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Abstract— In the fabrication of equipment’s, machinery etc. 

made from stainless steels such as pipe, automotive exhaust 

gas system, chemical industrial equipment, etc., arc welding 

using shielding gas is often used. Higher quality welds with 

fewer defects like porosity, and cracking and material 

properties closer to the parent metal are most required in the 

present manufacturing processes. TIG pulse welding is one of 

the generally applied welding methods. Pulsed TIG welding 

achieves a good control of heat input. Heat affected zone 

(HAZ) decreases the strength of the weld and hence Pulsed 

TIG welding process is carried out to reduce the HAZ. The 

current from DC power source is supplied in pulses having a 

predetermined duration for the peak and low values. When 

the current is maintained at high on-position, welding takes 

place with the required penetration. Distortion is the major 

problem in welding of thin sections. This distortion is 

controlled in pulsed TIG process. The metallurgical 

advantages of pulsed TIG welding are grain refinement on 

fusion zone, the reduced width of HAZ, less distortion, 

control of segregation, reduced hot sensitivity and residual 

stresses. It was observed that pulsed TIG welding produces 

finer grain structure of weld metal than conventional TIG 

welding (without arc pulsation). In fact, excess heat reduces 

the material's ability to resist corrosion. In the pulsed-current 

mode, the welding current rapidly alternates between two 

levels. The higher current state is known as the pulse current, 

while the lower current level is called as background current. 

During the period of the pulse current, the weld area is heated 

and fusion occurs. Upon dropping to the background current, 

the weld area is allowed to cool and solidifies. Pulsed current 

TIG welding has a number of advantages including lower 

heat input and consequently reduces distortion and warpage 

in thin workpieces. In addition, it allows for greater control 

of the weld pool and can increase weld penetration, welding 

speed, and quality. Some researchers have done work to 

understand the effect of various welding parameter such as 

welding speed, welding current, gas flow and heat input etc. 

that are influences on responsive output parameters such as 

tensile strength, a hardness of welding by using optimization 

philosophy. Minitab 18 software is used to find optimum 

parameter.   
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I. INTRODUCTION 

Pulsed current welding, developed in the 1950s, is a variation 

of constant current welding which involves cycling of the 

welding current from a high level to a low level at a selected 

regular frequency. The high level of the peak current is 

generally selected to give adequate penetration and bead 

contour, while the low level of the background current is set 

at a level sufficient to maintain a stable arc. This permits arc 

energy to be used efficiently to fuse a spot of controlled 

dimensions in a short time producing the weld as a series of 

overlapping nuggets and limits the wastage of heat by 

conduction into the adjacent parent material as in normal 

constant current welding [1]. 

TIG welding process is used for welding which 

reduces the HAZ by welding the material by alternate melting 

and cooling which forms a good grain boundary layered by 

chromium with maximum strength. When welding any of the 

common a grade of stainless in almost all applications, the 

challenge is consistent to minimize heat input while creating 

good fusion and optimizing the bead profile. A skilled 

operator can control weld bead characteristics to a significant 

degree by adjusting the arc length, filler metal addition, and 

amperage via the remote foot or hand control. Because 

molten metal contracts as it cools, using excess filler rod (to 

fill gaps) increases contraction and promotes distortion [2]. 

Further, adding more filler requires a total heat input and 

slows travel speed, compounding distortion problems. In 

pulsed TIG welding during the off-position and the torch is 

manipulated to correct the positioning. The electrode is kept 

sufficiently hot and the ionized column is also retained so that 

the arc is not extinguished. In this process, deep penetration 

is obtained with less heat input to the joint. The pulsed arc 

agitates the molten weld metal and so minimizes the porosity 

[3]. Pulsing produces arc stiffness and hence avoids arc 

wander. Molten weld pool can be well manipulated and, 

successive solidification of the nuggets avoids cracking and 

burn-through. Lesser heat input improves the grain structure 

and the mechanical properties of the weld.  There is no need 

for weaving because the pulsed current is sufficient to melt 

the required base metal area. Since the molten metal 

deposited in each pulse starts solidifying from the periphery 

towards the center, the center portion becomes prone to 

defects like segregation and shrinkage cracks [4]. Pulsed TIG 

welding is suitable for the root run of the tube and pipe 

welding. Thin plates and foils can be effectively welded by 

this process. 

 
Fig. 1: TIG welding process 

The intensity of the arc is proportional to the current 

that flows from the tungsten. The welder regulates the 

welding current to adjust the power of the arc. Typically thin 

material requires a less powerful arc with less heat to melt the 

material so less current (amps) is required, the thicker 

material requires a more powerful arc with more heat so more 

current (amps) are necessary to melt the material [5]. 
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   Fig. 2: low current           Fig. 3: high current 
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Table 1: Comparison of different welding process 

II. LIFT ARC IGNITION FOR TIG WELDING 

Lift-Arc is a form of arc ignition where the machine has low 

voltage on the electrode of only a few volts, with a current 

limit of one or two amps (well below the limit that causes the 

metal to transfer and contamination of the weld or electrode). 

When the machine detects that the tungsten has left the 

surface and a spark is present, it immediately (within 

microseconds) increases power, converting the spark to a full 

arc. It is a simple, safe lower cost alternative arc ignition 

process to HF (high frequency) and a superior arc start 

process to scratch start.  

 

 
Fig. 4: Lift Arc Ignition 

TIG welding with pulsating current has been known 

for many years. It is mostly used for fully mechanized and 

automatic welding processes. The welding current weaves 

periodically between a high (pulse current IP) and a low (basic 

current IG) value. In the basic current phase, the low 

temperature causes a decrease in the volume of the molten 

pool. Thus, the heat input is reduced and optimum control of 

the molten bath is ensured. Of course, the pulse parameters 

(pulse current Ip, basic current IG, pulse frequency f and the 

pulse duty ratio T) [6], must be adjusted precisely to the 

respective application in order to guarantee the desired 

difference of the temperature between high current and low 

current phase. The ratio between pulse and basic current (IP 

/IG) should be 1.25 - 4. 

IG -base current   f-frequency   

IM -Medium amperage  tg-base time  

IP – pulsed current  tp-pulse time  

Pulsed duty ratio T = tp/ tG x tP 

 
Fig. 5: Pulsed TIG welding 

 
Fig. 6: Pulsed welding Modulation (ON/OFF) 

A. DC Pulse TIG Welding General Description 

Pulse TIG welding is used when the current output 

(amperage) changes between high and low current. 

Electronics within the welding machine create the pulse 

cycle. Welding is done during the high-amperage period 

within the cycle (this high amperage is referred to as peak 

current). During the low amperage period, the arc is 

maintained but the current output of the arc is reduced (this 

low amperage is referred to as base current). During pulse 

welding, the weld pool cools during the low amperage period. 

This allows a lower overall heat input into the base metal and 

allows for controlled heating and cooling periods during 

welding, providing better control of heat input, weld 

penetration, operator control and weld appearance. There are 

4 variables within the pulse cycle: Peak Current - Base 

Current - Pulse Frequency - Pulse Width Setting and 
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manipulation of these variables will determine the nature of 

the weld current output and is at the discretion of the operator. 

Peak Current is the main welding current (amps) set to melt 

the material being welded and works much the same as 

setting maximum amperage values for regular DC TIG as a 

guide use 30-40 amps for every 1mm of material thickness. 

Base Current is the set level of background current (amps) 

which cools the weld puddle and affects overall heat input. 

Background Amps is a percentage of peak amperage. As a 

rule, use enough background current to reduce the weld pool 

to about half its normal size while still keeping the weld pool 

fluid. As a guide starts by setting the background amperage 

at 20 to 30 percent of peak amperage. 

Pulse Frequency is the control of the amount of 

times per second (Hz) that the welding current cycles between 

Peak Current and Base Current. DC Pulse TIG frequency 

generally ranges from 20 to 300 HZ depending on the job 

application. Control of the pulse frequency also determines 

the appearance of the weld. 

Pulse Width is the control of the percentage of time 

during each pulse cycle the welding current spends at the 

peak current (main amperage). For example, with the Pulse 

Width set at 80 percent, the machine will spend 80% of the 

cycle at peak amperage and accordingly 20% at the base 

current. Increasing the pulse width percentage adds more heat 

to the job while decreasing pulse width percentage reduces 

heat.  

DC Pulse TIG welding allows faster welding speeds 

with better control of the heat input to the job, reducing the 

heat input minimizing distortion and warping of the work and 

is of particular advantage for the welding of thin stainless 

steel and carbon steel applications. The high pulse frequency 

capability of the advanced inverter agitates the weld puddle 

and allows you to move quickly without transferring too 

much heat to the surrounding metal. Pulsing also constricts 

and focuses the arc thus increasing arc stability, penetration 

and travel speeds. 

 
Fig. 7: DC Pulsed TIG welding 

Test results indicate that pulsed gas tungsten arc 

welding (GTAW, also known as TIG, or tungsten inert gas) 

pulsing between a high peak current and a low background 

current at frequencies of 100 to 500 pulses per second 

(PPS)—allows operators to accomplish one or more of the 

following: 

 Reduce the bead width by up to 52 percent 

 Increase penetration by up to 34 percent 

 Reduce heat in-put by up to 60 percent 

 Increase welding travel speed up to 35 percent 

 Promote better weld quality     

DC-Current versus Pulsed current graphical 

representation showing below, it has been observed that in 

pulsed current supply tensile and shear strength value is more 

compared to DC-current. 

 
Fig. 8: Tensile Strength using DC-current Source and Fixed 

 
Fig. 9: Shear Strength using DC-Current Source and Fixed 

Gas Flow Rate 7 Litre/minGas. 

 
Fig. 10: Tensile Strength using Pulsed Current at 100 Amp 

 
Fig. 11: Shear strength using Pulsed Current Mean Current 

at 100 Amp Mean Current 
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III. LITERATURE REVIEW 

Automatic processes, gas metal arc welding, submerged arc 

welding, and electro-slag welding. Among them, one of the 

best welding techniques is gas tungsten arc welding [7], 

commonly referred as TIG welding. Current pulsing has been 

used by a few investigators [8, 9] to obtain grain refinement 

in weld fusion zones and improvement in weld mechanical 

properties. So far the pulsed current welding is used to study 

the effect of pulse current, shielding gas composition, weld 

speed, bead shape, the incidence of welding defects, joint 

strength, using alloy sheets of 5083 type [10], angular 

distortion in SS310 type to study the microstructure and weld 

bead geometry. Usually, the pulsed waves are in rectangular 

shape and the parameters used for pulsed GTA welding. The 

main characteristics of PCW are determined by peak current 

IP base current IB, peak time TP and base time TB, were carried 

out investigated the multi-response optimization of tungsten 

inert gas welding (TIG) welding process for an optimal 

parametric combination to yield favourable bead geometry of 

welded joints using the Grey relational analysis and Taguchi 

method [11] were carried out the selection of the process 

parameters for TIG welding of stainless steel with the optimal 

weld pool geometry has been reported. The optimal weld pool 

geometry has four smaller-the-better quality characteristics, 

i.e. the front height, front width, back height and back width 

of the weld pool. The modified Taguchi method is adopted to 

solve the optimal weld pool geometry with four smaller-the-

better quality characteristics [13] were carried out 

investigated the effect of TIG welding parameters like 

welding speed, current, and flux on a depth of penetration and 

width in welding of 304L stainless steel has been studied 

discussed the Effect of microstructure on impact toughness of 

pulsed current GTA welded α–β titanium alloy, the pulsed 

current has been found to be beneficial primarily due to its 

advantages over the conventional continuous current process. 

The present work pertains to the improvement of mechanical 

properties of AA 5456 Aluminum alloy welds through pulsed 

Tungsten Inert Gas (TIG) welding process. Taguchi method 

was employed to optimize the pulsed TIG welding process 

parameters of AA 5456 Aluminum alloy welds for increasing 

the mechanical properties [14], This paper explains an 

integrated method with a new approach using experimental 

design matrix of experimental designs technique on the 

experimental data available from conventional 

experimentation, application of neural network for predicting 

the weld bead geometric descriptors and use of the genetic 

algorithm for optimization of process parameters [15], This 

paper is aimed at, to give a brief idea about the research works 

done in the past, on TIG welding of stainless steel by various 

researchers, by  highlighting the important conclusions and 

results arrived at and thereby providing the right direction for 

fresh researchers for future research in this particular area 

[16] investigated the effect of process parameters of TIG 

welding like weld current, gas flow rate, workpiece thickness 

on the bead geometry of SS304. It was found that the process 

parameters considered affected the mechanical properties 

with great extent [17] optimized the welding input process 

parameters for obtaining greater welding strength in manual 

metal arc welding of dissimilar metals. The higher-the-better 

quality characteristic was considered in the weld strength 

prediction. Taguchi method was used to analyze the effect of 

each welding process parameters and optimal process 

parameters were obtained [18] analysed the effect of process 

parameters for welding of AA 6351 using TIG welding. 

Several control factors were found to predominantly 

influence weld quality. The percentage contributions from 

each parameter were computed through which optimal 

parameters were identified. ANOVA method was used to 

check the adequacy of data obtained. The experiment 

revealed that low current values have created the lack of 

penetration and high travel speed has caused lack of fusion in 

welding [19] investigated the multi-response optimization of 

TIG welding process to yield favorable bead geometry using 

Taguchi method and Grey relation analysis. The significance 

of the factors on overall quality characteristics of the 

weldment has been evaluated quantitatively by ANOVA. The 

experimental result shows that the tensile load, HAZ, an area 

of penetration, bead width, and bead height are greatly 

improved by using grey relation analysis in combination with 

Taguchi method has studied the effect of pulsed TIG welding 

parameters and pitting corrosion potential of aluminum 

alloys. ANOVA method was used to find significant 

parameters and regression analysis has been used to develop 

the mathematical model to determine the pitting corrosion 

potential. It was found that peak current and pulse frequency 

have a directly proportional relationship, while base current 

and pulse-on-time have an inverse-proportional relationship 

with the pitting corrosion resistance [20] studied 

“Optimization of the pulsed current gas tungsten arc welding 

parameters for corrosion resistance of super duplex stainless 

steel welds using Taguchi method. In this present work, a 

design of experiment (DOE) technique, the Taguchi method, 

has been used to optimize the pulsed duplex steel joints by 

Gas tungsten arc welding (GTAW) [21] has studied the 

optimal content of N2 in the shield gas for MIG welding of 

duplex steel by examining their microstructure and 

mechanical properties [22] have investigated how the effect 

of nitrogen addition in shield gas of gas tungsten arc 

welding(GTAW) of Duplex steel and how it alters the 

microstructure properties like austenite-ferrite ratio and 

distribution of alloying elements were studied [23] has 

investigated the effect of shielding gasses in gas tungsten arc 

welding on mechanical and metallurgical properties of 

Duplex Stainless Steel [24] has investigated the influence of 

welding variables wire feeding techniques, wire feeding rates 

and heat inputs on the cooling rate and heat affected zone 

(HAZ) areas of multi-pass weldments in a super duplex 

stainless steel. Microstructure analysis is done for the same. 

Gas Tungsten Arc Welding (GTAW) is a process in which an 

electric arc is produced and maintained between non-

consumable tungsten electrode (DCEN) and the part to be 

welded. The inert gas which passes from GTAW torch acts as 

a shield from atmospheric contamination for the heat affected 

zone, molten metal, and tungsten electrode. Generally, Argon 

and Helium are the preferred inert gasses in TIG welding as 

they do not react with metals being joined. The shielding gas 

serves as a blanket to the weld and excludes the active 

properties in the surrounding air [25,26] MIG welding of 

austenitic steels was attempted with the proportion of H-Ar 

as the gas shielding [27]. 

IV. CONCLUSION 

From the above literature reviews, it has been observed that 

there is a need for improving a quality of the thin sheet 
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welding for various applications like pressure vessels, 

automobile, machinery etc. These pieces of literature provide 

that the thermal conductivity of stainless steel is very less and 

normal welding process increases heat affected zone hence 

Pulsed-TIG welding process is used to Increase the strength 

of pressure vessel by reducing the heat affected zone. The 

quality of weld depends on the protrusion of weld from face 

to root hence Optimizing the process parameters like current, 

voltage, pulse on time, pulse off time, weld speed is required 

to improve weld quality an opportunity to do the work on 

Pulsed TIG to develop the strength and quality of the 

weldment. Many researchers have done work to optimize the 

various parameter of pulsed TIG welding using different 

optimization methodology. The summary of research work 

performed shows that conventional techniques like Taguchi, 

ANOVA, RSM and nonconventional techniques are 

successfully used in optimization of TIG process parameters 

for Stainless steel, carbon steel, magnesium alloy, 

Aluminium alloy, Titanium Alloy etc. The above 

observations can be utilized as a guideline document for 

further research in carrying out optimization of TIG welding 

parameters. Less number of researches has been done on 

welding thin section of the sheet and hence there is a scope of 

performing research on the above mention area.  

We can use Minitab18 process parameter 

optimization for pulsed TIG welding Minitab is a statistics 

package developed at the Pennsylvania State University by 

researchers Barbara F. Ryan, Thomas A. Ryan, Jr., and Brian 

L. Joiner in 1972. Minitab is distributed by Minitab Inc, a 

privately owned company headquartered in State College, 

Pennsylvania. Minitab Inc. also produces Quality Trainer and 

Quality Companion, which can be used in conjunction with 

Minitab. The first being an e-Learning package that teaches 

statistical tools and concepts in the context of quality 

improvement, while the second is a tool for managing Six 

Sigma and Lean Manufacturing. 

 
Fig. 12: Minitab18 
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