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Abstract—

The aim of the present study is to show the influence of different input parameters such as
welding current, welding voltage and wire feed rate to identify the variations in the output
responses such as Corrosion potential, grain area and hardness on mild steel using Metal
Inert Gas Welding (MIG). Potentio-dynamic polarization studies are carried out to
determine the pitting corrosion resistance. The selected three input parameters are varied at
three levels. On the analogy, nine experiments are performed based on L9 orthogonal array
of Taguchi’s methodology in Minitab statistical software. Analysis of variance (ANOVA)
is employed to find the levels of significance of input parameters.In this thesis, Welding
voltage has significant effect on output responses when compared to welding current and
wire feed rate. Response tables and graphs are used to find the single optimal responses
using Minitab18 statistical software. Grey relational analysis has been carried out to find
the multi response optimal parameters. The confirmation experiments are carried out to
validate the optimal results.

I. INTRODUCTION

Welding is, at its core, actually a manner
of bonding two portions of metallic.
While there are different methods to join
metal (riveting, brazing and soldering, as
an example), welding has grow to be the
approach of desire for its strength,
performance and flexibility. There are lots
of different welding methods, and greater
are being invented all the time. Some
strategies use heat to basically soften
pieces of metallic collectively, often
adding a "filler steel" into the joint to
behave as a binding agent. Other
techniques depend upon stress to bind
steel together, and nevertheless others use
a aggregate of each warmth and stress.
Unlike soldering

and brazing, where the steel portions
being joined continue to be unaltered, the
method of welding always changes the
work portions.

WELDING TOOLS OF THE TRADE
The most fundamental welding rigs, for
infrequent use in a domestic workshop,
can be had for under $a hundred.
Typically, those rigs are set up for
shielded metal arc welding(SMAW), or
stick welding. Many devices most
effective have an on/off transfer inside
the manner of controls, making them
simple to operate. Torch welding rigs are
small and clean to work with, which is
part of why they're normally used.
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MIG WELDING
MIG (Metal Inert Gas) welding,
additionally called MAG (Metal Active
Gas) and inside the USA as GMAW (Gas
Metal Arc Welding), is a welding process
this is now widely used for welding a
diffusion of substances, ferrous and non
ferrous. The crucial function of the
manner is the small diameter electrode
twine, that is fed constantly into the arc
from a coil. As a result this process can
produce quick and neat welds over a
extensive range of joints.

EQUIPMENT

e DC output energy supply

e Wire feed unit

e Torch

e Work return welding lead

e Shielding gas deliver, (usually from
cylinder)

II. LITERATURE REVIEW

Optimization of mig welding technique
parameters to expect maximum yield
energy in aisi 1040 In this research work
an try changed into made to expand a
response floor model to predict tensile
electricity of inert gas metallic arc
welded AISI 1040 medium carbon metal
joints. The method parameters inclusive
of welding voltage, current, twine
velocity and gasoline flow fee have been
studied. The experiments were conducted
based totally on a four-element, three-
stage, face targeted composite layout
matrix. The empirical courting can be
used to are expecting the yield energy of
inert gasoline metal arc welded AISI
1040 medium carbon metal. Response

www.ijiemr.org

Surface Methodology (RSM) become
applied to optimizing the MIG welding
manner parameters to reap the maximum
yield power of the joint.

Objective of the work

*Level of technique parameters is taken
using Taguchi’s L9 orthogonal method.
*Welding operation is achieved on mild
metal specimen using MIG welding
machine.

*Pitting corrosion capacity, hardness and
grain location are measured for each
specimen after the welding system.
*Analysis of variance is finished to
recognize the stages of importance of
every individual enter parameter on the
output responses.

*Grey relational analysis is achieved to
locate the multi response highest quality
parameters. even if they have been
submitted for publication, should be cited
as “unpublished” [4]. Papers that have
been

EXPERIMENTAL PROCEDURE

In this thesis, experiments are made to
apprehend the impact of MIG welding
parameters twine feed, welding cutting-
edge and welding voltage on output
parameters consisting of hardness of
welding, microstructure ,corrosion and
gray realtion of welding.

MIG welding experimental pics

J.a\. ~ e .-

MIG Wélding machine Work pieces
(MILD STEEL)
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TESTS CONDUCTED
The following experimental exams are
performed on the specimens which can
be fabrication (welding).

. Electro chemical Corrosion
Testing

. Microstructure

. Hardness

. Grey Relational Analysis

Electrochemical Corrosion Testing

All corrosion is an electrochemical
method of oxidation and discount
reactions. As corrosion happens,
electrons are launched by using the steel
(oxidation) and received by factors
(discount) inside the corroding solution.

For the experiment, welding parameters
selected are shown in table. The welding
current and electrodes considered are

"PROCESS PARAMETERS | LEVEL] | LEVELD | LEVEL |
WELDING CURRENT(AMP) | 20 A B Potentiostat Polarization cell
WELDING VOLTAGE() | 12 H % Corrosion Potential Values
VREED AL mmn) |5 S N R
TWILOEG  CURRENT] [ WIRE FEED RATE| E sa1w3
MELDDG VOLTAGE (V) P —ies
| LN im'mm|
B i X FARENT METAL =5ia7
[0 e
™ ™ T8 1 - .
.| b ] ]
& TH 1] E = ///
T i 7 £ i — =
2 0 = .
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Microstructure Analysis

The weld bead is determined inside the
inverted metallurgical microscope with
500x magnification, related to picture
analyzer software as shown in Fig.
3Image analyzer software program
established in PC Then the parameters,
consisting of Grain Area, Grain
Perimeter, Grain Length are measured
with empower analyzer. The captured
microstructure of the sample with photo
analyzer supplied inside the Fig. Further
photograph processing and thresholding
is done with the features of image analys.

Etching

The cause of etching is to optically
enhance microstructural features together
with grain size and segment capabilities.
2% Nital answer is used for etching. It
commonly includes a aggregate of acids
or bases with oxidizing or reducing
sellers.

www.ijiemr.org

Ethanol and Con.HNO3
Flask with 2% Nital
Hardness Measurement
O Brinell hardness is decided
through forcing a difficult metal or
carbide sphere of a targeted diameter
underneath a distinctive load into the
floor of the cloth and measuring the
diameter of indentation left after the take
a look at.

Conical

[ The Brinell hardness number or
without a doubt the Brinell quantity,is
obtained by using dividing the load
utilized in kilograms,with the aid of the
real surface place of the indentation in
rectangular millimeters.

BHN = = — L
A ? D — /D2 —d?]
Where,
Ball indenter diameter D= Smm
Load applied P =

7.35kN,9.80kN,12.25kN

OPTIMIZATION USING GREY
RELATIONAL ANALYSIS
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1. S/ ratio calculation Response Table for Signal to Noise
% The oniginal response values are transformsed info S/% ratio values Ratios
SN ratio = —1agel{ ) (£ 53] thigher-the-better) Lawel vELote | wELDING | WIRE FEED
“\Iw------- —10togyq (2 (E¥7)) (lewer-the-better) i | --n-. | s530 || 358
n = number af replications and
Grey relational Grade -
The grey relational grade was Mme Sne st s s
determined by way of averaging the grey o= A B S
relational coefficient similar to every ,E
performance characteristic. The usual in /\ /\
performance feature of the a couple of _:
reaction technique depends at the e
calculated gray relational grade. The grey Main effect plot for Corrosion Potential
relational grade can be expressed as Microstructure Analysis
)33 i = = N i / /,,-'}"_.';‘[,‘
3 s § 4 = A '/.,,_‘
RESULTS AND DISCUSSION kb Hr ikl
INTRODUCTION TO TAGUCHI e W’ﬂ
TECHNIQUE e s e .
* Taguchi defines Quality Level of a Wiz . "Z I E—
product because the Total Loss incurred _ | S
by using society due to failure of a - /{"l‘?"r. : e
product to carry out as desired when it S 4,4 'J
deviates from the delivered target overall R S

performance ranges.

» This includes charges associated with
negative performance, working fees
(which changes as a product a while) and

Microstrucbture of Sample
Determination of grain size
Table: GRAIN AREA (mm?)

. SAMPLE MNo. Al GaAal AN
any introduced charges because of ' . S029e005 | #i1ate0os | 43820008
. 2 5171005 | 3 950e005 4 560005
harmful side consequences of the product - e i | liee
in use 4 5 366005 4 03P 05 4. 702005
: 5 50300005 3 65005 4 364005
Results of Experimental Tests . e R e T
R . . T 5_52Fe-005 I 798e-003 4. 163005
Electrochemical Corrosion Testing B 4459005 | 4318<005 | 4388c005
<@ 4. Ti%e 005 3620005 4. 154005
Main Effects Fiot for SN ratios
Exp e | wEipmsG | WELDDSG | WIRE FEER | CORROSHS  [S3CMALNOE . _ _":“ ““"_" _ R
it = Tl ooty e e e e
0 n 5 T o s
. - - - . - e e e . E
hil) | 55 | Al E e
0 % 5 W27 3 .
b} n 35 ) 537188 3 /_/_‘
™ k] & 2103 546789 ; N
] 0 % ] L) 55 3902 R R R F = =
T | o 1 ¢« | n [ aom ———
g 0 u - % | sanm Optimal conditions: 240(A),26(V) and
v | m ¥ | 55 BeE | s .
6(m/min) hardness
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Table: Hardness Values (BHN) on Weld

Zone

SAMPLE No. TASKN 9. B0KN 12 25KN

1 285 290 238

2 170 190 186

9. 207 01

F) I 207 217 | 193
: or e —

[3 n7 275 238

7 201 262 158

s 187 175 172

9 201 217 209

Table: Measured values and S/N Ratios
for 7.35kN

ExpNo. | WELDING | WELDING | WIKE FEED BN SIGNALNOISE
CURRENT {A] VOLTAGE() [RATE miming RATIO
| 1 20, | M s 90968
i 200 b1] 170 | 46000
32 Jon: | 6 £ 192 1 ssesee |
i ] 33 07 463184
5 6 18| asase
& 220 ] - 217 | 7w
7 240 2 & m 45 D639
g 240 2 L] 187 454568 |
9 240 26 2m | 50639

Table Response Table for Slgnal to
Noise Ratios

Level WELDING WELDING WIRE FEED
CURRENT VOLTAGE RATE
i 46.46 47.16 4709
2 4616 4516 45 66
3 4585 46.15 4572
Delta 0.60 2.00 1.42
Rank 3 1 2

Main effect plot for BHN

Miain E‘f(!ts Ph:'tflx SMratios

i“\“;\,

Zgmammmae e e

Optimal conditions: 200(A),22(V) and
5(m/min)
Table : ANOVA analysis for BHN

Mm of 3H mﬂm

azo

Source | oF Adi 55 [ Adj LIS | F- Value P Ve I
-“"_:.‘:.‘\'Cl CLREENT I 2 5TLG | 2358 I 035 | 0.742
WELDING VoLTAGE | 3TI62 | VE5E.1 | 126 | 0307 | 43,100
WIRE FEED RATE | -] 168 6 [ 13448 | 164 | 03T | 31196
Error i 2 16442 | 221 i [ | 19070
Tetal | i A6 | 100

It is determined that welding voltage is
the maximum prominent component
which results hardness maximum with
percent contribution of 43% accompanied
by way of twine feed fee with percent
contribution 31% then welding modern-
day with percentage contribution 7%.

GREY RELATIONAL ANALYSIS

[ Wetding | Webding [Wire l'...al( orresion Grain Area

RUN | current | voltage rate | potential | BHN | (x 10-5 mm?)
(A} oy fefemin) | (V)
1 200 22 s | enoz 285 4582
2 200 24 5 170 4.56
3 200 26 192 4107
220 22 Y0 S0
E 330 24 18 4364
6 | zzo 26 1 379
7 |30 33 o1 163
& 40 4 18 4358
ENEETE 26 o1 2184

Normalized SN ratio ]
" [Cormosion| BHN | Grain Ares,
potential (x 10-5 mm")

08801

06795
04587

24318

Table: Deviation sequence and GRA
coefficient

Dot iatien wequence
RUN |Cometion -
povemial PEEH
EmV )
1 OO0 OO T
63 [ [F7]
EFE 765 275
3 978 618! 3000
[ 5 0000 | 0.6155 360
5 5123 5376 OO0
661 6758 647
£ 248 B155 3205
] 3007 5758 Sa13
-

Grey relational grade showing optimal
parameters

GREY
RELATIONAL

N
Ll GRADE

=
w
0

0.935529
0.492884
0431839
0.595010
0434814
0.437941

B |

M

[0 ) Y Y P g
| | bt | | | e

P f o | i ot 3] 3

[
|
|
|
|
|
'é
é
|

'.pml-ioxu.-nnu.lwn-

i s
| T

Multi optimal response A1B1Cl1

Determination of the Optimal Factor and
its Level Combination The below desk
suggests the Grey relational grades for
minimum Corrosion capability (mV),
most hardness(BHN) and minimal grain

vicinity(mm?2).
RUN| Parameters Levell | Level2? | Level3 | AMax-Min
Corroiion
A potential 06201 | 04893 | 04529 0.1672
(V)
B BHN 06575 | 04582 0. 4466 02109

Grain Area

C (x 10-5 mm”) | DLGO6T | 05193 | 0.4362 0.1706

Mean of all grey relational grades at level
1 in output response C

Consider grain area at level 1 : mean of (
0.935529+0.437941+0.446779)= 0.6067
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Table: Input parameters and output
response

Graim Area
a BEDN (x 10-5 mum®)

& E | = E 550.76
o 240 26 55 50469 201

Confirmation Results

Predicted Response = Average of Al +
Average of Bl + Average of C1 — 2 x
Mean of response (Y1j)

Optimal Process parameters
AlIBLC] AlIBELC]

. o
Level Predicted [Experimental veErro

Corrosion
potential 6950702 &672.0200 3.31%
(m\)

BHN 265 8889 285 0000 6.70%%

Grain Area

7 582 769
(x 10-5 mm?) 46173 4. 5820 0.76%%

Sample calculation for predicted
results
Table: A1B1C1 values for BHN:

Al Bl Cl
283 285 283
170 X7 ur
192 201 187
215.67 31 12867

Predicted Response = Average of Al +
Average of Bl + Average of C1 — 2 x
Mean of response (Yij) 215.67+
231+229.67 -2(205.22) = 265.9.
CONCLUSION

From table, welding voltage has more
significant effect(36%) on corrosion
potential followed by welding
current(22%) and wire feed
rate(21%).The optimal parameters for
corrosion Potential is 220(A) welding
current,24(V) welding voltage and
5.5(m/min) wire feed rate. From table,
welding voltage has more significant
effect (58%) on grain area followed by
wire feed rate(20%) and welding
current(7%). The optimal parameters for
grain area is 240(A) welding
current,26(V) welding voltage and

www.ijiemr.org

6(m/min) wire feed rate. From table,
welding voltage has more significant
effect(43%) on hardness for load of
7.35kN followed by wire feed rate(31%)
and welding current(7%). The optimal
parameters for hardness of 7.35kN load is
200(A) welding current,22(V) welding
voltage and 5(m/min) wire feed rate. The
multi response optimization is carried out
using Grey relational analysis and from
table 20,it is observed that experimental
run no.l has highest grade ranking among
the nine experiments. The multi response
optimal parameter is determined at
A1(200A),B1(22V) and C1(5m/min)The
confirmation tests are carried out to
validate the optimal results. The
comparison shows good agreement
between predicted values and
experimental values.
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