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1. Abstract 

Aluminum is a non-ferrous corrosive resistant metal mainly used in automotive coolers, 

intercoolers and radiators. They are part of automobile vehicles and are made from aluminum 

alloys. The joints in these applications are created by a fusion welding process like the Tungsten 

Inert Gas (TIG) welding process. For thin plates and sheets, TIG welding is the most preferable 

welding process. The modified version of the TIG welding process is the Pulsed Current TIG 

(PCTIG) welding process in which the current is incessantly pulsing between high and low 

levels. So, alternate fusion and solidification are achieved between these ranges of current. 

During high level current value it gives sufficient weld diffusion and bead shape. At the same 

time, low level current value upholds a steady arc. 

The working temperature range of different coolers and radiators is 20° C to 300° C and the 

pressure ranges from 2.5 bar to 3.5 bar. During the actual working of coolers, the weld joint 

experiences sudden high level and low level temperature changes. These will create high thermal 

stresses in the joints. It leads to cracking in the weld region and creates failure of the weld joints. 

Because cracking is the initialization of failure. The weld joint should possess enough strength to 

avoid the joint failure. The weld joint should be performed in such a way that it must give a 

quality joint and the parameters of the weld process should be selected for quality weld joint. 

The process parameters must be optimized for quality weld. At the same time, the joint should be 

crack free. Various factors, such as mechanical, metallurgical and thermal are responsible for 

cracking in the weld joints. The range of solidification temperature is one of the metallurgical 

factors. Stress generation is a mechanical factor and the cooling rate of weld metal is a thermal 

factor for cracking. Different weldability tests are employed to identify the cracking 

susceptibility of the weld. One of the most common methods is the Houldcroft weldability test.  

 

In this research study, the houldcroft weldability test is performed to evaluate the cracking 

susceptibility. The main objective of this work is to achieve the optimum value of joint strength 

and cracking susceptibility. The welding work is performed experimentally and results are 

validated by the weld simulation software Simufact. The results obtained for joint strength in 

both cases are under acceptable ranges. 

Keywords: PCTIG welding, cracking susceptibility, weldability test, weld simulation, Simufact 
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2. Brief description on the state of the art of the research topic 

The one of richest element in the shell of earth available is aluminum having 8 % wt. which is 

second after ferrous alloy like steel between inexpensively significant metal. Some other non-

ferrous elements like copper, tin, lead were used from many years. In 1808, Sir Humphrey Davy 

(Britain) has identified metal called Aluminum[1][2], [3]. Aluminum is high corrosive resistant 

metal. Some alloying elements are added like silicon, copper, zinc, Magnesium, Manganese to 

improve its properties. Aluminum (Al) is low density metal used in many industries like 

automobile, transportation, aerospace, civil constructions, packaging, storage, bridges etc.[4]–

[10] Aluminum & Aluminum alloys have wide use because of many technological developments 

in it that provides quality product & high productivity. [11]The total consumption of Aluminum 

alloys by various industries are tabulated table 1.[12][13]Designers and engineers faces 

challenges for performing welding of aluminum alloy. Some of them are oxide layer formations, 

high thermal conductivity, and high coefficient of thermal expansion and solidification 

shrinkages[14][8]–[10].Aluminum is a challenging material to work with since it has a tendency 

to stay the same color at high temperatures. Researchers and specific fabrication sectors are 

focusing on experimental methods to obtain the best process parameters for analysis. Many 

researchers and industries are pinning their hopes currently on the sustainable manufacturing 

processes. Three dimensions of sustainability are addressed. Sustainability covers three aspects 

which are economical, environmental & social. For economical point of view one should go for 

simulation of manufacturing process. Simulation of welding provides facilities of performing 

different virtual experimentation for evaluating different weld variables and avoid expensive 

trials of actual welding experiments and provides diverse material behavior during welding 

process [17]–[19]. 

Table 1. Apparent consumption of Al alloys by market (Millions of pound)[12]  

Major Market 2016 (millions of pound) % of total 

Building & construction 3234 12.2 

Transportation 9311 35.2 

Consumer durables 1750 6.6 

Electrical 1843 7.0 

Machinery & equipment 1728 6.5 

Containers & packaging 4758 18.0 
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Other 687 2.6 

Domestic total 23311 88.2 

Exports 3117 11.8 

Total shipment 26428 100 

Weldability of aluminum alloys is depending upon the service conditions, welding procedure 

being performed and the condition in which welding process is carried out. Aluminum alloys 

have very poor weldability when it is welded with conventional arc welding process. Performing 

welding of aluminum alloys came across many glitch of occurring of cracks. There are 

fundamentally two types of cracks can occur during welding. Hot cracking and cold 

cracking.[14]–[23] Hot cracking are also considered as solidification cracking and cold cracks 

are considered as liquation cracking. The solidification cracking are localized in fusion zone and 

liquation cracking are localized in partially melted zone (PMZ)  of heat affected zone (HAZ).The 

reasons for hot cracking are usually by a amalgamation of metallurgical as well as mechanical 

factors. A metallurgical factor includes wrong selection of filler, base alloy mixture and 

mechanical factors include the stresses. Many weldability tests like The Varestraint Test, 

Transvarestraint Test, The Cast Pin Tear Test, The Hot Ductility Test, The Strain-To-Fracture 

Test, Reheat Cracking Test, and Houldcroft (Fishbone) Test are used to identify the cracking 

susceptibility [23]-[20]. The current study focuses on the comparison of experimental and 

simulation weld results for aluminum alloys and evaluate the cracking susceptibility value of 

aluminum alloy performing weldability test. 

 

3. Definition of the Problem:  

Different automotive cooling equipment such as coolers, inter coolers, radiators and solid storage 

systems like silo are manufactured by welding of aluminum alloy AA6061 T6. It is a heat 

treatable aluminum alloy. During welding of AA 6061 T6 alloy, it has affinity to generate oxide 

layer on its surface while reacting with oxygen, this oxide layer provides support of resistance to 

corrosion, but unfavorably influences the weld joint among the surfaces. The melting of pure 

aluminum or aluminum alloys take place between 800-900°c.but the oxide layer has very high 

melting point compare to aluminum alloy and is approximately 2000°c. Perceptibly, the oxide 

layer will take much time to melt as compare to base metal during welding. As a consequence 

distinct homogeneous molten weld pool generation will not been possible and results poor joints. 

So, it is essential to eradicate this oxide layer incessantly. Chemical, mechanical or combinations 
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of both cleaning processes are accessible to remove this oxide layer. Different methods like wire 

brushing, chemical cleaning, filling, scraping are employed for it.  

In industries while performing welding of such inter coolers and radiator joints, specifically in 

Heat affected zone alloys observed very weak joint due to lower hardness in that region. 

Analysis of hardness profiles in HAZ area shows numerous noticeable changes. It indicates 

indirectly tensile strength of alloys. This is due to the reason of different thermal circumstances 

in AA 6061 T6 during welding.[28][29] 

So, the current investigation emphasizes the welding processes that create the defect free weld 

joint without changing its metallurgy. TIG welding with Alternate power source provides facility 

of removing of oxide layer continuously and provide quality weld joint. Pulsed current TIG 

(PCTIG) welding process is the modification of the conventional TIG welding process. In 

PCTIG welding process the current is incessantly pulsing between high and low level or 

background current for short and long intervals. Performance of actual welding is possible during 

high level of current and cooling of weld pool and its solidification is possible during low level 

of current.[30][15][31][9].optimization of  the pulsed TIG welding process parameters for 

getting quality weld with optimum weld strength and cracking susceptibility for AA 6061 T6 

aluminum alloys.  

 

4. Objectives and Scope of work  

1. To identify the pulsed TIG welding process parameters affecting the weld properties. 

2. To evaluate performance characteristics (strength & cracking Susceptibility) of Pulsed 

TIG welding process.  

3. To optimize the pulsed TIG welding process parameters by performing experiments to 

get optimum weld mechanical properties. 

4. To validate the experimental results with simulation software results. 

5. To perform weldability test for evaluation of cracking susceptibility.  

5. Original contribution by the thesis and Research Framework 

Aluminum AA 6061 T6 alloy widely used in automotive and marine industries. Different 

automotive cooling equipment such as coolers, inter coolers, radiators and solid storage systems 

like silo are manufactured by different thickness 3.2 mm, 6 mm and 10 mm AA 6061 T6 alloys. 

In research work they were welded by PCTIG welding process. The parameters and its range of 
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PCTIG welding process were identified based on pilot experimentation, literature and from the 

data of the industries. All parameters selected were based on ASME sec IX. Based on essential 

and supplementary essential parameters, the selected parameters for PCTIG welding process are 

Peak current (Ip), base current (Ib) and frequency (f). The weld strength and cracking 

susceptibility for all thickness were identified. Compare to experimental method, other method 

such as simulation is also gives better prediction of stresses in the joint. The Simufact welding 

software  rationally predict distortion and residual stresses that taken place while performing 

welding and facilitates to diminish them in the work pieces. It presents and gives conclusion 

about weld joint strength. The simulation works for different thickness were performed on 

Simufact software. All results were identified and validated with experimental work. So for 

PCTIG welding process the optimum parameters were obtained. A new approach for welding 

process is also come into consideration i.e. simulation of welding process. It has proved that 

software simulation work also gives comparative better results. Now for industrialists and 

researchers simulation of welding will become easy, less time consuming and cost effective to 

predict the quality of the weld without performing actual experimentation on shop floor. Wide 

varieties of parameters and its effect can be predicted by using such kind of simulation work. 

6. Research Methodology  

The quality of weld is typically depending upon the different welding process parameters. The 

change in those parameters greatly affects the quality. According to application of alloy 

processes as well as its parameters are selected. As per the ASME sec. IX, the welding 

parameters are classified as Essential & Supplementary Essential parameters. As per ASME sec. 

IX, “Essential variables are conditions in which a change is will affect the mechanical properties 

(other than toughness) of the joint”. Same way “Supplementary essential variables are conditions 

in which a change will affect the toughness properties of the joint, heat-affected zone or base 

material”. Supplementary essential variables become additional essential variables in situations 

where procedure qualifications (PQR) require toughness testing. When procedure qualification 

does not require the addition of toughness testing, supplementary essential variables are not 

applicable.  

The present investigation is to analyze the effect of different pulsed TIG (PCTIG) welding 

process parameters such as peak current (Ip), base current (Ib) and  frequency(f) on weld tensile 

strength and cracking susceptibility. Cracking susceptibility indicate how much the material 

prone to create crack during welding. The experimental work was carried out using Fronius 
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made pulsed current TIG welding equipment with all essential, supplementary essential 

parameters.  

Table 2.Essential & Supplementary Essential parameters according to ASME sec. 

IX for TIG welding[32] 

Sr N0 Parameter 
Essential 

parameters 

Supplementary 

Essential 

1 
Base metal T qualified AA 6061 (P number 

23) 
√ 

 

2 Filler metal, ER 4043 ( F number 23) √ 
 

3 
ϕ Filler metal product form (bare solid 

electrode) 
√ 

 

4 ϕ thickness √ 
 

5 ϕ Current or polarity 
 

√ 

6 > Heat input 
 

√ 

7 
ϕ Multi to single pass per side(for 3 mm 

single pass)  
√ 

6.1 Experimental work  

The PC TIG welding work was carried out in standard operating conditions with qualified welder 

with Fronius made welding machine. The parameters and its range were identified and selected 

based on the pilot experimental work, industries data and standard literature. For PCTIG welding 

Selection of proper consumables like shielding gas, gas flow rate, filler metal, type of tungsten 

electrode, welding speed, no. of passes etc. based on AWS handbook and ASME sec. IX 

standards and is tabulated in table 3. As per ASME sec. IX standard Procedure Qualification 

record (PQR) and welding procedure specification (WPS) were prepared for different thickness 

such as 3.2 mm, 6 mm and 10 mm.  

Table 3. Constant Experimental Parameters 

Sr No  Parameter  value  

1  voltage  15-18 volts  

2  Tungsten electrode  & size  98 % W, 0.8 % Zr, 3.2 mm dia.  

3  Shielding Gas  Pure Argon  

4  Shielding gas flow rate  5 lit./min.  
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5  Filler metal  ER 4043  

6  Welding position  1G  

7  Welding speed  4-6 mm / sec.  

Before actual experimentation the pilot experimental work were carried out to check the 

feasibility and the range of welding process parameters. The observations of pilot experimental 

work are tabulated in table 4. The surface was cleaned mechanically and chemically before 

performing experiment of welding. 

Table 4. Visual Inspection of pilot experimentation as per ASME/AWS B1.11 

Trial 

No 
Ip (A) Ib (A) F (Hz) Visual result/ defect 

1 110 40 1 Poor filling 

2 110 60 3 shorter arc length 

3 110 80 5 Proper weld 

4 110 100 7 Proper weld 

5 140 40 3 Poor bead appearance 

6 140 60 1 Proper weld 

7 140 80 7 Proper weld 

8 140 100 5 Proper weld 

9 170 40 5 Proper weld 

10 170 60 7 Proper weld 

11 170 80 1 Proper weld 

12 170 100 3 Proper weld 

13 200 40 7 spatter 

14 200 60 5 Proper weld 

15 200 80 3 Proper weld 

16 200 100 1 spatter 

In actual experimentation, based on the industrial application of  the aluminum alloy AA 6061 

T6 material plates were cut into specific size of 200×100× 3.2 mm, 200×100× 6 mm and 

200×100×10 mm. ER 4043 filler material with 2.4 mm diameter and 0.8 % zirconium coated 

tungsten electrode were employed for experiments. Cleaned components were welded manually 

by PCTIG welding process with different factors such as Peak current (Ip), base current or 

background current (Ib) and frequency (f). Alternating current was taken in welding process. The 
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welding was performed by standard qualified welder with standard experimental procedure. 

After welding the components were cut into standard size for specimen preparation for 

mechanical testing.  

No. of passes for different thickness were decided based on the literature and standard handbook. 

The table 5 shows corresponding passes. 

Table 5. No. of passes[16][3][33] 

Sr No  Thickness  No. of pass  

1  3 .2 mm  1 Pass  

2  6 mm   2 passes  

3  10 mm  3 passes  

The L9 Taguchi method was emplyed for preparing the design for experiment.the range for the 

same is tabulated in table 5.  

Table 6. Design of experiment (Taguchi Method) 

Exp. No. 
Peak current  

(Ip) A 

Base current 

 (Ib) A 

Frequency 

(f) Hz 

1 120 60 2 

2 120 80 4 

3 120 100 6 

4 150 60 4 

5 150 80 6 

6 150 100 2 

7 180 60 6 

8 180 80 2 

9 180 100 4 

The tensile strength of 9 components for 3.2 mm, 6 mm and 100 mm were investigated and 

summarized in table. Results indicated the higher value of tensile strength is achieved at the Ip of 

180 A, Ib of 60A and f of 6 Hz. The corresponding values for the same are 179.50 MPa, 188.92 

and 201.23 MPa respectively.  
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Figure 1. Standard Houldcroft weldability specimen 

The Houldcroft (fishbone) weldability test is the most comprehensively exploited test and 

suitable for calculating of cracking susceptibility of metals welded by different welding process. 

The test contains special specimen preparation. It is having a number of slots of different lengths 

that cut at right angle to the weld. These slots decrease the rigidity of the specimen. The fusion 

weld is performed on the specimen. As the weld progresses, the length of slots gradually 

increases. Less length of slots provides superior stiffness and chances of generation of cracks. By 

decreasing the length of slots decreases the inflexibility of the samples that will cease to end of 

cracks at some point. Crack length is measured and useful for identifying cracking susceptibility 

of weld specimen. The houldcroft weldability test was performed on the standard specimen as 

shown in figure 1. 

Table 5. Experiment Results 

Ex. No 

Peak 

current 

(Ip)  A 

Base 

current 

(Ib) A 

Frequency 

(f) Hz 

Tensile Strength (MPa) 

3.2 

mm 

6 

mm 

10 

mm 

1 120 60 2 124.58 148.58 161.44 

2 120 80 4 133.76 147.64 160.84 

3 120 100 6 131.54 146.7 160.24 

4 150 60 4 160.05 171.42 183.14 

5 150 80 6 157.83 170.48 182.54 

6 150 100 2 128.49 149.26 159.86 

7 180 60 6 179.50 188.92 201.23 
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8 180 80 2 154.78 173.04 182.16 

9 180 100 4 152.56 172.1 181.56 

6.2 Result Analysis 

Several analysis methods are accessible to optimize the welding process parameters. Results 

were analyzed using regression analysis. Regression analysis is used to determine how a single 

response variable is related to a variety of predictor variables. The regression equations were 

created and are used to predict the value of tensile strength within the factorial space exploited. 

Interaction effects of Ip, Ib & f on mechanical properties are showing by regression equation. 

For 3.2 mm thickness specimen 

Tensile Strength = 63.4 + 0.423 Ip - 0.949 Ib + 34.24 f + 0.00601 Ip*Ib - 0.1144 Ip*f -

 0.1386 Ib*f ....................................................................................................Equation 1 

For 6 mm thickness specimen 

Tensile stress = 123.66 + 0.3410 Ip - 0.894 Ib + 10.75 f + 0.00381 Ip*Ib - 0.0381 Ip*f -

 0.0191 Ib*f ………………………………………………………………...Equation 2  

For 10 mm thickness specimen 

Tensile stress = 136.19 + 0.3462 Ip - 0.7418 Ib + 8.67 f + 0.002579 Ip*Ib -

 0.02579 Ip*f - 0.0129 Ib*f …………………………………………………Equation 3 

The main effect plot were also plotted to evaluate how the response is related to the process 

variables. Figure 2 of the main effect plot, peak current and pulsed frequencies are closely 

related to the tensile characteristics of the welded connection. In both conditions, increasing the 

peak current and frequency raises the value of the tensile characteristics. Base current, on the 

other hand, has the opposite influence on tensile strength behavior. Tensile strength rises as base 

current falls. 
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3.2 mm 6 mm 10 mm 

Figure 2. Main effect plot for Tensile strength 

6.3 Result Validation  

The validation of optimum results should be obtained by any of the method like analytical, 

software, simulation or any other means.  The experimental work was validated by welding 

simulation software „Simufact‟.The Simufact welding software  rationally predict distortion and 

residual stresses that taken place while performing welding and facilitates to diminish them in 

the work pieces. It presents and gives conclusion about weld joint strength by calculating the 

metallurgical properties like microstructural properties in the Heat affected zone. In welding 

process, most favorable supporting device in the form of clamping development is supported by 

the software. As a result most favorable weld sequence can be achieved. For mass production the 

components within predestined tolerances, It predicts the components‟ final stage contour and 

destined tolerances. 

 

Figure 3. Common workflow for execution of a structural welding simulation in CWM. 

Various researchers have worked in the fled of welding simulation and there are three types of 

simulations are: process, material, structure simulation. Process simulation deals with the 

welding process, weld pool geometry, local temperature field, process stability and efficiency co 

efficient. Material simulation is concerned with phase fractions, phase transformation, chemical 

composition, and hardness. The structural simulation is dealing with the determination of 

residual stresses, distortion and structural behavior of the welded joints by considering the phase 
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transformation effect and local plastic deformation[34]. The change in temperature of weldment 

and base metal is responsible for structural simulation. The welding heat input is normally 

simplified by using Phenomenological models; this approach is normally referred to as 

Computational Welding Mechanics, CWM as shown in figure 3.These models are not directly 

related to the physics of the welding process and have to be calibrated against experimental data.  

 

Figure 4. Simulation Procedure 

Based on American Welding Society (AWS) standards, designed PCTIG welding process were 

designed. The simulation process for the same is illustrated in figure 4. Initially the CAD model 

was prepared and weld geometry was formed. Then primary meshing was performed by meshing 

software MARC and fine meshing was performed by Gmsh. The software gives results of 

residual stress and temperature distribution at each zone. Corresponding fluid flow 

characteristics and mode of metal transfer will generate the contour of weld pool. goldak et 

al.[35] have suggested the model of double heat source which is majorly widely acceptable in the 

illustration of TIG welding process. It was used for finite element modeling as shown in figure 4. 

 

Figure 5. Goldak's double ellipsoid Model 

For any welding process the progress of thermal phenomenon is quite difficult. In current work 

the most widely acceptable heat source double ellipsoid was employed for TIG welding process. 

The parameters of ellipsoid model are illustrated in table 7. 

Table 6. Parameters of Goldak’s double ellipsoid model 

Parameter  Value in m 

Front Length, af 0.003  
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Rear Length, ar 0.005  

Width, b 0.0022  

Depth, d 0.003  

 

Figure 5 shows the similarity among the experimental and numerical (software base) results of 

tensile strength. It clearly indicates that the deviations in the results are in acceptable limit i.e. 

less than 10 %. Predicted strength value exhibits higher values by numerical method compare to 

experimental method. Maximum predicted strength value by numerical method is 195.21 MPa, 

202.54 MPa & 215.52 MPa for 3.2 mm, 6 mm & 10 mm respectively and is summarized in table 

8 and corresponding comparison graphs are illustrated in figure 5. 

  

  

 

Figure 6. Comparison of Tensile stress (a) 3.2 mm (b) 6 mm and (C) 10 mm 

Validation of experimental work with software 

The experimental work is monotonous work with lot of problems of generation heat, fumes etc. 

on the other side simulation work provides no physical welding and is computational method. In 

the current work the results of experimental work is validated with simulation software work. 

Experiments are conducted on the software as per the optimum conditions and mechanical 
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properties are evaluated and the average results are presented in Table 7. It is observed that, 

experimental values were closer to the optimum values. 

Table 7. Validation of PCTIG welded AA 6061 aluminum alloy experimental results 

with software result for Tensile Strength (a) 3.2 mm (b) 6 mm (c) 10 mm 

Sample 

No 

Experimental  

condition 

Tensile  

Stress (MPa) 

Percentage 

(%) 

deviation 

 Peak 

current 

(Ip) 

Base 

current 

(Ib) 

Frequency 

(f) 

No. of 

Pass 

Experimental Software  

(a) 

1 120 60 2 1 124.58 136.58 8.79 

2 120 80 4 1 133.76 145.76 8.23 

3 120 100 6 1 131.54 143.54 8.36 

4 150 60 4 1 160.05 172.05 6.97 

5 150 80 6 1 157.83 169.83 7.07 

6 150 100 2 1 128.49 140.49 8.54 

7 180 60 6 1 179.50 195.24 8.06 

8 180 80 2 1 154.78 166.78 7.20 

9 180 100 4 1 152.56 164.56 7.29 

(b) 

1 120 60 2 2 148.58 160.58 7.47 

2 120 80 4 2 147.64 159.64 7.52 

3 120 100 6 2 146.70 158.7 7.56 

4 150 60 4 2 171.42 183.42 6.54 

5 150 80 6 2 170.48 182.48 6.58 

6 150 100 2 2 149.26 161.26 7.44 

7 180 60 6 2 188.92 202.54 6.72 

8 180 80 2 2 173.04 185.04 6.49 

9 180 100 4 2 172.1 184.1 6.52 

(c) 

1 120 60 2 3 161.44 177.44 9.02 

2 120 80 4 3 160.84 176.84 9.05 

3 120 100 6 3 160.24 176.24 9.08 

4 150 60 4 3 183.14 199.14 8.03 

5 150 80 6 3 182.54 198.54 8.06 

6 150 100 2 3 159.86 175.86 9.10 

7 180 60 6 3 201.23 215.52 6.63 

8 180 80 2 3 182.16 198.16 8.07 

9 180 100 4 3 181.56 197.56 8.10 
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7. Achievements with respect to objectives  

For welding of aluminum alloys, the main process parameters of pulsed TIG welding process 

and its range were identified based on performing the pilot experimentation and it was observed 

that pulsed current, base current and frequency is most influenced process parameters for PCTIG 

welding process. The performance characteristic of pulsed TIG welding process is evaluated 

based on the application of the product and the requirement of the quality standards in the 

industries. The optimized pulsed TIG welding process parameters are obtained by performing the 

Taguchi Design of Experiment method for three different thicknesses and corresponding weld 

passes. The results of experiments and simulations clearly show that the pulsed current and 

frequency has direct relation with tensile properties of Aluminum weld joint. i.e. Ip and f are 

directly proportional to the tensile strength. Whereas base current is inversely proportional to the 

tensile properties of the joint. As the base current is increase it reduces the tensile strength. The 

values of tensile strength for different parameters are achieved from all experimental value. For 

3.2 mm, 6 mm and 10 mm thickness plates the optimum value achieved for tensile strength is 

179.50 MPa, 188.92 MPa and 201.22 MPa respectively with 180 A Ip, 60 A Ib and 2 Hz 

frequency for all thicknesses. Same way no. of passes in the weld joint has considerable effect on 

tensile properties of the joint. The value of tensile strength for multipass will give higher value 

compare to weld joint prepared by single pass. The strength of weld joint achieved in 3.2 mm 

thickness single pass, 6 mm two pass and 10 mm three pass are 179.50 MPa, 188.92 MPa and 

201.22 MPa respectively. So considerable rise in the value of strength is achieved. The 

validation of experiment results are obtained by carrying the welding simulation software 

„Simufact‟ in order to get required response parameters. The cracking susceptibility of the AA 

6061 T6 material is performed and evaluated the by houldcroft weldability test. 

The comparative value for single pass, two pass and three pass weld strength is summarized in 

table 9. 

Table 8. Comparative value of tensile strength 

Sr No Ip Ib f 
Tensile strength 

3.2 mm 6 mm 10 mm 

1 120 60 2 124.58 148.58 161.44 

2 120 80 4 133.76 147.64 160.84 

3 120 100 6 131.54 146.70 160.24 

4 150 60 4 160.05 171.42 183.14 
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5 150 80 6 157.83 170.48 182.54 

6 150 100 2 128.49 149.26 159.86 

7 180 60 6 179.50 188.92 201.23 

8 180 80 2 154.78 173.04 182.16 

9 180 100 4 152.56 172.1 181.56 

The value of cracking susceptibility is also influenced by the peak current. Peak current is 

directly proportional to the cracking susceptibility. The houldcroft weldability test was 

performed to find the cracking susceptibility. The lowest value of cracking susceptibility is 

achieved with 120 A Ip, 60 Ib and 2 Hz. The values of cracking susceptibility for different 

parameters are tabulated in table 12. 

Table 9.Houldcroft weldability test results 

Ex. 

No 

Peak 

Current 

(Ip) A 

Base 

current 

 (Ib) A 

Frequency 

(f) Hz 

Cracking 

Susceptibility 

(C.S.) % 

1 120 60 2 5.26 

2 120 80 4 13.16 

3 120 100 6 7.89 

4 150 60 4 9.21 

5 150 80 6 10.53 

6 150 100 2 39.47 

7 180 60 6 26.32 

8 180 80 2 5.26 

9 180 100 4 28.95 

8. Usefulness to Industries 

In the present research work experiments are conducted to decide preferable range of process 

parameters for quality weld joints. 3.2 mm, 6 mm and 10 mm thickness plates are considered for 

the study. These process parameters are generalized solutions and useful for industries. 

Current trend of engineering is the use of special purpose software instead of traditional 

methodology or experimental work. Many software are available and proven their abilities to 

generate results near to the actual depending on precise input, boundary conditions and loading 

conditions. Like Finite Element Method for stress analysis, Computational Fluid Dynamics in 

fluid dynamics and many more. Simufact is also such kind of software which enables solutions 

for mechanical processes, material analysis and structural analysis. In the present study Simufact 

software is employed for weld component testing and analysis. 

Simulation and analysis are having certain benefits like it is safe in working, faster and less time 

consuming, cost effective, repeatability and consistent results depending on selected parameters. 
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In the present study weld joints are analyzed using Simufact using meshing and material 

properties. A sample case study is also solved to verify the input parameters. 

 Welding process is carried out for three different thicknesses plates. The analysis is carried 

out for 3.2mm, 6 mm and 10 mm thick plates, which covers major application of 

engineering fabrication process. 

 The range of process parameters are identified of pulsed TIG for higher weld strength. Peak 

current, Ip =180 A, Base current, Ib =60A, and frequency, f = 6 hz. Industries can directly 

select these ranges of process parameters and make safe and quality TIG weld joints. 

 Cracking susceptibility is well within the acceptable range for above suggested process 

parameters. 

 Tensile strength of the TIG weld joints are considerably high as expected by experimental 

and software results. 

 Simufact software is also useful for verifying tensile strength and other testing analysis of 

weld joined components. Results are reliable as experimental and simulations results are 

well within 8% deviation. 

9. Conclusions  

The present research has been presented to evaluate the influence of PCTIG weld process 

parameters for 3.2 mm, 6 mm and 10 mm thick plates and optimize the parameters to 

accomplish better mechanical properties. Some conclusions have been achieved by this 

research. 

1. The Taguchi Design of Experiment method is robust design technique; it is employed to 

improve the process quality and stability with decreasing the number of experiments. 

Statistical model incorporating the effect of pulsed current TIG welding parameters to 

estimate the mechanical properties. Analysis of Variance (ANNOVA) method is more 

appropriate to find out the significant main and interaction factors of pulsed current TIG 

welding process. 

2. Weldability of the joint is evaluated by using Houldcroft weldability test. This test gives 

the result of cracking susceptibility of the joint.For all thickness and for PCTIG welding 

process the peak current (Ip), base current (Ib) and frequency (f) are the main affecting 

parameters for tensile strength.  

3. For 3.2 mm, 6 mm and 10 mm thickness plates, an optimum value of tensile strength 

derived are 179.50 MPa, 188.92 MPa and 201.23 MPa respectively. The corresponding 

values of Ip , Ib and f are 180 A, 80 A and 6 Hz respectively. The optimum values are 
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achieved at higher values of Peak current (Ip) and frequency (f). This is due to fact that 

refinement of grains is achieved in higher value of peak current. 

4. The tensile strength of weld joint is also depending on the number of passes used for 

welding. At  180 A peak current, 80  A base current  and 6 Hz frequency, For 10 mm 

plate with three passes the tensile strength is 201.23 MPa, for 6 mm thickness with two 

passes the tensile strength value is 188.92 MPa and for 3.2 mm thickness with single 

pass the value of tensile strength is 179.50 MPa. The amount of heat input increases 

with the increase of heat input. This will lead to increase in tensile strength. The higher 

thickness with three passes gives higher value of the tensile strength because of the fact 

that at three passes the amount of heat input generated is high. It will refine the grains 

and lead to increase in tensile strength. 

5. The numerical method is a new approach and can be apply to welded joint. In current 

investigation the experimental work is validated with numerical method. The Simufact 

software is employed to validate the experimental results. The difference in the result 

obtained from experimental compare to software is less than 10 %. This shows the 

predictability of joint strength by Simufact software. 

6. According to the main effect plot diagram, peak current and pulsed frequencies are 

closely related to the tensile characteristics of the welded joint. In both conditions, 

increasing the peak current and frequency raises the value of the tensile properties. Base 

current, on the other hand, has the opposite influence on tensile strength behaviour. 

Tensile strength rises as base current falls. 

7. Following set of process parameters like peak current (Ip) 180 A, Base current (Ib) 80 A 

and frequency (f) 2 Hz is achieved in experiment in order to avoid cracking 

susceptibility. The lowest value at high current is attained due to the fact that at higher 

current the high heat is generated, it will slow down the cooling rate all through the 

solidification. Weldment has much time for grain coarsening. This lead to reduce 

cracking. These sets of parameters are useful to industries to avoid cracking during 

welding of cooling system in high temperature range.  

8. These results are solely applicable to the stated setup and condition. The findings might 

vary depending on how the experimental circumstances are changed.  

9. Simulation methodology is new and accurate approach to find the results compare to 

actual experimental work, these will reduce experimental cost and time and gives 

accurate results. It will be beneficial to many researchers and industry people who are 
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working with welding of 3.2 mm, 6 mm and 10 mm thickness of AA 6061 T6 material 

and corresponding weld passes. 

10. Future Scope 

Current investigate is empathize only on the weld performance of pulsed TIG welding of 

AA 6061 T6 material, based on the current investigation, subsequent implications are 

created to explore  additional investigation in the different area of aluminum alloys. 

o The current work can be further modified with different thicknesses according to the 

industrial application and different welding process. 

o Different simulation techniques can be performed and results can be investigated with 

different welding environments. 

o Different optimization techniques such as Grey relational Analysis (GRA), Artificial 

Neural Network (ANN), Fuzzy logic etc. can be incorporated for analysis purpose. 
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