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Abstract— Friction welding is a relatively new joining 

process it is a solid state joining process the joints are formed 

by utilizing the heat generated by friction. This paper 

discusses the importance of tensile strength in friction welded 

components with respect to the process parameters. The 

process parameters considered in this research work are 

friction force, Forge force, rotational speed and burn-off 

length for the 15CDV6 alloy steel. The effect of process 

parameters on tensile strength is optimized to establish the 

weld quality applying the response surface methodology 

(RSM.). The regression model generated by response surface 

methodology successfully optimizing the tensile strength. 

The friction force, rotational speed and burn-off are the 

significant parameters influencing the tensile strength of the 

joint. 
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I. INTRODUCTION 

Friction welding is one of the solid state joining process by 

which the quality welded products can be produced, this 

method of joining has gained more importance in the 

fabrication industry. In the field of welding, the weld quality 

mainly depends on the type of welding, mechanical properties 

of the weld metal and heat affected zone (HAZ) which in turn 

is influenced by metallurgical characteristics and chemical 

compositions of the weld [1,2]. The advantages of this 

friction welding process include high reproducibility, less 

production time and low energy input. In this method the 

joints are formed by heat generated due to friction. The 

friction is achieved in this process by rotating one component 

at high revolutions per minute (rpm) in contact with a 

stationary component by applying axial pressure during 

rotation the temperature at the interface is increased until 

material reach the plastic state. 

 The heat in friction welding is generated by 

conversion of mechanical energy into thermal energy at the 

interface of work pieces during rotation under pressure [3, 4]. 

The simple set up of the friction welding machine is shown 

in Figure1. At a precise moment, the rotation is stopped and 

axial forging force is then applied between the two 

components [5]. Friction welding consistently provides high-

strength, defect free joints and high productivity because of 

these advantages this welding technique has become the 

important for the manufacture of some automobile 

components, cutting tools such as drills, reamers and milling 

cutters, and pump shafts and also in the industries like 

aeronautical engineering, automobile engineering, submarine 

industry and heavy industry. Friction welding consists the 

parameters such as friction force, friction time, forge force 

(upset force), upset time, temperature measurement, burn off 

length, and rotational speed are the most important 

parameters, in this welding process the quality and strength 

of the welds depend on the proper selection of these 

parameters, these parameters that influence the weld quality, 

strength of the joint and the hardness of the heat affected 

zone(HAZ) [6,7]. 

 In this study for the material 15CDV6 alloy steel the 

parameters friction force, forge force, rotational speed and 

burn off length were considered to optimize the mechanical 

properties for good quality of welds. The typical applications 

of 15CDV6 alloy steel material includes roll cages, rocket 

motor casings, track and push rods, uprights, pressure vessels, 

sub frames, wish bones, suspension components, and motor 

sport applications. The literature on this material research 

work is very scare, the components made up of this material 

should have more tensile strength and also flexible to 

withstand the shock loads [8], therefore tensile properties of 

the joint is also necessary in the above field of applications. 

 The literature survey reveals that no work has been 

reported on regression modeling for the manufacturing of 

15CDV6 alloy steel similar materials. The aim of present 

study is to generate the regression model to predict the tensile 

strength of the friction welded 15CDV6 alloy steel joints. The 

friction force (A), forge force (B), rotational speed (C), and 

burn-off length (D) are the input parameters selected for the 

present study and the response parameter is tensile strength. 

II. EXPERIMENTAL WORK 

A. Material 

The material 15CDV6 alloy steel round rods of length 60mm 

and diameter 17mm is selected for the present research work 

these round rods are pre-heat treated for hardening and 

tempering processes as shown in table1. The heat treatment 

process will make the steel as an important structural product. 

The pre-heat treatment process of hardening develops high 

hardness, wear resistance strength and toughness in the 

material but at same time makes the material ductile, to 

remove the ductility in the pre-heat treated hardening process 

a further heat treatment process applied called tempering. The 

chemical composition and mechanical properties of this 

15CDV6 alloy steel is shown in table 2 and 3. 

Process Temperature ( oC ) Type of cooling Time in(Min) 

Hardening 975 Force fan air cooling 30 

Tempering 650 Forced fan air cooling 60 

Table 1: Heat Treatment Process 
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Element C Si Mn S P Cr Mo V 

Maximum 0.18 0.20 1.10 0.015 0.020 1.50 1.00 0.30 

Table 2: Chemical Composition of 15CDV6 Alloys Steel 

Condition 0.2% proof stress Tensile strength Elongation Hardness 

1.77342(annealed) -- -- -- 197HB 

1.77344 550 MPa min 700 MPa min 13% min -- 

1.77345 790 Mpa min 700 Mpa min 13% min -- 

1.77346 930 Mpa min 1080-1250Mpa min 10% min -- 

Table 3: Mechanical Properties of 15CDV6 Alloys Steel

B. Friction Welding Equipment 

The Friction welding experiments were conducted taking the 

tensile strength of the joint as the response parameter in a 

randomized order using fully automatic continuous driving 

friction welding machine at Defence Metallurgical Research 

Laboratory for each combination of process parameters, 

equal lengths of similar round rods were employed on both 

rotating side (RS) and stationary side (SS) in all the cases. 

 
Fig. 1: Friction Welding Principle 

III. THE METHODOLOGY 

A. Design of Experiments (DOE) 

The another Design Of Experiments (DOE)  called response 

surface methodology (RSM) approach is also used along with 

the Taguchi experimental design to validate the results 

obtained in both the experimental designs the design of 

experiments in this chapter is a power tool is used with 

minimum experimentation to predict  knowledge of complex, 

multivariable process. This method minimizes the cost of 

experimentation and also will meaningful valid conclusion 

with less number of experiments. The significant process 

parameters are identified with the help of this technique.  This 

DOE is also helps to know the individual the interaction 

effects of input process parameters which influence the 

response function. Response surface methodology is a 

statistical and mathematical model based on Design of 

Experiments is modeled to optimize the Tensile strength of 

15CDV6 Alloy Steel. 

B. Roughness Surface Methodology (RSM) 

This method is a collection of statistical and mathematical 

methods which are useful for modeling and analyzing 

engineering problems. The objective of this method is mainly 

to optimize the response function influenced by different 

process parameters. RSM technique also quantifies the 

controllable input process parameters and obtained response 

surface. The design procedure of RSM is presented below. 

1) The identification of controllable input process 

parameters and desirable response parameters. 

2) Planning of series of experimental runs as dictated by 

design matrix for adequate and reliable measurement of 

the response function. 

3) Developing a mathematical model f the second order 

response surface with the best fittings. 

4) 4. Finding the optimal combination of experimental 

parameters that gives a maximum or minimum    value 

of response. 

5) Reporting the direct and interactive effects of process 

parameters on the response through two and three 

dimensional plots. 

C. Box-Behnken Design 

This design is one of the widely used response surface design 

and is used in this present investigation. This Box-Behnken 

needs only three levels for each parameter, at the vertices of 

the cube no points were there and is defined by the ranges of 

the factors. This distinguished feature is sometimes useful 

when it is desirable to avoid the points at corner of the cube 

due to engineering considerations, for two or three factors it 

requires fewer experimental runs as compared to the central 

composite design. This design matrix needs 17 experimental 

runs only to model the process. 

IV. SELECTION OF INPUT PROCESS PARAMETERS 

The input process parameters considered in this work are 

friction force, forge force, rotational speed and burn-off. 

Initially the trial runs were performed on the friction welding 

machine to identify the levels of each input process parameter 

based on the trail runs input process parameters are 

considered for three levels as shown in table 4. 

Parameters (Factors) Level 1 Level 2 Level 3 

Friction force (KN),       A 5 10 15 

Forge Force (KN)  ,       B 15 30 45 

Rotational speed (rpm),  C 1000 1500 2000 

Burn-off (mm),             D 2 4 6 

Table 4: Process Parameters 

 The friction welding is performed on friction 

welding machine shown in figure 2 the joints formed in this 

welding process is shown in fig 3.. In friction welding process 

generally the surface preparation is not considered as major 

requirement the surface irregularities are removed by scoring 

action and the debris get removed in flash, here in this process 

the contact surfaces of the round rods were machined before 

welding to produce smooth as well as oxide-free surfaces 

which also ensures the perpendicularity to achieve sound 

weld joints. 
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Fig. 2: Friction Welded 15CDV6 Alloy Steel Joints 

 Trial runs were conducted to know the effect of 

various input process parameters on the Tensile strength of 

the 15CDV6 Alloy steel based on trial experiments the input 

process parameters were chosen the friction force(A), forge 

force(B), rotational speed (C), and burn off (D) are the four 

input process parameters were selected. The input process 

parameters and their levels are given in Table1. 

V. DEVELOPING MATHEMATICAL MODEL FOR TENSILE 

STRENGTH 

The experimental plan is generated by using Design Expert 

version of 10.0 software is given in Table. The experimental 

runs were conducted based on the Box-Behnken design 

matrix with the different combinations of input process 

parameters. The specimens were prepared as per the 

standards and Tensile tests were performed on the specimens 

of each run on the UTM and tensile strength obtained in the 

test is recorded against each experimental run and is given 

below in Table5. 

 The response parameter values are given in Table6. 

In the present investigation, equation for response function  in 

terms of Tensile Strength obtained by using trial version of 

Design Expert 10.0 software. 

 
Fig. 3: 15CDV6 Alloy Steel Friction Welded Joint 

The response equation generated by the model for Tensile 

Strength is given by 

A. Final Equation in Terms of Actual Factors 

Tensile Strength = 1855.6875 –21.5* Frictional Force 

+4.63611* Forge force +0.17708* Rotational Speed-

60.14583 * Burn Off+0.21333* Frictional Force * Forge 

force+0.014* Frictional Force * Rotational Speed-3.075* 

Frictional Force * Burn-Off+1.00E-04*Forge force * 

Rotational Speed+0.0625* Forge force * Burn-Off+7.75E-

03* Rotational Speed * Burn-Off+0.15583 * (Frictional 

Force2)–0.12796* (Forge force2)-1.45E-04*(Rotational 

Speed2) +4.14583* (Burn-Off2) 

 Factor 1 Factor 2 Factor 3 Factor 4 Response 1 

 A:Frictional Force B:Frge force C:Rotational Speed D:Burn-Off Tensile Strength 

Run KN KN RPM mm Mpa 

1 10 15 1500 6 1543.5 

2 15 30 1000 4 1632 

3 5 30 1500 2 1734 

4 15 30 1500 2 1756 

5 5 45 1500 4 1630 

6 10 15 2000 4 1541 

7 15 15 1500 4 1627 

8 10 30 1500 4 1655 

9 15 30 2000 4 1582 

10 10 30 1500 4 1655 

11 10 30 2000 6 1539 

12 15 45 1500 4 1621 

13 10 30 1000 6 1569 

14 5 30 1500 6 1641 

15 10 30 1500 4 1655 

16 10 45 2000 4 1538 

17 5 15 1500 4 1700 

18 10 45 1000 4 1622 

19 5 30 2000 4 1530 

20 10 30 2000 2 1715 

21 10 15 1500 2 1732 

22 10 30 1500 4 1655 

23 10 30 1500 4 1655 

24 15 30 1500 6 1540 

25 10 30 1000 2 1776 

26 10 45 1500 2 1725 

27 10 45 1500 6 1544 

28 10 15 1000 4 1628 

29 5 30 1000 4 1720 

Table 6: Experimental Layout using Box-Behnken Design for Tensile Strength
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VI. RESULTS & DISCUSSION OF TENSILE STRENGTH 

A. ANOVA 

The input process parameters results on the response function 

can be effectively studied by performing analysis f variance 

(ANOVA). The model summary statistics for Tensile 

strength are given in table7. It is observed that the quadratic 

model is best suggested for the present investigation where 

R2 value is maximum.  ANOVA for response surface model 

for Tensile strength is shown in table 8. 

 ANOVA is generally used for summarizing the test 

for significance on individual model coefficient. The value of   

“ Prob>F” in this present case is less than 0.0001. The value 

of “ Prob>F” for the model is less than 0.0500, which 

indicates that, model terms are significant. It indicates that the 

model terms have significant effect on the response 

parameter. The F-value of model in this present 

experimentation is 20.45 shown in table8,  this value of F 

indicates the model is significant.  It is also found that 

frictional force, rotational speed, burn off, ( Frictional force  

x Rotational speed), (Frictional force x Burn Off), ( Forge 

force2), and ( Rotational speed2) are the significant terms for 

the Tensile strength. 

Source Std. Dev. R-squared Adjsted R-squared 
Predicted 

R-squared 
PRESS Remarks 

Linear 38.00 0.7742 0.7366 0.6516 53468.31  

2FI 37.04 0.8391 0.7497 0.4908 78160.28  

Quadratic 22.61 0.9534 0.9067 0.7314 41220.84 Suggested 

Table 7: Model Summary Statistics 

ANOVA for Response Surface Quadratic model 

Analysis of variance table [Partial sum of squares - Type III] 

Source Sum of Squares df Mean Square F Value p-value Prob > F Remarks 

Model 1.46E+05 14 10452 20.45 < 0.0001 significant 

A-Frictional Force 3234.08 1 3234.1 6.33 0.0247 significant 

B-Forge force 697.69 1 697.69 1.36 0.2622  

C-Rotational Speed 21000.33 1 21000 41.08 < 0.0001 significant 

D-Burn-Off 93898.52 1 93899 183.69 < 0.0001 significant 

AC 4900 1 4900 9.59 0.0079 significant 

AD 3782.25 1 3782.3 7.4 0.0166 significant 

B2 5377.04 1 5377 10.52 0.0059 significant 

C2 8513.85 1 8513.9 16.66 0.0011 significant 

Residual 7156.4 14 511.17    

Cor Total 1.54E+05 28     

Table 8: Anova for Response Surface Model (Tensile Strength)

B. Regression Statistics of Tensile Strength 

The Regression statistics for the developed model are shown 

in table 5. The coefficient of determination (R2) is used to find 

the approximation of the developed regression model. If R2 

value is equal to 1 it means it provides exact match. When 

residual increases the value of R2 decreases from 1 to 0 range 

by increasing the number of input variables the residual can 

be decreased. A more concise regression model can be 

obtained by adjusting co-efficient of determination (R2) value 

for the degrees of freedom. Adj. R2 is used for this purpose 

this compares the residuals for the unit degrees of freedom.  

Adequate precision is used to compare the range of predicated 

values at the design points to the average predication error. It 

is the measure of signal- to- noise ratio (S/N). The ratio more 

than 4 indicates requisite model discrimination. In this 

present case the ratio is 16.326 shown in table 7.5, this value 

is much above 4. Therefore the developed regression model 

could navigate the response space. The co-efficient of 

discrimination, R2 value required should be nearer to 1, in this 

present experimentation, the R2 value for the developed 

model is 0.9534 shown in table 7.5, closer to 1 which must be 

desirable. 

Std. Dev Mean C.V % PRESS R-squared Adj R-squared Pred R-squared Adeq.  Precision 

22.61 1636.57 1.38 41220.8 0.9534 0.9067 0.7314 16.326 

Table 9: Regression Statistics

 The model adequacy is also confirmed by the 

examination of residuals. The normal probability plot and the 

plot of residual verses predicted response are used to examine 

the residuals. The condition for the model to be adequate is 

that, normal probability plot of the residual should give a 

straight line and the plot of residuals versus predicted 

response should be structure less and should not have any 

obvious pattern. 

 The normal probability plot for Tensile strength is 

shown in fig7.2, from this plot it is clear that residuals forms 

straight line and that is why the errors are distributed evenly. 



Study on the Effect of Process Parameters of Similar Metals Friction Welding 15CDV6 Alloy Steel to Predict Tensile Strength using RSM 

 (IJSRD/Vol. 6/Issue 07/2018/132) 

 

 All rights reserved by www.ijsrd.com 568 

 
Fig. 3: Normal Probability plot of Residuals for Tensile 

Strength 

 The plots of residuals versus predicted response for 

the Tensile strength is shown in fig 7.3. This plot also have 

no obvious structure which interprets that, the predicted 

model is adequate. 

 
Fig. 4: Plots of residuals verses predicted Tensile Strength 

 The plot of predicted versus actual for Tensile 

strength as shown in fig 7.4 gives straight line, which also 

interprets the developed model have the consistency. 

 
Fig. 5: Plot of Predicted values Versus Actual Values for 

Tensile Strength 

C. Response Surface Graph for Tensile Strength between 

parameters A, and C 

The three dimensional (3D) surface plots can be used to 

predict Tensile strength values of friction welded joints for 

any suitable combination of input parameters, these plots are 

shown in fig 7.5. The graph shows the effect of frictional 

force and rotational speed on the Tensile strength of the 

friction welded 15CDV6 alloy steel observing the plot it can 

be interpret that with increasing values of both rotational 

speed and as well as frictional force the Tensile strength is 

increasing to a maximum value. 

 The lower value of frictional force (A) 5 KN, and 

low rotational speed (D) 1000 rpm causing the two weld 

mates to form a friction welded joint. The joint is formed at 

lower levers the above two parameters, at these low levels 

less heat but sufficient to form joint is generated because low 

heat generation faster cooling of the joint is takes place 

resulting formation fine grain structure in the joint giving 

maximum tensile strength. 

 
Fig. 7.5: 3D Plot of Frictional Force & Rotational speed on 

Tensile strength 

D. Response Surface Graph for Tensile strength between 

parameters A, and D 

The 3D surface plots can be used to predict tensile strength 

values of friction welded joints for any suitable combination 

of input parameters. The 3D plots for tensile strength are 

shown in fig7.6. 

 The figure shows the effect of frictional force (A) 

and Burn Off (D) the tensile strength of the friction welded 

joints have also the tensile strength increasing with lower 

value of frictional force (A) 5 KN, and the lower value of burn 

off the lower levels of these two parameters producing less 

heat generation ( but sufficient to form joint) at the weld joint 

the fast cooling takes place resulting the formation of fine 

grain structure thereby its tensile strength increasing to a 

maximum value. 

 
Fig 7.6. 3D Plot of Frictional Force and Burn Off on Tensile 

Strength 
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Sl.No 

Parameters 
Maximum Tensile           

strength (MPa). Error 

(%) Friction 

Force(A) KN 

Forge 

Force(B) KN 

Rotational speed 

(C) (RPM) 

Burn 

off(D) mm 
Experimental 

RSM 

Predicted 

1 6 20 1200 2.5 1778.85 1780.68 0.10 

2 9 30 1400 3.5 1778.70 1780.66 0.11 

3 12 40 1600 4.5 1778.65 1779.68 0.05 

Table 7.6: Sample Predicted Data from Response Surface Model 

VII. CONFIRMATION TEST 

The developed model is required a confirmation test to 

validate the results. Confirmation test was conducted by 

setting the input parameters within the range of selected 

levels. The percentage of error was determined from the 

experimental value and corresponding predicted value. These 

experimental and predicted values are given in table 7.6. The 

maximum percentage of error is found to 0.11%, which is 

within the allowable limits. Therefore the response equation 

for developed for the tensile strength can be used successfully 

predict the tensile strength for any combination of input 

parameters within the range of defined levels. 

VIII. CONCLUSIONS 

1) In this research work, response equation for tensile 

strength has been developed by response surface 

methodology (RSM) for different input process 

parameters namely friction force, forge force, rotational 

speed, and burn-off. 

2) The frictional force, rotational speed and burn-off are the 

most significant parameter   influencing for maximum 

tensile strength. 

3) The predicted model can successfully directs the 

response   (tensile strength) within the range of selected 

levels. The confirmation test proves that experiment 

values are in good agreement with predicted values 

shown in table 7.6. 
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