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pulsed current gas tungsten arc welding
2. constant current gas tungsten arc welding
3. pulse current
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ABSTRACT

This research investigated the bonding properties of AISI 321 austenitic stainless steel from microstructural,
mechanical, and corrosion points of view. To obtain the optimal parameters of pulsed current gas tungsten arc welding
(PCGTAW), the Taguchi method was used. A cyclic potentiodynamic polarization test evaluated the corrosion
resistance of the welded samples. The optimal conditions were achieved when the background current, the pulse
current, the frequency, and the percentage of the pulse on time were 50 amps, 140 amps, 5 Hz, and 50, respectively. On
the other hand, the analysis of variance showed that the percentage of pulse on time equal to 36 and the background
current equal to 46 amperes were the most influential factors on the surface current density of the austenitic stainless
steel 321 connection using the PCGTAW process. The mechanical properties were assessed using punch shear testing.
In the optimal condition, the maximum shear force and strength were 3200 N and 612 MPa, respectively. The results
showed that the most critical factor affecting the bonding properties of 321 steel was the heat input.

Keywords: AISI 321 austenitic stainless steel; PCGTAW; Taguchi method; Shear punch test; potentiodynamic

polarization test.

1. INTRODUCTION

The use of new methods in joining materials and
alloys has been widely developed. The pulse
current welding techniques have replaced the
conventional fusion welding processes. In this
type, the current changes cyclically. The use of
the Pulsed Current Gas Tungsten Arc Welding
(PCGTAW) process leads to optimal use of
electric arc energy, reduction of heat loss,
reduction of heat-affected area, and reduction of
residual stresses [1,2]. According to the studies,
the joining of austenitic stainless steel 321 is of
great importance due to its many applications in
the industry, especially the oil, gas, and
petrochemical industry. According to the
literature, studies on the joining of this type of
austenitic stainless steel have not been widely
performed. Therefore, in this article, the bonding
properties of steel 321 in terms of mechanical and
corrosion properties are investigated. To achieve
this goal, the Taguchi design method was used to

*: m.eslami@cc.iut.ac.ir

achieve the optimal factors of the PCGTAW
process.

2. MATERIALS AND METHODS
Austenitic stainless steel 321 AISI with a
thickness of 5 mm was used as the base metal.
The filler metal for joining was ER347 type.
Taguchi method was used to design experiments.
Based on the Taguchi design, a 9L orthogonal
array was selected as shown in Table 1. Fusion
welding of the samples was done in direct current
and negative polarity with CCGTAW and
PCGTAW  methods. Microstructural — analysis
(optical microscope and scanning electron
microscope), mechanical testing and
electrochemical testing (cyclic potentiodynamic
polarization) were done to assess the properties of
the welded samples.

3. RESULTS AND DISCUSSION
3.1. Microstructural Analysis
Microstructural analysis showed that the structure
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Table 1. Variables and their size according to the
respective levels.

. Level
Symbol Variable I 3 3
A Pulse current(A) 120 140 160
B Background current (A) 40 50 60
C Pulse frequency(Hz) 2 5 7
D % On time 30 50 70

of the weld metal changed from fine and fine
coaxial grains to coarse columnar grains with
increasing heat input. Heat input increased the
temperature of the weld metal and reduced the
effect of the pulsating current. The average
distance between the d-ferrite formed in the space
between the dendrites with skeletal morphology
was measured. This average distance was 30 um,
23 um, and 10 pum for the maximum, average, and
minimum input heat, respectively. The increase in
heat input increased the distance between the o-
ferrite skeletons. For instance, 56 and 94%
increase in the heat input to the welded samples
led to an increase in the distance between the -
ferrites by 130 and 200%, respectively.

3.2. Shear strength

Table (2) shows the shear strength and the tensile
strength. This tables shows that good tensile
strength was achieved in all samples. According
to the Hall-Patch equation, the strength of the
alloy increases in the finer structure. It should be
noted that in the welding process, the input heat
has the most significant effect on the grain size.
An increase in the input heat leads to a decrease in
the cooling rate followed by the growth of the
grains. Therefore, a decrease in the strength of the
connection can be seen at high input temperatures.
It can be seen that reducing the amount of d-ferrite
from 23% to 18%, as a result of reducing the
amount of heat input, has increased tensile
strength and maximum shear strength.

3.3. Impact test

As shown in Figure (1), the comparison of the
results of the impact test at ambient temperature
for the tested samples showed that with a high
cooling rate, exposure to the austenite
transformation temperature was much lower and
the amount of delta ferrite of the weld metal was
increased. The presence of delta ferrite in the weld
metal increased the toughness. The 17% decrease
in impact energy with the increase of input heat in

the TCP-7 sample compared to the TCP-1 sample
is due to the 44% decrease in the delta ferrite
amount. Another factor that can reduce the impact
energy was the formation of chromium and
titanium nitride secondary phases, sigma phase,
and other brittle phases [11].

3.4. Corrosion test

According to the obtained corrosion curves, the
passivation behavior was observed in all samples.
The formation of the passive layer was one of the
main properties of stainless steel. The potential to
initiate passivation behavior was similar in all
samples. Also, the passive layer of the samples
was broken within a certain potential range.
According to the polarization curves obtained
from the corrosion test of the samples, the current
density of the formation of the passive layer was
changed (Table (2)). Therefore, it can be seen that
the change in the welding factors caused a change
in the current density of the formation of the
passive layer.

4. CONCLUSION

The most important results obtained are stated

below:

e According to the results of the research, the
most important factor affecting the corrosion
and mechanical properties of the austenitic
stainless steel 321 connection was the heat
input. It is possible to control the input heat by
controlling the welding agents.

e Increasing the input heat decreased the amount
of delta ferrite in the weld metal. An increase
in the input heat caused a decrease in the
mechanical properties.

Taguchi's method was an effective method for

optimizing welding agents with a relatively

acceptable approximation.

ACKNOWLEDGMENT

The authors hereby express their gratitude to
Isfahan University of Technology and Isfahan
Refinery for their support.

CONFLICT OF INTERESTS
The authors have no conflict of interest to declare.

REFERENCES
1. Lippold, IJ.C., Welding metallurgy and
weldability, John Wiley & Sons, 2014.

Journal of Advanced Materials in Engineering, Vol. 41, No. 1, Spring 2022 78



Ghalambaz et al. Investigation of the Effect of Pulsed Current ...

Table 2. The results of the shear punch test and the calculation of the tensile strength for each sample.
Maximum Tensile The percentage of change

experiment Szg(lfele Ma);g:g;n(ll\%l A shear stress strength Iii?]‘;éﬁﬁ;lt in heat input compared to ( Al?cgnllz)
(MPa) (MPa) experiment 1
1 TCP-1 3000 317 572 16 0 -5
2 TCP-2 3300 335 630 22 38 -3
3 TCP-3 3150 350 602 26 63 -4
4 TCP-4 3080 327 588 23 44 -3.8
5 TCP-5 3138 333 600 29 81 -4
6 TCP-6 3085 328 590 21 31 -3.8
7 TCP-7 3060 325 584 31 94 -3.8
8 TCP-8 3200 340 611 21 31 -4
9 TCP-9 2900 308 554 28 75 -3.6
A
g
-3
] A
1
10 45 50 55 60 65 TO 75 BO 8% 00 95

Impact energy (J)

Figure 1. Impact energy values of each sample welded by PCGTAW method.

2. Lippold, J., and Savage, W., “Solidification of

austenitic stainless steel weldments: Part 2—
The effect of alloy composition on ferrite
morphology”, Welding Journal, Vol. 59, NO.
2, pp. 48s-58s, 1980.

3. Tseng, C., Shen, Y., Thompson, S., Mataya,

M., and Krauss, G., “Fracture and the
formation of sigma phase, M»3Cs, and austenite
from delta-ferrite in an AISI 304L stainless
steel”, Metallurgical and  Materials
Transactions A, Vol. 25, NO. 6, pp. 1147-
1158, 1994.

Journal of Advanced Materials in Engineering, Vol. 41, No. 1, Spring 2022



