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Abstract— The aim of this project work is Analysis of TIG
welding parameters of Sainless Steel (SS 202) material used
in the manufacturing of Heat Exchanger and Pressure vessel
by TIG welding process, in which various input process
parameters within the range of value are carried out and
characteristics of output parameters are analyzed. Gas
Tungsten Arc Welding (GTAW) process is commonly applied
to a wide range of metals which uses non-consumable
tungsten electrode. Sainless steel specimen (SS 202) of 6mm
thickness used in the manufacturing of heat exchanger and
pressure vessel is selected. Full factorial Design method is
used to formulate the experimental layout to rank the welding
input parameters which affects the quality of weld and is
influenced by the input parameters such as current, gas flow
rate followed by diameter of filler wire. The weldments are
studied for tensile test, Bending test, Hardness test to find
qualitative properties. The percentage contribution of each
input parameter and prediction of tensile strength, bending
strength and BHN is found by Full factorial Design.
Keywords—TIG welding, Stainless steel specimen 283),
Full factorial Design, Gas flow rate.

. INTRODUCTION

which is also within the acceptable level. Thesavenient
welding input parameters which is also the accdethvel

varies from one welder to the other welder, thasgui

parameters of most of the experienced welders, imethe

welding of stainless steel material of SS 202 avestigated
and using full factorial design welding charactgcs are
studied by experimentation. In Full factorial expental

design two levels (minimum and maximum) are talkéemd

three input parameters such as current, inertagasdiameter
of filler wire are set for welding process.[1]

II. TIG WELDING PROCESS

A. Operation

Manual gas tungsten arc welding is often consid#rednost
difficult of all the welding processes commonly dsi
industry. Because the welder must maintain a shoct
length, great care and skill are required to prewemtact
between the electrode and the work piece. Simiaotch
welding, GTAW normally requires two hands, sincesmo
applications require that the welder manually feedller
metal into the weld area with one hand while malaifiug

the welding torch in the other. However, some welds

combining thin materials (known as autogenous aiofu

Gas Tungstan Aragon Welding (GTAW) is an arc weajdin welds) can be accomplished without filler metal; stno

process that produces coalescence of metals bipne¢laeém

with an arc between a non consumable electrodeadrate
metal .It is commonly used for welding thin and moed

thickness materials like Stainless steel plates @artbon

steel plates and for applications where metallaigiontrol

of the weld metal is critical Since welding is ndighly

mechanized, the welding procedure must ensure theat
weld bead is of good quality and is obtained atimmimm

cost.

GTAW or Tungsten gas welding is one of the most

commonly used in the manufacturing of heat exchaagd
pressure vessel. This finds wide application in fibkl of
chemical, oil and petroleum industries. This weddprocess
is commonly used for welding of thin plate or realding of
medium thickness plate. Usually, the desired welgirocess
parameters used in heat exchanger and pressurel aess
based on the ASME SECTION IX, But most of the comypa
having experienced welders who uses the weldingrpeters

notably edge, corner, and butt joints.[2]
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Fig.1: TIG welding process

To strike the welding arc, a high frequency gererat
(similar to a Tesla coil) provides an electric $pahis spark
is a conductive path for the welding current thtouge
shielding gas and allows the arc to be initiatedlevthe
electrode and the work piece are separated, typiabbut
1.5-3 mm (0.06-0.12 in) apart. This high voltagéghh

depending upon their experience. And set the weldinfrequency burst can be damaging to some vehictdralal

process parameters according to their conveniem leut
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systems and electronics, because induced voltageshicle
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wiring can also cause small conductive sparksénvithicle but some applications call for an automatically fidtbr
wiring or within semiconductor packaging. metal, which often is stored on spools or coils.

Vehicle 12V power may conduct across these ionpagts,

driven by the high-current 12V vehicle battery. 3de ELEC TRODE HOLOER

currents can be sufficiently destructive as to hlissahe SLEC TRODE J c N

vehicle; thus the warning to disconnect the vehidéery p #

power from both +12 and ground before using welding L2 elecmica mm‘

equipment on vehicles.
B. Equipments used ..
The equipment required for the gas tungsten arding! _

NSULATING
SHEATH

) ) i hatly WORKPIECE SHIELDIIG GAS
operation includes a welding torch utilizing a
non-consumable tungsten electrode, a constantaturre

welding power supply, and a shielding gas source. Fig.4: GTAW system setup

As with other welding processes such as gas metal a
welding, shielding gases are necessary in GTAWrtbept
the welding area from atmospheric gases suchm@gait and
oxygen, which can cause fusion defects, porosity, \aeld
metal embrittlement if they come in contact withe th
electrode, the arc, or the welding metal. The ¢mstaansfers

ek e : heat from the tungsten electrode to the metaljtdrelps start
Fig.2: GTAWtorchwith variouselectrodes, cups, colletsand  and maintain a stable arc.
gas diffusers.
C. Power supply Ill. METHODOLOGY AND OBJECTIVE

The preferred polarity of the GTAW system deperaiigdly A. Problem definition

on the type of metal being welded. Direct curreithva GTAW or Tungsten gas welding is popularly used in
negatively charged electrode (DCEN) is often em@tby manufacturing of heat exchangers and pressurelseBsz
when welding steels, nickel, titanium, and othetatse It can welding process has different process parametehe T
also be used in automatic GTAW of aluminum or magma  quality of the weld depends on several input vdesblike
when helium is used as a shielding gas. The negjgtiv welding speed, voltage, size of filler wire, gasvfl rate,
charged electrode generates heat by emitting etectvhich  nozzle-to-plate distance, torch angle and othetofac By
travel across the arc, causing thermal ionizatibnth® varying these process parameters, vyields different
shielding gas and increasing the temperature ofbdeee characteristics, which affects the mechanical prtogee This
material. The ionized shielding gas flows towarde th experimentis carried out to produce no failurésa there is
electrode, not the base material, and this canvadkides to  no variation in the input parameters of the weldingcess to
build on the surface of the weld. give wrong results.

As the heat exchangers and pressure vessels geetsalto
high pressure during working period, this experimen
carried out for the welded specimen to get the besilts.
Design of experiment is done for TIG welding of the
specimen as a test piece where same process fdingés
carried out during manufacturing of the productsolvtgives
better than the required task. That ensures mée¢ysa the
products such as heat exchangers and pressurds\i@}se

B. Objective
Fig.3: GTAW power supply In this dissertation work an attempt has been nhadesign
D. Shielding gas of experimentation for good strength weld bead iregiufor

Filler metals are also used in nearly all applmasi of the pressurized products such as heat exchangets an

GTAW, the major exception being the welding of thinpressure vessels. For TIG welding process, diffeirgout

materials. Filler metals are available with differdiameters process parameters are used for welding the joirtiese

and are made of a variety of materials. In mostgahe filler welding input parameters have different effect loa weld

metal in the form of a rod is added to the weldlpoeanually, bead, which affect the weld pool geometry, mechalnic
properties and microstructure.
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However need for pressurized products are moreatatys
side. Hence in this dissertation work, mainly mectal
properties are considered to study the charadtavief the

"X F XS X XS, X * X", "X * X, * X 3" columns to
the matrix of 8 trials for a*2experiments.
Tablel: shows the model matrix of the 23 full factorial

input parameters. experiments.
To study the mechanical characteristics of the aalgint Eactl
tensile test, hardness test, bending test is daoig. and i Fact Fact|Factq Factor|Facto Fact or |Resq
corresponding tensile strength, hardness (BHN), ar rll I a;(: g or | r |[(XaxXz|(XxX )(()r (X1x|onsg
bending strength are analyses to adopt the cqesameter || |7 (X X2 |[(Xa)| ) 3) (X 2)X Xax | (Yi)
required for the safe operation of the pressunmeducts, as ¥1Xa)
itis subjected tg tensile, bending during the epen ofthe |11 11 1 [ 1 | 1 1 1 1] 1]v1
pressurized Fluid. o111 +1 | -1 1 1 1 111 1v2
Ci |2|/I etr:_?qomgt;; important trol variabtew |-l 2 AL A4 L ALY
.ﬁned?r: yl[:g_ e |mpor§r|1 pro<|:_es_ts control varia 211 1 1 +1 1 T 1111 va
g their upper and lower limits. _ _ 5111 2 1 1 111 1vs
2.Developing the experiments as per the design maitrik 6T 1 +1 1 1 1 1 11 11ve
recording the response Parameters. =T1T 1 [+ +1 _1 1 _1 _1 v
3.Developing the model and calculating the regressi - - - -
coefficients Bl1]++1]+ ! 1 1] 1]Y8

4.Conducting the experiments as per the design matiix
recording the response Parameters.

5.Checking the adequacy of the models.

6. Significance test of factors.

7.Graphical method for identification of significafactors.

8. Estimation and evaluation of effects of parameters.

IV. PROCESSMODELLING
A. Problem definition
A process generally consists of several discretmotinues
input factors and some of these factors (May nptcah be
controlled or varied during experimentation. Eaebponse
(output) is to be expressed, as a function oftpeti factors.
The experimental data are to be used to drive guireal
(approximation) model linking the outputs and irgoahd to
find out which factors influence a response mostese
empirical modes could be either linear or Non-Im@a
nature.

| Controllable Factors{X; X2.......X.)

INPUT PROCESS ouTeUT

Uncontrollable Factors (Z: Z;.....Z.)

Fig.5: Schematic diagram of manufacturing process model

B. Developing the models and calculating the regression
co-efficient

The input-output model or analysis of the procesden
study is obtained by adding "I" column containing dnd
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V. TESTRESULTS
A. Sgnificance test of factors
The values of the regression coefficient give agaids to
what extent the control variables affect the respon
quantitatively. The less significant can be dropfred the
response equation, without sacrificing the accuraby
achieve this, student's t-test is used or graphitathods,
such as normal probability plot of effect Paretarthof
effects are used.

B. Working range of process parameters
The range of parameters which is available in RHING
6400 Gouzing Equipment is as follows:
Current: maximum - 400 Amps
Flow rate of inert gas: maximum - 40 lit/min
Voltage: maximum : 40 Volts
Diameter of the Filler wire: 01.6 mm - 03.5 mm
As per ASME section-IX, welding Stainless steel eniaf
SS 304 of 6mm thickness required range of inpudrpaters
are as follows,

e Current: 120-125 amps

» Flow rate of inert gas: 9-10 lit/min

» Diameter of filler wire: 1.6-2.5mm.[4]

C. Orthogonal arrangement for experiment
The following table shows the range of input preces
parameters used in the welding of stainless stagtmal of
SS 202 specimen. [5]

Table.2: Orthogonal arrangement for experiment.

Ex. | Current Fl:;’fia;:f Diameter of
No | (amps) (lit/min) filler wire (mm)
1 120 10 1.6
2 125 10 1.6
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3 120 09 1.6
4 125 09 1.6
5 120 10 2.5
6 125 10 2.5
7 120 09 2.5
8 125 09 2.5

D. Machining process

For that milling machining is carried out for theeparation
of the specimen according to the dimension requfoed
mechanical testing .In this milling machine largecant of
coolant is used for the machining process to ektarthe
heat input to the specimen as less as possible.

The spemmen after machmlng process is shown helow

Fig.6: Specimen machined by milling process.

E. Mechanical testing
For Mechanical testing three testing’s are carmed as
follow

1. Hardness testing

2. Tensile testing

3. Bend testing.
F. Results from main effect plot for tensile strength
Graph 1, Shows the effect of the different maindaon
tensile strength and it is found that as the curmcreases
tensile strength increases and as inert gas flemimareases
tensile strength increases, but as diameter ofiltbe wire
increases tensile strength decreases.

Main Effects Plot for Tensile Strenght
Fited Means
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Graph.1- Shows the effect plot for tensile strength.

G. Resultsfrom Interaction plot for bending strength
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Interaction Plot for Bending Strength
Fitted Means
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Graph 2-Shows the interaction plot for Bending Srength.
H. Resultsfrom Interaction plot for hardness
Interaction plot for Hardness between current aredtigas
flow rate shows that hardness increases as gas riev
increases from 9 lit/min to 10 lit/min at lower cemt (at 120
amp),and also hardness decreases for inert gasdtevirom
9 lit/min to 10 lit/min at higher current (at 126p).

Normal Plot of the Effects
(response is Hardness, Alpha = 0.05)
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Graph 3- Normal Plot of the Effects.

Pareto Chart of the Effects
(response is Hardness, Alpha = 0.05)
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Graph 4 -Pareto Chart of the Effect.

I. Residual strength for different tests

Residual Plots for Tensile Strenght
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Graph 5- Residual Plots for Tensile Strength

Histagram Versus Order
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Residual Plots for Bending Strength

Normal Prabability Plot Versus Fits
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Graph 6- Residual Plots for Bending Strength

Residual Plots for Hardness
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Graph 7-Residual Plots for Hardness

VI. CONCLUSION
The project work is carried out successfully foalgris of
input process parameters to study the mechaniopepiies

of stainless steel (SS 202) material, which is used
manufacturing of heat exchangers, pressure vessals

chemical industries. The mechanical propertiesinbthby
mechanical testing are analyzed with
parameters by using mini-tab software. The reswise
found good and are as per requirements.

In manufacturing of heat exchanger and pressurselses

good strength weld joint is required. The weld joirfi the
shell as it is being rolled, re-rolled during maamtfiring, it
must withstand high tensile strength, bending sfiterand
hardness. Thus values obtained from mechanicalgefstr a

given input process parameters are satisfied. @ssotheck

these values for satisfaction, results were contpaith the
Test certificate of the plate. Also, graphs obtdifrem full

factorial design, it can be concluded for betteffqrenance.
From main factors effect and interaction effectdéars that
high current and high inert gas flow rate with lowlemeter
of the filler wire give maximum tensile strengthdafor

bending strength low current and lower diametehwigher
inert gas flow rate gives maximum bending strengttd for
the harness low current, low inert gas flow ratd anlower

diameter give maximum hardness. And also from nbrma[5

probability chart and pareto chart it is clear tinatrt gas flow
rate and diameter of the filler wire have maximuasipive
effect on Tensile strength, Bending strength andifiess of
the weld joint. Thus Tensile strength and benditngngth
decrease as current and Inert gas flow rate ineréasa
higher value of filler wires and found more stréngt low
current and low inert gas flow rate for a loweruebf filler
wire. While hardness of the joint found higher \alfor
maximum current, Inert gas and diameter of therfilire.
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input process

VIl. FUTURESCOPE
This dissertation work is carried out only for chterization
of TIG welding process parameters such as currmt, gas
flow rate and diameter of the filler wire. Furth&udy is
required for other parameters such as voltagejrigedte of
the filler wire, groove angle etc
This project uses base material as stainless atez$ 202,
which is used in heat exchanger and pressure yélssetan
be extended for other materials such as staintesk supron
nickel, and super duplex and also for the claddaterials.
Testing of the specimen is carried out only foethtypes of
tests; it can be further studied for the other Nb&thods
such as radiographic testing, ultrasonic testingf@t better
joint analysis as the products are utilized in pueized
industries.
Due to Welding of the test piece distortions occthrs
distortions induces stress in specimen. In futtues heat
treatment of the test to be carried out before iised for
testing and analyzing the test difference betwebka t
specimen which is heat- treated with specimen whsatot
heat-treated.
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