared to other welding robots, the EWM robot has various features. You cannot

change all the parameters; only certain parameters can be modified.
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APPENDICES

Appendix A: Dimension of The Dog Bone Shape
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