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Abstract

Being one the modern high quality industrial welding process especially for stainless steels and titanium
alloys. TIG welding process has been has been researched for decades in order to define its parameters
such as welding speed, current and arc length to improve the weld penetration. Hence it is a popular
technique for joining thin materials - the thickness of the work piece is in general restricted to less than 6
mm- in manufacturing industries. In this study, AISI 321 and 316L stainless steel sheets of 4 mm of
thickness were used as welding metals. Thus, AlSI 321 welding metal couples, AISI 316L welding metal
couples and AISI 321 and 316L welding metal couples were selected to ensure a combination of similar
and dissimilar metals. The filler metal rod was made of 316L SS. The specimens were cut in dimensions of
150 x 30 x 4 mm as using an abrasive cutter, then the V weld butt joint configuration with single groove of
37.5° £ 2.5° groove angle by a lathe machine. The welding current was 200 A and TIG welding process
was performed manually in single under argon shielding gas atmosphere. After TIG welding process, the
separate metallographic preparations, then microscopic and macroscopic examinations of the specimens,
also hardness measurements of specimens were made. The rest of them was shaped for tensile strength
measurement using Instron Universal Testing Machine. The hardness of the specimens were observed
being altered in the range of 145-151 HRV(average) and their tensile strength values in the scale of 345-
400 MPa (average).
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1. INTRODUCTION

Being one the modern high quality industrial welding process especially for stainless steels and titanium
alloys. TIG welding process has been has been researched for decades in order to define its parameters such
as welding speed, current and arc length to improve the weld penetration [1-3]. While TIG welding offers
facile and accurate management of welding parameters, the thickness of the work piece is in general
restricted to less than 6 mm due to the impotency of the welding process such as shallow weld penetration
and lower yieldance [4,5]. Hence it is a popular technique for joining thin materials in manufacturing
industries. When TIG welding is applied, an arc between a non-consumable tungsten electrode and the work
piece is produced under the inert gas shielding the arc, the electrode and the molten pool from the
atmosphere contamination [6,7]. The microstructure and its morphology, the tensile strength of the welding
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joint at the heat affected zone during TIG welding can be modified by the welding current due to the heat
input through the metal work piece [8,9].

Stainless steels, especially type 300 austenitic stainless steels, have excellent corrosion, good weldability
and machinability, also good strength introducing them a material of choice for wide range applications
from automotive industry to domestic appliances. Their low carbon percentage is one of the reasons
preventing intergranular corrosion. But the compositional heterogeneity owing to the carbide precipitation
and sigma phase formation causes hot cracking and significant decrease of the mechanical adequacy in the
vicinity of the HAZ[10,11].

Residual stresses and distortions, as results of mismatching and non-uniform distributions of plastic and
thermal strains in weldments due to the joint geometry and plate thickness are the limitations to the success
of the welded structures, because they may induce crack propagation and intergranular brittle fracture, also
when combined with the local degradation, they may conduce to fatigue and stress corrosion cracking, even
to reduction in the buckling strength of structures. [12].

This study is aimed to show as a scientific survey the undergraduate thesis work of young engineers, prone
to be very dear future researchers in their area, at the same time to determine the material based
characteristics affecting the final mechanical properties of the TIG welded zones.

2. EXPERIMANTAL PROCEDURE

In this study, AISI 321 and 316L (316L electrode is preferred because of its good corrosion and mechanical
properties) stainless steel sheets of 4 mm of thickness were provided as welding metals. Thus, AISI 316L
welding metal couples (Specimens type: T1), AISI 321 welding metal couples (Specimens type: T2) and
AISI 321 and 316L welding metal couples (Specimens type: T3) were selected to ensure a combination of
similar and dissimilar metals. Austenitic stainless steels grade 316L and 321, with a thickness of 4 mm and
given chemical composition in Table 1 and 2, also as filler rod AISI 316L in Table 3 respectively, were
utilized.

Primarily, the specimens were cut in dimensions of 150 x 30 x 4 mm as using an abrasive cutter, then the
V weld butt joint configuration with single groove of 37.5° + 2.5° groove angle by a lathe machine. Before
welding, the welding plates were ground manually by an abrasive sand paper of 180 grid then cleaned with
acetone. TIG welding process was performed manually in single under argon shielding gas atmosphere by
undergraduate metallurgical and materials engineering students after taking six months of workshop
practice prior their laboratory based scientific studies. The welding parameters are summarized in Table 4.
After TIG welding applications, some of the specimens were cut and prepared for metallographic
examination. After treatment specimens were cleaned with acetone, mounted, subsequently ground,
polished and finally etched by Aqua regia etching solution for about 30 sec. The microstructures were
observed by optical microscope (Olympus). For macroscopic examination firstly, the welded joint was cold
cut from the sample by an abrasive cutter. Then the surface was ground by starting from 240 grid till 2000
grid sand paper and polished using diamond paste of 2 micron. After metallographic preparation, an acid
solution comprised of oxalic acid solution (10 g of oxalic acid and 10 cc of distilled water) was disposed
and a with a soft clean cloth, wiping over the test piece, After a short time, the parent metal and weld areas
were discoloured and their pictures were taken by Sony DSC-W730 digital photographer without zooming.
The hardness measurements of the samples were done using FM-ARS 7000 (Future Tech Corp Tokyo,
Japan) Full-Automatic Micro hardness Testing System, 100 g load for 15 s. The rest of them was shaped
for tensile strength measurement using Instron Universal Testing Machine with a cross head speed of 5
mm/min. Tensile tests were carried out with samples according to TS EN 1SO 4136.
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Table 1. Composition of AISI 321 stainless steel welding metal (wt %) [7].

Fe C Ni Cr Mn
68.49 0.08 9-12.00 17-19.00 2.00
Ti Si S P N
0.70 0.75 0.03 0.045 0.10

Table 2. Composition of AISI 316L stainless steel (wt %) welding metal [8].

Fe C Ni Cr Mn Mo Si Co
68.49 0.029 10.02 16.67 1.65 2.05 0.37 0.21
Cu Nb Ti \Y w Al P N
0.28 0.037 0.022 0.048 0.06 0.002 0.034 0.024

Table 3. Alloying elements’ composition of AISI 316L stainless steel (wt %) filler metal rod [5] (Fe as
balance element).

C Ni Cr Mn
0.03 10-14.00 16-18.00 2.0
Mo S P N
2-3.00 0.03 0.045 0.1

Table 4. TIG welding parameters.

Electrode nominal Filler metal diameter

Electrode tip angle (0) Welding Current (A)

diameter (mm) (mm)
2.4 37.5+2.5 2.4 200
Shielding gas flow rate Backing flow rate Welding speed
Arc Length (mm) (L/min) (L/min) (mm/min)
3 15 10 180

The chemical contents of the welding electrodes used in the joining process are shown in tables 5
and 6.

Table 5. Composition of AISI 316L stainless steel (wt %) [1].

Fe C Ni Cr Mn Mo Si Co
68.49 0.029 10.02 16.67 1.65 2.05 0.37 0.21
Cu Nb Ti V W Al P N
0.28 0.037 0.022 0.048 0.06 0.002 0.034 0.024
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Table 6. Composition of AlSI 304 stainless steel (wt %) [7].

Fe C Ni Cr Mn
Balance 0.05 7.84 18.07 1.537
Cu Nb Vv Si Mo
0.389 0.047 0.089 0.572 0.332

3.RESULTS AND CONCLUSION

The overall summary of the welding results are given in Table 7. In Fig. 1 and 2, the microhardness in
welding zone and tensile strength values were drawn and shown graphically.

Table 7. Summary of welding conditions and results of mechanical testing.

Specimens/Mechanical

i T T2 T3
Properties
Micro
Hardness (HRV0.1) 145.67+9.50 146.33+5.69 15111.79
Tensile Strenght 400210 314541203 158L15.58

(MPa)

Microhardness Values (HRV, )

152
151

150 /
149

148

147

146 e

145

144
143
142

1 2 3

"T" series specimens

Fig. 1. Comparison of microhardness values of specimen groups (shown as blue line) and tendency
curve (shown as orange line)
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Tensile Strength (MPa)
410
400
390
380
370
360
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340
330
320
310
1 2 3
"T" series specimens

Fig. 2. Comparison of tensile shear force values of specimen groups (shown as blue line) and
tendency curve (shown as orange line).

In Fig.3-5, the macroscopic images of of weld beads of TIG welding couples are shown.

Fig. 3. Macroscopic image of the weld bead, of similar welding of AISI 321 type metal couples —
base and weld metals- .

Fig. 4. Macroscopic image of the weld bead, of similar welding of AISI 316L type metal couples —
base and weld metals.

Fig. 5. Macroscopic images of the weld bead,of dissimilar welding of AISI 316L and 321 type
metal couples —base and weld metals.
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In Fig.6-8, the the microscopic images of of weld beads of TIG welding couples are shown.

Fig. 6. The weld bed,of similar weldin of AISI 321 type metal couples —base and weld metals-
(Magnification 5x).

Fig. 8. The weld bead,of dissimilar Wlding of AISI 316L and 321 type metal couples —base and
weld metals- (Magnification 5x).

Even though the tendencies of the graph points out an increase in micro hardness, the standard deviation
values of the similar welding couples —T1, T2 and T3 type specimens- indicate that the results were almost
overlapped and there was no significant difference due to the homogenous mixture in the welding zone
with similar or dissimilar austenitic stainless steels. But the it is more obvious in the tensile strength results
that the coherency between filler metal and base metal play a very important role in the final mechanical
characteristics of the welding as given in Table 5, the tensile strength of T1 welding couple consisted of
AISI 316L stainless steels is much more higher compared to the T2 and T3 ones comprised of AISI 321and
the combination of 316L and 321 stainless steels, respectively (13).

The macroscopic images of T1 and T3 type welding couples don’t show clearly the start nor the end of the
welding seam zone or the heat affected zone (HAZ) as the filler metal has the same composition with one
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or both of the base metal. In Fig. 6 and 8, the welding fusion zones can be described as the non equilibrium
but homogenous solidification area as the phase boundaries are not present, but the heat affected seems to
get widened due to higher welding current and relatively lower welding speed applied during the process
but no granular coarse grains are present, signalling no overheating during the process, on the contrary, in
all three types of microstructures the fine-grained zones, sings of high cooling speed are apparent, with also
some carbide phase precipitations limiting possible recrystallization of the grains. In Fig. 7, the seam
resembling to an arc between the filler and base metal is visible, which is not very clearly caught in
macroscopic picture of the T1 type welding couples.

The two essential target of this study to transfer the basic skills to the undergraduate students to roll
whole study alone and then to constitute a scientific survey based on their undergraduate thesis study. In
the interest of realization of this goal, the investigation of the influence of the welding parameters (shielding
gas, welding metals, filler metals, etc.) on the welding of the different types of stainless steels and their
combination was prepared. Therefore the results have been ordered as;

e Even the hardness values after welding seem to have tendency to increase, in fact their standard
deviations signify almost the same hardness rate for each specimen. However, the tensile strength
values point a discrimination between their mechanical properties due to more tough behaviour
AISI 316L types welding metals but also the mechanical and chemical coherency of the welding
metal and the filler rod.

o The heat affected seems to get widened due to higher welding current and relatively lower welding
speed applied during the process but no granular coarse grains are present, signalling no
overheating during the process, on the contrary, in all three types of microstructures the fine-
grained zones, sings of high cooling speed are apparent, with also some carbide phase precipitations
limiting possible recrystallization of the grains.

e Toacquire more data, the specimens should have been observed using SEM with EDX attachment.
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