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Abstract - The Shielded Metal Arc Welding (SMAW) is the
most widely used welding process in the small scale industries,
as well as domestic house hold purpose because of its low cost,
portability, versatility, and flexibility. The SMAW welding
parameters are the most important factors affecting the
quality of product, appearance of product, productivity, cost of
welding and repairing cost .In the present work, a design of
experiment (DOE) technique of the Taguchi method, has been
used to optimize the shielded metal arc welding (SMAW)
process parameters for the improvement of weld quality by
minimizing defect in welding such as pores, hoe and
incomplete fusion in weld bead. A L9 (34) orthogonal array
(0A) of Taguchi design which involves nine experiments for
four parameters (welding current, welding speed, electrode
position, arc voltage) with three levels was used. Under these
condition effect of noise such as operator skill are nullified by
using three level of it and the contribution of each parameter
towards minimizing defect is also estimated by ANOVA. Liquid
penetration (LP) testing is one of the NDT methods to identify
the surface defect in welding.
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parameters, NDT method

1. INTRODUCTION

Shielded metal arc welding is one of the mostly used metal
joining process. Most of the work is done by this process
because It is more economical and is a much faster process
compared to other process of joining. Welding is preferred
over other joining process like riveting, casting and nut
bolting because it is faster, quieter and many more
advantageous over other joining techniques. Now a day,
welding is extensively used in fabrications of automobiles,
aircrafts, ships, electronic equipment, machinery, and home
applications. SMAW is having many advantages over other
welding method such as having low cost because of its cheap
equipment, portable from one place to other, versatile in
nature and flexible to do any type of work. Almost 50% of
total joining of metal is done by SMAW process because of its
advantages. The quality of welding is decided by inspecting
the weld bead and finding the defect in weld bead. There are
various method of inspecting the weld bead mostly weld
inspection is done by non-destructive method, in NDT
methods number of testing technique are available. Liquid
penetration (LP) testing is one of the NDT methods to
identify the surface defect. Liquid penetrant inspection (LP)
reveals surface flaws by the “bleed-out” of a penetrating
medium against a contrasting background. This is done by

applying penetrant to the pre-cleaned surface and flaw of the
item being inspected. The penetrantis applied to the surface
and allowed to remain on the surface for a prescribed time
(dwell time); the penetrant liquid will be drawn into any
surface opening by capillary action. Following removal of
excess penetrant an application of a developer reverses the
capillary action and draws penetrant from the flaw. The
resultantindications reveal the presence of the flaw so that it
can be visually inspected and evaluated by using venire
calliper. The quality of weld is depending on the various
parameter values of welding and their setting with respect to
the work piece to be welded. To predict the effect of welding
process variables on weld bead geometry and hence quality
researchers have employed different techniques. There are
number of various parameter affecting the quality of weld. In
the present work welding current, welding speed, electrode
position and arc voltage are used to minimizing the defectin
weld bead. Taguchi method is a systematic approach to
design and analyse experiments for improving the quality
characteristics. This method gives us number of run in the
form of orthogonal array to conduct experiment to find the
optimal setting when the number of factor and their level are
decided. This method is very useful to minimize the number
of experiment from minimum experiment finding the best
result. Taguchi’'s comprehensive system of quality
engineering is one of the great engineering achievements of
the 20th century. His methods focus on the effective
application of engineering strategies rather than advanced
statistical techniques. It includes both upstream and shop-
floor quality engineering.

2. EXPERIMENTATION

As most of the welding products are made by using thin sheet
of metal, and jointed with thick angle frame. The mostly
usable joint in domestic purpose as well as in the industrial
purpose is the lap joint to weld the thin sheet with an angle
frame. While using the lap joint of sheet with thick angle
because of improper input parameters the various types of
defects are occur. The different types of defects are pin holes,
incomplete fusion and porosity. To minimize these defects
the sample of ‘L’ angle piece of 150x35x5mm and the sheet of
150x75x2mm are taken for experiment. The type of joint is
5mm lap joint. The dimensional picture of sample piece is
show in fig 1. the material of work piece material is journal
purpose usable mild steel which is ASTM A36. The different
mechanical properties of work piece material are shown in
table 1. The ASTM A36 is a mild steel which is used in almost
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of the places for manufacture of any product in industry as
well as in a domestic workshops.

Fig -1: Sample work piece

Table-1: Mechanical property of ASTM A36

YTS(MPa) | UTS(MPa) | elasticity(GPa) | Shear (GPa)

200 400-550 200 79.3

The input parameter mostly affecting the welding
process are Welding current, Welding speed, Electrode
position and Arc voltage are selected to optimize the process
of welding. The range with respect to given sample piece are
selected from ‘Fundamentals of manual metal arc welding Pg.
no. 309’ and ‘KOBELCO welding handbook Pg. no. 32’. The
electrode with filler material used in welding is selected as
E6013. To optimize the welding process the input variable
are divided in three levels and Taguchi DOE is used. The
range and their level are shown in table 2.

Table-2 : level of parameter

Input Level 1 Level 2 Level 3
parameter
Welding 50 70 90
current (A)
Welding 24 32 40
speed
(cm/min)
Position of 30 60 90
electrode
(deg)
Arcvoltage 20 22 24

V)

The number of experiment and the setting of input variable is
design by using orthogonal array (matrix) discuss in Taguchi
method. In that method for the four independent variable and
having three levels the L9 OA is much more suitable. So in
present work the L9 orthogonal array is selected to define
inputvariable setting and number of experiment itis show in

table 1.3. the experiments was completed at Metalfab
Hifhtech Pvt. Ltd. MIDC, Nagpur.

\Z In. fusion
o=

Fig-2 : Liquid penetration testing
3. TESTING

Liquid penetration testing is one of the widely used NDT
testing methods. Itis used for the surface in continuity which
highlighted the defects by contrasting colure of penetrant. In
this method first the sample part is clean by using cleaner so
that any impurity on part get wash out. Then the penetrant in
this study using florescent penetrant is used. Penetrant is
spray on welded joint. After 5 min which is called dwell time
the excess penetrant get clean out by using clenar. After this
procedure the developer is spray in one direction on welded
joint. The developer expel out the inside penetrant in defects
by the anti-capillary action. This action changing the colure of
defects such that the defects are highlighted. And after that
this are measured by using vernier caliper. The highlighted
defects on sample is shown in fig 2
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Number of | Welding | Welding | Electrode Arc are to be measured to find the optimal solution. The Liquid
E . ¢ C ¢ Speed Positi It penetration testing method is employeed to measure the
Xperiments urren pee osition | voltage defects.in this technique the defects are highlighted then
(Amp) | (cm/min) (deg) (Volt) highlighted defects are measured by vernier calliper . the
vernier calliper used in experiment having least cunt of
1 50 24 30 20 0.02Zmm. thfs noise factqr consider during optimization is
operator skill as SMAW is manually operated method. The
level as well their ranges are shown below.
2 50 32 60 22 1. First Noise Factor - Less Experience (0-6 Months)
3 50 40 90 24 2. Second Noise Factor - Medium Experience (7 Months-3
Years)
3. Third Noise Factor - Highly Experience (Above 3 Years)
4 70 24 60 24 To nullify the effect of noise on optimization each
s 70 32 90 20 experiment are done on each of the the noise factor and then
taking the average of each of the three readings. The average
reading after completion of experiments are shown in table 4
6 70 40 30 22
7 90 24 90 22
8 90 32 30 24 Table-4: Average observation reading
9 90 40 60 20
After completion of testing by liquid penetration and
Run | Input Factor Porosity (mm) Incomplete Fusion (cm) | Hole (mm)
C S P Vv R1 R2 R3 | Avg R1 |R2 | R3 | Avg R1 |R2 | R3 | Avg
1 50 |24 |30 |20 |3.05 |28 24 (276 (15 |15 (09 |131 |65 |5 6 5.83
2 50 |32 |60 |22 |26 2.1 19 | 222 |28 (22 |18 |23 55 (19 |26 |3.34
3 50 (40 |90 |24 |19 134 (18 |168 |38 (26 |14 |267 |10 |64 |[3.2 |6.53
4 70 |24 |60 |24 |1.15 |1.2 0.2 {08 |08 |04 |O 062 |3 2 0 2.5
5 70 |32 |9 |20 (126 |113 |12 |1.2 3 34 |20 |182 |7 7.1 | 4 6.05
6 70 {40 |30 |22 (103 |09 |12 |107 |45 |50 |34 (432 |58 |51 |35 |4.85
7 90 |24 (90 |22 |1 09 |09 097 |55 |71 |46 (574 |66 |39 |45 |5.03
8 90 |32 (30 |24 |097 [092 |09 |093 |85 (86 |49 |737 |94 |9.2 |55 |8.04
9 90 |40 |60 |20 |0.96 |0.9 08 091 |66 |67 |51 |61 71 (72 |75 | 732
measurement of defects the analysis is done by using taguchi
4. ANALYSIS method. In this method the signal to noise ratio are to be

The experiments are conducted as per the setting discuss in
orthogonal array. Each experiment are conducted thrice to
nullify the effect of error. The first experiment is done like the
welding current is set at 50 amp, welding speed is 24
cm/min, electrode angle is at 30 deg is maintain, and arc
voltage is at 20 volt is adjusted. Similarly each experiment is
conducted. After completion of each experiment the defects

calculated for every observation. The nature of defect is gives
us which S/N ratio is to be calculated. The output factor holes,
porosity and incomplete fusion are to be minimum that’s why
smaller the better S/N ratio is used for analysis. the formula
for smaller the better S/N ratio is.

(S)/N=-10 [log] _10 (MSD)

MSD=y"2
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The analysis of project is completed by using minitab
software and y using taguchi method. Above graph are the
S/N ratio graphs. The graph are generated separately for each
of the output parameter such as porosity in fig 1.2,
incomplete fusion in fig 1.3 and hole in fig 1.4. The graph
shows the optimal setting for each of the output. The point at
which the S/N is more is the optimal setting. The optimal
settings for different parameter are shown in table 5.

Table-5: Optimal setting

variable porosity Incomplete hole
fusion
Welding 90 70 70
current
Arc voltage 24 24 22
Welding 40 24 24
speed
Electrode 60 60 60
angle

5. RESULT AND DISCUSSION

The experimentations was carried out to eliminate the
welding defects and to increase the welding quality. During
study it is found that welding defects affect the welding
appearance of product. If there is welding defects in the
sheet, the selling cost product is become less. The extra
repairing cost is required to remove defects from product.
The experimentations are carried out with the help of
Taguchi DOE analysis. It is done for getting better result i.e.
minimization of defects occur welding of sheet. All the
experimental project work is completed at Metalfab
Hightech Pvt. Ltd, Hingna MIDC, Nagpur. After completion of
analysis the percentage reduction of defect at optimal setting
is Porosity is minimized by 63.19%, Incomplete fusion is
minimized by 73.72% Pin holes is minimized by 30.31%.
This percentage of defect reduction is very much beneficial
for industry and reduces repairing cost much more
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