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ABSTRACT

Tungsten inert gas (TIG) welding which uses a nomsamable tungsten
electrode and an inert gas for arc shielding, i@nemely important arc welding
process. The aims of this research project armtbdptimization parameters in weld
bead using TIG. Semi-automatic TIG was developeértsure the success of this
research project. Samples are produce in singld bed padding bead on top of
substrate (base metal) in horizontal position. 8abes material is from Mild Steel
AISI 1018 while wire filler ER70S-6 has a diametar 0.8 mm and Tungsten
electrode EWth-2 (2% Thorium, Red) has a diametdmgh. Argon is used as
shielding gas for this research project. Paramaigth as Ampere (A), Travel Speed
(mm/s) and Wire Feed Rate (mm/min) has been deteanand selected as factors
that can influence the weld bead result. Tagucthagonal array L9 (Minitab 16)
was used to determine the amount of runoff andattadysis of samples. The result
for surface roughness was found to be better withweerage value of Ra 2.9én for
single bead and Ra 3.Q@n for padding bead when compared to the work oéroth
researchers. Surface hardness has also shown iempeow from this research
project. Analysis result shows that the travel sipefethe torch has the greatest effect
on surface roughness followed by wire feed rate antpere. Dye Penetrant
Inspection (DPI) interpretations of the nearestifie level shows no cracks or
porosity occurring on top of the bead surface. Disf@nly happen at the undercut
weld due to improper start-up of the welding. Ratufe study other parameters and
optimization technics need to be considered. Tharpater combination must reflect

safety, environment issue and reasonable factors.
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ABSTRAK

Tungsten inert gagTIG) adalah kaedah kimpalan yang tidak meleburkan
elektrod tungsten dan menggunakan gas lengai sepagaai yang amat penting
dalam proses kimpalan arka. Kajian ini menjurus &kah pencarian optimum
parameter dalam penghasilan kumai menggunakan misigepara-automatik yang
telah dibangunkan. Kumai dihasilkan secara mendd#dam dua keadaan iaitu
kumai lurus dan kumai tindih di atasibstratyang telah melalui proses pencanaian
permukaanSubtratadalah bahan logam AISI101Bli{d Stee). Dawai suapan pula
adalah dari jenis ER70S-6 diameter 0.8 mm. Elekifadgstenyang digunakan
adalah dari jenis EWth-2 (2% Thorium, Red) diam&emm. Gas perisai yang
digunakan adalah dari jenis Argon. Parameter akliskelajuan pergerakan (mm/s)
dan suapan wayar pengisi (mm/min) telah dipilihaggl parameter yang mampu
memberi kesan ke atas hasil kumai. KaetlaguchiOrthogonal Array LYMinitab
16) digunakan bagi menentukan jumlah larian darisamaerhadap sampel. Nilai
purata Ra 2.9@m kumai lurus and Ra 3.@8n kumai tindih yang diperolehi adalah
lebih baik berbanding pengkaji lain. Kekerasan pé&@man juga menghasilkan
peningkatan. Hasil analisis menunjukkan kelajuamggmkan kimpalan adalah
parameter utama yang memberi kesan terhadap hasdildiikuti dawai suapan dan
arus. Interpertasi menggunakBiye Penetrant Inspectio(DPI) terhadap optimum
sampel menunjukkan tiada kesan retakkan ataupulangeln pada permukaan
kumai. Kecacatan hanya berlaku pada kaki kimpalanaha berlaku potong bawah
disebabkan ketidaksempurnaan permulaan kimpal. Kkdjian yang akan datang
lain-lain parameter dan teknik optimum perlu dianbra. Gabungan parameter

mesti mencerminkan keselamatan, isu alam sekitafakior yang munasabah
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CHAPTER 1

INTRODUCTION

Tungsten inert gas (TIG) is a process used foingipieces of metal, and probably,
the most successful and widely used welding methoehdustry today. The weld

bead can also perform as a deposited layer onfttpecsubstrate (base metal). The
surface quality of a weld bead is a crucial issuee¢lding, and in many cases a weld
must fulfil some specific quality requirements. Hoee it is very difficult to find

the best parameter setup to control the TIG proaessit might not be possible to
achieve the desired weld quality. Therefore thigptlr will express the direction of

the research project.

1.1 Background of Research Project

Currently the application of arc welding takes adieg position among other
methods of welding. However, arc welding introdus&gss concentration, residual
stresses and distortion (A. Tradia, F.Roger, E.dgu®010). Besides arc welding,
TIG welding process is superior to arc weldingenms of higher productivity and
better quality. This can be proven in Rapid Prgioty (RP) technology where the
demand to produce prototypes by using TIG had djrdaeen developed. TIG
welding which uses a non-consumable tungsten eldetand an inert gas for arc
shielding is an extremely important arc weldinggass. It is commonly used for

welding hard-to-weld metals such as stainless $Gaaly, 1989).



The greatest advantage of the TIG process is tlani weld more types of
metal and alloy than any other arc welding proc@$&. can also weld dissimilar
metals to one another such as copper to brass taimdess to mild steel (TIG
Handbook for GTAW). Basically, TIG weld quality sgrongly characterized by the
weld pool geometry. This is because the weld peohgetry plays an important role
in determining the mechanical properties of thedw&herefore, it is very important
to select the welding process parameters for abgioptimal weld pool geometry
(X.M. Zeng, J. Lucas, M.T.C. Fang, 1993) (C.E. BHIA. Stacey, R. Calcratft,
1993) (Y.M. Zhang, R. Kovacevic, L. Li, 1996) (S.@uang, Y.S. Tarng, H.R. Lii,
1998) (Y.S. Tarng, H.L. Tsai, S.S. Yeh, 1989). Twadal TIG welding process
yield good weld quality and is one of the frequgnised welding processes for

aluminium and stainless steel.

Usually, the desired welding process parametersdatermined based on
experience or from a handbook. However, this dostsemsure that the selected
welding process parameters can produce the optimalear optimal weld pool
geometry for that particular welding machine andimmment. Many researchers
have studied on the TIG parameter selection byguairtomatic machine. Most of
them did not explain in detail the result of sudaguality in terms of the surface
roughness and surface hardness of the weld beagl.s&mi-automatic machine
selected for this research project is due to eask fl@xibility of the equipment
compared to the automatic TIG machine. The macksneortable and easy to
maintain, since its part are from the conventioeglipment. Compared to the
automatic TIG machine, most of the equipment iesly made for the particular
machine Based on this reason; this research pnejdbcus on parameter selection
to achieve its goal by using semi-automatic TIG Inae setup. This research project
work is funded under FRGS grant Vot1057.



1.2 Problem Statement

Many researchers are still working on the paramsééection to produce the best
weld pool surface by using automatic TIG systemt @etting the optimal surface
guality of weld bead is something which is stillthally discovered yet. Researchers
(Xinhong Xiong, Haiou Zhangb, Guilan Wang, 2009)s haentioned that the
accuracy and surface quality of the metallic pantsl tools using direct metal
prototyping techniques are still low compared tonantionally machined parts.
Most of the rapid prototyping (RP) methods stiledgost processing such as milling
and polishing as surface finishing. Based on th&son, this research project will
focus on the parameter selection to achieve thé @fomcreasing the accuracy as
well as the surface quality and strengthening tbdybof the weld bead by using
semi-automatic TIG setup. Semi-automatic TIG isyveasy to setup and can be

customized by using conventional TIG welding equspin

1.3 Objective

i. To identify the welding process parameter of swefauality through
Taguchi method
ii.  To analyse surface quality of the weld bead geontetough mechanical

and Non-destructive Testing (NDT) method.

1.4  Scope of Research Work

i. Design of Experiment (DOE) using Taguchi Method faptimizing
problem will be implemented.

il.  Semi-automatic TIG technology is used to deposi7&R6 filler metal
into single bead and padding bead on top of sules({tese metal) mild
steel AIS11018 plate (75 mm X 50 mm X 5 mm).



lii.  Parameter study will focus on Voltage, Gas floverditler wire diameter,
Arc gap (mm), Flow rate (I/min) and wire feed angie constant
parameter. While Welding current (Ampere), Weldisgeed (travel
speed), Wire feed rate will be set as variablepatar.

iv.  Samples are test using NDT (Dye Penetrant Insp@ctio

v. Analysis, surface roughness and hardness testnapedting onto weld
bed (deposited layer)

vi.  Software tool Minitab 16 will be used to analyse thptimization and
analyses of the variance (ANOVA).

vii.  Heat Affected Zone (HAZ) area will not be considkfer this research
project because the main focus is to analyse thiacguquality of the

weld bead.

15 Hypothesis

It is hypothesized that, travel speed; wire feete rand ampere as a selection
parameter setup will provide optimization value tbe surface quality of the weld
bead.

1.6 Dissertation Content.

Chapter 1 has described introduction of the reseadsackground of the project,
problem statement, scope of study and objectivdgerature review about effect of
welding parameter on the weld bead quality and nogttion procedure also
discussed in Chapter 2. Chapter 3 has presentegrtioess flow of the research
project work about Analysis of Variance (ANOVA) aBijnal to Ratio (S/N) on the
sample by using Taguchi Method. Experiment setupuijh Semi-Automatic TIG

machine welding has been conducted in Chapter dn Thapter 5 result and
discussion about optimization in weld bead surfquality. Chapter 6 present the



conclusion, suggestion, future work and noveltytloé research work has been
clearly highlighted.



CHAPTER 2

LITERATURE REVIEW

This chapter will explore the literature relevantthe concept of TIG and semi-
automatic TIG technology. In literature review, tiedated ideas and findings from
previous researchers will be discussed and spattetion on surface quality that

converges to the research project will be focusgxexh.

2.1  Tungsten Inert Gas (TIG)

In TIG welding, electric arc occurs when electgicis passed to the tungsten
electrode. The distance between the tip of thesiemgelectrode and the work piece
surface will cause the flow of electrons. The flofvelectrons in turn produces arc
and high heat to melt the metal. TIG welding is €aon a controlled atmosphere
using a tungsten electrode which serves to prodacarc to melt the metal. Direct
current (DC) or Alternating Current of High Frequgr{ACHF) is used to enable the
resulting continuous and stable arc without toughthre metal electrodes. The arc is
ignited by pressing the starter switch which isated on the blowpipe flame. Filler
rod to feed and deposit into the cauldron of moheetal is used as an additive.
During extended inert gas welding, gas cylindeotigh the blowpipe functions as a
shield to protect the molten crater of atmosphaiictrapped in it. Theory of TIG

process can be read from books or manufacturerdegan details. (TIG Handbook



for GTAW) (Miller Electric Manufacturing Co., 2013Figure 2.1 shows the basic
diagram of the conventional TIG circuit.

Shielding gas supply
Cooling water :
o
system A
i ’/ Power source
Tarch

Filler rod

Farent
Material

Remote current contral

Figure 2.1: Basic diagram of the conventional TI@at.

Many researchers are using TIG technology to sthdyoptimized parameter
on their research (S. Suryakumar, K.P. Karunakaramgin Bernard, U.
Chandrasekhar, N Raghavender, Deepak Sharma, Z81Q) Juang, Y.S. Tang,
2002) (Palani.P.K, Saju.M, 2013) (Ugur Esme, MelBayramoglu, Yugut
Kazancoglu, Sueda Ozgun, 2009) (Y.S. Tarng, H.Lai,TS.S. Yeh, 1989). The
reason TIG is becoming the most preferred techryiedpecause it has the cleanest
weld bead. Other researchers also studied TIG mEeanby using Fuzzy Logic
controller and the result found that fuzzy clustgriechnique to be adequate for
establishing the relationship between the inpucess parameters and the outputs
(H. K. Narang, U. P. Singh, M. M. Mahapatra andkP.Jha, 2011) (A. Tradia,
F.Roger, E. Guyot, 2010), has come out with the emical model by using TIG spot
pulsed current welding on their study. But the gtddl not focus on the weld bead
roughness. The research focussed on the profileeofveld bead by using automated
TIG setup. TIG also has been developed into RapitbB/ping (RP) technology by



(H Wang, R Kovacevic, 2001). But none these resemsccame out with the result

to improve the surface roughness of weld bead.

2.2 Weld bead geometry

In order to find the parameter optimization, studythe weld bead profile is needed.
(Yong Cao, Sheng Zhu, Xiubing Liang, Wanglong WaBQ11) stated that the
sectional geometry of single-pass bead and thelagvexf the adjacent beads have
critical effects on the dimensional accuracy andlitps of metal parts and the
conclusion is that the edge detection of bead @ecwith Canny operator is
continuous and distinct, and as compared with Gawdsinction, logistic function
and parabola function, sine function has higheueszy to fit the measured data, and
“surfacing of equivalent area” method shows to taional and feasible by the

experiments. Figure 2.2 shows sketch of overlappingel by Yong Cao et al.

w/2 [

h

G 0 E F D I

Figure2.2: Sketch of overlapping model by Yong €aal.

(S. Suryakumar, K.P. Karunakaran, Alain Bernard, Ghandrasekhar, N
Raghavender, Deepak Sharma, 2011) Identified thd peofile above the substrate
is assumed to be a symmetric parabola of the formay+ cX (Figure 2.3) and a
simple overlapping parabolic pattern shown in Fgg@.4 was assumed for the

multiple bead deposition. The distance betweerctmsecutive beads is referred as



step over increment (p). In this model, it was assdl that: a) every bead has same
cross-sectional profile. b) The parabolic bead ifgofs unchanged during the
overlapping process. S. Suryakunearal has come out with the improved model, as
the step over increment decreases, the overlappolgme increases with a
commensurate decrease in the volume of the vallegrefore, the radius of the fillet
increases with the decrease in the step over irarerm\t some point when these

volumes become equal, the fillet will degenerate mstraight line Figure 2.5.

— —-— Bead Width, w

y=ax’+c - \ X
[
|
) & \ / Y
J — Bead Height, h

Penetration — &

Figure 2.3: Parabolic cross-sectional profile & bead

| ‘ Step over increment, p

Height, h ‘ Layer Thickness, t—

Previous Layers/substrate

_ﬂ-‘"\_\'_ﬂ-’/\\_“‘_

Width, w

Figure 2.4: Multi-bead profile in the initial model

“~.yolume of valley

Overlap Volume

Figure 2.5: Overlap volume equal to volume of walle
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2.3 Parameter selection

The shape and dimensions of the weld bead areimgyrtant in the use of the rapid
prototyping system based on a welding techniquealrse these factors determine
the limits of the wall thickness that can be buaiftd influence the quality of the
surface finish. Numerous experiments were undentakebuild single beads for a
range of welding conditions. The parameters thaiewearied include the welding
current, the welding arc voltage, the welding speedl the wire-feed speed. The
welding current and arc voltage are monitored. 8qbently, the sizes (height and
width) are measured of the built weld bead. The foain welding parameters are
the welding current, arc voltage, welding speed| aire-feed speed. When one of
the parameters increases, the others are keptaowngHuijun Wang, Radovan
Kovacevic). They also conclude that there are thmgmrtant keys to the success of
the process, namely the preheating of the subs{kaEtse metal), the arc-length
monitoring and controlling, and the heat-input coliihg. This process allows the
components to be made directly and successfully alitminium alloy. Several parts
are made with perfectly acceptable quality for thwface finishing, mechanical
characteristics, and dimensions. The influence elflimg parameter such as current
ratio and pulse frequency on the weld pool shajpsvstthat for a stainless steel the
choice of the peak current, background current antsed frequency affects
considerably the weld pool shape. (A. Tradia, F&pg. Guyot, 2010)

The optimal weld pool geometry has four smalleHietter quality
characteristics, i.e. the front height, front widbdack height and back width of the
weld pool. The modified Taguchi method is adopieddlve the optimal weld pool
geometry with four smaller-the better quality (SJ3ang, Y.S. Tang, 2002) (Dongjie
Li, Shanping Lu, Wenchao Dong, Dianzhiong Li, Yiyj 2012), done their research
based on three parameter selection which is spaeelt arc length and current
under two TIG shielding method. Study on parameterwelding speed, welding
current, shielding gas flow rate and gap distaace §gap) give a significant result to
the bead geometry, they found that Taguchi Mettloda ivery effective tool for
optimization. (Ugur Esme, Melih Bayramoglu, Yuguazancoglu, Sueda Ozgun,

2009). Optimization is a method in which the immrment of the quality can be
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done without additional cost. There are a varidtyeaghniques implementing this
method. (Y.S. Tarng, H.L. Tsai, S.S. Yeh, 1989k asing neural network to
construct the relationships between welding progemsameters and weld pool
geometry in tungsten inert gas (TIG) welding. Antimization algorithm called
simulated annealing (SA) is then applied to thewoét for searching the process
parameters with optimal weld pool geometry and dbeality of aluminium welds
based on the weld pool geometry is classified aewffied by a fuzzy clustering
technique. (Palani.P.K, Saju.M, 2013), has doner thieidy by using Response
Surface Methodology (RSM). RSM is a collection tdtistical and mathematical
techniques useful for developing, improving, andirmozing processes. With this
technique, the effect of two or more factors onligpariteria can be investigated
and optimum values are obtained. In RSM desigretBbould be at least three levels
for each factor. RSM also quantifies relationshgmsong one or more measured
responses and the vital input factors. The verswwf the MINITAB software was

used to develop the experimental plan for RSM.

(S.C. Juang, Y.S. Tang, 2002), also complete theidy by using modified
Taguchi Method. Basically, classical process patameesign is complex and not
easy to use (Montgomery, 1991.). Especially, adangmber of experiments have to
be carried out when the number of the process patmmincreases. To solve this
task, the Taguchi method uses a special desigrrtbbgonal arrays to study the
entire process parameter space with a small nummbexperiments only. A loss
function is then defined to calculate the deviatmeiween the experimental value
and the desired value. Taguchi recommends the fuse doss function to measure
the deviation of the quality characteristic frone tthesired value. To consider several
quality characteristics together in the selectibrpmcess parameters, the Taguchi
method needs to be modified to evaluate several flosctions corresponding to
different quality characteristics Usage of the Tagumethod to determine the
welding process parameters with the optimal welol ggometry is reported. This is
because the Taguchi method (Y.M. Zhang, R. Kovagdvi Li, 1996) (S.C. Juang,
Y.S. Tarng, H.R. Lii, 1998) (Peace, 1993) is a eysitic application of design and
analysis of experiments for the purpose of desm@ind improving product quality.
In recent years, the Taguchi method has becomewsrfid tool for improving

productivity during research and development (A.nd#l, j. Disney, W.A.
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Pridmore, 1989) so that high quality products carmptoduced quickly and at a lower
cost. However, the original Taguchi method has l#signed to optimize a single
quality characteristic. To consider several quabtyaracteristics together in the
selection of process parameters, the Taguchi methagt be modified to integrate
several loss functions corresponding to differemdliy characteristics. Therefore,
the modified Taguchi method is adopted in this pdpeanalyse the effect of each
welding process parameter, and then to determiegptbcess parameters with the

optimal weld pool geometry.

The aim of this research is to get as minimum assipte result on surface
roughness. In order to find optimization parametetup in TIG welding many
researchers have done their research by using atitomachine setup. Pervious
researcher (Huijun Wang, Wenhui Jiang, Jiahu Quy&aglovan Kovacevic, 2004)
has stated the surface roughness of a depositédinval4043 Al-alloy is found to
relate to the direction along which the measureman¢ taken with respect to the
welding. Four directions of surface roughness ai@rened for each sample: both
parallel and perpendicular to the welding directiom the top surface, and the
horizontal and vertical directions on both the @ésand inside of the walls. It is
found that the roughness in the vertical directonthe sidewall is distinctly greater
than the horizontal direction. At the top surfattee roughness perpendicular to the
welding direction is much greater than the rougbnesrallel to the welding
direction. If a heat input is not controlled, theface undulations of a deposited wall
are found to be directly related to the thicknetshe wall. From their study, the
average of the surface roughness Ra is 4.67-5.48nfor verticality of the
deposited wall, at present the accuracy is aboytes# it is expected that it will be
reduced eventually to 2% by monitoring welding ablfes so as to reduce the
amplitude of surface ripples Figure 2.6 shown maatic rapid prototyping VP-
GTAW on their experiment setup.
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-

Variable GTAW torch

Polarity
Power
Source

Figure 2.6: Automatic rapid prototyping VP-GTAW (iun Wang, Wenhui Jiang,
Jiahu Quyang, Radovan Kovacevic, 2004)

(J. Tapp, .M. Richhrdson and N.J. Woodward) haslistl surface roughness in
few factor which is gas comopistion, travel speed)sed welding, materials
composition and multi-pass evaluation. They hasaidisred, a material composition
is of significant importance in minimizing surfaceughness. Higher welding speeds
and low heat inputs to lead reduced surface rowgghmalues. The average surface
roughness measurement Ra may not be the most lsuitattex for surface
characteristic when low values of surface roughm@esconsidered. Current pulsing
has been found to have some influence on the heéate roughness, a pulsed weld
with moderate peak amplitude and equal mark spato® gave the lowest roughness
values. Multi pass welding has only a small inflocenon the average surface
roughness, but has been found to reduce the maxwvanamce R max of the surface
profile, possibly due to a reduced heat input aradlifred thermal gradients Table
2.1 shows result obtained from (J. Tapp, I.M. Rrdslon and N.J. Woodward)



Table 2.1: Pulse Parameter Test (J. Tapp, |.M.Radon and N.J. Woodward)
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Weld No Cngh Low Movement | Roughness Ra (um) Mear
urrent current

_ 1.90

1 74 25 continuous 1.87
1.84
) 2.18

2 150 25 continuous 2.29
2.41
3.95

3 120 10 step 3.94
3.92

Table 2.2 Materials Influence on Inner bead Surfacghness. (J. Tapp, .M.
Richhrdson and N.J. Woodward)

Average Surface Roughness Ra (um

Variation (%)

Mean
Cast 1, Low 1.16
1.12 7.1
Sulphur 1.08
Cast 2, High 1.90
1.87 3.2
Sulphur 1.84

(S.C. Juang, Y.S. Tang, 2002) used servo servo anéah to control

traveling speed of the electrode in their autonmaditG system.. The welding power

source is provided by a thermalarc AC welding maeh({HeroTIG 250P). In their

research, the front height, front width, back heighd back width of the weld pool

are used to describe the weld pool geometry andsuned by a 3D-Hommelewerk

profilometer. Results of ANOVA indicate that arcpgdlow rate, welding current

and welding speed are the significant welding psecparameters affecting the

multiple quality characteristics. The percentagetcbutions due to these process

parameters are shown in Table 2.3 below.
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Table 2.3: Results of ANOVA for the weld pool gedmeS.C. Juang, Y.S. Tang,

2002)

Symbol Process parameter Degree of freedom Sum of square Mean square F Contribution percentage
A Arc gap 3 16.06 5.35 497 26.86

B Flow rate 3 9.47 3.16 293 15.84

¢ Welding current 3 14.36 47 445 2401

D Welding speed 3 16.68 5.56 51T 2789

Error 3 3 1.08 540

Total 15 .79 100

(J. Raveendra, R. S. Parmar, 1987) have built maheal models using the
fractional factorial technique to predict the wéldad geometry and shape relations
(penetration, width to penetration ratio, perceatatdjlution and reinforcement
height). The base metal was a 3 13-mm thick lovb@arstructural steel plate. The
parameters of the FCAW process considered in tbikwere: arc voltage, welding
current, welding speed, gun angle and nozzle-ttelastance. They have developed
models which can be used either to predict the lggaumetry or to determine a
combination or a range of parameters to obtain desired bead geometry
dimensions within the factors domain. Furtherménese models can also be used in
a production system for automatic control of wetdiconditions. Some work has
been carried out on the influence pf welding candg on surface notably by (W,
1996) (Schloz. W, Flint. S, 1995), who has investigl difference weldnig processes
and evaluated the effects on tweld bead roughrtes siudy showed that GTAW and
plasma arc welding produce the smotest weld béangisovement to the parameter it

is possible to significantly reduce weld bead rowggs.

(Utne, 2013) has complete their study on surfaagglmaoess on the different
specimens of AA6082.52 and AA6082.50 and the restuttwn in Table 2.4. from
the result, the higest Ra value was 5uM and the lowest is 0.422m for both

specimens.
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Table 2.4: Surface roughness of the different spens of AA6082.52 and
AA6082.50, both in T6 temper condition. (Utne, 2P13

Alloy Specimen Ly [mm] | R, [pm] | R: [um] | B [pm]
. Base material 5.60 0.422 2.82 543
AANUR2.32 As welded 5.60 0.824 5.00 10.4
Base matenal 17.5 2.14 13.8 19.7
As welded 17.5 1.24 16.8 37.5
AAG082.50 | Welded + PWHT 1 ] 1.804 547 30.1
Welded before SP 175 3.672 15.4 22.8
Welded + SP 17.5 5.742 37.3 536.0

(Gholamreza Razavi, Gholamreza Zirepour, Mohsen ol8akin, Hossein
Monajati, 2011) has used Laser Beam Welding, EbecBeam Welding, and Plasma
Arc Welding to improve surface properties and penfeurface hardening.Although
welding is recognized as a process for connectartspbut it is regarded as one of
the most important and widely used coating proce#s®mugh mass-coating on the
surface of industrial parts. They found that withb@A continuous current, the
hardness variations are reduced from the sampfacgutowards center with a mild
gradient; but considerable increase in surface remsl has not been obtained
compared to base metal. This trend has a steepegtaslith a 60A current and the
sample has a mean hardness. With a 75A continuguent, the trend of hardness
variation has a steep gradient and the maximunacarfiardness has been obtained
in this state. With a 75A pulsed current, the hasdnvariations have a mild and slow
gradient and the sample has a relatively high hemsinTable 2.5 and Figure 2.7
shows hardness result obtain from (Gholamreza RaZakolamreza Zirepour,
Mohsen Saboktakin, Hossein Monajati, 2011).

Table 2.5: Results obtained from hardness meastoirtgsted samples.

Distance from the Current(A)
surface (mm) 50 60 75 75 pulse
0 380 503 600 520
| 355 401 505 450
2 337 339 406 376
3 336 335 3394 335.9
4 335 334 334.1 334.5
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Figure 2.7: Graph for variations of hardness vedisgnce for welded samples
(Gholamreza Razavi, Gholamreza Zirepour, Mohsem&akin, Hossein Monajati,
2011)

25 Conclusion

Based on what has been discussed in this studgnibe concluded that the selection
of the parameters is a key factor in producingdpemal surface roughness of weld
bead. Surface roughness plays a very importanbrfaat mould industries. By
improving the surface roughness, extra work orsfimg can be avoided and it can
reduce time and manpower constraint in producingldhd\Nevertheless, the accurate
selection of parameters is also very importanthi@ success. Variable parameters
such as ampere, travel speed and filler rod fesdai®e major factors in producing
the best welding surface, Parameters such as tur@fH, arc gap and other
parameters must be taken as a constant parameger setup is done based on the
type and dimensions of the work piece. The nexptarawill explain in detail how

the project research work was conducted.
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CHAPTER 3

METHODOLOGY

3.1 Introduction.

This chapter has described the method and procédwietain the data and how the
data was analysed in this project work. This seci$oto justify the means in which
the research project was obtained and to helpuvimgyiit purpose and strength as it
will then be truthful and analytical correct. Alf these will help in the processing of

the data and the formulation of conclusions.

3.2 Research project methodology.

Research project starts with the implementationceph of Design of Experiment
(DOE) by using Taguchi Method and Figure 3.1 shbe tesearch project flow
chart. Selected parameter levels are chosen bas@debminary result. Before the
experiments are conducted, substrates (base noétdde sample was undergo with
the surface grinding to remove the surface from arylizing (rust) and uneven
surface. Then the experiments are conducted basguh@meter and level setup.
Each sample was inspected for validation. Validetiof the sample are based on
(American Welding Society, 1998) standards. If shenples are rejected, the sample

were redo and improved until fulfil the requirememhe observation process for



19

produced the sample was recorded. Non-Destructiest TNDT) such as Dye
Penetrant Inspection (DPI) was conducted for obthimefect on the samples
surface. Surface roughness and hardness as destriest was conducted for

surface analysed.
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Figure 3.1: Research project flow chart
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3.3 Robust Design of Taguchi Method in DOE

A Taguchi Design or an orthogonal array is a metbbdesign of Experiments
(DOE) that usually requires only a fraction of thdl factorial combinations. An
orthogonal array means the design is balanced a&oféictor levels are weighted
equally. Because of this, each factor can be eteduadependently of all the other
factors, so the effect of one factor does not grilce the estimation of another factor.
In robust parameter design, first choose contrdbis and their levels and choose an
orthogonal array appropriate for these controldexct The control factors comprise
the inner array. At the same time, determine ao$etoise factors, along with an
experimental design for this set of factors. Ths@dactors comprise the outer array.
The experiment is carried out by running the conepset of noise factor settings at
each combination of control factor settings (atheam). The response data from
each run of the noise factors in the outer arrayusually aligned in a row, next to

the factors settings for that run of the contratdas in the inner array.

In this research project, three (3) parameters\hia@affect the results were
chosen namely Ampere (a) Travel Speed (mm/s) amrd Rate (mm/min). These
parameters we set as a factor with level of thggeTable 3.1 below shows the DOE
factor and level of the research project. The offa@ameters are set to be a constant
factor in Table 3.2. Once the factor and level hasn decided, Taguchi Robust
Design Matrixes for 3**4 L9 orthogonal arrays ahem generated. Table 3.3 shows
Robust Design Matrix with three (3) factor, thr& [evel and nine (9) runs. The
advantage of the Taguchi Method includes helpingstiady the effect of many
factors (variables) on the desired quality mosteoaically. By studying the effect

of individual factors on the results, the bestdacombination can be determined.

Table 3.1: DOE factor and level

Level . .
Parameter (factor) Low Medium High
Ampere (a) 150 160 170
Travel Speed (mm/s) 150 186.11 222.22
Feed Rate (mm/min) 1.50 3.06 4.61
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Table 3.2: Constant parameter (factor)

Parameter (factor) Low
voltage 415V
Arc gap 3 mm
Torch angle 80°
Wire feed angle 30°
Wire feed size 0.8 mm
Electrode size 2.4 mm
Cup size 6
Colet size 2.4
Argon flow 17 CFH (8 I/min) 20 Psi
Polarity Electrode negative (DCSP)

Post flow time

9 sec

Table 3.3: Robust Taguchi Design Matrix

No Ampere (a) Travel Speed (mm/s) Feed Rate (mm/min)
1 150 150.00 [1.0] 1.50 [1]
2 150 186.11 [1.5] 3.06 [2]
3 150 222.22[2.0] 4.61 [3]
4 160 150.00 [1.0] 3.06 [2]
5 160 186.11 [1.5] 4.61 [3]
6 160 222.22 [2.0] 1.50 [1]
7 170 150.00 [1.0] 4.61 [3]
8 170 186.11 [1.5] 1.50 [1]
9 170 222.22 [2.0] 3.06 [2]

*[ ] Minitab 16 notation
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3.4 Semi-Automatic TIG Machine

To perform the experiment, Semi-automatic TIG maehvere customized. All the
equipment was fitted by using conventional TIG equent. TIG torch was attached
to the travel car to make sure the torch is fixéd setup angle. Wire feed was
supplied from the torch of the MIG machine and Fadhit. The wire feeder also fits
into an arm support on the travel car. The Trawelvall travel on the track and only
can perform in straight direction. Control of thenpere (A), Travel speed and wire
feed are done manually for each sample run. AnggteeoTIG torch and wire feeder
nozzle was set to be a constant variable. In #ssarch project, the Semi-automatic
TIG was customized to make sure all the parameatersvorking in the firm position
without any errors. The accuracy of the setup pky®ry important point because
all data recorded must be valid for analysis. FegBi2 shows the drawing of Semi-

automatic TIG machine using AutoCAD drawing softevar

MIG Wire feeder
Machine

Travel car

TIG Machine

MIG Torch

Arm Support

Wire feeder

TIG Torch

nozzle

Figure 3.2: Semi-automatic TIG machine schematwvitrg by AutoCAD
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3.5 Research project sample

Samples will be produced in single bead and pado&agl. Figure 3.3 (a) single bead
(b) padding weld bead show a photo of the SampleEb&h run was replicated for

three (3) samples and represented as A, B and fGreBéhe samples were produced,
substrates (base metals) were done with the pradessface grinding. This process

is to flatten the substrate (base metal) and renaoyedirt and oxides on top of the

surface before weld. After the surfaces are cleasiagle bead are produced on top
of the surface. To perform padding bead (b), sibgi@d must be done first. After the
first weld bead, the sample will be cooled. Aftehigh the second run of the weld

bead are done on top of the first weld bead. THe Wwead starts at the same starting
point of the first weld bead. For each replicatitime observatory data has been
recorded for three (3) times. lllustrations diagrafithe samples are shown in the
Figure 4.3 in the next chapter.

Figure 3.3: Sample 1A (a) Single and (b) paddinggveead sample
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