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Flux Cored Arc Welding Parameter
Optimization of AlISI 316L (N) Austenitic
Stainless Steel
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Abstract—Bead-on-plate welds were carried out on AISI 316L The main and interaction effects of the controltdes on

(N) austenitic stainless steel (ASS) using fluxecbrarc welding

(FCAW) process. The bead on plates weld was coaduas per L25
orthogonal array. In this paper, the weld bead ggonsuch as depth
of penetration (DOP), bead width (BW) and weld f@icement (R)

of AISI 316L (N) ASS are investigated. Taguchi agmh is used as
statistical design of experiment (DOE) techniquedptimizing the

selected welding input parameters. Grey relatiomahlysis and
desirability approach are applied to optimize thput parameters
considering multiple output variables simultanegugonfirmation

experiment has also been conducted to validate optémized

parameters.

Keywords—bead-on-plate welding,
approach, grey relational analysis

|. INTRODUCTION

THE 316L (N) is a low carbon,
molybdenum-bearing austenitic stainlesseel, as a
structural material ,is widespread among severdustrial
sectors including nuclear, cryogenic, shipbuildiagd defense
sectors.

Flux-cored arc welding is an attractive welding qess
having high productivity with all-positional weldircapability
compared with other flux-shielded welding procesfessic
flux system) such as shielded metal arc weldingA®/) and

submerged arc welding (SAW) processes. FCAW welthlse

are generally about 5-10% stronger at room temperahan

weld metals from SMAW and SAW processes and ardaim

to those of gas tungsten arc welding (GTAW) depa#itr
similar post weld heat treatment (PWHT) [1].

Murugan et al[2] developed mathematical models using

five-level factorial technique to predict the weldead
geometry for depositing 316L stainless steel ortactural
steel 1S2062. The responses namely,
reinforcement, width and dilution as affected bywgircuit
voltage, wire feed rate, welding speed and nozaleplate
distances have been investigated. The models vexedaped
and checked for their adequacy and significance.
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bead profiles, desirability

nitrogen-enhanced

penetration

dilution and bead geometry have been presentedajphgal
form, which is more useful in selection of processameters
to achieve the desired quality of the overlay.

Murugan et al.[3] determined the main and interaction
effects of process control variables on importarach
geometry parameters including bead volume quaivtst
and represented the results graphically. Optimahmpater
setting has been derived in their work to yieldiropt bead
volume with maximum penetration, minimum reinfoream
and bead width.

The common approaches to tackle optimization prokite
welding include multiple regression analysis, resgosurface
methodology (RSM), artificial neural network (ANN)
modeling and Taguchi method [4—7]. In most of thees the
optimization has been performed using single ohject

function. For a multi-response process, while aipglythe

optimal setting of control factors, it can be olser that an
increase/improvement of one response may causegehan
another response, beyond the acceptable limit. Tious
solving multi-criteria optimization problems, it sonvenient
to convert all the objectives into an equivalengi objective
function. This equivalent objective function, whids the
representative of all the quality characteristi€she product,
is to be optimized (maximized). The Taguchi metiodery
popular for solving optimization problems in theeldl of
production engineering [8] and [5]. The method izg$ a
well-balanced experimental design (allows a limitednber
of experimental runs) called orthogonal array designd
signal-to-noise ratio (S/N ratio), which serve tbbjective

function to be optimized (maximized) within expeental

domain. However, traditional Taguchi method cansolve

multi-objective optimization problem.

'To overcome this, the Taguchi method coupled witeyG
relational analysis has a wide area of applicaj@orl1]. This

approach can solve multi- response optimizationblera

simultaneously. It is appropriate to apply thishi@que to a
complex system like welding process.

Apart from process optimization, it is necessary to
determine the degree of significance of the facmmsthe
output features of the final product. This statisiti
significance of the factors can be evaluated thncamalysis of
variance (ANOVA).
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Though several studies made on weld quality by The materials employed in this investigation welaes of
considering response variables separately and ladgsature AISI 316 L (N) austenitic stainless steel in dimens of 100
on simultaneous consideration of response variablesarce X 50 X 8 mm each were used as base material antbET3
in FCAW process of 316 L (N) material. In the pretspaper, (diameter of 1.2 mm) was used as filler wire. Thypidal
an attempt has been made to carry out the expetsnbased chemical compositions of the base material andrfillire are
an L25 orthogonal array. This study introduced ébedmine shown in Table II.
the near optimal welding process parameters usirey g The welding trails were conducted based on the L25
relational analysis and desirability approach byrthogonal array as shown in Table Ill. Argon ashi&lding
simultaneously considering multiple output paramsete gas at a constant flow rate of 18 Ipm and stickdistance is
Through this technique, the welding parameters wetfs mm as maintained. Weld profiles were obtained by

evaluated and compared with the experimental isult sectioning and polishing with suitable abrasive draimond
paste. Weld samples were etched with 10% oxalid, sa
Il. EXPERIMENTAL DESIGNSAND PROCEDURE etchant to state and increase the contrast of ubierf zone

Taguchi approach was used for designing the exgetim with the base metal. The weld bead profiles wer@asared
L25 orthogonal array was used which composed @f ivels USINg optical microscope. The measured bead psofiee
and 25 rows, which means that 25 experiments wanged depth of ~penetration (DOP), bead width (BW) and
out. Design of experiments was selected based dour einforcement(R) were presented in Table Iil.
welding parameters with five levels each. The dekéc

S . ) TABLE Il

welding input parameters for this study are wiredferate EXPERIMENTAL RESULTSUSING L25 ORTHOGONAL ARRAY
(WFR), voltage (V), travel speed (TS) and torchlan@A). SINo | WFR| V| TS| TA| DOP| BW R

The welding input parameters and their levels aesgnted in mm | mm | mm

Table I. TABLE | 1 T [ 1] 1| 1] 2814 8034 23%

WELDING PARAMETERSAND THEIR LEVELS 2 1 2 2 2 3.843 8.62 2.485

Parameters Units Levels 3 1 | 3] 3| 3| 38768 8931 267

1 2 3 4 5 4 1 41 4| 4] 3334 8521 2745

Fl’;’i;e(\'j\?lfg) m/min 7 8 9 10 11 5 1 | 5| 5| 5] 3487 8234 2789

Voltage (V) volts 19 21 23 25 27 6 2 11 2| 3| 4315 8728 2945

Tfav(‘;'SS)Peed cm/min | 03 | 036 | 042 048 054 7 2 [ 2] 3| 4| 3893 8965 2884

Torch Angle o = 50 70 80 % 8 2 [ 3] 4| 5| 3756 9.167 2654

TA) 9 2 | 4] 5| 1| 3037 958 2479

Bead-on-plate welding trials were conducted using\BB 10 2 |5 1] 2| 4067 886D 2.987

MIG Robot 500 with IRC 5 controller welding systeis 11 3 1} 3| 5| 3912 8783 2843

presented in Fig.1(a and b). 12 3 2| 4] 1] 2889 9267 2.489

13 3 | 3] 5| 2| 3449 8935 2641

14 3 | 4| 1| 3| 489 8347 2712

15 3 | 5| 2| 4| 4553 8587 2567

16 4 | 1| 4| 2| 3564 8748 2145

17 4 | 2| 5| 3| 4079 8845 2647

18 4 | 3] 1| 4| 4379 838 2741

19 4 | 4] 2| 5| 4583 845y 2856

20 4 | 5| 3| 1| 2934 998y 2146

21 5 1| 5| 4| 3348 926 2216

(a) Welding machine (b) wielglin operations 22 5 2] 1 5| 4392 8932 2347

Fig. 1 (a) and (b) Experimental set up of ABB MI@kRt 500 23 5 | 3| 2| 1| 3645 9.124 2.045

Welding system 24 5 | 4| 3| 2| 3994 9256 2249

25 5 | 5| 4| 3| 382 9016 2198
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TABLE Il
CHEMICAL COMPOSITIONOFBASE MATERIAL AND FILLER WIRE(WEIGHT IN %)
Material C Cr Ni Mo N Mn Si P S Cu Ti Nb Fe
AlSI
0.024 | 16.89| 10.071 2.1 0.0597 1.51 042 0.026 0010.35 0.02 0.02 Bal
316L(N)
316LT 0.033 | 18.94| 11.827 2.34 1.18 0.2 0.022 0.0p8 0.10 Bal
lll. METHODOLOGIES (ya(K), yi(K)) A mint & max
. . Y (Yo(K), ¥i N —
A.Grey Relational Analysis ’ Doi (K) + EA max

Deng first proposed grey relational analysis in 2[28] to
fulfill the crucial mathematical criteria for deagj with poor,
incomplete, and uncertain systems [13]. This graseol
Taguchi technique has been widely used in diffefiefds of
engineering to solve multi-response optimizatioobpgms. In

order to apply the grey-based Taguchi method foitimu

response optimization, the following seven stepsfaliowed:
Step 1: Calculate S/N ratio for the correspondegponses,
using the following formula:
(i)Larger-the—better:

. 1n1
S/Nratio ¢ )=-10logy| — X —
n

@)
i=1 yﬁ

Where n=number of replications;=observed response

value where i=1, 2,...n; j=1, 2...k

This is applied for problem where maximization diet
quality characteristic of interest is sought. Tisigeferred as
the larger-the-better type problem.

(i)Smaller-the—better:

. 1nh o
S/Nratiog ) =-10 Iogo(niélyijj

This is termed as the smaller-the-better type mrobivhere
minimization of the characteristic is intended.

Step 2: Step 2:jyis normalized as Z(0<Z;<1) by the
following formula to avoid the effect of adoptingdffdrent
units and to reduce the variability. It is neceggarnormalize
the original data before analyzing them with theygrelation
theory or any other methodologies. An appropricae is
deducted from the values in the same array to rttekevalue
of this array approximate to 1. Since the process
normalization affects the rank, we also analyzedsinsitivity
of the normalization process on the sequencingltsestihus,

)

5)

where

1.j=1, 2...n; k=1, 2...m, n is the number of experimental
data items and m is the number of responses.

2.y4(K) is the reference sequence,(ky=1, k=1,2...m);
yi(k) is the specific comparison sequence.

3.4 =y (k)-yi(k) [F= The absolute value of the
difference betweenygk) and y(k)
4. Amin = rgi_n rgkln [lyo K )-Vvi k)| is the smallest
jei
value of y(k)
5. Amax= max max Vo K ¥vi K) is the largest
Ojei O
value of y(k)
6. £is the distinguishing coefficient, which is defined
the range 0S5 & < 1( the value may adjusted based on the
practical needs of the system).

Step 4: The grey relational grac(eg/j) is calculated by

averaging the grey relational coefficients correspog to
each experiment.

_ 1
Vj :Ezyu
E (6)

Where I/j the grey relational grade for th8 pxperiment

and ‘k’ is the number of performance charactersstic

Step5: Determine the optimal factor and its level
combination. The higher grey relational grade ieplithe
better product quality; therefore, on the basigrely relational
grade, the factor effect can be estimated and pkienal level
for each controllable factor can also be determinefor
example, to estimate the effect of factor ‘i’, walaulate the

we recommend that the S/N ratio value be adoptednwhaverage of grey grade values (AGV) for each leyetienoted

normalizing data in grey relation analysis.
_ yIJ —mn(y”,IZJ.,Z,n)
% = mexty; i=12,.n y minf i.= 12,

(To be used for S/N ratio with larger the bettammer)

®)

. max(y; i = 1,2,..0 yy;
Tomax(y, i =1,2,..0 ¥ ming; i,= 1,2,.n,

(4)
(To be used for S/N ratio with smaller the bettemmer)
Step 3: The grey relational coefficient is calcethas

as AGV;, then the effect, Bs defined as:
Ei = max(AGVij) — min (AGVij) (7)

If the factor i is controllable, the best level %, determined

by
j *= max ( AGVij) (8)

Step 6: Perform ANOVA for identifying the significa
parameters. ANOVA establishes the relative sigaifae of
parameters. The calculated total sum of squareegakiused
to measure the relative influence of the parameters

298



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:6, No:1, 2012

B. Desirability Approach

The desirability function approach to optimize riplé
equations simultaneously was originally proposedriDger
and Suich [14]. Their procedure introduces the ephmf
desirability functions. The method makes use obhjective
function, D(X), called the desirability function @transforms
an estimated response into a scale free valye c@led
desirability. The desirable ranges are from zerorte (least to
most desirable, respectively). The factor settingith
maximum total desirability are considered to be tiptgimal
parameter conditions. Essentially, the approadb sanslate
the functions to a common scale (0, 1), combinentlsing
the geometric mean and optimize the overall metinere are
many statistical techniques for solving multiplespense
problems like overlaying the contours plot for eaebponse,
constrained optimization problems and desirab#ipproach.
The desirability method is recommended due toiitgkcity,
availability in the software, flexibility in weightg and giving
importance for individual response. Solving suchltipie
response optimization problems using this techniguelves
using a technique for combining multiple respons#s a

dimensionless measure of performance called thealve

desirability function. The desirability approach vatves
transforming each estimated response, Yi, into & lass
utility bounded by 0<g1, where a higher {dvalue indicates
that response value; ¥ more desirable, ifie O this means a
completely undesired response [15].

Step 1: Calculate the individual desirability indée).
There are three forms of the desirability functiaosording to
the response characteristics.

i. Nominal - the — best

s
Yi = Ymin
— | " Ymin syj <T,s=20

T~ Ymin

;
Yi = Ymin
— | Ymin Y] S Ymax 20
Ymax ~ Ymin

0

(9)

ii. Larger-the better
O,y]- < Ymin

r
Yi ™ Ymin
4=y Ymin Y] S Ymax: T 20
Ymax ~ Ymin

1 Yj Z Ymin

(10)

The value of 'y is expected to be the larger the better.
When the 'y’ exceeds a particular criteria valudjch can be
viewed as the requirement, the desirability valgeads to 1;
if the 'y’ is less than a particular criteria vaJurhich is
unacceptable, the desirability value equals to 0.

iii. smaller-the better

11 yj < ymin

di = [M] 'ymin < yj < ymax’r 20
ymin - ymax

0’ yj 2 ymin

(11)

The value of 'y is expected to be the smaller the better.
When the 'y’ is less than a particular criteria ugl the
desirability value equals to 1; if the 'y’ exceedarticular
criteria value, the desirability value equals to 0.

Step 2: Compute the composite desirabilitys)(dThe
individual desirability index of all the responsesan be
combined to form a single value called compositardbility
(dg) by the following Equation (12).

1
do = (" xd,"....d™ ) (12)

Step 3: Determine the optimal parameter and itellev
combination. The higher composite desirability ealmplies
better product quality. Therefore, on the basithefcomposite
desirability (&), the parameter effect and the optimum level
for each controllable parameter are estimated.axamples,
to estimate the effect of factor ‘', we calculabe composite
desirability values (CDV) for each level ', demat as CDY,,
and then the effect, i defined as:

E = max (CDV) — min (CDV) (13)

If the factor i is controllable, the best level |8, determined

The value of yis required to achieve a particular target Thy

When the 'y’ equals to T, the desirability valueuats to 1; if
the departure of 'y’ exceeds a particular rangenftbe target,
the desirability value equals to 0, and such ditnatepresents
the worst case.

j* = maxj (CDVy) (14)
Step 4: Perform ANOVA for identifying the significa
parameters. ANOVA establishes the relative sigaifae of
parameters. The calculated total sum of squaressakiused
to measure the relative influence of the parameters

IV. IMPLEMENTATION OF THE SOLUTION METHODOLOGY

A. Grey Relational Analysis

Step 1:The S/N ratios arealculated for all the responses
depending upon the type of quality characterisfids®e main
objective of this work is maximization of depth pénetration
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and minimization of bead width, reinforcement. According to
this objective the responses are considered in this study larger
the better type and smaller the better types are selected. The
values of computed S/N ratios for each quality characteristic
from Table 11l using one of the (1) and (2) are presented in
TablelV.

Step 2: Normalize the S/N ratio values using one of the (3)
and (4). Theresults are given in the Table V.

TABLE IV
S/N RATIOS AND NORMALIZED VALUES
SI.No S/N Ratios Normalized values
DOP BW R DOP BW R
1 8.9865 | -18.0986 | -7.4435 | 0.0000 | 0.0000 | 0.3737
2 11.6934 | -18.7132 | -7.9065 | 0.5642 | 0.3251 | 0.5144
3 11.7677 | -19.0180 | -8.5432 | 0.5797 | 0.4864 | 0.7078
4 10.4593 | -18.6159 | -8.7708 | 0.3070 | 0.2737 | 0.7770
5 10.8490 | -18.3122 | -8.9090 | 0.3882 | 0.1130 | 0.8190
6 12,6996 | -18.8133 | -9.3817 | 0.7739 | 0.3781 | 0.9626
7 11.8057 | -19.0510 | -9.1395 | 0.5876 | 0.5039 | 0.8890
8 11.4945 | -19.2445 | -8.4780 | 0.5227 | 0.6063 | 0.6880
9 9.6346 | -19.6300 | -7.8855 | 0.1351 | 0.8102 | 0.5080
10 12.1855 | -18.9575 | -9.5047 | 0.6667 | 0.4544 | 1.0000
11 11.8480 | -18.8729 | -9.0755 | 0.5964 | 0.4096 | 0.8696
12 9.2150 | -19.3388 | -7.9205 | 0.0476 | 0.6561 | 0.5186
13 10.7438 | -19.0219 | -8.5659 | 0.3663 | 0.4885 | 0.7147
14 13.7844 | -18.4306 | -8.6658 | 1.0000 | 0.1756 | 0.7451
15 13.1660 | -18.6768 | -8.1885 | 0.8711 | 0.3059 | 0.6000
16 11.0388 | -18.8332 | -6.6285 | 0.4277 | 0.3886 | 0.1260
17 12.2089 | -18.9340 | -8.4551 | 0.6716 | 0.4420 | 0.6810
18 12.8255 | -18.4690 | -8.7582 | 0.8001 | 0.1960 | 0.7732
19 13.2230 | -18.5443 | -9.1152 | 0.4714 | 0.2358 | 0.8816
20 9.3433 | -19.9887 | -6.6326 | 0.0744 | 1.0000 | 0.1272
21 10.4957 | -19.3388 | -6.9114 | 0.3146 | 0.6561 | 0.2120
22 12.8532 | -19.0190 | -7.4103 | 0.8059 | 0.4869 | 0.3636
23 11.2244 | -19.2037 | -6.2139 | 0.4664 | 0.5847 | 0.0000
24 12.0282 | -19.3285 | -7.0398 | 0.6340 | 0.6507 | 0.2510
25 11.6549 | -19.1003 | -6.8406 | 0.5562 | 0.5300 | 0.1904

Step 3: Perform the grey relaiona anaysis. From the data
in Table 4, caculate the grey relationa co-efficient for the
normalized S/N ratio values by using (5). The values for & is
taken as for depth of penetration (0.5), bead width (0.25) and
reinforcement (0.25) and were considered in (4). The results
aregivenin Table V.

Step 4: Next, the grey relational grade can be computed by
using (6). Finaly, the grades are considered for optimizing the
multi response parameter design problem. The results are
giveninthe Table V.

TABLE V
GREY RELATIONAL CO-EFFICIENT AND GREY GRADE VALUES

SI.No | Grey relational co efficient | Grey grade
DOP BW R
1 0.3333 | 0.3333 | 0.4439 0.3610
2 0.5343 | 0.4256 | 0.5073 0.5004
3 0.5433 | 0.4933 | 0.6312 0.5528
4 0.4191 | 0.4077 | 0.6916 0.4844
5 0.4497 | 0.3605 | 0.7342 0.4985
6 0.6886 | 0.4457 | 0.9304 0.6883
7 0.5480 | 05019 | 0.8183 0.6041
8 0.5116 | 0.5595 | 0.6158 0.5496
9 0.3663 | 0.7249 | 0.5040 0.4904
10 0.6001 | 0.4782 | 1.0000 0.6696
11 0.5533 | 0.4586 | 0.7931 0.5896
12 0.3443 | 05925 | 0.5095 0.4476
13 0.4410 | 0.4943 | 0.6367 0.5033
14 1.0000 | 0.3775 | 0.6623 0.7600
15 0.7950 | 0.4187 | 0.5556 0.6411
16 0.4663 | 0.4499 | 0.3639 0.4366
17 0.6036 | 0.4726 | 0.6105 0.5726
18 0.7144 | 0.3834 | 0.6879 0.6250
19 0.4861 | 0.3955 | 0.8086 0.5441
20 0.3507 | 1.0000 | 0.3642 0.5164
21 0.4218 | 0.5925 | 0.3882 0.4561
22 0.7204 | 0.4936 | 0.4400 0.5936
23 0.4838 | 0.5463 | 0.3333 0.4618
24 | 05773 | 0.5887 | 0.4003 0.5359
25 0.5298 | 05154 | 0.3818 0.4892

Step 5: From the value of grey relational grade in Table V,
using (7), the main effects are tabulated in Table VI and the
factor effects are plotted in Fig.2.

TABLE VI
MAIN EFFECTSON GREY GRADES
8
5 i~
=0 — o~ ™ < [t} ) 8
ST = o
83 a
[Nt
WFR 0.4794 | 0.6004 | 05883 | 0.5389 | 0.5073 | 0.121

\Y 0.5063 | 0.5436 | 0.5385 | 0.5629 | 0.5629 | 0.056

TS 0.6018 | 0.5671 | 0.5597 | 0.4814 | 05041 | 0.120

P W AN

TA 0.4554 | 05291 | 0.6125 | 0.5621 | 0.5550 | 0.157
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0.8 - width (0.25) and reinforcement (0.25) and were weTed
and the calculated results are given in the Tallle V
0.6 1 _Sd POPUSE SN e
¢ v " A 2 di af TABLE VIlI
0.4 - DESIRABILITY VALUES AND COMPOSITEDESIRABILITY VALUES
SI.No Desirability Composite
0.2 DOP BW R desirability
0 — 1 111111 1.1 1 1.1 1.1 1 11T T 1T T T ] 1 0.0000 1.0000 0.6699 0.0090
E ™ v g oo E ™ g ™ 2 | 04959 0.6984 0.5328 0.5500
= 3 | 05118 05407 0.3328 0.4658
4 | 0.2506| 0.747§ 0.2568 0.3314
Fig. 2 Factor effects on grey grade values 5 0.3243| 0.8976 0.210p 0.3753
Considering maximization of grade values (Table avid 6 | 07234 06473 0.044p 0.3505
Fig. 2), we can obtain the optimal parameter cémui?WFR2 7 | 05200 0.5233 0.1306 0.3687
V5 TS1 TAS. 8 0.4540| 0.4199 0.3535 0.4182
f S_t(;ep 6f psm% the gr};y gra;:le value,hANOV,Efls foratetl 9 01051 02069 05398 01813
or i gntl ying the significant factors. T e resy ANOVA o 06039 05728 00000 50000
are given in Table VII. From ANOVA, it is clear th&@orch ]
angle 84.226P%) influences more on welding followed by 11 ] 05292/ 06169 0.1529 0.4030
wire feed rate 27.6792%, travel speed 23.36026) and 12 | 0.0361| 0.3687 0.528¢ 0.1263
voltage 0.7974%). 13 | 0.3041] 0.5387 0.324B 0.3567
14 | 1.0000] 0.8397 0.291p 0.7036
TABLE VI
RESULTS OFANOVA ON GREY GRADE 15 0.8381| 0.7168 0.445p 0.6883
- 16 | 0.3614| 0.6370 0.893B 0.52%2
« 49 k) IS ] o =] .
S 90 o 5| c 9| g 2 5 17 | 0.6092| 0.5847 0.360p 0.5290
Factor | £ S ¢ 5l 3 8|0 & s 2
a3 é"; gl =g |u T £ 18 | 0.7537| 0.820§4 0.2611 0.5907
o 19 | 0.8525| 0.7834 0.1391 0.5305
Wire 20 | 0.0569] 0.0000 0.892B 0.0000
feedrate|  0.0534 0.0134 112136 3.8379  27.6792 21 | 0.2573] 0.3687 0.818p 0.3760
Voltage 0.0189 0.0047  3.969p  3.8379 9.7974 22 | 0.7605| 0.5402 0.6794 0.6788
Travel 23 | 0.3986| 0.4419 1.000D 0.5147
speed 0.0451 4 0.0113 9.4638  3.8379 23.3601 24 0.5687| 0.3743 0.7834 0.5549
Torch 25 | 0.4877| 0.4972 0.837p 0.5610
angle 0.0661| 4 0.0165 13.866R  3.8379  34.2267
Error 0.0095 0.0012 4.9367 Step 3: From the value of composite desirabilityTable
Total 0.1930| 24 VIII, by using (13) and (14), the main parametdieefs are

tabulated in Table IX and the factor effects amtptl in Fig.3
TABLE IX
MAIN EFFECTS ONCOMPOSITEDESIRABILITY VALUES

B. Desirability Approach

Step 1: The individual desirability jjds calculated for all | = @ % x
the responses depending upon the type of qualiyg | - D ® = o o &
characteristics. The main objective of this work |[is" - a
minimization of bead width and maximization of téas
strength and depth of penetration. According te tijective WFR | 0.4556] 0.5370) 0.2649| 0.4344|  0.3443  0.190p 3
the responses are considered in this study andrléing better| V | 0.3303| 0.4505 0.3249  0.461p 0.4692 | 0.1442 | 4
type and smaller the better type are selected. VEhges of | TS | 0.5268| 0.3946| 0.3584| 0.3918| 0.364d  0.168B 3
computed individual desirability for each qualityatacteristic [ Ta | 0.1656| 0.3967] 05219 | 0.47102| 0.4811 035632 1

using one of the (10) and (14)e presented in Table VIII. Th
desirability value varies from 0 to 1. The highaiue shows
that it has higher influence than others.

Step 2: The composite desirability valueg)(dre calculated
using (12). The weightage for depth of penetrafimb), bead
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Fig. 3 Factor effects on composite desirabilityuesl VI. CONCLUSIONS

From Table IX and Figure 3, we obtain the optimal

parameter condition WFR2 V5 TS1 TA3.

Step 5: Using the composite desirability value, ANOIs
formulated for identifying the significant factor§he results
of ANOVA are given in Table X. From ANOVA, it is ear
that Torch angle 34.98984) influences more on welding

followed by wire feed rate 2@.8593%, travel speed
(21.0988%) and voltage 1(4.0232%).
TABLE X
RESULTS OFANOVA ON COMPOSITEDESIRABILITY
Degree

Sum of Mean F- %
Factor of F-Cal o

Squares squares table | Contribution

freedom

Wire
feed 0.2373 4 0.0593] 6.5039 3.8379 22.8593
rate
Voltage | 0.1456 4 0.0364| 3.9899 3.8379 14.0232
Travel

0.2191 4 0.0548 6.0029 3.8379 21.0984
speed
Torch

0.3633 4 0.0908/ 9.9551 3.8379 34.9894
angle
Error 0.0730 8 0.0091 7.0294
Total 1.0383 24

V.RESULTSAND DISCUSSIONS

A. Confirmation Tests

Based on the preliminary trails, the initial paraens were
chosen and the bead on plate welding trail was naade
subsequently the bead profiles were measured. Argwtion
experiment trail was carried out to validate thsutes and it
has been compared with the initial condition. Tableeflects
the satisfactory results of confirmatory experimdfrom the
Table Xl the predicted bead profiles have the beatapth of
penetration, lesser bead width and reinforcement.

TABLE XI
RESULTS OFCONFIRMATORY EXPERIMENT

rate
Voltage
volts
m/min
Depth of
(mm)
nt (mm)

Wire feed
Travel speed

Torch angle
penetration
Bead width
Reinforceme

Based on the Flux cored arc welding parameters|(318L

(N) ASS) considered in this studshe following points are
deduced:

1.The optimization of flux cored arc welding by cdking
the grey relational and desirability analysis asthg the
recommendation of design for determining welding
parameters was successful and the optimal parameter
condition is WFR2 V5 TS1 TA3.

2.Based on ANOVA results, grey relational analysisdie
4%) is more accurate than desirability approacho(er
7%) to optimize the flux cored arc welding procéss
order to obtain the good bead profile.

3.In both the analyses, torch angle has the mostfisigmnit
parameter followed by wire feed rate, travel speed
voltage.

4.Predicted results confirmed higher depth of petietta
less bead width and reinforcement.
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