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“Evaluate the effect of process parameters on mechanical
properties of 6mm thickness SS317L weld joint for receiver
application GTAW welding ”’

(180044003)
Prashant R. Pandya

FOET, Department of Mechanical Engineering, Atmiya University,
RAJKOT
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ABSTRACT

GTAW welding is most important especially welding of stainless steel and aluminum are
more difficult to do. Nowadays SS317L materiel is used in top production receiver
application in chemical and Pharma Company. That’s why this must have contain good
mechanical properties and also resistance to corrosion. For achieving the good mechanical
properties of weld ment, the optimal selection of process parameters is very important. For the
GTAW welding the most influence input parameter are selected form the ASME section IX.
In this work, the effect of different welding parameters like gas flow rate, current and
included angle is selected for the project work. The filler wire which is used for the project
work that is ER317L for similar welding of SS317L 6mm thickness plate joint. Tensile test
and hardness test is done for check the mechanical properties of weld joint respectively.
ANOVA is used for finding out the most influencing input parameter on output result.
Optimization of selected parameter done by response surface optimizer. After the
optimization validate the result obtain. Taguchi L9 orthogonal array in DOE is used for the

optimization with MINITAB 17 version is used.

Keywords: Austenitic stainless steel 317 L, TIG welding, WPS




Introduction

CHAPTER -1

Introduction

1.1 Background:

Nowadays manufacturing industries performs very important role in the growth of the
any country to be develop. The economic strength of any developing country dependent
on the performances of manufacturing company. And also the growth of manufacturing
sector can develop the employment for the people and by doing this any country can go
towards to the progress.

In manufacturing industries joining is also the one of the most important phenomenon. In
other words Joining can be defined as the “metal or non-metal metal can be join to serve
some desired purpose” that purpose can be anything dependent upon application. Joining
have many process like welding, soldering and brazing also whatever may be used

according to application.

Welding can be defined as “a process of joining two similar or dissimilar metals by
fusion, with or without the application of pressure and a filler metal may or may not be

used if required particularly for the application”.

The G.T.A.W welding process is most preferable welding process for the manufacture for
the household appliance product. This process is most widely used in industries because

it is cheap, easy to use and it can be automated with the ease.

For manufacturing the chemical plant receiver, at first nozzle orientation is mark on top
dish then tacking the nozzle and nozzle welded with the top dish. The shell and both dish
end are welding with the help of the GTAW welding process. This welding process is

more preferable for manufacturing stainless steel vessel.
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The below fig 1.1 show the project boundary condition for the project work.

\
\ 4
\

\ 4
\ 4
\ 4

Validation of experimental result

Fig 1.1-Project boundary condition
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1.2 Tungsten inert gas welding process:

Manual GTAW welding is very difficult amongst all the welding processes commonly
used in industrial application because it is totally dependent on craft man experience
respectively. To prevent the electrode great care and skill are required and the welders
must maintain a short arc length during the welding so for doing the welding of pressure
vessel WPQ is essential for the welder. Welder manually feed a filler metal into the
weld area with only one hand and at the other hand manipulating the welding torch in
the form of weave bead respectively.

The GTAW welding process comes under the fusion welding process categorised shown
in below fig 1.2. In this type of welding process the joining operation of two similar or

dis-similar metal done with the metaling the parent metal.

Direction of {.— GTAW head

Id
e Power

Shielding gas

—.— Contact tube

_——Tungsten electrode
(nonconsumablie)

P Weld bead

Copper shoe) .‘

(optional) \ Shielding gas

Fig 1.2 Tungsten inert gas welding process [?1

Gas tungsten arc welding (GTAW) process is most commonly and widely used in
fabrication industry for manufacturing the different products. Non consumable tungsten
electrode used in GTAW welding process for welding the parts. The different shielding
gas used like argon, helium or the mixture of it. The shielding gas used for the
preventation form other atmosphere contamination and form oxidation also. Generally
argon as the shielding gas is used in fabrication industry because the cost parameter
consideration compare to helium. At the other side helium is also use but when they
required deeper penetration compare to other. While doing the GTAW welding the filler
wire may or may not be used is dependent upon the application.

This welding process is mostly used in fabrication industry, chemical plant, and food
processing industry, manufacturing vessel, storage tank, and nuclear plant, Pharma
company plant for joining the similar or dis-similar material which are ferrous or non-

ferrous.
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1.3 GTAW welding parameter-

Form the ASME Section IX B3l there are mainly three types of welding variables form
QW- 250(welding variables):

1. QW-251.2 Essential variables
2. QW-251.3 Non- Essential variables

Essential variables are those that any change in the value of variable that directly effects
the mechanical properties of the weld joint respectively. And also the WPS

requalification is required (I,

The requirement of supplementary essential variable for the notch toughness test and
charpy V notch test (331,

Non-Essential variable are those that any change in the value of variable that does not
effects the mechanical properties of weld joint. And also the WPS requalification is not

required (%1,

1.3.1 Welding Current:

Generally higher current in GTAW welding process can lead to splatter and undercut
defect at the joint side and also work piece become defective. And also again lower
current setting in GTAW welding process lead to sticking of the torch to base metal and
also the base metal and filler wire does not melt properly and not good aesthetic
appearance. Generally the fixed current mode will vary the voltage in order to maintain
a constant arc current during the welding of the ferrous or nonferrous material

respectively.

1.3.2 Welding Speed:

The speed of the welding is also one of the most important influence on the mechanical
properties of weld joint. The heat input per unit length is decrease while the speed is
increased due to this the penetration of welding and also the reinforcement is deceased.

Due to the high welding speed, increases undercut, porosity in the weld ment and uneven
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bead shapes appear at the other side with slower welding speed reduces porosity defects
and lack of fusion in the weld joint.

1.3.3 Gas Flow Rate:

Gas flow rate is also the most effective influence parameter in TIG welding process
because the gas flow rate of inert gas whatever it may use protect the weld bead from
atmospheric contamination and also form the oxidation preventation. If the rate of gas
flow is high then the welding bead should be weaving while doing the welding and if
the gas flow rate is low then the pin hole and porosity defects arise. Mostly in the
fabrication industries pure argon gas is mostly used. And other gas are used relatively
like helium, carbon dioxide, hydrogen.

1.3.4 Welding Voltage:

Welding Voltage can be fixed or adjustable depending on the GTAW welding Machine
and also the thickness of the plate to be joint. A high initial voltage allows for easy arc
initiation and rod does not stick to the base metal and the plate doesn’t damage. Too
high voltage, can lead to large variable in welding quality and not good aesthetic

appearance and also not achieved good mechanical properties compare to other.

1.3.5 Welding polarity:
Mainly three types of polarity used in GTAW welding process there are-
1. DCEN
2. DCEP
3. AC

Generally the direction of the flows of electron is referred to as the polarity of the welding
machine. The Electron are generally flows from a (-) charged body to a (+) charged body
in the circuit. If the electrode is connected to negative terminal and earthing is connected
to positive terminal then it called DCEN (direct current electrode negative). By using
this deep penetration and narrow melted area is achieve and also approximately 30%

heat in electrode and 70% heat to work piece.
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If the electrode is connected to positive terminal and earthing is connected to negative
terminal then it called DCEP (direct current electrode positive). By using this polarity
shallow penetration and wide melted area is achieve as shown in below fig 1.3
respectively.

AC polarity provides good penetration and also the proper oxide cleaning. By using this
polarity 50% heat to work piece and 50% heat to electrode. Fig 1.3 shows the bead

geometry of different polarities.

Direct current electrode positive
Shallow penetration, wide bead

) Alternating current
Medium penetration and bead width

Direct current electrode negative
Deep penetration, narrow bead

Fig 1.3 Bead geometry of different polarities [

1.4 Industry Profile:

Industry in which | was allowed to work in Sai ratna engineering &fabricators. Industry
is situated in VAPI GIDC 4" phase near to Aarti industry Ltd.

Industry has gain expertise in making of any kind of fabrication work related to chemical
and Pharma Company. Industry was stated in the year 2007 in VAPI GIDC, 3" phase.

The annual turnover of the company is round about 4 to 5 cr.
Product being manufactured in plant listed below-

1] Reactor
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2] Storage tank

3] Pressure vessel

4] Condenser &heat exchanger

5] Reboiler

6] Column etc

Machinery available in company-
1] TIG welding machine set up

2] MIG welding machine

3] DC rectifier welding machine

4] Lathe machine 20foot and 14foot

5] Overhead crane-10tone and 6tone

Fig 1.4- Sai Ratna Engineering and Fabricators, Vapi
1.5 Product detail-

A Receiver is made with a one cylindrical shell and both side 10% torisperical dish end

provided.

The main application of receiver is to receive the chemical or liquid from the distillation

column and transfer to the storage tank with the help of vacuum pump. This receiver
used as the top production receiver in the chemical plant that’s why this material

corrosion resistance properties is high compare to other material used.
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(B)
Fig 1.5 —(A),(B) Image of the top production receiver

The above fig 1.5 (A),(B) shows the image of the top production receiver.

1.5.1 Product specification:

The below table 1.1 gives the specification of top production receiver.

Table 1.1 Receiver specification

Receiver specification

Inside Diameter(mm) 800

Shell height(mm) 970

Thickness (mm) 6 mm

Limpet coil 80%

pressure 0.8 N/mm?

Density of material 8 gram/cm®

Joint efficiency 0.75

Nozzle pipe Shedual 40
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1.5.2 Manufacturing step for Receiver :

Mainly eleven steps are followed by the industry for making the top production
receiver and this step listed in the below fig 1.6.

Plate cutting Cut the circle Plate bending Edge prepration on
opration : for dish process plate

Top dish and
Edge preparation on Tacking of both the bottom dish
dish dish with shell joinning with the
help of TIG welding

With the help of
press work make
the dish

Inspection with NDT Hydro test and air
o] Yy —

test test DIRERS

Fig 1.6-Manufacturing steps for making receiver

1.5.3 Material selection:

AISI SS317L material is used for manufacturing the top production receiver because
compare to other material it has high resistance to corrosion and also have some good
mechanical properties to other material. It comes under the ASME specification SA-
240.

It has also the good percentage of Cr, Ni ,Mo compare to other material that why it
is mostly used in the food processing industry, chemical plant, and also processing
equipment of Pharmaceutical company ,textile company etc. this material also used

at high elevated temperature and also the good fabricability.

The AISI SS317L content Carbon (C), Manganese(Mn), Phosphorus(P), Sulphur(S),
Silicon(Si), Chromium (Cr), Nickel(Ni), Molybdenum(Mo), Nitrogen(N). The
SS317L denoted by UNS number- S31703 Unified number system.
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The mechanical test requirement of SS317L According to ASME SECTION-I1I-A
(SA-240) listed in the below table 1.2 respectively.

Table 1.2- Mechanical properties of SS317L material (32

Tensile strength;(min) 515 MPa
Yield strength; (min) 205 MPa
Elongation ; (min) 40%
Hardness Brinell 217
(max) Rockwell B 95

Chemical composition of SS317L 6 mm thickness plate material according to ASME
section 2(A) listed in the below table 1.3.

Table 1.3—Chemical composition of SS317L plate material 3?1

Element Content (%)

Carbon (C) 0.03
Manganese(Mn) 2
Phosphorus(P) 0.045
Sulphur(S) 0.03
Silicon(Si) 0.75
Chromium (Cr) 18-20
Nickel(Ni) 11-15
Molybdenum(Mo) 3-4

Nitrogen(N) 0.10

The mechanical test requirement of ER-317L filler wire according to ASME section 1l
(C) shown in below table 1.4.
Table 1.4-Mechanical properties of ER-SS317L filler wire [3¢

Tensile Ksi 83
strength;(min)

MPa

Elongation (min)

Heat treatment
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Chemical composition of ER-SS317L according to ASME section 2 (C) listed in the

below table 1.5.

Table 1.5- Chemical composition of ER-SS317L Filler wire 3]

Element

Content (%)

Carbon (C)

0.03

Chromium (Cr)

18.5-20.5

Nickel(Ni)

13-15

Molybdenum(Mo)

3-4

Manganese(Mn)

1-2.5

Silicon(Si)

0.30-0.65

Phosphorus(P)

0.03

Sulphur(S)

0.03




Literature Review

CHAPTER -2

Literature Review

2.1 Problem Identification:

GTAW welding process is mostly used for join the similar and dissimilar welding in
fabrication and chemical &Parma plant respectively. This welding process is need of
the current fabrication industry market for economical fabrication with improve
mechanical property of joint and quality of welding, good aesthetic appearance of
welding joint.

Just suggesting correct parameter range ,which has given in standard but does not do
the job totally in fabrication industry but industry need justification and also follow
standard like ASME section IX,ASME section X etc. It comes with the experiment
and testing particularly for specimen of joint .And also quality that industry want like
aesthetic appearance and required mechanical property of joint in accordance with
the TPI requirement.

The main aim of this research project has been study similar metal joining using the
filler metal ER SS 317L. The higher current in TIG welding may be lead to spatter
and due to the lower current the tungsten rod must be stick with the work piece and
work piece become damage. Finally due to the improper amount of gas flow rate the
weld puddle get tabulated and pinhole generated on the weld joint and due to the high
current rang undercut is clearly visible that why not good aesthetic appearance. This
joint not pass in RT test according to the TPI requirement and it’s dependent on the
joint efficiency (e) of the job.

To improve the mechanical property of weld joint by changing the rang of input

parameter.

2.2 Literature Review:

Ramazan yilmaz et.al [ investigated that the AISI 304L end AISI 316L types of
austenitic steel welded by the GMAW using only ER316LSi filler wire and GTAW

using ER 308L and ER 316L filler wire respectively step by step to perform the

12
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experiment. They do some DT test for to test the Mechanical properties of 304L and
316 austenitic stainless steel weldments such as tensile strength, hardness and impact
properties were investigated by them respectively. Higher tensile strength was achieved
for the weldment of both 304L and 316L austenitic stainless steel GTAW comparing
with the weldment by GMAW in accordance with the DT test.At the other side, higher
toughness value obtains from the weldment by GTAW process in compare with

GMAW process respectively.

Nabendu Ghosh et.al 2 they have researched that Welding of dissimilar joints
between AISI 409 ferrite stainless steel and AISI 316L austenitic stainless steel, is
made by GMAW (Gas metal arc welding) using SS 316L as filler metal and then
perform some DT and NDT test respectively. Welding has been conducted as per the
design of experiments TAGUCHI methodology L9 orthogonal array is used to optimize

the parameter.

Then after the three levels of the input parameters: welding current, gas flow rate and
nozzle to plate distance, have been selected for the performing the experiment. After
the DT test has been done among the nine different samples, the best result was
obtained from Sample number 3 Corresponding to current 100A, gas flow rate 20 I/min
and Nozzle to plate distance 15 mm respectively. Particularly for this sample the DT
test result will be ultimate tensile strength = 468.7 MPa and Yield strength= 335.9 MPa
respectively. The worst result in tensile testing has been obtained for sample Number
8 corresponding to current 124A, gas flow rate 15 I/min and nozzle to plate distance 9
mm for this sample the DT test result will be yield strength 233.4 MPa and Ultimate
tensile strength 366.6 MPa of the weld joint respectively.

P.Bharath et.al [¥] they had explains the effect of different input welding parameter

on the pool geometry of the SS316 weld joint with follow some ASME standard. He
do the different experimental tests to determine the proper input range of current, speed,
and root gap respectively for getting good mechanical properties. Then after an
ANNOVA technique is used to determine the most effective parameter current and
speed, mathematical model is created by Minitab 17 software and optimization is done
by this software respectively. Some DT test is done named by Band test and the tensile
test for getting the mechanical properties of joint. At the end of the experiment with
the help of ANOVA it is found that welding speed (46.51% commitment) has a more

13
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noteworthy impact on twist quality of the joint and current (96.75%) has a most

elevated impact on rigidity quality of the weld joint respectively.

Subodh Kumar et.al ! he investigated that the influence of different input welding
parameter on stainless steel and do the microstructural development test and do the
tensile strength test to check the mechanical performance of the joint respectively. Gas
tungsten arc welding (GTAW) process was used to weld 6mm thick AISI 304L
stainless steel using three levels of heat inputs and do the experimental work. The result
of the experiment conclude that the weld metal under low welding heat input condition
gives relatively fine columnar dendritic microstructure which resulted in high micro
hardness result and good impact toughness of this zone particularly. Form the below
fig 2.1 micrographs weld cross section it was clear seen that with the increase in the

heat input the reinforcement was increased.

Fig 2.1 micrographs image at different heat input respectively-(0.88
KJ/mm),(1.154 KJ/mm),(1.474 KJ/mm)“l

A.R.Khalifeh et.al B! In this present experiment work was done by welding an

austenitic stainless steel (AISI 304L) and a ferrite carbon steel (St37) welded by
GTAW welding process using four different austenitic filler wire, name by ER308L,
ER309L, ER316L and ER310 respectively. It was found from the experiment that the
increase in the amount of delta ferrite content in the microstructure of the weld metals,
causes in the decrease of the impact toughness energy of the weldments respectively

from the experiment.

A.Moteshakker et.al [%1 they had done the experiment to find out the good mechanical
properties of dissimilar weld joints between SAF 2205 and AISI 316L welding joint
respectively. For this experiment different types of welding filler wire like AWS ER
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347, AWS ER 316L and AWS ER 309L wear used respectively. After that Micro
hardness test and tensile tests were done to evaluate the hardness of the weld metal
toward both sides of the weld joint and to determine the tensile strength of the weld
joints and achieve the desired mechanical properties. After that the results of the NDT
test shows no internal discontinuity, especially cracks, and lake of fusion present in the
weld joint. The weld metals of all samples exhibited higher hardness values compare
with the AISI 316L base metal and lower values compare with the SAF 2205 base

metal respectively.

Ahmet Durgutlu et.al [l In this present study, the effect of hydrogen with argon as
shielding gas with different propagation was investigated by GTAW welding of
AISI316L stainless steel respectively. They examined the microstructure of the weld
joint, penetration and perform DT test for mechanical properties of the weld joint. Then
after Pure argon, 1.5%H2-Ar and 5%H2-Ar different propagation were used as
shielding gas respectively to perform the test. The best result of DT test was obtained
from the sample which was welded under the given condition shielding gas of 1.5%H2—
Ar respectively. The DT test result shown-the ultimate tensile strength was 695 N/mm2
and yield strength is 415 N/mmz2, and elongation 42% during his experimental work
perform in UTM machine.

Mehdi Safari et.al ] In this research paper dissimilar welding of Incoloy alloy 825
and AISI 316 stainless steel tubes is welded by GMAW welding process respectively.
For this experiment work different filler wire such as ER308L, ER309L, ER316L and
Inconel 82 filler wire are employed for joining of Incoloy alloy 825 and AISI 316 tubes
respectively for doing the experiment. Then after the results of tensile tests showed that
dissimilar welding which has been produced by ER309L filler wire gives the maximum
tensile strength 566MPa compare with other welding specimen. At the other and the
Inconel 82 filler metal has the lowest tensile strength 429MPa compare with the other
welding specimen. With the filler wire ER309L and filler wire Inconel 82 had
maximum and minimum Vickers hardness 192 and 150 respectively form the

experiment.

Subodh Kumar et.al P! In this research paper the Influence of heat input on the

microstructure and mechanical properties of GTAW welding of 304 stainless steel




Literature Review

joints was studied for this experiment with different input parameter rang selected for
it. After that the three heat input combinations was used as low heat 2.563 kJ/mm,
medium heat 2.784 kJ/mm and high heat 3.017 kJ/mm were selected for the
experimental work by using GTAW welding process and weld joints made using these
combinations were subjected to microstructural study and also the tensile strength to
analyze the mechanical properties of the weld joint under study respectively. Fig 2.2

shows the Vickers hardness (HV) vs. distance from the weld center.

—&— Low heat
—&— Medium heat
—— High heat

Vicker hardness (HV, )

Distance from the weld centre (mm)

Fig 2.2 —Vickers hardness (HV) vs. distance form weld Centre [°]

K. V. Satheesh Kumar et.al 1% In this present experimental work the influence of
different shielding gas composition on the mechanical properties of AISI 316L was
investigated form the different combination of input parameter. Then after the selection
of the input parameter shielding gases and current both are the most influencing
parameter to achieve the good mechanical properties of the weld metal joint. In this
experimental work the influence of four various shielding gas composition used for
getting the good mechanical properties compare to other. It was carried out for the both
GMAW and GTAW welding for 3 and 6mm thick plates respectively for doing the
experiment. Form the experimental work this combination gives the best result Ar 92%
and CO2 8% for the tensile test and hardness test.

M. Ahmadi et.al 'Y In this experimental work, the microstructure study and
mechanical properties of the weld metal and also the corrosion resistance properties of
AISI 316L austenitic stainless steel to ASTM A335P11 low alloy steel dissimilar
welding joints under the investigation. Then after for this purpose, these two filler wire
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ER309L and ERNiCrMo-3 were selected to be used with the GTAW welding process
to do the experiment on this dissimilar joint. After that the maximum impact fracture
energy and micro hardness values were obtained from using this filler wire named by
ERNiCrMo-3 while performing the experiment. At finally the corrosion resistance test
shows that the maximum result achieved using the ERNiCrMo-3 filler wire compare
to ER309 filler wire the corrosion result is best for the first one.

R. Prabhu et.al 2 By read this research paper knowing the effect of process
parameters on ferrite number during AISI317L cladding by the Pulsed MIG welding
process respectively. Then after the ferrite number was measured with the help of the

Fisher's ferrite scope particularly for this experimental work.

RSM methodology was used to predict and develop the mathematical model for the
identification of most influences process parameters such as welding current, welding
speed and contact tip to work distance effects on ferrite number identification
respectively from the experimental work. Fig 2.3 and fig 2.4 shows the 3-D surface
plot and interaction effect.

Femite number

Lo
21000 e

welding speed (mmimin) 1e 00T~ 2000 welding current (amps)
100 000

Fig 2.3 -3D surface plot showing the interaction effect of current and speed on

ferrite number [22]
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Fig 2.4 -3D surface plot showing the interaction effect of speed and contact tip to

work piece distance on ferrite number [*2]

Nabendu Ghosh et.al 3] he gives the review to study and also analyze the effects of
input welding parameters such as welding current, gas flow rate and nozzle to plate
distance on mechanical properties of AISI409 ferrite stainless steel to AISI 316L
Austenitic Stainless Steel by using the welding process metal inert gas welding process
respectively. L9 orthogonal array is used for the experimental work. The sample
Number 1 Corresponding to current 100 A, flow rate 10 L/min and Nozzle to plate
distance 9 mm and for this sample DT test result shown- ultimate tensile strength =
421.742 MPa and Yield strength = 266.322 MP gives the best result among all

respectively .

Ramesh Kumar Buddu et.al [l In this research work multi-pass GTAW welding
process is used for joining the AISI SS316L material round about 40 to 60 mm thick
plate for vessel application .Then after the NDT test has been done for measure the sub
surface discontinuities like RT test and UT test respectively. The DT test is done named
by tensile test, bend tests, Vickers hardness and impact fracture tests have been carried
out particularly for the welding sample for testing. The higher tensile strength is
achieved for both 60mm and 40mm thickness plate respectively and also the side bend
test shows that no crake on the weld surface is observed. Finally the impact facture

energy of WZ was less compare to base metal and heat effected zone respectively good
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result obtain form the experiment.

V Anand Rao et.al [*In this present study of work the parameters like current, filler
materials, welding speed are selected for the experimental work to be perform with the
ease. One DT test named by tensile strength and also bend test was done in this
experimental work. After that the result wear obtained from the experiment work
shown: welding current 120A and filler wire ER309L has produced greater tensile
strength of 454.6MPa and while a welding current 80A and filler wire ER316L has
produced minimum tensile strength of 51.79MPa for the specimen studied under the
tensile strength respectively. Form the experimental work the bend test results -welding
current :120 A and filler wire ER316L has produced maximum bending strength of
646.55MPa and at the other end while the same welding current with electrode ER347L
has produced minimum bending strength of 211.37MPa achieved form the
experimental work respectively. The filler wire ER309L has produced good tensile
strength and bending strength compare to other filler metal during the experimental

work.

Navid Moslemi et.al [*®] In this present experimental study, 316 stainless steel pipes
with the od 73 mm and the thickness of the pipe was 7mm welding with the GTAW
welding process used respectively. Then after the different current settings were used
to obtain the maximum joint mechanical properties and also minimize defects in the
welding of the pipe joint that due to defect cost was increase gradually. Some DT test
also perform to test the Mechanical properties of the welded alloys were carried out
tensile strength and hardness of the welded joint respectively. Then after the DT test
result obtains from the experiment shown: arc current of 100A has identified as the
most influencing current that gets the highest tensile strength among all the rest of the

specimen respectively.

Hongbin Dai et.al 21 In this present study the author has considered some most

important input Welding parameter such as welding current, Arc length, angle of
tungsten, Shielding gas flow rate, and Welding speed as input process parameters for
the experimental work should be carried out to perform some mechanical test. Then
after form the experimental work the result they get the distribution of the current

density on the weld joint was more uniform under the different ratios of helium + argon
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used as shielding gases for the experimental work according to the software
experimental setup respectively.

Ario Sunar Baskoro et.al [*8] In this research paper the researcher had given the main
most effective parameter used in the experimental work like: Position of magnets,
magnetic poles Configuration, Category based on arc phenomenon, and also the where
the magnet should be put that means Distance between magnets while doing the
experiment. Then after he reveal that using an external permanent magnet in the
experiment, power consumption can be reduced dramatically and due to this overall
efficiency is increased for the experiment to be perform respectively. We can
concluded that with the help of reduction in power consumption, the penetration of the
welding can be improved with the ease during the experiment. Fig 2.5 shows the
experimental set up for the project work.
Bottom shielding Upper shielding

gas gas

N

power source |

Welding torch

4

CCD camera /lgl'

4

Monitoring and control
Workpiece Moving table Motor driver system

Fig 2.5 Schematic diagram of experimental set up [*€]

Wichan Chuaiphan et.al [** The researchers done dissimilar welding of AISI 304

stainless steel and AISI 201stainless steel with the different most effective input
parameter for performing the experiment respectively. Then after from the experiment
result, they concluded that if the increase of the welding speed results in a lower heat
input compare to the other specimen and also they conclude that decreases in the width

of the weld at the other side increases depth per-width ratio respectively while doing

20
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the experiment.

A. A. Shukla et.al % In this experiment the researchers have used the SMAW welding
process for welding the similar material AISI 1020 stainless steel respectively. The
output resultant parameter for the experiment was depth of penetration by using the
RSM method form the design of experiment in Minitab software. Then after the input
parameters which they had selected for the experimental work that wear polarity,
welding current and also electrode angle particularly for the work. Form the
experimental work the researcher, get the result that the best polarity to achieve
maximum penetration during the welding was Direct Current Electrode Negative
(DCEN) that means the earthing was connected to positive terminal and also they
concluded the most suitable electrode angle is 90 degrees with the suitable current with

respect to it was 120A respectively.

B. P. Agrawal et.al 211 In this investigation the authors had used the material AIS1304
thin sheet round about 2 mm Thickness was used for the experimental work with
GTAW pulsed welding was used for the work. After doing the experiment it was
concluded that the GTAW pulsed welding was suitable for weld the 2 mm thickness
sheet with no defect observed. They have also concluded that the current was the most
effective parameter for getting higher tensile strength and speed was the most effective
parameter for getting higher bend strength among all the specimen.

Ajay kumar et.al 22 In this experimental work researcher has investigated the metal
deposition rate of SS 304 plate welded by GTAW welding process respectively. The
TAGUCHI methodology was used to optimize the input process parameter like Current
(A), Gas Flow Rate (L/min), Root Face (mm) and also Welding Time (sec) from the
different DOE method. From the experimental work they concluded that the current

and root face affects more the output parameter deposition rate very highly. So that

finally from the experimental result the most effective input parameters setting shown:

current (A), gas flow rate (L/min), root face (mm) and welding time (sec) are 90, 2,2,95

respectively.

Chun-Ming Lin et.al 3 this research work is totally based on based on the GTAW
clad welding process as Inconel 52M as interlayer material and austenitic stainless as
the main material for the whole experimental work respectively. By gone through the
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number of experiment they gives the conclusion that the hardness value decreased as
the number of cladding layers increased, due to change in microstructure of the

cladding specimen respectively.

S. P. Gadewer et. al 4this research work is based on the welding of austenitic
stainless steel SS304 specimen welded by the gas tungsten arc welding process
respectively. For the experimental work they used the input parameters like Welding
current[A], Gas flow rate[L/min], and also thickness 1mm, 2mm, 3mm for getting the
good mechanical properties. The experimental result shows that, due to the increase in
the welding current the heat input also increasing respectively. For increasing the heat
diffusion rate the gas flow rate must be increase result getting from the experimental

work.

Ugur Esme et. al [?°] In this experimental research work both DOE method is used one
was TAGUCHI methodology used with the Grey relation analysis and welding process
used mane by GTAW accordingly.1.2 mm thickness of the SS304 sheet was used for
the experimental work. From the experimental work it was concluded that the due to
the less amount of gas flow rate porosity was generated in the weld joint of the sheet
and also for controlling the heat input speed and current both wear the most effective

input controllable parameter. Table 2.1 shows the process parameter and their limits.

Table 2.1 —Process parameter and their limits [2°]

Parameter Notation Unit Factor of level

Travel speed

Current

Gas flow rate 8*

Gap distance G 1.5*

S. P. Luet.al 281 This experimental research work is totally based on the effect of oxygen
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content when it was used with the helium as shielding gas and the output parameter was

weld shape in ultra-deep penetration, the specimen was welded by gas tungsten arc

welding process respectively. After the doing the experimental work they gives the result

that the oxygen was the surface-active element that why small amount of the oxygen

content added with the helium gas as the shielding gas used in GTAW welding process.

Form the experimental work they concluded that He—O2 shielding gas used in GTAW

welding process the liquid pool convection was mostly governed by the Marangoni force

respectively.

2.3 Research gap:

1.

4.

As per the first hand information collected form the industries and exhausted

literature survey the following search gap are identified.

Establish the relationship between TIG welding input parameter and expected

output of the mechanical properties of 6 mm thickness SS317L receiver.

Need the standard procedure of welding.

Identify the process parameter to solve the problem.

2.4 Summary of literature review:

1.

2.

From the above literature review conclude that for achieve required good
mechanical properties of weldment the most effective input process parameter like
current, gas flow rate, included angle wear essential and also these wear available
in the ASME section IX QW-256 WPS for GTAW welding.

And also with the controllable heat input is the maximum tensile and hardness of
the material was achieved.

By observed most of the research paper heat input increase —hardness decrease —

tensile strength decrease respectively.
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Table 2.2 - Relationship between input controllable parameters and

output result from literature review

INPUT PARAMETER

OUT PUT RESULT

Current(A)

Most influencing parameter for getting higher tensile
strength

Speed(mm/sec)

Most influencing parameter for getting higher bend
strength

Heat input increase(KJ/sec)

Hardness and tensile strength decrease

Low heat input(KJ/sec)

Hardness and tensile strength increase

Ferrite content increase

Impact energy decrease, hardness and tensile strengt
decrease

Increase Gas flow rate(L/min

Increase depth of penetration and the bed width, and
Height Decrease

The above table 2.2 shows the relationship between input controllable parameter and

output result from literature review. Some other things that if the ferrite content

increase the hardness and tensile strength of the weldment increase. If the higher

current observe the toughness decrease and ferrite content increase (1.

2.5 Objectives:

. To evaluate the process parameters for AISI SS317L material.

. To analyze the impact input of process parameters such as current, gas flow rate

and, included angle on tensile strength and hardness of the weld joint.

. To optimize the process parameters with the help of taguchi method.

. To give the WPS model with the experimental work particularly for the material

SS317L.
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2.6 Specification of welding machine:

This arc welding rectifier machine manufactured by BEST TECHNO CRATE
PVT.LTD. This arc welding rectifier machine manufactured at Mansarovar complex
Vadodara, Gujarat. The below figure 2.6 shows the TIG welding machine used in Sai
ratna engineering & fabricators vapi.

Figure 2.6 — TIG welding machine

Table 2.3 shows the specification of TIG welding machine.

Table 2.3 -Specification of TIG welding machine

Term Value
Company name BEST TECHNO CRATE PVT.LTD
Model number MALUV-400

Frequency 50Hz

Phase 30

Cooling medium Air
Tare weight 200Kg
Polarity DCEN

Cooling for torch Water cooling
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CHAPTER -3

METHODOLOGY

The showcased below are the step followed during the entire project study in company:

1. Perform pilot tests particularly for checking the feasibility of the material during the
welding of it.
Selection of input and output process parameters for getting the good mechanical
property and optimization of this input parameter.
Create Design of Experiments (DOE) using 3*3 Taguchi method for the optimization
of input parameter.
Perform the experiments respectively using the selected values of input parameters.
Inspection and testing of the experimental samples for tensile strength and
Hardness testing of the weldment sample.
Generate mathematical equations by regression analysis for the Taguchi model
respectively.
Optimize of the input parameters and compute the values of output parameters for
the same for getting the better result.
Carry out sample weld using the optimized input parameters and test it for the tensile
strength and hardness of the weldment.
Compare and validate results respectively in MINITAB software.

. Identification of plate material and grade by Optical Emission Spectrometry and also

identification of filler wire chemical composition.

The figure 3.1 shows the flow chart of the entire work done during the Dissertation study.
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Identification of material grade

Pilot testina

Cut the material according to ASTM standard A370

Design of experiment using taguchi method
Experiment perform using selected parameters

Testing of specimen for the tensile strength and hardness
Generate the mathematical model

Computation of output parameters using optimized input

Testing of the welded sample
. Compare and validate the result respectively l

Fig 3.1-Flow chart for entire work
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3.1 Identification of Plate Material:

The identification of the base material SS 317L was important in order to know the chemical

composition and mechanical properties of the base material respectively. The certificate or

test report given below accordingly. The test was done by Vapi METALLURGICAL
SERVICES at Ani steel compound, 1%Floor, 2" phase GIDC, Vapi. The Material is meeting
the requirements of chemical composition of SS317L Material. The fig 3.2 shows the

material test report for AISI SS317L material.

—~—

Phone : 9824712912

VAPI METALLURGICAL SERVICES 9825009768

9925039768
s METAL TESTING LABORATORY (0260) 2400220

Ani Steel Compound, 1st Floor, Plot No. 145/B, 2nd Phase, Nr. Hotel Tulsi, 3rd Phase Road,
G.I1.D.C., Vapi - 396 195 | Email : vmsvapi2009@gmail.com

TEST REPORT WO: 94/12 SrNo.1 C/1 30-Cr

= .
| Name of The Customer : PRASHANT PANDYA Test Report No.:362-ZB/2019
SONAM APPARTMENT, OPP TARAKUND, Date :31/12/2019
SALIM GENERAL STORE, VALSAD
Date of Receipt:30/12/2019
Particular of Sample : 6MM THK PLATE CUT PC.

Material Specification : AISI-317L

Identification Of Sample : ---

Type of Test Required :  Chemical Analysis [SPECTRO FE BASE] By E-1009:1995
Equipment Used: Make: SHIMADZU, Model: OES-5500 II
(Sr no.: B-15044200035)

Customer’s Ref. No. s CHALLAN NO: DTD: 30/12/2019

Result : Obtained Required
Value Value
%CARBON(Cr) 0.018 0.030 Max ]
%NICKEL(NI) 11.479 11.000 - 15.000 ]
%CHROMIUM(Cr) 18.181 18.000 - 20.000 ]
%MOLYBDENUM(Mo) 3.045 3.000 - 4.000 ] -
]
]
]
]

%MANGANESE(Mn) 1.858 2.000 Max
%SILICON(SI) 0.393 1.000 Max
%PHOSPHORUS(P) 0.032 0.045 Max
%SULPHUR(S) 0.002 0.030 Max
Above result are meeting with Chemical requirements of
AISI-317L Specification in respect of test carried out.

Tested By Authorised Signatory Witnessed By
K.B.Tandel (QM) / A.M.Dave(MD)
Note : (1) Samples not drawn by VMS. The Results relate only to the sample(s) Tested. Page 1 of 1

(2) This Certificate shall not be reproduced, except in full, without the written approval of V.M.S.

(3) If balance material is available after testing, it will be retained for 15 day maximum, If customer wants to retain it for one
month from this date, he has to inform in writing or he can collect this same.

(4) While ‘V.M.S.” has made their best endeavors to provide accurate and reliable information, V.M.S. is not responsible for any
financial liability due to any act of omission of error made.

Fig 3.2- SS 317L material test report
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3.2 Identification of Filler Wire:

The identification of filler wire ER SS317L was imported in order to know the chemical

composition. The certificate or the test report given below accordingly. . The test was done

by Vapi Metallurgical Services at Ani steel compound, 1% Floor, 2" phase GIDC, Vapi,

Gujarat.

This filler wire is meeting the requirements of chemical composition of ER SS317L Material
respectively according to ASME section 2(C). The Fig 3.3 shows the filler wire chemical

test report meeting the requirement of ER SS317L.

: -_“‘:-,v;gvl ;
e
Phone : 9824712912 %

VAPI METALLURGICAL SERVICES ses00mr0s .

992503 s
METAL TESTING LABORATORY 0200y 2900035

Nr. Hotel Tulsi, 3rd Phase Road,
Steel Compound, 1st Floor, Plot No. 145/B, 2nd Phasg. '
Ant . G.1.D.C., Vapi- 396 195 | Email : vmsvapi2009@gmail.com

TEST REPORT WO: 94/12 SrNo.2 C/1 30-Cr

Test Report No.:363-ZB/2019
mer : PRASHANT PANDYA =
Name of The Custo SONAM APPARTMENT, OPP TARAKUND, Date :31/12/2019
RA RE, VALSAD
SALIM GENERAL STORE, pate of Receipt:30/12/2019

Particular of Sample : 3.15MM DIA WIRE CUT PC.
Material Specification : ER-317L

Identification Of Sample : ---

i i - 9:1995
ired : Chemical Analysis [SPECTRO FE BASE] By E-100
TEPSOFTeaE Regnls Equipment Used: Make: SHIMADZU, Model: OES-5500 II
(Sr no.: B-15044200035)

Customer’s Ref. No. : CHALLAN NO: DTD: 30/12/2019

5 ined Required
B ’ o?ltaallue Value
% CARBON(Cr 0.015 [ 0.030 Max
%NICKEL(I(\Ii)) 13.010 [ 13.000 - 15.000
%CHROMIUM(Cr) 18.835 [ 18.500 - 20.500
%MOLYBDENUM(Mo) 3.199 [ 3.000- 4.000
%MANGANESE(Mn) 1.646 [ 1.000- 2.500
%SILICON(Si) 0.474 [ 0.300- 0.650
%PHOSPHORUS(P) 0.029 [ 0.030 Max
%SULPHUR(S) 0.009 [ 0.030 Max
9% COPPER(Cu) 0.357 [ 0.750 Max
Above result are meeting with Chemical requirements of
ER-317L Specification in respect of test carried out.

o o e oy e b

Tested By ) Authorised Signatory Witnessed By
K.B.Tandel (QM) / A.M.Dave(MD)
Note : (1) Samples not drawn by VMS. The Results relate only to the sample(s) Tested. Page 1of 1
(2) This Certificate shall not be reproduced, except in full, without the written approval of V.M.S.
(3) If balance material is available after testing, it will be retained for 15 day maximum, If customer wants to retain it for one
month from this date, he has to inform in writing or he can collect this same.

(4) While 'V.M.S.’ has made their best endeavors to provide accurate and reliable information, V.M.S. is not responsible for any
financial liability due to any act of omission of error made.

Fig 3.3-ER 317L filler wire test report
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3.3 Pilot testing:

The pilot testing of proposed method has been done on SS317L bead on plate for fining
the proper range of input parameters at Sai ratna engineering fabricators at vapi GIDC
3" phase. Pilot test carried out on bead on plate.

The experiment having current 115A, 130A, 145A, 160A, 175A respectively and the gas
flow rate changes to 8 L/min to 16 L/min respectively. The below table 3.1 shows the
pilot value experiment table obtain form the TAGUCHI method.

Table 3.1- Pilot value experiment table form using taguchi method

SR no Current [A] Gas flow rate[L/min]
130 8
130 10
130 12
130 14
130 16
145 8
145 10
145 12
145 14
145 16
160 8
160 10
160 12
160 14
160 16
115 8
115 10
115 12
115 14
115 16
175 8
175 10
175 12
175 14
175 16
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(E)
Fig 3.4-(A), (B), (C), (D), (E) Pilot test carried out on bead on plate

The above fig 3.4 shows that the pilot experiment was carried out on bead on plate for find

the range of the current and gas flow rate. The range of included angle selected form the

ASME section 11X Div-2 respectively.
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Range find out from the pilot value experiment is listed in table 3.2-

Table 3.2-Input parameters range from pilot experiment

Parameter Range

High
Welding current [A] 160
Gas flow rate[L/min] 14

Included angle[Degree] 75
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CHAPTER -4

Design of Experiment

4.1Experimental Design:

Design of Experiments (DOE) or we can say Experimental Design is a procedure under
SPC (Statistical Process Control) respectively. In this procedure, different experimental
design are utilized for getting the better result. These experimental design are also can
demonstrated mathematically to optimize the parameter. There are mainly three type of

experimental design are available respectively.

1. Full-factorial Method
2. Response Surface Method
3. Taguchi Method

4.2 Taguchi Method:

This Statistical technique of design of experiments or we can say DOE method including
different factors was first created by Englishman, Sir R. A. Fisher respectively. The

technique is generally known as the factorial design of experiments respectively.

A full factorial design will recognize by its every combination for a given set of factors
Accordingly. A full factorial design results are getting but large number of experiments

Carried out for it compare to other DOE method.

The technique of choosing a limited number of experiments which delivers the more

information is known as a partial fraction experiment respectively.

Taguchi Method is most preferred method, among all because less number of
experiments is carried out particularly for the dissertation work. That’s why Taguchi

method gives the least experimental combinations among all.
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4.3 Multi-level taguchi design:
For the experimental design, statistical analysis software Minitab version 17.0 was used
particularly for the dictation work. In this software, the below fig 4.1 shows the section
of Taguchi design form DOE.

Taguchi Method was selected from- start > DOE > Taguchi > Create Taguchi design.

Minitab - Untitied
Edit Date Colc| Stet| Graph Editor Jools Window Help Assistant
s Basic Statistics .

Regression
ANOVA
DOE Factorial 3
Control Charts Response Surface #
Quality Tools Mixture 3
Reliability/Survival Taguchi ¥[#  Create Taguchi Design..
Multivariate Define Cusq

"] Create Taguchi Design
Create a Taguchi design.

Time Series
Tables
Nonparametrics
Equivalence Tests
Power and Sample Sizeh

1
2
3
4
5
6
7
8
9

3

Current Worksheet Worisheet 1

Fig 4.1-Selection of taguchi design

Then after open the menu will be popped-up which will ask for number of level Design as
shown in screen respectively. Then By default, type 2 has been displayed on the screen. Then
after Select number of level as 3 and select number of factors are 3 respectively. And then
after click on ‘OK’ button for further.
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The below figure 4.2 shows the select the number of level and factor form the display
block.

Taguchi Design

Type of Design

(" 2-Level Design (2 to 31 factors)
(@ 3-Level Design (2 to 13 factors)
(" 4-Level Design (2 to 5 factors)
(— 5-Level Design (2 to & factors)
(" Mixed Level Design (2 to 26 factors)

Display Available Designs...
Number of factors: E -

Designs... ‘ |

[ st |

Help OK | Cancel |

Fig 4.2- Select the number level and factor from block

Then go in “Display available Design” as shown below Fig. 4.3 and select the level 3 in
L9 type design and then go on OK button for the further step as shown below.

Taguchi Design: Available Designs

Available Taguchi Designs (with Number of Factors)

Single-level designs

Designs 2 level 3 level 4 level

L4

L8 2-7

L9

L12 2-11

L16 2-15

L16

L25

L27 2-13

L32 2-31

|« [ » |\ Single-level { Mixed 2-3 level { Mixed 2-4 level { Mixed 2-

Fig 4.3- Select 3 level and L9 type design for experiment

Then click on ‘design’ option and for further select L9 runs [3*3 columns] that means

factor ['®vel and click on OK button for complete the task.
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The Fig. 4.4 shows that the L9 orthogonal array selected form the display block and 33
columns.
Taguchi Design: Design
Runs 3 ~ Columns

L2z 3"~ 3

| Add a signal factor for dynamic characteristics

Help oK | Cancel

Fig 4.4 - Select L9 from runs and 33 columns

Then go to factor and click OK button and put the name of input parameters and assign
value to them then click on OK button for further step. Fig. 4.5 shows that three factor

and level the factor wear assign.

Taguchi Design: Factors

Assign Factors

@ To columns of the array as specified below

i To allow estimation of selected interactions

Fact Name Level Values Column | Level
A current 130 145 160 1 ﬂ 3
B |gasflow 1012 14 2z - 3
c |included |45 60 75 ERL | 3

Help OK | Cancel |

Fig 4.5 - Taguchi design factor and assign value

4.4 Experiment design combination:

After giving Input values in the software windows, then after the experimental design
combinations as per the software run order are given accordingly. The experimental design

combination was essential because according to that the experiment should be performed.
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Table 4.1-Experimental combination from Minitab software

Run order Welding current Gas flow rate Included angle
1 130 10 45

130 12 60

130 14 75

145 10 60

145 12 75

145 14 45

160 10 45

160 12 75

160 14 60

O O N| o g ] W DN

The above Table 4.1 represent the experimental design combination obtain form
software. Notice that totally 25 experiment are performed in industry for the pilot value
experiment and for check the tensile strength and hardness 9 specimen was prepared in

industry.

4.5 Experiment procedure:

After making the experimental design combinations from the Minitab software 17
version, experimental work is done accordingly.

This includes some following things:

» Assumptions for doing the experiment

* Preparation of specimens according to standard

* Preparing the machine for the experiment

* Then performing experiments according to run order design by Minitab software

* Testing specimen according to the ASTM standard requirement

4.6 Assumptions:

Before preparing the specimen for welding and also for performing the experiment
we have going to assume some things for the ease of the experiment and analysis through
Minitab software version 17.

v Tungsten Electrode is perfect in shape.
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Working condition in the company are ideal.

Welding machine should have calibration certificate.

The plate having the homogeneous property.

Worker has enough skill to operate the GTAW welding machine.
v There is no defect in 6 mm thickness plate material.

4.7 Tensile Specimen according to ASTM STD A370:

The tensile specimen prepared according to ASTM STD A370 for doing the tensile
strength. The fig 4.6 shows the diagram of the tensile specimen according to Standard.

All dinensions in mmn

.

Domaet]

Gauge length (70)

200

Fig 4.6 — Tensile specimen according to ASTM STD A370
4.8 Specimen preparation:

For the experimental work SS317L 6mm plate thickness is used. The work piece is first
cut on the SAW cutting machine and fig 4.7 shows the WEP (weld edge preparation) on
the shaper machine situated at the AU, Rajkot.

Fig 4.7- Weld edge preparation (WEP) on shaper machine
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4.9 Performing experiment-

Experiments are performed in the industry name by Sai ratna engineering and fabricators,
vapi. The fig 4.8 (A), (B), (C) represents the included angle 45°, 60°, and 75°
respectively. After that the specimen wear welded according to the design block prepared

by Minitab software version 17.

Fig 4.8 — (A), (B), and (C) included angle 45°, 60°, 75° respectively

The Fig. 4.9 shows the TIG welding set up for welding the test piece. Form showing the
below figure DCEN (Direct current electrode negative) that means DCSP polarity is used

for welding the SS 317L material.
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Fig 4.9 — TIG welding machine setup

4.10 Welded specimen:

The below figure 4.10 shows that the specimen was welding according to run order
generated by the Minitab software. For the experimental work total 9 specimen was

prepare.

Fig 4.10 — Welded Specimen
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4.11 Dye Penetrant Test:

To analyse the surface crack in the metal this Dye penetrant test (DP test) and other word
is also called liquid penetrant test (LPT) respectively. Generally this technique is low
costing testing method for finding the defects like surface cracks of the casting parts,

welding joints, and also for the forging parts in the industry.

The procedure for doing the DP test find in ASME section X (Non-destructive testing)

Particularly for finding the surface defects respectively.

4.11.1 Inspection steps for DP TEST

1. Pre-cleaning:

At first the test surface should be clean from dirt, oil, grease or any other material, which
has been present on the surface of job to be tested and also prevent penetrant should be
easy flow in cracks for finding defects. Cleaning of the surface can be done by cotton

cloth, solvents, and also alkaline according to the consideration of application.

2. Application of Penetrant:

After pre-cleaning has been done, penetrant is applied to the surface to detect the surface
defects. Penetrant is an oily fluorescent liquid. Penetrant has a low surface tension and
also the capillary action for finding the defects. The dwell time is dependent upon the
type of material to be tested and the dwell time is generally 5 minutes to 30 minutes

respectively.

3. Excess Penetrant Removal:

After the dwell time has been completed, excess penetrant was removed from the surface
of the job. According to the type of penetrant used the cleaning method was dependent
upon on it. In most of the industries water-washable solvent is used for the surface
cleaning purpose respectively. Remember note- the cleaner should not be apply on the

test surface of the job.

4. Application of Developer:

After the excess penetrant was remove the white developer applied on the surface of the

job. There are many developers available in the market like a non-aqueous wet developer,
41
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dry powder, waters spendable, and also water-soluble respectively. If the defect was

present on the surface that was known as “bleed out”.

5. Inspection:
The inspector will use visible light for testing the defects. The inspection time is generally
dependent on the developer and penetrant used it is generally 10 to 30 minutes after the

developer applied on the surface of the job.

6. Post cleaning:
After the inspection and recording has been done the surface has been clean properly.
And then after the post inspection coating process are schedule according to the

requirement of the customer.

4.11.2 Advantages of Dye Penetrant Testing-

1) Speed of the test and the low cost technique for testing the surface defects.
2) Very less tanning is required for the operator for accomplished the test.
4.11.3 Disadvantages of Dye penetrant testing-

1. Dye penetrant is only used for detecting the surface flaws and skin irritation not for

finding the defects in side of the surface mainly.

2. It is very difficult to conduct the test on irregular surface of the job and it could be

result in false indications and test not carried out properly.

3. Surface contamination should be removed from the surface of the job that why

cleaning and post cleaning are essential.
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Fig. 4.11 shows that apply penetrant and developer on the surface to be cheak.

(A) (B)
Fig 4.11 — (A) Apply penetrant on the surface, (B) apply developer on surface

4.12 Hardness testing:

Hardness of the any material defined by ability to withstand the friction or we can say
the abrasion resistance. Hardness is essentially measured to ensure that, the material is
good enough to resist impact of external load which has been applied on weld joint
respectively. For GTAW welding us measure the hardness of the weld joint form the
extra discard potion is available for measuring the hardness. The test is done according
to the ASTM standard E18-16 for Rockwell hardness test.

For the project work hardness test is done on hardness testing machine as shown in
below figure available at AITS, Rajkot. Rockwell hardness test is used for the project

work. The specification of hardness testing machine listed below-

Rockwell hardness test-

Force- 100 Kg

Indenter- 1/16 steel ball

Scale-HRB scale

Standard-according to ASTM e 18-16.
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ATS [PSRIMED| 27

Fig 4.12 — (A) Rockwell hardness testing machine, (B) Performing hardness test at
Atmiya University, Rajkot
4.13 Tensile test specimen:

For the project work tensile test is done at Rajkot Mat lab services, situated at opposite
of Tulip party plot, near JCB showroom, Rajkot. The tensile test is done according to the
ASTM stranded A370. According to this standard the work piece has been prepared for
the tensile test. This test is carried out for checking the quality and strength of the joint.
The model number of this UTM machine is Model: TUTE-40/ SR NO: 2014/405.

The below fig 4.13 shows the ASTM standard A 370 for tensile test.

DIMENSIONS
Standard Specimens Subsize Specimen

Plate-Type,
11-in. (40-mm) Wide

8-n. (200-mm) 2-in. (50-mm) Sheet-Type, V2

Gauge Length Gauge Length in. (12.5-mm) Wide Yaein. (B-mm) Wide

in mm in. mm in mm in mm

G—Gauge lengih 8.00 =+ 0.01 200+ 0.25 2.000 = 50.0 + 0.10 2.000 = 50.0 + 0010 1000+ 0003 250+ 0.06
(Notes 1 and 2) 0.005 0.005

W—Width 11 +14 40+3 1% +14& 40+3 0.500 + 125+ 0.25 0250+ 0002 625+ 005
(Notes 3, 5, and 6) - -6 - -6 0.010

T—Thickness
(Note 7)

A—Radius of fillet, min 13 2 13

(Note 4)

L—Overall length, min 450 200 8
(Notes 2 and 8)

A—Lengh of 225 Ya 60 2%

reduced section, min

B—Length of grip section, min 75 50 2
(Note 9)

C—Width of grip section, approxi- 50 50

mate

(Notes 4, 10, and 11)

Thickness of Material

Fig 4.13 - ASTM standard A370 for tensile test
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The Fig. 4.14 shows the tensile test specimen prepared on the shaper machine
according to the ASTM standard A370 respectively.

Fig 4.14 — Specimen for tensile test

Fig 4.15 (A),(B) shows the perform the tensile test at RAJKOT METLAB. And fig
4.15 (C) shows the specimen after tensile test.
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(©)

Fig 4.15-(A), (B) Performing tensile test at RAJKOT METLAB
(C)Specimen after tensile test

4.14 Tensile test and hardness test result-

The tensile test and hardness test was done according to the ASTM standard A370.
And ASTM standard e 18-16 respectively.

The following table 4.2 is the result of both tensile strength and hardness of the weld-
Metal.

Table 4.2- Tensile strength and hardness result

Current
(A)

Gas flow

rate(L/min)

Included

angle(®)

Tensile

strength(MPa)

Hardness test(HRB)

BM

HAZ

WM

130

10

45

610.24

86

83

82

130

12

60

658.01

86

86

85

130

14

75

712.07

88

85

84

145

10

60

679.53

86

81

78

145

160

12

10

75

75

716.54

670.08

85

86

82

75

80

73

160

12

45

675.33

85

78

75

160

14

60

697.64

87

80

76

As per the above experiment it is clear that the best result is obtain form the sample

number 6. Which has current-145A,gas flow rate-14L/min, and included angle 45°
respectively that gives the maximum tensile strength round about 727.82 MPa and

hardness value obtain 81(HRB) at weld metal.
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Fig 4.16 load vs. displacement graph particularly for the sample no 6 show cased below-

Load
kN

54.000

Lot |

\

43.000 ‘ \
42.000 [ %

36.000

|

30.000

24.000

18.000

12.000

£6.000

"

¥0=0.000 4000 8000 12000 16000 20000 24000 28000 32000 36000
®0=0.000 > Displacement mm

Fig 4.16-Load vs. Displacement graph for sample no 6

BM,HAZ WM vs hardness(HRB)

HAZ WM HAZ

130A 145A 160A

Fig 4.17-BM, HAZ, WM vs. hardness

Form above Fig 4.17 it is clearly seen that due to the increase in the current the harness
value decrease towards to the WM. Because of the heat input increase the dendrite and
inter dendrite spacing in the weld metal also increase due to the increased in current and
cooling rate is slower which provides the ample time for dendrite to grow in to the fusion
zone 1L And if the heat input decrease cooling rate is higher, lesser time for the dendrite

to grow that why the hardness value is high at the WM 1,
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CHAPTER -5

Results and Discussion

5.1 Regression analysis:

The main aim or we can say the objective of regression analysis is to make an equation
by utilizing the statistical techniques in Minitab software, which can used to predict the
behaviour of a system or output with giving response to the input selected variable. It is
also used for making the mathematical equation from the observation taken form the
experiment and also based on the input which has been given to the particular system.
Based on relation regression analysis has two types listed below-

-Linear Regression

-Non-linear Regression

Generally the Linear regression used for giving the linear relationship between output
variable and input variable particularly for one selected system to be observed.it is also
possible that linear regression may have non-linear terms, but it has only linear
relationship shows while giving the result. Non-linear regression analysis it gives the
relationship between the output and input variable in terms of exponential, quadratic,

and also logarithmic etc for doing the statistical analysis of the given system.

Generally for the linear regression analysis, there may be one or more output parameters
was selected on the basis of the number of selected input parameter respectively. There
are mainly two types of liner regression analysis shown below-

- Simple-linear Regression

-Multiple-linear Regression

If one can observed the system that has only one input variable that is called Simple-
linear Regression and if there are more then on input variable in the system to observe

that is called Multiple-linear Regression.
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A simple regression analysis formula show cased below:
Y=a+px[n]+e

Where, Y = Output Parameter of the system

a =intercept or Constant value or we can say Coefficient

B = slope or we can say the input variable coefficient

€ = non-measurable variables, which can’t be included in system for analysis or we can

say as error of the given system, n= n"variable of the system respectively.
5.2 Analysis through software:

Minitab version 17 software for used for the analysis of the result. Go to the Minitab

software and click on analyse the taguchi design show on figure 5.1.

Minitah - Uniited
;BE Hit Data Lal[i_lat Graph Editor Jook Window Help Assistant

iZHla o besas  ))§igR303308ER0

’— Begression } ¥
— = —_—

Sesion E Facoa )
Control Charts

Taquehi Design gy ek

Besponse Suface
Ve )
Relability/Sunvival Toquchi b E (rate Taguch Desgn.

Witaize , Mod D % Define Custom TquchDesgn.

B DiolayDesion.. | Analyze Taqueh Design.

Tiblss

Nongarmetrics

Analyze Taguchi Design
Fita model o a Taquchi
design.

Equivalence Tess

}
}
}
}
}
Hs
Time Series } _
}
}
}
]

£ 19(37  Powerand SempleSi

Fig 5.1 - Select the option analyse the Taguchi design
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Analyze Taguchi Design >

C4 Tensile strength[MP;  Response data are in:
'Tensile strength[MPa]'|

Graphs... | Analysis... | Terms... ‘

| Options...
Help OK | Cancel ‘

Storage... ‘

Fig 5.2 - Analyse Taguchi Design Menu for Tensile Strength

Form the above Fig.5.2 -After selecting the option the new menu will be open and

select the tensile strength as output response for the further step.

Generally the output will be in the form of table with parameter and regression

equation, and also the value or R-square, R-prediction, and R-adjacent respectively.

Analyze Taguchi Design: Options

Signal to Moise Ratio: Formula

(@ Larger is better -10%Logl0({sum{1/¥"2)/n)
i Mominal is best -10%Logl0(s"2)

" MNominal is best 10xLogl0(Ybar"~2/s"2)
(" Smaller is better -10x%Logl0{sum{Y"2)/n)
—

[ Use In(s) for all standard deviation output

Help OK Cancel

Fig 5.3- Analyse Taguchi Design Option for Tensile Strength

Fig.5.3 represent that for the tensile strength signal to noise ratio selected “larger is

better” option because it will be gives the best output form all the result obtain form the

test carried out.
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Analyze Taguchi Design X

C4 Tensile strength[MP: ~ Response data are in:
C5  hardness [HRE] 'hardness [HRB]'

Graphs... | Analysis... Terms... |

| Options... Storage... |

Help oK | Cancel |

Fig 5.4- Analyse taguchi design menu for hardness

After selecting the option the new menu will be open and select the hardness (HRB) as

output response for the further step as shown in fig 5.4 respectively.

Analyze Taguchi Design; Options

Signal to Moise Ratio: Formula

(@ Larger is better -10%Logl0{sum(1/Y"2)/n)
(" Nominal is best -10%Logl0(s"2)

(" Nominal is best 10x%Logl0(Ybar~2/s"2)
" Smaller is better -10%Logl0{sum(¥"2)/n)

~
| Use In(s) for all standard deviation output

Help oK

Fig 5.5- Analyse taguchi design option for hardness

Figure 5.5 represents that for the hardness test signal to noise ratio selected larger is
better option because it will gives the best output form all the result obtain form the test

carried out for the hardness.
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5.2.1 Main effects plot for SN ratio-tensile strength:

The fig.5.6 represents the main effects plot for SN ratio for tensile strength.

Main Effects Plot for SN ratios
Data Means

current gas flow rate included angle

YA

130 145

Mean of SN ratios

Signal-to-noise: Larger is better

Fig 5.6- Main effects plot for SN ratio for tensile strength

The fig.5.7 represents the main effects plot for Means for tensile strength.

Main Effects Plot for Means
Data Means

current gas flow rate included angle

AA

130 145 160 10 12 14 45 60

Mean of Means

Fig 5.7 - Main effects plot for means of tensile strength
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From showing both of the graph like Main effects plot for SN ratio for tensile strength
and Main effects plot for means of tensile strength we can conclude that the gas flow rate

effect the most among all the input parameter on the output response respectively.

5.2.2 Main effects plot for SN ratio-Hardness (HRB):
The Fig.5.8 represents the main effects plot for SN ratio for Hardness (HRB).

Main Effects Plot for SN ratios
Data Means

current gas flow rate included angle

130 145 160

Mean of SN ratios

10 12

Signal-to-noise: Larger is better

Fig 5.8- Main effects plot for SN ratio-Hardness (HRB)

The Fig.5.9 represents the main effects plot for Means for hardness (HRB).

Main Effects Plot for Means
Data Means

current gas flow rate included angle

130 145 160 1

0 12

Mean of Means

Fig 5.9- Main effects plot for SN means-Hardness (HRB)
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From showing both of the graph like Main effects plot for SN ratio for hardness(HRB)
and Main effects plot for means of hardness(HRB) we can conclude that the current

effect the most among all the parameter on the output response.

5.3 Analysis Of Variance(ANOVA):

ANOVA or we can say Analysis of Variance is a method to determine the most effective
influencing input parameter on the output variable and it is generally available in Minitab
software. By doing the regression analysis we can get the P-value but generally it doesn’t

gives the much accurate result compare to analysis of variances.

In ANOVA technique, each term which has been present in the equation will be taken in
to account while doing ANOVA analysis. The P-value which has been present in the
given equation calculated each and every time in accordingly run order. In accordance

with the hypothesis the P-value has been given by ANOVA.

95 % is selected as the confidence level for the equation given respectively. At the other
side it means that if the P-value increase from 5% then with the ease we can reject this
parameter influences. In other word if the P-value for any term in ANOVA analysis is
higher than 0.05, so we can neglect the influences of that term with the ease and also the

term taken out form the equation.

ANOVA is also helps to reduce the calculation time required for the equation to solve.
And also ANOVA not only gives the impact of each and every term but also help us to

remove the unnecessary term which has been present in the equation particularly.
Steps-

START>ANOVA>General liner model>Fit general liner model
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5.3.1 ANOVA analysis for tensile strength and hardness:

Fig. 5.10 for the open ANOVA in Minitab software version 17.

Ninitab- United
File Edit Data g\& Graph Editor Tools Window Help Assistant
BH G (R bl N)giZRG09308[FRD 5k e
1, Reresson J ol -
ANOVA M ey —_—
D0E M Anaiscf Meats.
(ool Chats |, Belanced ANOH.
QuftyToos ¥ GemerallinearModel ¥ & it Generl Liner ModeL
RefsbtySuniel ¥ 3 Fuly Nested ANOVA..
Mutiarate ]

& GoeaI NN =

Time Sefies ) ' - Mode! the relatonship
Thes p 7 TV - o bebieen one o mare facos
) | el Sl ad arespoee e

Surface Pt incud random factos
covariates, &nd 2 mixof
crossed and nested factors.

Nonperametrics

o T t"s Main Effects Plot..

Main Effets Pl S0l Tess ¥ ! DI
Boverang Sampe s = S

Main Effects Plot for SN ratios

Fig 5.10 - Open ANOVA in Minitab software version 17

Seneral Linear Model

Cc1 Current Responses:

c2 Gas flow rate ‘Tensile strength[MFa]' 'hardness [HRB]'
3 Included angle
c4 Tensile strengthl[l
C5 hardness [HREB]

Eactors:
Current 'Gas flow rate' 'Included angle/|

Covariates:

Random/MNest... | Model... | Options... Coding...

Stepwise... | Graphs... | Results... Storage...
Help oK Cancel

Fig 5.11 - General liner model

Form the Fig.5.11 it was clearly seen that the selection of Tensile strength and
hardness(HRB) as the response variable and select factors like welding current(A) ,gas
flow rate(L/min) and included angel(°) respectively. After that click on the OK button
and get the equation of both tensile strength and hardness (HRB) respectively form the

Minitab software version 17.
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Table 5.1- Analysis of variance tensile strength

Source DF

Adj SS

Adj MS

F-value

Current 2

3453.6

1726.8

10.64

Gas flow 2

rate

5262.0

2631.0

16.22

Included

angle

1309.4

654.7

4.04

Error

324.5

162.2

Total

10349.5

Table 5.2- Model summary of tensile strength

S

R-Sq

R-Sq[adj]

R-Sq[pred]

12.7370

96.86%

87.46%

36.51%

Regression equation —

Tensile strength [MPa] = 683.03 - 22.92 Current_130 + 24.93 Current_145 -2.01
Current_160- 29.75 Gas flow rate_10 + 0.26 Gas flow rate_12+ 29.48 Gas flow

rate_14 - 11.90 included angle_45- 4.64 included angle_60 + 16.53 included angle_75

Table 5.3 — Analysis of variance hardness (HRB)

Source DF

Adj SS

Adj MS

F- value

Current 2

122.000

61.0000

183.00

Gas flow 2

rate

12.667

6.3333

19.00

Included

angle

0.667

0.3333

1.00

Error

0.667

0.3333

Total

136.000

Table 5.4- Model summary of Hardness (HRB)

S

R-Sq

R-Sq[Ad]]

R-Sq[pred]

0.577350

99.51%

98.04%

90.07%
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Regression equation —

Hardness [HRB] = 79.333 + 4.333 Current_130 + 0.333 Current_145 -
4.667Current_160- 1.667 Gas flow rate_10+ 0.667 Gas flow rate_12+ 1.000
Gas flow rate_14+ 0.000 Included angle 45 + 0.333 Included angle 60
- 0.333 Included angle_75

5.4 Response surface optimizer:

After doing the experiment in the form of run order, statistical models wear develop for
the further step and analysed that particular system. Then the next step should be the
model should be check for the validation. By doing this we can the idea that the model
should be valid for the given input or output parameter or not that must be cleared.

For full fill this need, we have one option in Minitab version 17 that is ANOVA Response

optimizer as shown in below figure 5.12 respectively.
Do the following step —

START>ANOVA>General liner model>Response optimizer

Minitzb - Minitab MPJ
file Edit Deta La\cﬁ Graph Editor Tooks Window Help Asistant

BHEl Al ks NWEigBRR1E3NRE

g Regression ) ol

: L0 Y Gelly

s D0E 2 A of et

Conol s {8 Baanced ANOIA

Quality ook M General LnearModel P & FitGeneral Linear Model.
Relbilty/Survivel ¥ {E FullyNested ANOWA.

Multivariate

Seqrassion Equat

Tensile strength ) = Comparions.,
o5, Generl MANOVA. & Prtict.
Time Series b i
R 1 Tut e Tactoral Plobs.
o TestforFoualVaranees,. | = '
s ) Test for Eual Vanances —
Norguanetis | HenelPt. 1

[ Bl )| et

Power and Sample Szeh & gacion P,

i Response Opfimizer.

Response Optimizer
Identify he combingtion of
predictor values that jointy
aptimize one o more fitied
TESPOTIES.

\Minitah.MeJ'

Fig 5.12- Selection of response optimizer

For the optimization purpose and particularly for the project work we will used the target
method. Then give the minimum and maximum value of most influence input parameter

and finally assign the target. Generally particularly for the desirable target software will
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gives us the input values respectively. After that done the experiment on the values of
input and then compare with the output value of experiment with target set, by doing all
this things statistical model will be validate with the ease. For this validation purpose we
will set the criteria the 10 %. At the final stage if the difference between target and result
from experiment is achieve more than 10%, then finally the validation should be failed

according with the software analysis.

5.5 Result of optimization by response optimizer:

o Optimization Plot

Optimal Current Gas flow Included
___ High 160.0 14.0 75.0

BERLLERE " [120.0] [14.01 [75.0]

Predict Low 130.0 10.0 45.0

Composite
Desirability
D: 0.9502

hardness

Maximum
y = 85.0
d = 1.0000

Tensile H
Maximum
y = 7164039
d = 0.20291

Fig 5.13- Optimization plot from responses optimizer

Itis clearly seen form the above Fig. 5.13 response optimizer plot that the value of tensile
strength 716 MPa and the optimum value of hardness is 85(HRB) both are the optimum

value of the output parameter obtain.
Optimum input parameter-

» Welding current-130A
» Gas flow rate —14 L/min
» Included angle-75°

Optimum output parameter-

» Tensile strength-716MPa
» Hardness-85 (HRB)




Results and Discussion

Finally the result of obtain value of both tensile strength (MPa) and hardness (HRB)

shown in below table 5.5 respectively-

Table 5.5-Result of validation test

Parameters

Minitab

result

Experimental

result

Tensile strength

716.40(MPa)

727.82(MPa)

hardness

85(HRB)

81(HRB)




Conclusions and Future Scope

CHAPTER -6

Conclusions and Future Scope

6.1 Conclusion:

>

From the above dissertation work we can conclude some of the suggestions were
given to the industry about the selection of input parameters range for doing the
defect free weld. The following conclusion can be made listed below-

The most affecting or we can say the influence parameters on the quality of welding
for the top production receiver which has been used in chemical plant are welding

current(A), gas flow rate(L/min) and included angle(") respectively.

All the project work is done according to ASME section I1X division 2, ASME
section X, and ASME section X. all the input parameter and output parameter are

selected form the standard.

With the help of the TAGUCHI design the statistical model was validated and also

found less error in tensile strength 1.59% and in hardness 4.7% error respectively.

With the optimization of input parameters the value achieved that are current-
145A,gas flow rate-14 L/min, and included angle 45° gives the best tensile strength-
727.82 MPa and hardness achieved 81(HRB) and finally make the WPS(Welding

procedure specification) model according to this parameter respectively.

The experimental result which has been achieved particularly for output parameters
are quite accurate and also some % error was found when compared with the software

result that wear obtain within the acceptable limits.




Conclusions and Future Scope

6.2 Future scope:

There are number of parameters that effect the mechanical properties of the weld joint
that can be added for research work that must be pick up form the ASME section IX.
The output parameters like tensile strength and hardness can be studied by selecting the
proper input parameters and its effects on weld joint respectively and finally identify the
changes in tensile strength and hardness of the weld joint and then optimization with the
used of DOE. The mechanical properties change, microstructure of the weld joint and its

failure can be studied for the future work.
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wessel.

Intreduction 2 The below fig 11 show the project boundary condition for the project work. Fig 11-Project boundary
condition Manufactring process casting joining, machining, metal forming.powder metallurgy Brazing,soldering, welding
Arc welding GTAW welding, Thermit welding, EBW LEW Welding parameter current.gas flow rate,included angle

experimental work Validation of experimental result

Intreduction 3 1.2 Tungsten inert gas welding process: Manual GTAW welding 15 very difficult amongst all the welding
processes commenly used in industnal applicabion because it is totally dependent on craft man experience respectively.
To prevent the electrode great care and skill are required and the welders must maintain a short arc length duning the
welding so for doing the welding of pressure vessel WPQ is essential for the welder.

ﬂ MATCHING BLOCK 2/27 W https:/lenwikipedia.orghwiki/Gas_tungsten_arc ...

Welder manually feed a filler metal into the weld area with only one hand

and at the other hand manipulating the welding torch in the form of weave bead respectively. The GTAW welding process
comes under the fusion welding process categonsed shown in below fig 1.2, In this type of welding process the joining
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Appendix E: Plagiarism Report

Urkunp

SUBMITTED TEXT IIWORDS  100% MATCHING TEXT 11 WORDS

strength 5 R-Sq R-Sqladj] R-Salpred] 127370 96.86%
8746% 36.51%

SA  R.Suresh Thesis Final 28.10 2019 doc

SUBMITTED TEXT 41'WORDS  71% MATCHING TEXT 41 WORDS

Source DF Adj 55 Adj MS F- value P-value Current 2
122000 610000 183.00 0,005 Gas flow rate 2 12667
6.3333 19.00 0,050 Included angle 2 0,667 0.3333 1.00
0.500 Error 2 0.667 0.3333 Total 8 136.000 Table 5.4-

A  Arif Thesis Final.doc




