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Abstract. The Pulsed Gas Metal Arc Welding (P-GMAW) weldirgrameters are the most
important factors affecting the quality, produdivand cost of welding. This paper presents the
influence of welding parameters like welding cutre@as flow rate, wire feed rate, etc. on
weld strength and hardness of SS304L pipes durialglimg. By using DOE method, the
parameters can be optimize and having the besimedeas combination for target quality. The
analysis from Taguchi technique method can givesthaificance of the parameters as it give
effect to change of the quality and strength ofdpcd or does not. A plan of experiments based
on Taguchi technique has been used to acquire dtee én Orthogonal array of,k and
analysis of variance (ANOVA) are employed to inigete the welding characteristics of
SS304L pipes and optimize the welding parametensllif the conformations tests have been
carried out to compare the predicated values with éxperimental values confirm its
effectiveness in the analysis of weld strength lzandiness.
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1 Introduction

Pulsed Gas Metal Arc Welding is widely used procesgpecially in pipe welding. It
offers an improvement in quality and productivityeo regular Gas Metal Arc
Welding (GMAW). The process enables stable spragstier with low mean current
and low net heat input. It applies waveform contogfic to produce a very precise
control of the arc through a broad wire feed speagje. With precise control of arc
dynamics, Pulsed Gas Metal Arc Welding (P-GMAW) t¢enused as a fast-follow
process at high travel speeds, or it can be rua &fgh deposition rate, fast-fill
process. A variation of the spray transfer modésepapray is based on the principles
of spray transfer but uses a pulsing current td thelfiller wire and allow one small
molten droplet to fall with each pulse. The pulsdlsw the average current to be
lower, decreasing the overall heat input and theddrreasing the size of the weld
pool and heat-affected zone while making it possibl weld thin work pieces. The
pulse provides a stable arc and no spatter, siacghart-circuiting takes place. This
also makes the process suitable for nearly all Isyedad thicker electrode wire can be
used as well. The smaller weld pool gives the varagreater versatility, making it
possible to weld in all positions. In comparisothnghort arc Gas Metal Arc Welding
(GMAW), this method has a somewhat slower maximupeed (85 mm/s or
200 in/min) and the process also requires thatsthielding gas be primarily argon
with a low carbon dioxide concentration. Additidgalit requires a special power
source capable of providing current pulses withreqydency between 30 and 400
pulses per second. However, the method has gammdapity, since it requires lower
heat input and can be used to weld thin work pieagsvell as nonferrous materials.

2 Literature Review

S.V Sapakal et al[1l] presented a research on the optimization of MIGdivg
parameters using Taguchi design method. In thegareh they considered welding
current, welding voltage and welding speed as imauiables and penetration depth
as output variable. MS C20 was selected as workepimaterial. A plan of
experiments based on Taguchi technique has beenh tosacquire the data. An
orthogonal array, signal to noise(S/N) ratio andlgsis of variance (ANOVA) were
employed to investigate the welding characteristic1S C20 material and optimize
the welding parameters. Their experimentation tesdbht the lower current.

L. Suresh Kumar et aJ2] have investigated for welding aspects of AlSI 30316
by Taguchi technique for the process of TIG & MI@Ilding. Mechanical properties



of austenitic stainless steel for the process & @hd MIG welding have discussed
here. The voltage has taken constant and varioasacteristics such as strength,
hardness, ductility, grain structure, tensile gtbnbreaking point, HAZ have
observed in these two processes.

S.R. Meshram et &gl3] have done a research on optimization of processeters of
gas metal arc welding to improve the quality ofdvbéad geometry. In their work, a
grey-based Taguchi method was adopted to optintizegas metal arc welding
process parameters. Many quality characteristiarpaters were combined into one
integrated quality parameter by using grey relatiograde or rank. The welding
parameters considered in their research were dtagey wire feed rate, welding
speed, nozzle to plate distance and gas flow. Thditg characteristics consider were
penetration, reinforcement and bead width. Analgéigariance has performed to find
the effect of individual process parameter on dqugdarameters. The TaguchpsL
array was adopted to conduct the experiments. Hielass steel (AlSI1410) was used
as welding specimen.

Pawan Kumar et al[4] have obtained the use of Taguchi's parameter desig
methodology for parametric study of Gas Metal Arel@ihg of Stainless Steel &
Low Carbon Steel. The input process variables demed here include welding
current, welding voltage and gas flow rate. A total of 9 experimental runs were
conducted using an L9 orthogonal array, and caleuthe signal-to-noise ratio.
Subsequently, using Analysis Of Variance (ANOVAg thignificant coefficients for
each input parameter on tensile strength & Hardr(®4, WZ & HAZ) were
determined

A.K. Panday, Moeed et d5] performed their analysis on optimization of resiste
spot welding parameters using Taguchi method. TEer@ments were conducted
under varying pressure, welding current and weldimg. The output characteristic
considered was tensile strength of the welded.jdihé material used was low carbon
steel sheets of 0.9mm. Their conclusion leadsttt@tontribution of welding current
holding time and pressure towards tensile strerngth61%, 28.7% and 4 %
respectively as determined by the ANOVA method.

S.R Patil et al[6] presented their work on optimization of MIG weldipgrameters

for improving welding strength. They presents th#uience of welding parameters
welding current, welding voltage, welding speedutirmate strength of welded joints
of AISI mild steel materials. A plan of experimenising Taguchi has decided.
Experiments were performed and result was confirmem this study they

concluded that the welding current and welding dpse the major factors affecting
tensile strength of welded joints

Ajit hooda et al.[7] has done their research on optimization of MIG veld
parameters in order to improve yield strength o6lA1040 mild steel. The process
parameters welding current, voltage, gas flow eaté wire speed were studied. The
experiments were conducted based on four facturse tevel orthogonal arrays.

In the present work, it is planned to analyze tliferbnt input parameters in Pulsed
Gas Metal Arc Welding to improve both Ultimate Ti#msStrength and Hardness of
the welding joint using Taguchi’s technique.

3 Experimental Details

The experiments have been conducted using a PGlsednt Lorch welding machine
having 400 Amperes maximum current with air typelicg and automated welding
set up. In this welding machine automated Metalrtlr®as torches as wells
automatic feeler wire feeding units have provided.

3.1 Material Selection

The present study has been carried out SS304L .piest common uses are in
refineries and plants when gasses or fluids arsparted at high temperatures and
pressures.



Table 1: Chemical Composition of SS304L Pipe Material

Element C Mn P S Si Cr Ni N Fe

% 0.21 127 0.030 0.001 0.35 18.10 8.02 0.053 Balan

3.2 Taguchi Technique

The Taguchi method developed by Genuchi Taguchi $$atistical method used to
improve the product quality. Optimization of prosgmrameters is the key step in the
Taguchi method for achieving high quality withoatiieasing cost. This is because
optimization of process parameters can improve ityuaharacteristics and the
optimal process parameters obtained from the Taguethod are insensitive to the
variation of environmental conditions and otherseofactors. Basically, classical
process parameter design is complex and not easyséo A large number of
experiments have to be carried out when the numbprocess parameters increases.
To solve this task, the Taguchi method uses a apdesign of orthogonal arrays to
study the entire process parameter space with 8 somaber of experiments only. A
loss function is then defined to calculate the dgon between the experimental value
and the desired value. Taguchi recommends the fudee doss function to measure
the deviation of the quality characteristic frone tthesired value. The value of the loss
function is further transformed into signal-to-re{$/N) ratio.

3.3 SN Ratio

The signal to noise ratios (S/N), which are logctions of desired output, serve as
the objective functions for optimization, help iatd analysis and the prediction of the
optimum results. There are 2 Signal-to-Noise ratafs common interest for
optimization of Static Problems.
1. Smaller the better is given by =-10log [(ZY%/n]
2. Larger the better is given by=-10log [(Z 1/Y %)/ n]
Wheren = Signal to Noise ratio
Y= i" observed value of response
n = no. of observations in a trial
y = average of observed response.

3.4 Experimental parameter
Input parameters: Welding Current, Gas Flow Ratk\Wire Feed Rate.
Output parameters: Ultimate Tensile Strength (Udi®) Hardness

Table 2: Control factors and their level

SI.No Symbol Factors Unit Level 1 Level 2 Level 3
1 A Welding Ampere
Current 55 60 65
2 B Gas Flow I/min
Rate 12 13 14
3 C Wire mm/min
Feed 110 115 120

Rate




3.5 Experimental Work

Experiments were conducted using Pulsed currenthLavelding machine by DC
electrode positive power supply. Test pieces of siater diameter of 25 mm, length
of 300 mm with wall thickness of 3mm were cut ineagth of each 150 mm initially
with an edge preparation of 45 degree and tackldedleas shown in Fig. 1. Copper
coated Mild steel electrode of 1.2 mm diameter wsed for welding. Argon (85%)
and CQ (15%) gas mixture was used for shieldifithe experimental setup used
consists of a rotating disk in to which work sampias attached as shown in Fig. 2.
Welding speed (157 mm/min) has been kept constardllf twenty trails. Single pass
welding was performed on pipes by varying the pa&tens as shown in Table 2. The
working ranges for the process parameters weretselérom the American Welding
Society handbook. Based on the designgdokthogonal array combination a series
of joining processes was performed in welding maehiUltimate Tensile Strength
and hardness are considered as objectives. Focalcalation of the responses of
welded specimens, tensile test were performed u&itheanced Universal Testing
Machine model number; UTM US-1000 kN and make; Ak&slustriesHardness
test was performed using Vickers hardness testing machine.

All Dimensions in mm

42" E = ~ & ’E =

Fig.1: Sample specimen with dimension Fig.2: Experimental Set up
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Table 3: Welding performances usingiorthogonal array

Gas . Ultimate
Wire feed .
RUNS Current flow rate tensile Hardness
(Amps) rate (mm/min) strength (VHN)
(I/min) (N/mn)
1 55 12 110 313 102.83
2 55 12 115 311 103.83
3 55 12 120 315 111.91
4 55 13 110 321 106.30
5 55 13 115 31¢ 102.56
6 55 13 120 324 112.90
7 55 14 110 326 108.34
8 55 14 115 323 112.07
9 55 14 120 32t 118.23
10 60 12 110 341 102.71
11 60 12 115 344 104.44
12 60 12 120 345 113.18
13 60 13 110 347 104.40
14 60 13 115 34¢€ 114.35
15 60 13 120 348 117.90
16 60 14 110 350 110.30
17 60 14 115 354 112.07
18 60 14 120 352 118.23
19 65 12 110 356 107.35
20 65 12 115 355 108.89
21 65 12 120 359 111.69
22 65 13 110 363 114.87



24 65 13 120 362 113.56

25 65 14 110 367 108.91
26 65 14 115 365 114.44
27 65 14 120 368 127.20

4. ANOVA table and response calculation

The purpose of the Analysis of Variance (ANOVA) ts examine which
design parameters significantly affect the qualdiyaracteristic. This is
accomplished by separating the total variabilitytteé S/N ratios, which is
measured by the sum of the squared deviations frentotal mean S/N ratio,
into contributions by each of the parameters aedetinor. The ANOVA table
for both Ultimate Tensile Strength and hardnesssa@vn in table 4 and 5.
The response table for both UTS and hardness avensim table 6 and 7.

Table 4: ANOVA Table for Ultimate Tensile Strength

Source DOF SS MS F P (%)
A 2 5.4462¢ 2.7231' 1339.  93.€"
B 2 0.3019* 0.1509¢  74.27 5.27
C 2 0.01707( 0.0058:  4.2( 0.2¢

Error 2 0.0406¢  0.0020¢

Total 8 5.8059

SS, sum of squares;

DOF, degree of freedom;

% P, percentage contribution;

*, level of significance at 95% confidenesél

Table5: ANOVA Table for hardness

Source DOF SS MS F P (%)
A 2 0.54:93  0.271¢ 5.0€ 10.44
B 2 1.329¢  0.664¢  12.37 25.5¢
C 2 2.259¢  1.1297 21.0:  43.3¢

Error 2 1.074¢  0.537:

Total 8 5.20¢01

Table 6: Response Table for Ultimate Tensile Strength

Levels A B C
1 50.0¢ 50.5¢ 50.6¢
2 50.8:2 50.7(¢ 50.6¢

3 51.1; 50.81 50.7:




Delta 1.0¢ 0.2¢ 0.0€

Rank 1 2 3

Table 7: Response Table for hardness

Levels A B C
1 40.72 40.6: 40.61
2 40.8¢ 40.9( 40.77
3 41.07 41.1¢ 41.2¢

Delta 0.3t 0.54 0.6¢

Rank 3 2 1

5. Result and Discussion
1) Optimum parameter selection from S/N ratiofor UTS

Ultimate Tensile Strength is larger-the-better typelity characteristic higher
values of Ultimate Tensile Strength are consideoelde optimal. It is clear from
Fig. 4, that Ultimate Tensile Strength is highegsthird level of welding current,
third level of gas flow rate and third level ofrevifeed rate.

2) Optimum parameter selection from SIN ratio for hardness

Hardness is larger-the-better type quality charestie higher values of hardness
are considered to be optimal. It is clear from Bigthat hardness highest at third
level of welding current, third level of gas flowate and third level of wire feed

rate.
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Fig.4 : Main Effects Plot for Ultimate Tensile Strength



Main Effects Plot for SN ratios
Data Means
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Fig.5 : Main Effects Plot for Hardness

3) Analysisof Variance (ANOVA) for Ultimate Tensile Strength

The calculated values of Analysis of Variance fdtirhate Tensile Strength of
welding joint are listed in table 4. The calculatedues of ANOVA present the
percentage effect of each parameter on Ultimatesileeistrength of the joint.
From the analysis, it is seen that current is thstneontribution factor and the
wire feed rate is the least contribution factor Bitimate Tensile Strength of
joint.

4) Analysisof Variance (ANOVA) for Hardness

The calculated values of Analysis of variance fardmess of welding joint are

listed in table 5. The calculated values of ANOV¥#egent the percentage effect
of each parameter on hardness of the joint. Fraratialysis, it is seen that wire
feed rate is the most contribution factor and theent is the least contribution

factor for hardness.

6. Verification Experiment

The confirmation run was conducted using same @xpetal setup by taking
optimized parameters for SS316L pipes considerethig present work. The
results obtained from the confirmation runs areif@ied in the below Table 8.

Table 8: Results of Verification Experiment

Condition description  Initial set of parameters ~ Optimal parameters

Level A2B3C1 A3B3C3
UTS (N/mm?) 35(C 37¢
Hardness (VHN) 110.30 128.5

Form the table 8; one can observe that, the optichzarameters have considerable
effect on the response variables i.e. Ultimate WTenStrength and hardness of
SS304L pipes. Ultimate Tensile Strength was at R&E®nY for initial settings of
parameters and the value has been increased t/8W& after setting parameters to
optimized values. Similarly, the hardness has hieereased from 110.30 VHN to
128.5 VHN.

7. Conclusion

In this present work the optimization of the pracgmrameters for Pulsed Gas
Metal Arc welding of SS304L pipes with larger Ulate Tensile Strength and



hardness has been reported. A Taguchi orthogorey},ahe signal-to-noise (S/N)
ratio and Analysis of Variance (ANOVA) were used filne optimization of
welding parameters and it is found that i) optim@ondition for maximum
Ultimate Tensile Strength is (A3B3C3) i.e. curren65 Ampere, gas flow rate =
14 liter/min and wire feed rate = 120 mm/min iiiopum condition for hardness is
(A3B3C3) i.e. current = 65 Ampere gas flow raté4=liter/min and wire feed rate
= 120 mm/min ANOVA for UTS shows that current is the most sigraht factor,
followed by gas flow rate ANOVA for hardness indicates that wire feed rate
influences most significantly, followed gas flowtea Conformation experiment
was also conducted and verified the effectivendsth® Taguchi optimization
method.
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