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ABSTRACT:

The focus of this study was to evaluate the weld parameters in
relation to heat input and their effect on corrosion and
mechanical properties. Such properties include hardness, tensile
strength and impact toughness of UNS S31803 stainless steel.
Using the process of Gas Tungsten Arc Weld, samples of 50.8mm
(2inch) UNS 831803 stainless steel pipe with dimensions of
thickness 5.54mm and 300mm length were welded. The range of
parameters in which the weld was carried out are voltage of 10-
12V, speed of weld 50-90mm/min, and weld current 100-1504. To
ensure no defects, samples were first tested non-destructively
after welding and micro-structural examinations and ferrite
content measurements were performed. Corrosion test, according
to ASTM G48 standard, was conducted. The heat input effect on
hardness, tensile, and impact toughness was also examined. The
effects of the parameters were studied from the experiment
results. It was observed that there were improved mechanical
properties at low heat input than high heat input. The Corrosion
rate for optimized parameters at 22°C and 28°C were
0.04g/m’.day, and 0.74g/m2.day respectively, which is lower than
the 1.00g/m2.day in which corrosion is said to be initiated. The
optimum welding parameters of the experiment were found to be
welding current of 1004, voltage of 10V, and speed of 90mm/min.
The hardness, tensile strength and impact toughness values for
the optimized parameters after conducting a confirmation
experiment were found to be 371HVN, 994MPa, and 237J
respectively. The study showed that weldment has higher strength
values than the base metal.
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1. INTRODUCTION:

The establishment of duplex stainless steel was about
ago, but still
in the austenite-ferrite

75 years there were problems

encountered equilibrium.

Originally these steels were produced as substitutes of
low nickel to austenite stainless steel in use wherever
the resistance to decomposition, joining capability, and
strength capability are of high concern. In recent world
of infrastructural modernization and industrialization
the wear, in form of abrasion and corrosion, is creating
a huge challenge that is worth millions of naira. UNS
31803 steel has high strength and high resistance to
corrosion. However, it also undergoes many corrosion
deformations and mechanical properties deterioration
in environments such as chloride solutions that are
aggressive on metals. When welding, the protection of
weld pool from the environment is the main problem
encountered. The oxygen detrimental effects on the
properties of weld metal (in the form of oxide
inclusions of weld metal) are known by researchers.
Properties like toughness and weld plasticity are
severely affected (Potapov, 1993).

The combination of good mechanical properties,
resistance to corrosion, relatively low cost and
maintenance has been the attributes to the wide spread
usage of stainless steels in engineering applications.
However, welding of stainless steel (a process that is
essential in many industries) has experienced a number
of problems. In spite of the fact that efforts have been
made to improve weld qualities of stainless steels and
susceptibility to hot cracking, impediments are still
related with weld properties, especially welding of
component that needs multi-pass weld. The heat-
affected zone (HAZ) as well as different weld passes is
subject to variable heat cycles with the placement of
each subsequent pass which can lead to the occurrence
of complex changes in microstructure.
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One of the major issues for service life increment and
reliability of metallic materials is corrosion, and
detailed knowledge and understanding of
mechanism 1is vital to solving the existing and future

its

problem of corrosion (Marcus, 2002). Corrosion can
simply be defined as the electrochemical reaction on
the surface of metal which results to degradation
(Trethewey & Chamberlain, 1995). Its process is
natural and it is as a result of the metal tendency to get
to the lowest energy state. To attain that level, for
example, combining steel and iron with water and
oxygen for the formation of hydrated iron oxide (rust)
which is similar to that of iron ore (Davis, 2006). See
figure 1 showing the life cycle of steel.
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Figure 1: Life Cycle of Steel (Elena, 2014)

Generally, stainless steels are highly resistant to

corrosion and satisfactorily perform in many
environments. The constituent element of a given
stainless steel determines its limit of corrosion
which means that each grade,
exposed to an environment that is corrosive, has a
response that is slightly different from another. Hence,

carefulness is required when selecting the most

resistance, when

suitable grade of stainless steel for a given application.
Also, careful selection of material grade, workmanship
and good detailing can significantly reduce the
likelihood of corrosion and staining.
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Stainless steel is made by the combination of carbon
steel with other alloying elements, such as nickel,
manganese, titanium, aluminum, silicon, copper, and
chromium. The elements are added in different
proportions in order for the material to take a different
aspect like strength increase, increase in resistance to
corrosion, enhanced formability or ductility, change in

the weld ability.

Corrosion failure of welds can still occur regardless of
the fact that the proper filler metal and parent metal
have been selected;
followed, and welds that possess full weld penetration
deposited and have good contour and shape. Although,
the parent form of a stainless steel may be corrosion
resistant in a particular environment, the weld
counterpart is not. There are instances where the weld

standards and industry codes

exhibits high resistance to corrosion than that of the
welded base metal. Also, the weld can behave in an
resistance and

erratic manner, displaying both

susceptibility to corrosive attack.

Pardal et al. (2011) determined the characterization
and evaluation of corrosion resistance of welded joint
of duplex stainless-steel pipe UNS S31803 by
submerged Arc process. This study presents the
corrosion resistance, micro-structural, and mechanical
properties of a duplex stainless-steel welded joint of
pipe wall thickness of 35mm. The results of chemical
composition, mechanical properties and corrosion
resistance characterization in different regions of the
welded joint were compared to the base and to the
specifications required by the standards applied in the

project.

Hynn et al. (2017) evaluated the characteristics of
duplex stainless steel UNS S31803 weldment made
with  FCAW
content, EDS and XRD analysis, hardness, tensile
strength,

in terms of micro-structure, ferrite

impact toughness, and pitting corrosion
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resistance. It was observed that hardness of the weld
metal was improved than that of the base metal, and
the least amount of pitting corrosion occurred in heat
input 12.5kJ/cm.

Verma et al. (2019) studied the evaluation of

metallurgical phases and its co-relation with
mechanical properties and corrosion resistance of
22Cr-5Ni-3M, 16Cr—10Ni—2M,
weldment. This study addressed the dissimilar weld
between 22Cr—5Ni-3M, and 16Cr—10Ni—2M, stainless
steel, applying Submerge Metal Arc Weld (SMAW)
process by the use of two different welding parameters
(based on current) and investigated the micro-
structural the
mechanical properties and corrosion resistance of the

weldments. It was observed that increase in heat input

and dissimilar

evolution, and correlated with

decreases the ferritic content of the welded region
resulting in decreased hardness and tensile strength.

Zhang et al. (2017) investigated the influence of heat
input in electron beam weld (EBW) process on
microstructure, mechanical properties and pitting
corrosion resistance of duplex stainless-steel welded
interface. It is stated in the result of this study that an
increased heat input promotes grain boundary austenite
growth and the formation of fine intergranular
austenite, and the microhardness of the EB weldment

significantly higher than that of the base metal.

Paulraj and Garg (2016) investigated the effect of
welding parameters on pitting behaviour of GTAW of
Duplex Stainless Steel (DSS) and super DSS
weldments. Parameters such as inter-pass temperature,
shielding/back-purging gas, heat input, and cooling
rate were used to determine the corrosion behaviour of
DSS and super DSS stainless steel. It was concluded,
based on the experiment conducted, that improved
corrosion properties were observed at low heat input,
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low inter-pass temperature, higher nitrogen content in
shielding/back purging gas, and faster cooling rate

It has been discovered that enough or thorough
investigation have not been done by considering the
welding parameters such as the weld current, weld
voltage, and weld speed of GTAW of UNS S31803
stainless steel. The main aim of this research is to
characterize the corrosion behavior and mechanical
properties of UNS S31803 stainless steel pipe using
the GTAW technique which is commonly used in
welding of UNS S31803. The objectives of this work
are to: Investigate the performances of the Gas
Tungsten Arc Weld (GTAW) process on the UNS
S31803 specimens;
microstructure of the various weld-passes in terms of
phase transformation; determine the rate of corrosion

conduct an analysis on the

by performing a corrosion test on weldment using the
ASTM standard; determine the mechanical properties
of weldments by conducting mechanical tests such as
the tensile test, hardness test, and impact toughness
test; determine the most effective parameters in the
process by using the Taguchy method of data analysis;
and conduct a confirmation experiment on the
optimized parameter of the analysis.

2. MATERIALS AND METHODS:

2.1 Materials

The materials for this research were samples of
50.8mm (2 inch) UNS 31803 duplex stainless-steel
pipe with 5.54mm thickness and 300mm length.
Figure 3 shows the image of welded samples used in
the experiment. It has been considered to be a good
representative in the family of duplex stainless steel.
The welding filler metal used for welding is of
specification according to the British standard BS EN
1600 (22.9.3 NL) with a diameter of 1.2mm. This is
preferred in so as to have a filler metal that is
convenient for the weld current range. This steel has
been widely wused in many industries where
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components or pipes are subjected to highly aggressive composition of UNS 31803 base metal and filler metal
environments. See Tables 1 and 2 for chemical (22.9.3 NL) respectively.

Table 1: Chemical Composition of Base Material (UNS 31803) PREN = 34.47

Element C Si Cr Ni P Mn N S Mo
Composition, w% 0.03 1.00 22.00 4.50 0.03 2.00 0.14 0.02 2.50
Table 2: Chemical Composition of Filler Metal Material (22.9.3 NL)
Element C Si Mn Cr Ni Mo N
Composition, w% 0.015 0.400 1.700 22.500 8.800 3.200 0.150
Heat input, H(J/mm) = ox" (D
2.2 Procedures Wh g
GTAW process was used in welding the UNS S31803 ere
. . A% = Arc voltage, V
pipes. The welding process was performed at the I 3 Weldi O A
fabrication workshop of Aveon Offshore Limited, Port a ¢ ?ng current, .
S = Welding speed, mm/min

Harcourt. The welding was carried out within the
range of parameters defined in the Table 3.

The changes in fusion or parameters of arc weld leads
to welding heat input variations. Varying the input of
heat typically affects the and
mechanical properties of the weld (Funderburk, 1999).
The welding heat input per unit length of weld can be
calculated using equation 1.

microstructure

Each weldment of UNS 31803 was made in three
passes and in between the successive passes, a time of
cooling of 120 seconds was allowed. Nine welding
conditions were given as weldments were produced at
different welding parameters. To ensure reliability and
validability, each welding conditions were given at
different weldments. See Table 3 showing the welding

parameters  used  during  welding  process.
Table 3: Welding Parameters used during Welding Process
Parameters Values Units
Arc voltage V 10-12 A%
Welding speed, S 50-90 mm/min
Welding current, I 100 - 150 A
Root gap 2.0 Mm
Gas flow rate 15 L/min
Root face 1.5 Mm
Groove design Single v-groove
Groove angle 65°
Shielding gas 98%Ar + 2%N

It is worthy to note that, before welding it is very
necessary to clean the base material surface and edges
of groove properly so as to remove dust, rust, oil, dirt

and particles that are not wanted, otherwise defects
may develop in the weld pool.
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After welding, liquid penetrant examination was
carried out on welding pipe to ensure no surface
defect. Also, a radiographic examination was carried
out to ensure no defect throughout the thickness of the
pipe. Corrosion and mechanical tests were performed
on the specimen according to the required standard.

2.2.1 Corrosion Test

Welded sample pitting behavior studies was done
using ASTM G48 standard. For this test, specimen
was cut into 40x20mm size after welding, and
weighed using the
Specimen was immersed in 100g of ferric chloride on
900ml of de-ionized water for 24hrs at a test
temperature that is constant at (22+ 1) °C and
(28+1)°C. Magnesium oxide paste was used in
cleaning the specimen, rinsed well with water, dipped

digital weighing machine.

in acetone and air dried. Specimen was subsequently
examined if there are visible pits and weighed so as to
get the weight loss as a result of corrosion attack.

2.2.2 Metallography

Optical microscopy was used in performing the
metallographic studies. Specimen was polished with
A120 Abrasive grit up to 1200 grit fineness. Alumina
powder of 0.05um size was used to carry out the cloth
polishing of sample. The weldment was etched with
22% NaOH solution and examination was under
optical microscope. The measure of the content of
ferrite was carried out by point count method
according to standard.

2.2.3 Mechanical Test
1. Hardness Test: Vickers hardness tester was
used in performing the micro-hardness test on
the weldment. The measurements of hardness
were taken on the weldments transverse
section where measurements of values were at
weld  metal, and HAZ.

base metal
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Measurement of hardness was also along the
weldments thickness. 100g load was used for
the indentations with dwell time of 10s, with a
gap of about 3mm in-between indentations.

il. Tensile Test: The material thickness and
width for this test was 5.54mm and 14.10mm
respectively. The ASME 9 standard was
followed in this tensile test. The average of 3
value of test performed was used in this study.

iii. Impact Test: For this test, the specimen

5x10x50mm. The

pendulum type impact tester was used to carry

dimension wused was

out a Charpy V-notch impact test, according to
ASTM A370 standard.

2.3

2.3.1 Design of Experiment (DOE)

This is a method that systematically determines the
connection between factors affecting a process and the
process output. Experimental data are commonly

Analytical Method

analyzed using this technique. In order to optimize the
output of a process, the information obtained from this
analysis is required or needed to manage process
inputs. It is an empirical statistical technique used for
the analysis of multiple regressions using quantitative
data obtained from experiments that are properly
designed to  solve  multivariate  equations
simultaneously. It is a formal structured technique for
studying any situation that involves a response that
varies as a function of one or more independent
variables and commonly used to address complex
problems where more than one variable may affect a
response and two or more variables may interact with

each other (Kumar & Vaseem, 2018).

Figure 2 shows the flow diagram of the step by step

approach for the study.
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Figure 2: Flow Diagram of the step-by-step approach of the study

influence of one factor doesn’t interfere with the
estimation of the other factors influence and that each
factor is evaluated independently (Ross & Taguchi,
1988; Wang & Northwood, 2008; Magudeeswaran et
al.,2014).

2.3.2 Taguchy Method

The Taguchy method is a systematic application of
design and analysis of experiments for the purpose of
designing and improving production quality. The use
of a special set of arrays known as the orthogonal
arrays is applied in this method. The conduction of the 2.3.3 Selection of Orthogonal Array (OA)
minimal number of experiments which could give the The objectives of this study were considered during
full information of all the factors that affect the selection of parameters. Each parameter was analysed
performance parameters are stipulated by these at three levels. See Table 4.

standard arrays. Orthogonality implies that the

Table 4: Factors and Level used for the Orthogonal Array

Factors Unit Code Level 1 Level 2 Level 3
Weld current A A 100.00 125.00 150.00
Weld voltage \% B 10.00 11.00 12.00
Welding speed mm/min C 50 70 90
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The degree of freedom (DOF) for each of the three
level parameters is 2 (i.e., number of levels — 1). The
total DOF for the 3 level of the 3 parameters each = 4
x (No of level — 1) =4 x (3 -1) =4 x 2 = 8. Therefore,
the total degree of freedom required for the
experimentation is eight (8).

The total DOF of the orthogonal array, according to
the Taguchi’s method, must be greater than or equal to
the experimentation total DOF needed.

A standard three level Lo orthogonal array with 8 DOF
Nraguehi = 1 + ¥V (L, — 1) (i.e., 9 — 1 = 8) was
selected for this study using the Taguchi based

experimental design. Table 5 shows a 3 level of 9
experimental orthogonal arrays.

Table 5: Ly (3°) Orthogonal Array

Run A B C Performance
parameter value
1 1 1 1 Py
2 1 2 2 P,
3 1 3 3 P;
4 2 1 2 P4
5 2 2 3 Ps
6 2 3 1 Ps
7 3 1 3 P,
8 3 2 1 Py
9 3 3 2 Py
2.3.4 Mean Value of Each Level

The mean value of each level, j of a particular
variable, 1 is calculated by summing the performance
parameters pertaining to an individual level (see
equation (2) ),
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Mean value, u;; =

Sumcf the porometer of individual levelef o particular variable

The numoer of level

2

3. RESULTS

3.1 Welding Quality

A suitable welding current for the specimen was set
up to be within 100A to 150A. Current higher than
150A with slower speed rate produces excessive heat
impact and instead of welding of base metal, melting
was observed. Also currents below 100A with a
higher speed rate produces poorly formed weld joint
due to incomplete weld penetration. The indication is
that the heat input per unit length of weld obtained at a
range of speed utilized in this work and current below
100A is not enough to give full weld penetration (see
figure

Figre 3: I of Welded Sampls used in the
Experiment

3.2 Weld Microstructure

The weld root region has high formation of austenite
than at the cap. This is so because during weld passes,
weld root regions were subjected to reheat, hence
favouring the acicular and intra-granular type of
secondary austenite at the root.

At the weld cap region, the coarse ferrite grain was
observed. It was noticed during welding that with
increased heat input and slower rate of cooling there is
higher austenite content and large grain size in the
weldment. Similarly, with decreased heat input and
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higher rate of cooling, there is a lower austenite
content with finer grains on the weldment.

The content of ferrite at the weld cap is higher than
that of the root region. Increase in grain size was
observed at the HAZ region due to recrystallization of
the ferrite, and the austenite formation was evident.
See figure 4 showing the microstructure of welded
joint heat affected zone.

The volume fraction of ferrite in the HAZ is higher
than that of the welded region.

VB

Zone of welded joint

33
3.3.1 ASTM G48 Test

Results of Corrosion Test

It was discovered from the obtained results that the
rate of corrosion of the sample increases as heat input
increases. This is due to the intermetallic phase
formation like the secondary austenite which consists
of a very low amount of Chromium, Cr and
Molybdenum, Mo at high heat input, and this result to
easy breakdown of the passive film.

Pitting was not evident at 22°C. That is, at 22°C
weight loss was less than 1g/m” per day. Pitting was
observed at 28°C in accordance with ASTM G48
standard which states that pitting is said to be initiated
when weight loss is more than 1g/m® per day. See
Figure 5 showing the variation of corrosion rate with
heat input.
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Figure 5 Corrosion rate variation with heat input

3.3.2 Potentiostatic Measurement

The potentiostatic measurement was carried out to
determine the Critical Pitting Temperature (CPT) in
order to verify the maximum working temperature for
the weldment. The Critical Pitting Temperature is the
temperature at which current density of corrosion gets
to 100 pA/cm?. It was observed that there was stable
pitting between temperatures 23°C and 27°C.

3.4

3.4.1 Hardness
As a result of repeated heating and cooling, and high

Mechanical Test Results for Weldment

filler wire elements, the hardness of the base metal
was found to be lower than that of the weldment.
Higher hardness values were noted at low heat input
and a high rate of cooling. The values of hardness
were measured along the weld regions vertical line
and across the transvers section of the weldment.
Welded region seems to exhibit higher hardness
across the transvers section than HAZ due to
refinement of grain and higher alloying element.
Along the vertical line, due to grain refinement and
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repeated heating and rate of cooling, high hardness
values were noticed at the weld root region. Because
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be lower than the root but higher than the center of
weld. See Table 6 showing Lo Orthogonal array for

the rate of cooling of surface weld is faster than the hardness test and experimental results.

inside, the hardness of the weld cap was observed to

Table 6: Ly Orthogonal array for hardness test and experimental results

Run Current, A  Voltage, V Speed, Heat input Hardness, HVYN
mm/min J/mm X, X, X3 Mean

1 85 10 50 1200.00 266 270 273 269.67
2 85 11 70 942.86 310 312 310 310.67
3 85 12 90 800.00 350 354 360 354.67
4 115 10 70 1071.43 275 270 273 272.67
5 115 11 90 916.67 320 315 317 317.33
6 115 12 50 1800.00 205 195 195 198.33
7 150 10 90 1000.00 290 300 288 292.67
8 150 11 70 1980.00 170 183 188 180.33
9 150 12 50 1542.86 212 215 222 216.33

3.4.2 Tensile Strength

The parent metal showed lower strength values
compared to the weldment. This is as a result of the
high tensile strength filler metal properties. 916 MPa
was the obtained highest strength. Fracture occurred
outside the welded region. From the result, it was
observed that due to higher rate of cooling induced in

welds of low heat input, low heat input leads to higher
tensile strength, which also leads to finer grain size
and more formation of ferrite as compared to higher
heat input. See Table 7 Lo Orthogonal Array for
Tensile  Test Results.

and Experimental

Table 7: Ly Orthogonal Array for Tensile Test and Experimental Results

Run  Current, A Voltage,V  Speed mm/min Heat input Tensile strength,
J/mm MPa
1 100 10 50 1200.00 805
2 100 11 70 942.86 833
3 100 12 90 800.00 916
4 125 10 70 1071.43 820
5 125 11 90 916.67 859
6 125 12 50 1800.00 712
7 150 10 90 1,000.00 817
8 150 11 50 1980.00 653
9 150 12 70 1542.86 737

Copyright © 2019 JNET-RSU, All right reserved
92



3.4.3 Impact Toughness

Factors like intermetallic phase, grain size, austenite
formation, etc. can affect the impact toughness of a
material (Paulraj & Garg, 2015).

Due to slow cooling resulting to the coarse grain
formation, it was observed that toughness value of
weldment reduces because of high heat input. As
shown in table 7, precipitation of intermetallic phase
is unavoidable at high heat input, and may lead to
reduced impact toughness properties of the weld,
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though high heat input also facilitates austenite
formation.

The impact value varies at various regions from the
base material to the weld center line. The V-notch was
made at various points, at fusion line, weld metal,
2mm and Smm from fusion
understanding of the
toughness values at fusion line were observed as

line for proper

test values. Low impact
compared to the weld center. The observation at
positions 2mm and Smm was that toughness values

were high.

Table 8: Lo Orthogonal array for toughness test of weldment and the experimental results

Run  Current, A Voltage, V Speed Heat input, Impact
mm/min J/mm Toughness, J
1 85 10 50 1200 169
2 85 11 70 942.86 188
3 85 12 90 800 203
4 115 10 70 1071.43 172
5 115 11 90 916.67 197
6 115 12 50 1800 108
7 150 10 90 1000 175
8 150 11 70 1980 98
9 150 12 50 1542.86 110

Table 9: ANOM for Calculated Hardness Mean
Values

35 Calculation of the Mean Value, I of Each

Factors Current, A Voltage, V Speed,
Level A B /mi
The calculation of the mean values of a particular (4) (B) ml?cl;nn
Varial?le of each level is carried out as stated in Level 1 311.67 278 34 21611
equation 2. Level 2 262.77 269.44 266.56
The calculation of the mean value for each control Level3 229.77 256.44 321.56
factor was done in order to evaluate the effect of each Range 81.90 21.50 105.45

Rank 2 3 1

selected factor on the responses.
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Table 10: ANOM for calculated tensile strength
mean values
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respectively, which is below the 1g/m® day in which
corrosion is said to be initiated.

4. CONCLUSION:

Performance of the welding process of Gas Tungsten
Arc Weld on UNS S31803 stainless steel pipe was
successful. Due to multiple heating cycles, the
hazardous secondary austenite precipitation in the root
of the weld arises, and this causes more susceptibility
to pitting attack of the weld region as compared to the
weld cap region. It was discovered from the
experiment conducted that low heat input weld gives a
better corrosion and mechanical

resistance to

properties than welding with higher heat input.

The optimum welding parameters of the experiment

Factors Current, A Voltage, V Speed,
A B mm/min
C
Level 1 851.33 814.00 723.33
Level 2 797.00 781.67 796.67
Level 3 735.67 788.33 864.00
Range 115.66 32.33 140.67
Rank 2 3 1
Table 11: ANOM for Calculated Impact
Toughness Mean Values
Factors Current, A  Voltage,V Speed,
(A) (B) mm/min
©
Level 1 186.67 172.00 125.00
Level 2 159.00 161.00 156.67
Level 3 127.67 140.33 191.67
Range 59.00 31.67 66.67
Rank 2 3 1

were found to be 100A, 10V, 90mm/min for welding
current, voltage, and speed respectively. It was
observed from the Critical Pitting Temperature that
there was occurrence of critical pitting between 23°C

As shown in Tables 8, 9 and 10, welding speed has the
most effective influence on the quality of properties of
the weldment. The optimized parameter for tensile
strength, hardness and toughness were A; = 100A, B
= 10V and Cs; = 90mm/min. These parameters were
used to perform a confirmation experiment that
resulted to the tensile, hardness, and impact toughness
values.

Heat input range recommended for this grade of
stainless steel undergoing the GTAW process is 0.5 —
2.5kJ/mm. In this study, the optimized parameters of
the GTAW process gave a heat input of 0.667kJ/mm
which falls within the range recommended, and the
corresponding values of tensile strength, hardness and
impact toughness were recorded as 994MPa, 371HVN
and 237]J respectively. The corrosion test performed at
22°C and 28°C had no trace of corrosion on the
weldment 0.04 g/m® day and 0.74g/m® day

and 27°C. The corrosion rate for the optimized
parameters, at 22°C and 28°C were 0.04g/m”.day and
0.74g/m> day respectively, which is lower than the
1g/m”.day in which corrosion is said to be initiated.

High heat input decreases the hardness values of UNS
S31803 stainless steel. Due to varying thermal cycles,
weld root region values of hardness were observed to
be high. The hardness value for the optimized
parameters was 371HVN. From the experiments
conducted, it was found that the tensile strength of
weldment was higher than the base material. The
optimized parameters have a tensile strength of
994MPa. It was found that increasing the heat input
decreases the tensile strength of UNS S31803 stainless
steel.

Impact toughness of the stainless-steel weldment
increases as heat input decreases due to increase in the
size of grain, formation of intermetallic phase, and the
formation of secondary austenite at high heat input.
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The impact toughness for the optimized parameters of
this study was 237J. The contribution to knowledge of
this study is that, based on the mean value analysis
calculated, it has been found that welding speed has
the most effective influence on the quality of
properties of the weldment over welding current and
welding voltage, where other process parameters are
unaltered. Generally, careful control of the welding
parameters increases the mechanical properties and
resistance to corrosion of UNS S31803 stainless steel
weldment, and this can be achieved by proper
optimization of the parameters.
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