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INTRODUCTION 
Welding is one of the technologies that are widely used in the manufacturing industry. Gas tungsten arc welding 

(GTAW) is one of the most widely used welding methods in industrial sectors. GTAW can be operated without employing 
filler metals; this method is known as autogenous welding [1]. After the welding process is complete, the quality of the 
weld can be seen visually from the weld geometry (weld bead and depth of penetration) then proven by other tests. 
Changes in the shape of the specimen can occur after the welding process, commonly called distortion. Distortion gives 
a bad effect on the specimen when it will be assembled. 

Stainless steel sheets with thin and medium thickness are widely used in automobiles, aerospace components, pressure 
vessels, etc [2]. Stainless steel sheets are suitable for joining with the pulsed GTAW process. There are 2 pulse levels in 
the welding current: the pulse current (Ip) is the higher current and the base current (Ib) is the lower current of short or 
long time interval [3,4]. Figure 1 shows the pulsed GTAW process parameters. Pulsed GTAW has many advantages over 
continuous GTAW process, such as improve arc stability, decrease the total heat input to the workpiece, minimize the 
width of the HAZ and increase the depth/width ratio of weld bead [5]. Using the pulsed GTAW process can easily 
controlled weld penetration, weld pool and weld quality. In addition, the absorption of gas by the weld pool and the 
tendency of heat cracks can be reduced [6].  

 

 
Figure 1. Pulsed GTAW process parameters [7]. 

ABSTRACT – In this research, the effect of pulse currents on the weld geometry and angular 
distortion in pulsed GTAW (PGTAW) process in 3 mm thick SS-304 autogenous butt weld joint was 
investigated. Welding method uses pulse current and continuous current. The mean current and 
welding speed were kept constant with the peak current and base current were varied. During 
pulsed GTAW process, the arc condition was captured directly using a charge-coupled device 
(CCD) camera. Weld geometry was carried out using a digital microscope. Distortion was 
measured using Coordinate Measuring Machine (CMM).  The results show that the peak current 
and base current have an influence on weld geometry and angular distortion. The weld geometry 
on pulsed GTAW was produced wider of weld bead width than continuous GTAW. However, 
angular distortion on continuous GTAW was higher than pulsed GTAW.  Pulsed GTAW can widen 
the weld bead by 0.57% - 25.09%, but can reduce distortion by 15.15%-88.17%. As compared with 
weld geometry to the continuous GTAW, the widest result occurs at peak current 212A and base 
current 40A. The smallest of distortion on pulsed GTAW was achieved at peak current 138A and 
base current 80A.    
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Heat input in the pulsed GTAW can be calculated from the mean current meanwhile heat input in the continuous 
GTAW can be calculated from the continuous current. Control of heat input can be made with adjustments peak current, 
base current and duty cycle [8]. The heat input in pulsed GTAW can be calculated by using Eq. (1) [6]: 

 
mηVIHI

S
=

 
(1) 

 
where, V, Im, S and η are voltage, mean current, welding speed and arc efficiency (usually assumed to be 60% for 

pulsed GTAW) [7], respectively. The value of mean current (Im) can be found out by using Eq. (2) [8]. 
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where, Ip, Ib, tp, and tb are peak current, base/background current, time peak current and time base current, respectively. 

In the industries, stainless steel material in the form of thin sheets is one of the most frequently used materials. Pulsed 
GTAW process can produce good weld bead geometry using material stainless steel. The fusion welding will produce 
relatively higher heat inputs so there are many problems in thin sheets of stainless steel welds. The problems are the 
distortion of joint, porosity, melt through buckling and variation in penetration [9]. 

A lot of research on the conventional welding process to studies about weld bead geometry as GTAW [10, 11], 
GMAW [12] and SMAW [13]. Balasubramanian [14] reported about using Taguchi method to the optimisation of weld 
bead geometry on pulsed GTAW. Pal K [15] reviewed the effect of pulsed parameters on weld quality such as arc stability, 
weld geometry, HAZ width & distortion, microstructure, porosity content and mechanical properties. Hu Shengsun [16] 
reported that constant mean current PGTAW can reduce the hardness and make equiaxed grains by increasing pulse 
frequency of 21% Cr ferritic stainless steel. Distortion can be reduced by several techniques carried out before the process 
(clamping method [17]), during the process (dynamically controlled low stress no distortion method [18]) and after the 
welding process (laser shock processing method [19]). 

Based on previous studies, distortion must occur in the welding process. Several methods have been explained to 
reduce distortion in the specimen. However, there were not many studies that discuss the pulse current method with the 
same mean current to reduce distortion. This study uses the pulse current method to reduce distortion and influence on 
weld geometry. Therefore, the objective of this study was to investigate the influence of pulse current GTAW parameters 
on weld bead geometry (top bead width and back bead width) and distortion (longitudinal bending distortion and angular 
distortion) of SS-304. The results were compared with continuous current GTAW. 

EXPERIMENT METHODS 
In this experiment, SS-304 was chosen witha thickness of 3 mm. The dimension of specimens in 50 × 120 mm and it 

was joined employing butt joints method. The welding experiment was carried out using a GeKaMac power TIG 2200 
DC pulse welding machine with specifications 1 phase input voltage, 230 V, 50-60 Hz and current range 5-220 A. Single-
pass of autogenous pulsed GTAW was made along the centerline of the butt joint specimen. The top and back weld zone 
was shielded by argon gas with a flow rate of 11 L/min and 3 L/min, respectively. The schematic of the experimental 
apparatus illustration is shown in Figure 2.  

 

 
Figure 2. Schematic of pulsed GTAW apparatus. 
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Before welding, the surfaces of all specimens were cleaned by 80 until 400 grit flexible abrasive papers than clean 
residual impurities in the specimen with acetone solution. Chemical compositions of SS-304 used are given in Table 1. 
The welding parameters and the pulse conditions of the process that in this experiment are shown in Table 2 and Table 3, 
respectively. 

 

Table 1. Chemical composition of the SS-304 (% by weight) 
Element C Si Mn P S Ni Cr 
SS-304 < 0.07 < 0.75 < 2.00 < 0.045 < 0.030 8.00 - 10.50 17.50 - 19.50 

 

Table 2. Welding conditions used in the experiment. 
Parameter Unit Value 
Power source dimensionless DCEN 
Welding current  A 40 - 212 
Welding speed mm/sec 2.0 
AWS classification dimensionless 2% Th-W 
Electrode diameter mm 1.6 
Nominal arc length mm 2 
Shielding gas dimensionless 99,99% Argon 
Upper shielding gas flow rate L/min 11 
Lower shielding gas flow rate L/min 3 

 
The voltage reading indicated by the welding machine was used to calculate heat input. For each pulse conditions, the 

mean current was kept the same at 100±0.5 A but the peak and base currents were varied. During the welding process, a 
Guppy Pro F-032B CCD camera was used for capturing the images of pulsed arc [20, 21]. The visualization test of top 
bead width and back bead width along the weld line was measured by using the Dino-Lite with measurement distance of 
10 cm with 9 points for all of the welded specimens (see in Figure 3(a)).  

The distortion measurement was calculated with the mean vertical displacement method. The distortion test was 
measurement using a Mitutoyo Coordinate Measuring Machine (CMM) M443. There were 12 points measurement, 4 
points in the top, 4 points in the middle and 4 points in the bottom of the specimens. The distance of each point from the 
edge of 5 mm. Figure 3(b) shows the schematic illustration of measurement distortion. The result of measurement was 
used to calculate the longitudinal bending distortion and angular distortion. The longitudinal bending distortion U (mm) 
can be calculated from this mean vertical displacement in Eq. (3) [22]. Figure 3(c) shows that A, B, C and D were the 
mean vertical displacement values of each point. The angular distortion δ (rad) was estimated from the measured vertical 
displacement using Eq. (4) [23]. 

 

U =  
(A + B) − (C + D)

2  (3) 

 
𝛿𝛿(rad) =

𝑈𝑈𝑅𝑅 + 𝑈𝑈𝐿𝐿 − 2𝑈𝑈𝑐𝑐
55(60-5)  (4) 

 

RESULTS AND DISCUSSION 
Pulse Arc Profile 

The pulse arc profiles were shown in Figure 4. There were 2 current conditions, peak current and base current on 
parameters 35-A until 35-C for example. The parameter 35-A with a peak current of 138A and the base current of 80A 
has an arc profile of 6.1 mm and 4.2 mm, respectively. Whereas the arc profile formed on the 35-C parameter is 7.2 mm 
and 2.3 mm with peak current and the base current of 212A and 40A, respectively. So that increasing of peak current can 
widen the arc profile while decreasing of base current can shrinkage the arc profile. In addition, the arc profile can 
determine the width of the weld bead that will be formed. If the arc profile was wide, the weld bead would be wide, but 
if the arc profile was narrow, the weld bead would be narrow. So directly arc profile can affect the weld bead geometry 
(width of weld bead) was received by the specimens [24].  
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Figure 3. Schematic illustration of (a) weld bead width, (b) measurement distortion and (c) mean vertical displacement 

method [22]. 

 

 
Figure 4. Arc profile on pulsed GTAW. 

Visualisation Test on Top Weld Bead and Back Weld Bead 
The surface profile of the top weld bead and back weld bead shown in Figure 5 and Figure 6, respectively. There were 

3 conditions of duty cycle with 3 different pulsed current and continuous current parameters. In parameter A through C, 
peak current was increased but the base current was decreased so that mean current remains the same. Visually the top 
weld bead and back weld bead produced were almost uniform. 

Figure 7(a) and Figure 7(b) show the average of top bead width and back bead width on pulsed GTAW then compared 
it with continuous GTAW on the same mean current. The result of the top bead width on pulsed GTAW still wider than 
continuous GTAW. The widest of top bead width at a peak current of 212 A and the base current of 40 A (code 35-C) 
and the smallest of top bead width at a peak current of 111 A and the base current of 80A (code 65-A). The widest of 
back bead width at a peak current of 160 A and the base current of 40A (code 50-C) and the smallest of top bead width 
at a peak current of 111A and the base current of 80A (code 65-A). The result of the top bead width and back bead width 
on pulsed GTAW were wider than continuous GTAW. The top bead width increases by 4.37%-25.09%, while the back 
bead width increases by 0.57%-10.42% when using pulsed GTAW. 
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Increasing the peak current indirectly will affect the arc profile. High peak current produced a wide arc profile. In this 
study, the highest peak current of 212A produced the widest weld bead. So increasing the peak current can be affected 
on weld bead width though with the same mean current [6].  

 

 
Figure 5. Top weld bead surface profile. 

 

 
Figure 6. Back weld bead surface profile. 

Distortion  
The calculation result of longitudinal bending distortion in millimetre (Eq. (3)) and angular distortion in radian (Eq. 

(4)) as shown in Figure 8(a) and 8(b), respectively. There were 3 conditions of duty cycle with 3 different pulsed GTAW 
parameters and 1 parameter of continuous GTAW. The biggest of longitudinal bending distortion and angular distortion 
at a peak current of 133A and the base current of 40 A (code 65-C) and the smallest of longitudinal bending distortion 
and angular distortion at a peak current of 138 A and the base current of 80A (code 35-A). Based on the results show that 
pulsed GTAW can produce longitudinal bending distortion and angular distortion smaller than continuous GTAW. Pulsed 
GTAW can reduce longitudinal bending distortion and angular distortion by 15.15%-72.41% and 29.55%-88.17%, 
respectively. 
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(a) (b) 

 
Figure 7. Comparison of PGTAW and CGTAW on (a) top bead width and (b) back bead width. 

An increase in peak current can have an impact on longitudinal bending distortion and angular distortion [6]. Peak 
current and peak current time have a significant role in temperature. Base current and base current time assist in the 
cooling process or stabilizing the temperature distribution. When the peak current was working, the specimen will receive 
a high temperature, while when the base current was working the specimen will receive a low temperature. So that the 
distortion occurs due to non-linear temperature gradients, thermal expansion and heat input were unequal [8, 25]. In 
continuous current welding the temperature tends to be linear and the temperature gradient that occurs is linear. So the 
distortion that occurs is greater than using pulse currents welding. In this study the highest distortion occurs due to the 
long peak current time while the short peak current time will produce the smallest distortion. 

 

  
(a) (b) 

 
Figure 8. Comparison of PGTAW and CGTAW on (a) longitudinal bending distortion and (b) angular distortion. 

CONCLUSION 
In this research, the influence of pulse currents on weld geometry and angular distortion of SS-304 autogenous butt 

weld joint were discussed. The conclusions were as follows: 
i. Between pulsed GTAW and continuous GTAW has differences in weld bead width and distortion. While 

increasing the peak current can widen the weld bead whereas decreasing the peak current time and peak current 
can decrease distortion. 

ii. Arc profile depends on the amount of peak current and base current. The width of the arc profile directly has an 
influence on the width of the weld bead. 

iii. Pulsed GTAW can widen the top bead width and back bead width by 4.37%-25.09% and 0.57%-10.42%, 
respectively. The weld bead is widest at a peak current of 212A and the base current of 40A (code 35-C). 

iv. The longitudinal bending distortion and the angular distortion show a decrease of 15.15%-72.41% and 29.55%-
88.17%, respectively if using pulsed GTAW. The smallest distortion at peak currents 138A and base currents 
80A (code 35-A) with the lowest duty cycle. 
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