
www.ijcspub.org                                              © 2022 IJCSPUB | Volume 12, Issue 2 June 2022 | ISSN: 2250-1770 

IJCSP22B1226 International Journal of Current Science (IJCSPUB) www.ijcspub.org 953 
 

Statistical Analysis on Friction Weld Created in 

Friction Welding of Tungsten Alloy and Stainless 

Steel 
 

1Vishalkumar R. Parmar, 2Mr. Jignesh Patel, 3Mr. Piyush Surani 
1M.Tech. Scholar, 2Assistant Professor, 3Assistant Professor 

1Dept. of Mechanical Engineering 
1Indus Institute of Technology and Engineering 

1Indus University, Rancharda, Ahmedabad, Gujarat, India 

 

Abstract:- In friction welding, the joints are formed in the solid state by utilizing the heat generated by friction. The objectives of 

this study are obtaining friction weld element of Tunsten alloy, Stainless steel and optimizing the friction welding parameters in 

order to establish the weld quality. For Interlayer material copper is used. Both Tunsten alloy and Strainless steel electroplated with 

copper (cu) Thickness is 1.2mm on both. The Fabricated weld joint was analysed for quality initially drop test and after all specimens 

taken for Tensile testing. This paper discusses use Taguchi experiment design technique for maximizing tensile strength of friction 

welding Tunsten alloy and Stainless steel. An orthogonal array of L9 was; Using ANOVA and signal to noise ratio of robust design, 

effect of tensile strength of friction welding process parameter (friction pressure, forge pressure or upset pressure, Rpm) is evaluated 

and optimum welding condition for maximizing tensile strength is determined. Taguchi method was used to understand the levels 

of process parameters at which the performance of the joint is better. 
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1. Introduction:- 

 
In friction welding, generation of heat softens the materials to the super plasticity stage and deform it by upset pressure, 

resulting in a strong mechanical bonding. This Paper is a contribution to research work with the final ambition of friction welding 

Tunsten alloy to Stainless steel. The friction welding process was selected for joining s tunsten alloy to a Stainless Steel material by 

adding copper interlayer after a literature study showed that this is a possible feasible technology. The principles of tunsten alloy to 

Stainless Steel material can also be applied to other dissimilar material combinations. 

In manufacturing field, if the cutting tool tip is broken, it will joined with use of   brazing method. While brazing is not give 

the higher strength and the tool tip will again breakdown in short working period. So, that important need has become evident for 

joints of high strength, in order to produce tools of lengthened life span and at low cost. Thus, the development of innovative joining 

techniques to replace the brazing is an urgent requirement. 

In this study, Stainless Steel & Tungsten alloy both are electroplated with 1.2mm copper interlayer on the face of both rods 

for getting higher bonding and higher tensile strength.   

                                                                        Work piece 

                                                                                            

                                              Rotation                                                                                    Axial Force 

 

Fig.1. Rotary Friction Welding 

2. Experimental Procedure:- 

 

2.1 Materials and Methodology:- 

 

A study using stainless steel and Tunsten alloy was used as base metal, and copper material is used for interlayer which is 

electroplated on both materials surfaces 1.2mm each. Total thickness of interlayer is 2.4mm. Stainless steel and Tunsten alloy 

diameter is 10mm and length is 100mm and 65mm respectively. The solid works design showed in Fig. The electroplated materials 

are shown in fig. The FWT-20 Friction welding machine is used. The rpm range of this machine is 800-2000 rpm. The quality of 

welds produced by any process for that matters depends upon the use of an optimum combination of process parameters under 

consideration. The specimens of Stainless Steel andTunsten alloy  welded samples were prepared for tensile test as per ASTM 

standard section IX and subjected to tensile test on a machine FIE 400kN UTM (Universal Testing Machine). Undesirable welds 

or defect formation happens due to inappropriate combination of the process parameters. So, for that from the literature and trials 

done in this investigation, factors for friction welding were carefully selected.    
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2.2 Steps in Taguchi Methodology:- 

 

Step1: Identify the main function, side effects, and failure mode  

Step2: Identify the noise factors, testing conditions, and quality character 

Step3: Identify the objective function to be optimized 

Step4: Identify the control factors and their levels 

Step5: Select the orthogonal array matrix experiment  

Step6: Conduct the matrix experiment  

Step7: Analyse the data; predict the optimum levels and performance  

Step8: Perform the verification experiment and plan the future action  

 

2.3 Why Taguchi Method? 

Taguchi method is robust design techniques widely used in industries as it can improve the processing quality, reduce the 

number of experiments, minimize the processing variation and maintenance and promote the quality stability. 

In the taguchi method for this experiment the 3 parameters with 3 levels will generates (Nn) possible various combination 

for the experiment, were “N” is number of parameter and “n” is number of levels. 

So, Nn  = 33 = 27 

From this, the total possible combination of parameters with levels will be 27, instead of getting in to complex and time 

consuming calculation, Taguchi method optimize the 27 experiments in L9 orthogonal array that will give the same results as    

compare with the 27 results. So that I conduct only 9 experiments. 

 

 

2.4 Solid works Design:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Fig. 2.  Design Stainless Steel and Tunsten alloy with electroplating 1.2mm 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Fig. 3. Design Stainless steel and Tunsten alloy Assembly 

 
Stainless steel and tunsten alloy rod with copper electro plating is shown in fig2. this 3D model is created in solid works 

2017 version software.in fig3 shows the friction welded rod of  Stainless steel and Tunsten alloy which is created, edit and visualize 

3D model and detailed drawing by using SOLID WORKS 2017. This solid works design is used for final preparation for materials. 

According to this design the materials were machined and get final dimensions. After that electroplating of Cu interlayer material 

is done According to the solid works design as shown in fig 3. 

 

 

Copper Plating 1.2mm 
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1. Selection of Raw Material (Tungsten Alloy and Stainless steel) 

2. Machine 

FWT-20 machine. 

3. Novelty of method 

Electro plating of copper on both material surfaces. 

4. Raw material preparation with surface finishing. 

5. Parameter selection for selected materials, and copper interlayer. 

6. Taguchi L9 Orthogonal Array. 

7. Joints preparations with friction welding machine. 

8. Testing and Evaluation of the joint. 

9. Parametric optimization. 

10. Result & Analysis. 

 

2.5 Flow chart of the experimental study:- 

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.6 Selection of Orthogonal Array:-  

 

To select an appropriate orthogonal array for experiments, the total degrees of freedom need to be computed. The degrees 

of freedom are defined as the number of comparisons between process parameters that need to be made to determine which level is 

better and specifically how much better it is. For example, a three-level process parameter counts for two degrees of freedom. The 

degrees of freedom associated with interaction between three process parameters are given by the product of the degrees of freedom 

for the three process parameters. Basically, the degrees of freedom for the orthogonal array should be greater than or at least equal 

to those for the process parameters. In this study, an L9 orthogonal array was used. A total of nine experimental runs must be 

conducted, using the combination of levels for each control factor as indicated in Table 2. Therefore, there are Eight degrees of 

freedom owing to the three welding parameters.  

Once the degrees of freedom required are known, the next step is to select an appropriate orthogonal array to fit the specific 

task. Basically, the degrees of freedom for the orthogonal array should be greater than or at least equal to those for the process 

parameters. In this study, an L9 orthogonal array was used. This array has eight degrees of freedom and it can handle three-level 

process parameters. Each Friction welding parameter is assigned to a column and twenty seven welding parameter combinations 

are available. A total of nine experimental runs must be conducted, using the combination of levels for each control factor (A–C) 

as indicated in Table 1. 
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Table 1.  L9 Orthogonal Array 

Run A B C 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

 
 

2.7. Friction welding machine picture:-  

 

 

 

 

 

 

 

 

 

                                                 
                                                   Fig. 4. Experimental machine (FWT – 20)                   
 
 

 

 

 

 

       
 

Fig. 4(a) Internal Setup of Friction Welding Machine 
2.8 Factorial Table:- 

 

As discussed before we have selected L9 orthogonal array for our experimentation and hence we have to take nine specimen 

for testing and obtain the testing results for the optimization. So we have also taken three friction welding parameters for our 

optimization and they are : Friction Pressure (FP); Upset Pressure (UP); and Rotational Speed (RPM) with three levels. Below the 

factorial table is shown for our parameters. 

 

 

Table 2. friction welding parameters and their levels 

 
 

 

 

 

 

 

 

 

 

 

Parameters Level 1 Level 2 Level 3 

Friction Pressure (FP) 1 2 3 

Upset Pressure (UP) 2 3 4 

Rotational Speed (RPM) 1800 1900 2000 
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2.9 Failed rod during friction welding (without copper interlayer):- 

 

The fig 5 shows the failed friction welding rods, in this rod no copper interlayer is used. This rod is used directly for friction 

welding without the interlayer material. At any parameter there is no weld or bonding is created between both materials. In friction 

welding of this material there is heat is generated and both materials are plastically deformed but no bonding is created due to the 

dissimilar chemical properties of these materials. The failed materials are shown in fig. after this experiment it is proved that without 

the inter layer material impossible to join these materials by friction welding. So for getting higher tensile strength and create the 

intermetallic bond I use the copper material as an interlayer. For friction welding i use this novel method which is all 18 rods are 

electroplated with copper material on round face of the material thickness of copper is 1.2 mm on each roads. Total thickness is 

2.4mm for friction welding.  

 

 

 
                                         

                                            
 

 

 

 

                      

Fig. 5. Failed rod during friction welding (without copper interlayer) 

 

2.10 Materials Used as Interlayer:- 

 

For using suitable material for our experimental analysis, i have gone through the rigorous study of the published papers 

about how the interlayers behave and their mechanical properties and have got some geometrical perspectives too which are as 

discussed along with required tables and figures in an experimentally elaborated manner. Generally, metals like Nickel, Copper, 

Cobalt, Zinc, Molybdenum, and Vanadium are used as an interlayer material. 

Ni, when nickel is used as an interlayer it is observed that tensile strength of weld increases whereas hardness decreases. 

Precipitation of Chromium Carbide decreases due to presence of nickel at weld interface. Formation of solid solution of Ni and Fe 

takes place when it is welded with die steel.  

Cu, Migration of copper takes place towards base metal side during friction welding of two dissimilar material. Copper also 

prevents the formation of intermetallic bond. Up to certain thickness of interlayer, tensile strength of weld joint increases. 

 
2.11 Materials with Electroplating of Copper:- 

 

Due to the failure in direct friction welding of tunsten alloy  and Stainless Steel without using interlayer material so for 

that weld creation used the copper interlayer material. In Previous study defines the up to the certain thickness of interlayer material 

there is high strength bond is get in friction welding. The fig shows the materials stainless steel and Tunsten alloy electroplated with 

copper material thickness is 1.2mm on both materials. Total thickness of interlayer is 2.4mm in friction welding experiment. 

 

2.12 Friction welded specimens:- 

The fig 6 shows the friction welded specimens. Below specimens were friction welded according to experimental table. 

The flash generated during friction welding. The flash is removed by machining on lath machine. In friction welding, the excess 

material starts to extrude away from the weld interface that extruded material called flash. After the successful friction welding the 

all specimens were taken for tensile testing. 

 

  

 

 

 

Fig.6. Friction welded specimens 
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2.13 Tensile Testing:- 

 

The all nine specimens after they were tested and removed from the tensile test machine. Universal tensile testing machine 

is shown in fig 7. Effect of friction pressure, forge pressure and RPM on the strength of joints were examined in welding of equal 

diameter parts the friction time and upset time was kept constant. The strength of joints was determined by tensile tests and the 

results were compared to those fully machined specimens. The fracture occurred at the weld interface of the dissimilar metal weld 

joint. From all nine specimens the higher tensile strength 315.382 MPa is get. The welded specimens were subjected to tensile test 

on a machine equipment is FIE 400kN UTM (Universal Tensile testing Machine). For that method is used ASME BPVC SECTION 

IX. The results of tensile testing are listed in Table 3.The tensile testing shows that breaking occurs in the welding area. 

 

 

 

 

 

  

 

 

 

 
 

2.14 Experimental Result Table:- 

 

Table 3. Experimental Result table  

 

 

 

 

 

 

 

 

 

 

 

 

 

L9 orthogonal array was selected, and experiments are conducted accordingly. The all process parameters and their levels 

are given in table. The output parameter was tensile strength carried out. The welded specimens were subjected to tensile test on a 

machine equipment is FIE 400kN UTM (Universal Tensile testing Machine). For that method is used ASME BPVC SECTION IX. 

All the obtained or measured values were shown in table. The transformation of S–N ratio values from the original response values 

was the initial step. Analysis was carried out on the basis of the S/N ratio values. 

 

2.15 Analysis experimental data:- 

 

The signal to noise ratio (S/N ratio) was used to measure the sensitivity of the quality characteristic being investigated in 

a controlled manner. In Taguchi method, the term ‘signal' represents the desirable effect (mean) for the output characteristic and 

the term ‘noise' represents the undesirable effect (signal disturbance, S.D) for the output characteristic which influence the outcome 

due to external factors namely noise factors. 

The preferred parameter settings are then determined through analysis of the “signal-to noise” (SN) ratio where factor 

levels that maximize the appropriate SN ratio are optimal. There are three standard types of SN ratios depending on the desired 

performance response. 

To determine the effect each variable has on the output, the signal-to-noise ratio, or the SN number, needs to be calculated 

for each experiment conducted. The calculation of the SN for the first experiment in the array above is shown below for the case of 

a specific target value of the performance characteristic. In the equations below, yi is the mean value and si is the variance. yi is the 

value of the performance characteristic for a given experiment. 

𝑺𝑵𝒊 = 𝟏𝟎 𝒍𝒐𝒈
�̅�𝒊

𝟐

𝒔𝒊𝟐
 

For the case of minimizing the performance characteristic, the following definition of the SN ratio should be calculated:  

𝑺𝑵𝒊  =  −𝟏𝟎  𝒍𝒐𝒈 ( ∑
𝒚𝒖

𝟐

𝑵𝒊

𝑵𝒊

𝒖=𝟏

 ) 

Sr.No of 

Specimen 

Friction 

Pressure 

Upset 

Pressure 

Speed  

(RPM) 

Weld 

confirmation 

Ultimate Tensile 

strength(N/mm2) 

SN Ratio Location 

of 

fracture 

1 1 2 1800 Successful 222.727 46.95 B.F.W 

2 1 3 1900 Successful 315.382 49.97 B.F.W 

3 1 4 2000 Successful 123.200 41.81 B.F.W 

4 2 2 1900 Successful 217.636 46.75 B.F.W 

5 2 3 2000 Successful 304.945 49.68 B.F.W 

6 2 4 1800 Successful 192.182 45.67 B.F.W 

7 3 2 2000 Successful 245.127 47.78 B.F.W 

8 3 3 1800 Successful 134.400 42.56 B.F.W 

9 3 4 1900 Successful 242.073 47.67 B.F.W 

Fig. 7 Universal testing machine 
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For the case of maximizing the performance characteristic, the following definition of the SN ratio should be calculated:  

 

𝑺𝑵𝒊  =  −𝟏𝟎 𝒍𝒐𝒈( 
𝟏

𝑵𝒊

 ∑
𝟏

𝒚𝒖
𝟐

𝑵𝒊

𝒖=𝟏

 ) 

 

In which yu = Response Value, and Ni = Number of Response 

 

                      

 

 

 

                                     

                     

           

 

 

 

Fig.8.  Plot of main effects for SN Ratio. 

After calculating the SN ratio for each experiment, the average SN value is calculated for each factor and level. This is 

done as shown below for Parameter 1 (T1) in the array. Once these SN ratio values are calculated for each factor and level, they are 

tabulated as shown below and the range R (R = high SN - low SN) of the SN for each parameter is calculated and entered into the 

table. The larger the R value for a parameter, the larger the effect the variable has on the process. This is because the same change 

in signal causes a larger effect on the output variable being measured. Data analysis was did with Minitab 19 software and the main 

effects plots for SN ratio is shown in fig 8. 
 

3. Results and Discussions:- 

Tunsten alloy and stainless steel dissimilar friction welding joints without interlayer is failed during drop test. Without the 

interlayer there is no anyt bonding is created between both materials. In the present study the Cu interlayer is used. The thickness 

of interlayer is 2.4 mm in between both materials. The friction welding is successfully done after taking the interlayer. Before tensile 

testing all specimens taken for drop test. All specimens were sustain in drop test or not broken in drop test from weld zone. 

Friction welding was performed based on L9 orthogonal array to investigate the effects of the welding process parameters, 

like friction pressure, forge pressure and RPM. The best possible set of welding parameters are determined for the welding Stainless 

steel and Tunsten alloy effectively and efficiently with a interlayer material copper. Table 4 gives the optimal set of process 

parameters. It gives the rank for parameters 1 for RPM, 2 for Forge pressure, and 3 for friction pressure. This means that RPM was 

the main influencing factor followed by forge pressure and followed by friction pressure. 

Analysis of variance is the method for welding parameters to computation the significantly assesses the contribution of 

each parameter variation made by the overall response variation. It was used for determine the significance of input parameters. 

The Minitab 19 statistical software is used to investigation of significance of welding parameters namely, friction pressure, forge 

pressure and Rpm. From analysis of variance, it is clear that the RPM (51.78%) influences most in determining the quality of the 

weld followed by forge pressure (11.53%). The outcome of ANOVA is shown in table 5. 

 

Table 4. Response Table for Signal to Noise Ratios 

Level Friction 

pressure 

Upset 

Pressure 

RPM 

(Speed) 

1 46.25 47.17 45.07 

2 47.37 47.41 48.14 

3 46.01 45.06 46.43 

Delta 1.36 2.35 3.07 

Rank 3 2 1 
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Table 5. Analysis of Variance for SN ratios 

 

 

 

 

 

 

 

 

 

 
For qualifying the welding procedure the tensile test is most popular mechanical test is used. The base material tensile 

strength of Stainless steel is 520Mpa and tunsten alloy is 662Mpa. The maximum tensile strength 315.382Mpa was obtained by one 

of the feiction welded specimen. 
 

4. Conclusions:- 

 

 In the present study,Stainless steel and Tunsten alloy materials were welded successfully with using interlayer material. 

The welding process was investigated by tensile testing. Furthermore, the significance and contribution of each parameter were 

examined and evaluated by ANOVA. Following are the conclusions drawn: 

1. The friction welding of Stainless steel and Tunsten alloy without using interlayer proper bonding is not created, specimen will 

failed in drop test. 

2. The L9 Taguchi orthogonal designed experiments of friction welding on Stainless steel and Tunsten alloy were successfully 

conducted. 

3. The friction welding process parameters are optimised towards the tensile strength of the joint. The optimal levels of the rpm, 

upset pressure, and friction pressure is 1900 rpm, 3 bar, and 2 bar respectively. 

4. Rotation speed (RPM) is the highly significant factor. From analysis of variance it is clear that the RPM influences most in 

determining the quality of the weld joint followed by upset pressure and friction pressure. 

5. The tensile strength of the joint increased and then decreased after reaching a maximum value, with increasing in RPM. 

6. The maximum Tensile strength achieved in this experiment is 315.382 Mpa. 
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