
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772   Published BYAENSI  Publication 
EISSN: 1998-1090             http://www.aensiweb.com/ANAS 

2017 February 11(2): pages 1-6            Open Access Journal 

 

To Cite This Article: Nandagopal. K, Kailasanathan. C, Chandrasekar. G., Evaluation and optimization of Joining Parameters 
for Dissimilar Materials of Titanium and Aluminum Alloys. Advances in Natural and Applied Sciences. 11(2);Pages: 1-6 

 

Evaluation and optimization of Joining Parameters for 
Dissimilar Materials of Titanium and Aluminum Alloys 

 
1Nandagopal. K, 2Kailasanathan. C, 3Chandrasekar. G 

 
1Nandagopal.K, Assistant Professor, Department of Mechanical Engineering, SSM Institute of Engineering and Technology, Dindigul, 
Tamilnadu, India.  
2Kailasanathan.C, Professor, Department of Mechanical Engineering, Sethu Institute Technology, Kariapatti, Virudhunagar, Tamilnadu, 
India.  
3Chandrasekar.G, Assistant Professor, Department of Mechanical Engineering, PSNA College of Engineering and Technology, Dindigul, 
Tamilnadu, India.  
 
Received 18 December 2016; Accepted 12 February 2017; Available online 20 February 2017 
 

Address For Correspondence: 
Nandagopal.K, Assistant Professor, Department of Mechanical Engineering, SSM Institute of Engineering and Technology, Dindigul, 
Tamilnadu, India. 
 

 
Copyright © 2017 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY). 
http://creativecommons.org/licenses/by/4.0/ 

 
 

 

ABSTRACT 
A dissimilar material such as titanium and aluminum alloy is difficult to join. Every manufacturing industry needs to reduce the 
weight of component to increase the performance and quality in life cycle, titanium and aluminum alloys are low in weight and 
strength is higher than other material used in ordinary purpose.  In this research expose titanium (ti6al4v) and aluminum 
(al7075) has been considered to join through gas tungsten arc welding process and assisted with brazing technique. Joining unlike 
material with unusual properties is a courageous, materials are joint using aluminum filler material. Major focus in this investigate 
is to discover the best possible gas tungsten arc welding parameters for fusion dissimilar materials. The welding process is 
experienced for twenty five samples to enhance and validate the mechanical properties. To attain the greatest strength and joint 
quality, Arc voltage, welding speed and welding current have been measured as joining parameters to develop a favorable joint. 
Taguchi L25 orthogonal selection is made use of to progress the process parameters to arrive at the best possible combined 
strength and superiority of joint in the joint trials and also it is employed to recognize the most important process parameters in 
this joining process. Welding current 60 -100 A, Welding speed 60-100 mm/min, Arc Voltage 12-20V has been considered as 
margin for pulsed gas tungsten arc welding process. Parameters are optimized and achieve maximum strength at welding current 
(95 Amps), welding speed (60 mm/min) and arc voltage (17 V). The results shows that low welding speed, high welding current 
and high arc voltage is increasing the strength of joints. 
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INTRODUCTION 

 

Gas tungsten arc welding is extensively used in automobile, aerospace components manufacturing 

industries in Asian countries due to availability and ease of use. Aluminum and titanium alloys are broadly 

exercise in many industries to reduce weight and keep up strength exclusive of deviation. GTAW process 

generally used to join the similar materials, for dissimilar joining process it is difficult to join due to heat 

distribution. Taguchi method and L9 orthogonal used to identify optimum welding parameter for resistance spot 

welding further response surface methodology is employed to predict the weld zone and confirmation 

experiment was brought about for monitoring precision level, taguchi method is very essential to evaluate the 

parameters. [1] Three factors speed, depth of cut and feed are considered to get optimized parameters in facing 

operation through taguchi method and experiments compared with full factorial. [2] It has been acknowledged 

that taguchi method is appropriate to produce optimized parameters for three factors. Gas tungsten arc welding 

is suitable to join the titanium and aluminum alloys with optimized welding parameters to improve the strength 
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to weight ratio and several engineering sectors are functioning to finding the improved joining process. [3-4] 

Major difficult task in joining the dissimilar material is unreliable thermal conductivity between the materials. 

The general regression equation was formulated to achieve better strength; quality of weldments and most 

noteworthy manage factors. [5] Titanium and aluminum alloy joint mutually by the arrangement of a compound 

Ti/Al boundary with low heat input. [7] The experiments were conducted in pulsed GTAW using response 

surface methodology for joining magnesium alloy based on a four factor, five level, central composite design 

matrix. [8] In this research, attempt has been extended to optimize the pulsed current GTAW process parameters 

to achieve greatest tensile strength of titanium and aluminum alloy. 

 

Experimental method: 

Titanium (6al4v) and aluminum (al7075) alloys are used in this present research, gas tungsten arc welding 

process is considered to join the unlike alloys. Filler material of aluminum 4047 series is used to join the alloys. 

Welding current is supplied as alternatively and work pieces are placed in environment controlled chamber. The 

dimensions of the work piece is 200 X 100 X 3 mm, titanium alloy specimens are chamfered in to 40° as a bevel 

angle and 1 mm is maintained for root face. In total, about twenty five specimens have been machined in each 

material to inspect in this method. Experimental setup is shown in fig.1.  

 
Fig. 1: Schematic diagram of work piece setup  

 

Argon gas is used as shielding medium, in this setup a separate tube is placed and connected with copper 

backup plate and holes are made at interface region in backup plate to keep away from oxidation and extend of 

runny fillers on double faces of joints. Copper backup plate is used to control the temperature distribution along 

the materials. To achieve a flaw free weld and best possible joint strength, the input process parameters are 

preferred in the most discriminatory range. The input parameters in subsequent range of arc voltage (12-20V), 

welding speed (60-100mm/min) and welding current (60-100 A).  

Tensile test is carried out to find out the uniqueness of the materials and joint strength for the welded 

specimens among different materials titanium 6Al-4V and aluminum 7075 for twenty samples through design of 

experiments below tensile load conditions. SERVO TUF CN - 1000 universal testing machine is used to 

evaluate the tensile test at room temperature condition.  

The Taguchi technique is an optimization technique which shows various functions by reduced tentative 

time and cost in getting better the performance of the method, scheme, design and product. It also optimizes the 

design in describing the orthogonal arrays to study on the subject of the process parameters. Taguchi method 

projected the objective function for matrix experiments in the course of signal to noise ratio (S/N). The amount 

of quality individuality and important process parameters by ANOVA is completed though the S/N ratios. The 

factors and levels for this process are listed in table.1. 

 
Table 1: Factors and Levels of orthogonal array L25 

FACTORS 
LEVELS 

1 2 3 4 5 

Arc voltage (V) 12 14 16 18 20 

Welding speed (mm/min) 60 70 80 90 100 

Welding current (Amps) 60 70 80 90 100 

 

In this observe, higher the better type is measured to acquire the most favorable process parameters and 

three process parameters used are Arc Voltage (V), Welding Current (Amps), Welding Speed (mm/min) and 

which manipulates in attaining the optimal joint strength of the joined dissimilar plates. L25 Orthogonal array 

has chosen to evaluate the best welding parameters for dissimilar materials of titanium and aluminum alloys 
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using gas tungsten arc welding process. Table.2 illustrates the L25 orthogonal array experimental layout. [9-10] 

The statistical investigation of variance (ANOVA) has been carried out to calculate the statistical importance of 

the process parameters. It helps to establish the effect of individual parameter on output parameter. MINITAB 

statistical package is used as a design tool. The MINITAB Taguchi design of the testing package recommended 

an L25 orthogonal array, taguchi design of the package is shown in table.2. In this table arc voltage, welding 

current and welding current experimental layout for L25 is illustrate clearly as coded value.[11-12] 

  
Table 2: L25 Orthogonal array experimental layout perform 

Experiment Number 

Input Parameters 

Arc Voltage (V) 

 

Welding Current 

(Amps) 

Welding Speed 

(mm/min) 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 1 4 4 

5 1 5 5 

6 2 1 2 

7 2 2 3 

8 2 3 4 

9 2 4 5 

10 2 5 1 

11 3 1 3 

12 3 2 4 

13 3 3 5 

14 3 4 1 

15 3 5 2 

16 4 1 4 

17 4 2 5 

18 4 3 1 

19 4 4 2 

20 4 5 3 

21 5 1 5 

22 5 2 1 

23 5 3 2 

24 5 4 3 

25 5 5 4 

 

RESULT AND DISCUSSION 

 

The tensile test is performed to estimate the ultimate tensile strength for the dissimilar joint of Ti/Al alloy 

welded specimens under a mixture of loading condition, where specimen is various in nature possessing both the 

base alloy and weld metal.  The joined work piece is finished in to sample size of about 200 mm and 12.5 mm 

length and width respectively using EDM process based on ASTM-E8 standards.[13] In whole, twenty five 

samples are made from the joined work pieces to calculate the optimal tensile strength value. The specimens are 

loaded in the universal testing machine to evaluate the tensile strength. Calculated value for tensile strength for 

the all sample is shown in fig.2.  

 
Fig. 2: Tensile test values for each experiment 
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The greatest value of 345.1 MPa is obtained for the input parameters arc voltage 16 V, welding current 90 

Amps and welding speed 60 mm/min. This is attained mainly due to the deliberate welding speed rate of 

electrode on the interface of welding. The major issue in getting the maximum tensile strength is due to enlarge 

in bonding time. It is happened by the intermetallics structure at the joint interface Ti/Al during connection 

process.[14-16] The values of tensile strength and hardness value are used in this experiment to calculate the 

mean and S/N ratio. The values of input and output of L25 is listed in table.3.   

 
Table 3: Input and output values of L25 orthogonal array for GTAW process 

Experiment 
Number 

Arc Voltage Welding Current Welding speed Tensile Stress 

1 12 60 60 331.8 

2 12 70 70 331 

3 12 80 80 329 

4 12 90 90 325.4 

5 12 100 100 316 

6 14 60 70 330 

7 14 70 80 326 

8 14 80 90 321 

9 14 90 100 316 

10 14 100 60 343.3 

11 16 60 80 328 

12 16 70 90 322 

13 16 80 100 315 

14 16 90 60 345.1 

15 16 100 70 343.6 

16 18 60 90 322.3 

17 18 70 100 314 

18 18 80 60 344 

19 18 90 70 344 

20 18 100 80 340 

21 20 60 100 312.8 

22 20 70 60 342.1 

23 20 80 70 341 

24 20 90 80 340 

25 20 100 90 333 

 

Main effects plot for tensile stress is shown in fig.3. It proves that maximum value is attained due to 

increase the arc voltage, tensile stress is increased during raising of welding current and welding speed is 

reverse to arc voltage and welding current. Decreasing welding speed is showed better result in tensile strength.   

 
Fig. 3: Main Effects plot for Tensile Stress 
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Fig. 4: Interaction plot for Tensile Stress between welding speed, welding current and arc voltage 

 

Interaction plot for all the parameters is shown in fig.4. It reveals that at minimum value of welding current 

involves achieving maximum of tensile strength, maximum tensile stress achieved with maximum value of 

welding current and welding speed. The relationship analysis is completed for the tensile strength value to 

compute the percentage of involvement by each process parameter which controlling the joint strength and 

excellence of the weld work piece. The arithmetical means for the measurement between the two or extra 

process parameters is known as regression analysis. The regression analysis is resultant in this examination for 

tensile strength to acquire the most advantageous joint strength. Regression equation is formed using Taguchi 

L25 orthogonal array with input and output parameter. The equation developed using regression for tensile 

strength is shown in equation.1. 

 
Fig. 5: Percentage contribution of parameters 

 

Tensile Strength regression equation = (345 + 0.994*(Arc Voltage) + 0.275*(Welding Current)  

- 0.662*(Welding speed)                            …… equation.1. 

 

Conclusion: 

The joint is made successfully between the dissimilar material of titanium and aluminum alloy without weld 

defect in gas tungsten arc welding process with aluminum alloy filler material AA 4047 with different process 

parameters.  

1. The tensile test has been examined and attain maximum tensile strength is to be 345.10 MPa at process 

parameter arc voltage (16 V) welding current (90 Amps) and welding speed (60 mm/min).  

2. The attained values confirm that the welded work piece posses nearer tensile strength of base metal. 

Taguchi L25 orthogonal array is used to identify the most influential process parameter in achieving the optimal 

join strength of the welded work piece.  
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3. The maximum tensile strength and hardness value is said to be 342.20 MPa and 183.10 Hv respectively 

at process parameter welding current (95 Amps), welding speed (60 mm/min) and arc voltage (17 V).  

4. The welding speed is the most influential process parameter to obtain the maximum value of 

mechanical property.  ANOVA method is used to calculate to the percentage of contribution ach process 

parameter provided during the GTAW welding process.  

5. The percentage of contribution by each process parameter for tensile strength is welding speed 

(mm/min) 52.88 %, welding current (Amps) 44.08 % and arc voltage (V) 2.17 %. 

6. Further different techniques to be employed to evaluate the process parameters for achieving better 

strength and weld quality. 

7. Various fillers and process may used to join these materials to compare and identify the results with 

previous experiments. 
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