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Influence of shielding gas flow on the TIG welding process using stainless steel 304 material
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Abstract

A common issue encountered with main heat exchanger equipment is improper operation,
which can lead to the development of cracks in the stainless-steel pipes. The welding process
alters the metal microstructure in the heat-affected zone, thereby affecting the mechanical
properties of the welded joint. To mitigate this issue, TIG welding with argon shielding gas
is employed. This method helps prevent oxidation and ensures the formation of a stable
welding arc in 304 stainless steel, which is renowned for its excellent mechanical properties
and corrosion resistance. The objective of this study is to evaluate the impact of variations in
shielding gas flow on the mechanical properties of 304 stainless steel plates during the TIG
welding process. The aim is to determine the optimal settings for producing robust and long-
lasting welded joints. To assess the hardness of the welded joints, we employed a Brinell-
type Hardness Tester FB-3000LC machine. A Brinell steel ball indenter measuring 5 mm on
the HBW scale and applying a load of 125 Kgf was utilized. At a protective gas flow rate of
8 L/min, the average tensile stress was 44.72 N/mm2, strain was 0.177, modulus of elasticity
was 2518 MPa, and hardness was 99.712 HBW. Increasing the gas flow rate to 13 L/min
resulted in an average tensile stress of 47.50 N/mma2, strain of 0.189, elastic modulus of 2525
MPa, and hardness of 105.522 HBW. Further increasing the gas flow rate to 18 L/min led to
an average tensile stress of 49.69 N/mmg2, strain of 0.192, modulus of elasticity of 2597 MPa,
and hardness of 106.704 HBW. Based on the research findings, it was observed that the weld
area exhibited an increase in hardness values due to the heat generated during the welding
process. The use of protective gas flow during welding is deemed effective in producing well-
formed welded joints, as it prevents fractures from occurring within the weld area during the
tensile test process. The choice of protective gas is determined by the dimensions of the

material plate.

1. Introduction

In the industrial world, which is experiencing very
modern developments such as today, the welding connection
process makes a major contribution to manufacturing
construction. The application of welded joints in
manufacturing is very massive, such as in ship construction,
building construction, the railway industry, and others [1-5].
Welding seems simple, but there are many problems that
must be overcome, the solution of which requires various
approaches. For this reason, welding is very important and
requires serious handling in its application [6-7].

Damage often occurs in machine-constructed welded
joints, one of the cases that often occurs is in MHE (main heat
exchanger) generating equipment. During operation, the
MHE is always observed, and all its parameters are studied.
Changes in pressure and changes in the methane element in
the MCR (Multi-Component Refrigerant) will indicate that
the MHE has been damaged and needs to be repaired. This
damage can occur due to the influence of operating conditions
such as cracks and leaks in the pipe. The connecting pipe on
the outside of the MHE was made of stainless steel [8].

The metal will experience the effects of heating due to
welding and changes in the microstructure around the weld
area [9].The weld metal and the heat-affected zone (HAZ),
where if the protective gas does not properly protect the weld
metal, it affects the microstructure of the weld area because it
gets hotter during the welding process, then the welding area,
or what is known as the HAZ area, will create a
recrystallization effect, namely causing grains to form in the

area [10-11]. The HAZ increases with weld defects such as
porosity. If these grains become larger, the mechanical
properties of the weld change [12].

Tungsten arc welding (TIG) is welding using an arc
flame, which produces a fixed electrode made of tungsten,
while the additional material is made of the same material as
the material being welded and is separate from the torch. To
prevent oxidation, a protective gas was used. of the torch in
the form of Ar gas [13]. Protective gas is a component of the
welding process that protects the welding process of the weld
metal and weld pool from contamination by the surrounding
air, which results in an imperfect mixture between the added
material (filler rod) and the liquid material being joined [14].
Argon has a low ionization potential; therefore, the resulting
welding arc is stable and has little spatter.

Stainless steel is a high-alloy steel material with rust-
resistant properties. This steel contained a minimum of 10.5%
Cr. Some stainless steels containing more than 30% Cr or less
than 50% Fe are known as special stainless steels, for
example, AISI 440C, ASTM A240, and ASTM A268 [15],
[16-17]. Stainless steel 304 is the most commonly used metal
because it has the best combination of mechanical properties
and corrosion resistance [18-19]. It is widely used in industry,
and on a small scale, its uses include tanks and containers
[20]. Low carbon content can increase resistance to grain
boundary corrosion (intergranular corrosion), and the low
carbon content of Stainless Steel 304 of 0.03 wt% causes little
carbide precipitation to form [21].

Journal of Welding Technology. VVolume 6, No. 1, June 2024

38


mailto:luthfi@pnl.ac.id

This research aims to determine the effect on the weld
area due to the process of varying the protective gas flow
carried out using Tungsten Inert Gas (TIG) welding on the
mechanical properties of a stainless steel 304 plate to
determine whether the use of the protective gas flow used in
this research can produce joints. good weld.

Welding is the process of joining two or more metal
parts using heat energy. Based on the definition of the
American Welding Society (AWS), welding is a
metallurgical bond in a metal or metal alloy joint that is
carried out in a melted or liquid state. Welding, according to
DIN (Deutsche Industry Norman), is a metallurgical bond in
a metal or metal alloy joint that is carried out in a melted or
liquid state [22].

Electrodes are often called additives, electrodes are
usually grounded at an angle of 60° to 90° for manual
welding. For mechanical applications, the tip angle
determines the shape of the arc and influences the weld pool
penetration profile. The consistency in the grinding tip must
be noted, and the condition between the welds must be
checked.

In a welded joint, the tensile properties and hardness of
the material are strongly influenced by the properties of the
base metal. The properties of the weld metal and the dynamic
properties of the joint are closely related to geometry and
stress. The test carried out is a tensile strength test because,
apart from observing the similarities between the parent metal
in the welding area, it also determines the characteristics of
the material to be tested during bending and machining.

Equation (1) to (3) are used to calculate tensile
properties:
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The Brinell Hardness value can be calculated using the
following Equation (4):

HBS = — Mkl ___ ()
(D (D -V DZ—dZ))

2. Research Methods

The material used in this research is stainless steel 304
with a test dimensions of 200x20x5 mm, as shown in Fig. 1.
SS 304 stainless steel is an alloy steel with a composition of
0.042% C, 1.19% Mn, 0.034% P, 0.006% S, 0.049% Si,
18.24% Cr, 8.15% Ni, and the remaining Fe [23]. with a Yield
Strength of 205 MPa, Tensile Strength of 515 MPa,
Elongation of 40%, and hardness 201 HRB [24].

Welding was performed using an Argon TID DC IGBT
Inverse T 350 H welding machine. The electrodes used were
tungsten and helium, which use a current strength of 110 A.
After undergoing the TIG welding process with a V-seam
angle of 40°, the specimens were formed according to ASTM
E8 standards for tensile testing. The number of test objects
was 15, divided into 3 groups of variations in the flow rate of
the protection gas, namely 8, 13, and 18 liters per minute.
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Fig. 1. Tensile Test Specific Dimensions.

The research flow diagram for this research is shown in

Fig. 2.

Literature Studies

v

/ Specimen Determination /

TIG Welding Process

v

Making Tensile Test Specimens and
Hardness Tests

v

Brinell Tensile and Hardness
Testing

v

Test Results Data

Analysis of
Test Results

Yes v

Conclusion

Fig. 2. The stages of the research are generally described
using a flow diagram.

The same material was formed according to the ASTM
E10 standard to form a Brinell hardness test specimen, as
shown in Fig. 3. The number of test specimens was 3 for each
variation of protective gas flow rate of 8 liters/minute, 13
liters/minute, and 18 liters/minute.

By making V-groove angles with a slope of 40° using a
milling machine, cutting was performed by hand grinding for
a total of 18 specimens. The welding process with variations
in protective gas flow of 8 liters/minute, 13 liters/minute, and
18 liters/minute was carried out at the Lhokseumawe State
Polytechnic Laboratory, tensile testing at the Lhokseumawe
State Polytechnic Laboratory, and Brinell hardness testing at
the Medan State Polytechnic Mechanical Engineering
Laboratory. The protective gas flow rate used in this research
was 8 liters/minute, 13 liters/minute, and 18 liters/minute.
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Pure argon was used as the protective gas. This welding
specimen uses variations in the flow rate of the shielding gas,
which is shown in Fig. 4.
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Fig. 3. Dimensions of ASTM E10 Brinell hardness test
specimen.
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Fig. 4. Research Specimen.

Tensile testing and hardness testing were carried out
with the aim of determining the mechanical properties of
Stainless Steel 304 from TIG welding with variations in
shielding gas flow and V seam angle with a slope of 40°.
Tensile testing was performed using a Computer Hydrolic
Testing Machine Type HT-9502, and Brinell hardness testing
was performed using a Brinell Hardness Tester LC-3000LC.
In the hardness test, the area tested was the welding area.

In this research, there are independent variables and
fixed variables. The independent variable in this research is
the variation in protective gas flow discharge. Meanwhile, the
fixed variable that will be used is TIG welding using a single
V seam, stainless steel 304 material, with tensile tests on the
results of the welded joints.

3. Results and Discussion.

The results of the analysis of the influence of variations
in the flow of shielding gas used in the TIG welding process
on the tensile strength and material hardness of 304 stainless
steel plates are explained in several explanatory points below.
In the welding process, for all variations of the shielding gas
flow, the welding results were obtained, as shown in Fig. 5.

Specimens that have been TIG welded on stainless steel
304 material using E308L electrodes and have been formed
according to ASTM ES8 standards are then subjected to a
tensile testing process [25]. After testing, the fracture that
occurred as a result of the tensile test was in the part with the
lowest strength compared to other parts, namely the base
metal. This indicates that the strength of the welded part is
stronger than that of the base metal part, so that the fracture
occurs due to the distribution of heat to the base metal area

which is caused by penetration during the welding process
and due to the tensile force being too large when the tensile
test is carried out. An image of the fracture in the base metal
area is shown in Fig. 6

PR AR
Base metal

18 liters/minute

Fig. 5. Welding results for three variations in shielding gas
flow.

Fig. 6. Fracture results that occurred during the tensile test
process for specimens with a protective gas flow of 8 L/min.

The data obtained after the tensile test at a protective gas
flow of 8 liters/minute were, firstly, the final length increase
that occurred in specimen one was 230 mm, specimen two
was 238 mm, specimen three was 235 mm, specimen four was
240 mm and specimen five was 234 mm. The maximum loads
obtained for specimen one were 3865, 4479, 4626, 4487, and
4462 kg, respectively.

Furthermore, an image of the specimen after the tensile
test process at a protective gas flow of 13 liters per minute is
shown in Fig. 7 below.

The data obtained after the tensile test at a protective gas
flow of 13 liters/minute were, firstly, the final increase in
length occurred in specimen one with a value of 242 mm,
specimen two was 239 mm, specimen three was 236 mm,
specimen four was 233 mm and specimen five was 239 mm.
mmm. Then the maximum load obtained on specimen one is
4836 Kgf, specimen two 4736 Kgf, specimen three 4504 Kgf,
specimen four 4570 Kgf, and specimen five 4632 Kgf.

Journal of Welding Technology. Volume 6, No. 1, June 2024

40



Fig. 7. Fracture after tensile test at a protective gas flow of 13
L/min.

Then a picture of the specimen after the tensile test
process was carried out at a protective gas flow of 18 liters
per minute is shown in Fig. 8.

Fig. 8. Fracture after tensile test at a protective gas flow of
18 L/min.

The data obtained after the tensile test at a protective gas
flow of 18 liters/minute were, firstly, the final length increase
that occurred in specimen one was 239 mm, specimen two
was 240 mm, specimen three was 239 mm, specimen four was
241 mm and specimen five was 233 mm. . Then the maximum
load obtained on specimen one is 4915 Kgf, specimen two is
4954 Kgf, specimen three is 4881 Kgf, specimen four is 4991
Kgf, and specimen five is 4612 Kgf.

From the data mentioned above, after that,
calculations were carried out for the values of tensile stress,
strain, and modulus of elasticity at a protective gas flow of 8
liters per minute, and the results obtained is shown in Table
1.

Table 1. Results of tensile test calculations at a protective gas
flow of 8 L/min.

No Tensile Strain Modulus of
Specimen Stress (%) Elasticity
(N/mm2) (MPa)
1 39,43 0,15 2628
2 45,70 0,19 2405
3 47,20 0,175 2697
4 45,78 0,20 2289
5 45,53 0,17 2572
Average 44,728 0,177 2518,2

The values of tensile stress, strain, and modulus of
elasticity at a protective gas flow of 13 liters per minute, the
results obtained is shown in Table 2.

Table 2. Results of tensile test calculations at a protective gas
flow of 13 L/min.

No Tensile Strain Modulus of
Specimen Stress (%) Elasticity
(N/mm?) (MPa)
1 49,34 0,21 2349
2 48,32 0,195 2477
3 45,96 0,18 2553
4 46,63 0,165 2826
5 47,26 0,195 2423
Average 47,502 0,189 2525,6

The tensile stress, strain, and modulus of elasticity
values at a protective gas flow of 18 liters/minute and the
results obtained is shown in Table 3.

Table 3. Results of tensile test calculations at a protective gas
flow of 18 L/min.

No Tensile Strain Modulus of
Specimen Stress (%) Elasticity
(N/mm?) (MPa)
1 50,15 0,195 2571
2 50,55 0,20 2527
3 49,80 0,195 2553
4 50,93 0,205 2484
5 47,06 0,165 2852
Average 49,698 0,192 25974

e Tensile test results

The data from the calculation of tensile stress, strain,
and modulus of elasticity above is compared to determine the
differences that occur in variations in protective gas flow of
8 liters per minute, 13 liters per minute, and 18 liters per
minute.

From Fig. 9 (a), we can see that the tensile stress value
that occurs at a variation of 8 L/min experiences an increasing
trend. while for variations 13 and 18 L/min, there is a
decreasing trend. The comparison graph for tensile stress is
shown in Fig. 9 (b).

® 8L/min @ 13 L/min 18 L/min
55

Tensile Stress (N/mm?)

35
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5

(a)
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Fig. 9. (a) Comparison of the tensile stress value with
variations in shielding gas flow, (b) Comparison of tensile
stress values in the shielding gas flow.

Fig. 9 (b) show the test results show that between the
five specimens with variations in protective gas flow, the
tensile stress value obtained from the specimens with
variations in protective gas flow was 8 liters/minute with an
average value of 44.72 N/mm2, while the tensile stress value
of the specimen obtained by varying the protective gas flow
was 13 liters/minute with an average value of 47.50 N/mm2,
and the tensile stress value of the specimen was obtained by
varying the protective gas flow of 18 liters/minute with an
average value of 49.69 N/mm2.

The three variations in protective gas flow, the highest
tensile stress value is found in the welded specimen using a
protective gas flow of 18 liters/minute with an average value
of 49.69 N/mm?. This value is slightly different from other
protective gas flow variations, while the lowest tensile stress
value is found in the welded specimen using a protective gas
flow variation of 8 liters/minute with an average value of
44,72 N/mm2. . From the graphic image of the tensile test
results above, it shows that the tensile test results vary. This
explains that the weld area has good and poor strength, as
evidenced by the fact that fractures do not occur in the weld.
This shows optimal strength where the use of variations in the
flow of protective gas has a significant effect. Good.

» Calculation results for strain values

The strain comparison graph for variations in protective
gas flow, to see the increase in length of an object that has
been subjected to a force during the test, is shown in Fig. 10.

0,25

0.2 0,189 0,192
0,177

» 8 L/min
13 L/min

18 L/min

Strain Value

0,05

§ L/min 13 L/min 18 L/min
Average Flow Of Shielding Gas

Fig. 10. Comparison of tensile strain values with
protective gas flow.

Fig. 10 shows the five welded specimens that have
varying strain values. The welded specimen using a
protective gas flow of 8 L/min obtained an average value of
0.177, while the welded specimen using a protective gas flow
of 13 L/min obtained an average value of 0.189, and the
welded specimen using a shielding gas flow of 18 L/min
obtained an average value of 0.192.

Fig. 10 shows that the highest and lowest values
obtained by the welded specimen using a protective gas flow
of 18 liters/minute have the highest value with an average
strain value of 0.192; this value is different from other
protective gas flow values, while the lowest strain value is
found in the specimen. welding using a protective gas flow of
8 liters per minute with an average value of 0.177.

» Calculation results for the elastic modulus value

A comparison graph of the modulus of elasticity for
variations in protective gas flow is shown in Fig. 11.

2620
2600
2580
2560

Modulus Of Elasticity (MPa)

2540 = 8 L/min
2520 | 113 L/min
2500 ‘ 18 L/min
2480 ‘
2460 ‘

8 L/min 13 L/min 18 L/min

Average Flow Of Shielding Gas

Fig. 11. Comparison of elastic modulus values for shielding
gas flow

Fig. 11. show that among the five welded specimens that
underwent testing, the elastic modulus values varied. This is
shown in the welded specimens that used a protective gas
flow of 8 liters/minute with an average value of 2518 MPa,
while the elastic modulus value used variations in protective
gas flow. 13 liters per minute has an average value of 2525
MPa, while welded specimens using a shielding gas flow of
18 liters per minute get an average value of 2597 MPa. It can
be explained from the graph above that the highest average
value of elastic modulus uses a protective gas flow of 18
liters/minute with an average value of 2597 MPa, while the
lowest average value of elastic modulus is found in specimens
using a protective gas flow of 8 liters/minute with an average
value of 2518 MPa. From the graphic image of the modulus
of elasticity results above, it shows the varying tensile test
results, which explains the large influence on the use of
protective gas flow and the weld seam used.

» Hardness test results

Specimens that have been TIG welded on stainless steel
304 material using electrodes and welding wire and have been
established to the ASTM E10 standard for the Brinell
hardness testing process are then carried out.

In this Brinell test, the HBW scale was used with a steel
ball indenter with a diameter of 5 mm and a test load of 125
KgF [26]. Tests were carried out in the welding area. An
image of the Brinell hardness test specimen is shown in Fig.
12. The Brinell hardness test results are listed in Table 4.
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Fig. 12. Hardness Test Specimen.

Table 4. Brinell Hardness Test Data.

Test Shield Gas Flow
Number 8 13 18
liters/minute  liters/minute  liters/minute
1 97,890 108,730 101,610
2 101,278 103,635 108,048
3 99,967 104,150 110,454
Average 99,712 105,522 106,704

After testing the Brinell hardness, the hardness values in
the protective gas flow of 8 liters/minute, 13 liters/minute,
and 18 liters/minute is shown in the comparison of what
occurs in the protective gas flow in Fig. 13 below:

120

100
80
40
20

0

18 Uminute

Brinell Hardness Value
3

8 Vminute 13 Vminute

= Specimen 1 m Specimen 2 ‘Specimen 3

Fig. 13. Comparison of hardness values in the
shielding gas flow.

Brinell hardness in Fig. 4.11 above show that a
protective gas flow of 8 liters/minute with a value for
specimen one = 97,890 HBW, specimen two = 101,278
HBW, and specimen three = 99,967 HBW. Brinell hardness
value with a protective gas flow of 13 liters/minute with a
value for specimen one = 108,780 HBW, specimen two =
103,635 HBW, and specimen three = 104,150 HBW. At a
protective gas flow of 18 liters per minute, the Brinell
hardness value obtained for specimen one was 101,610
HBW, specimen two was 108,048 HBW, and specimen three
was 110,454 HBW. The comparison data for hardness testing
on variations in protective gas flow rate is shown in Fig. 14.

From the research results, it was found that the average
value of the protective gas flow variation of 8 liters per
minute resulted in an average hardness value of 99.712 HBW,
the protective gas flow variation of 13 liters per minute had
an average hardness value of 105.522 HBW, and the
protective gas flow variation of 18 liters per minute had an
average value of 106,704 HBW. The largest average hardness

value was at a protective gas flow of 18 L/minute with a value
of 106,704 HBW, while the lowest average value was
produced at a protective gas flow variation of 8 liters/minute
with a value of 99,712 HBW.

120,000
105,522 106,704

99,712
100,000

80,000
60,000

40,000

Brinell Hardness Value

20,000

0,000

§ l/minute 13 Vminute 18 Vminute

Fig. 14. Comparison of Brinell hardness values with
variations in shielding gas flow.

From the data displayed in the Fig. above, it can show
that the effect of variations in the shielding gas flow on the
hardness is directly proportional; that is, the greater the
shielding gas flow, the greater the hardness of the resulting
weld. The greater the value of the protective gas flow, the
greater the amount of the pearlite structure. This is because
the greater the flow of protective gas, the stronger the
pressure of the protective gas blowing, the faster the cooling
rate, and the greater the release of protective gas, which
increases the level of hardness in the welded joint.

Shielding gas can influence the transfer of filler metal
from the arc to the weld joint, which contributes to the
efficiency of the welding process and weld quality by
determining the weld penetration profile, thus greatly
influencing the strength of the material, especially between
the HAZ area and the base metal (SS304).

4. Conclusions.

The lowest ultimate tensile strength (UTS) value was
recorded at a gas flow of 8 L/min with a value of 2518 MPa,
while the highest value occurred at a gas flow of 18 L/min
with a value of 2597 MPa. This difference is caused by
variations in gas flow during the welding process. The effect
of the shielding gas flow on the hardness shows a
unidirectional relationship; that is, the greater the shielding
gas flow, the higher the resulting weld hardness. This is
because increasing the shielding gas flow increases the
amount of the pearlite structure. A larger shielding gas flow
results in a stronger gas pressure, faster cooling rates, and
greater gas release, all of which contribute to the increased
hardness of the weld joint. Shielding gas also influences the
transfer of the filler metal from the arc to the weld joint, which
influences the efficiency of the welding process and the
quality of the weld by determining the weld penetration
profile. This significantly affects the strength of the material,
particularly between the HAZ area and the base metal
(SS304). The greater the shielding gas flow, the higher the
hardness value of the weld material, with the largest increase
in hardness occurring in the weld area because the metal in
this area melts with the electrode and experiences a faster
cooling rate.
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