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Abstract

The purpose of this research was to determine the relationship between various important parameters
of the friction welding process for AISI 1015 steel to obtain a maximum tensile strength of welding joints. In this

study, response surface methodology (RSM) was employed to evaluate the effects of friction time, upset time,
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friction pressure, upset pressure and rotational speed on the tensile strength of welding joints. The results from the
RSM analysis indicate that the friction time, friction pressure and upset pressure have the most significant effect
on tensile strength of welding joints, while the upset time and rotational speed were not significant. The coefficient
of determination (R?) of the mathematical model was 0.8064. The optimal conditions of friction welding, which
obtained the maximum tensile strength of welding joints of 1048 MPa, were performed at friction time of 8.86 sec,
upset time of 2.22 sec, friction pressure of 29.36 bar, upset pressure of 59.25 bar and rotational speed of 1259.58
rpm. The experimental values of the optimized condition exhibited tensile strength of welding joints of 1007 MPa.
Comparison of the experimental values with those of the predicted values was almost identical with low percentage
bias of tensile strength of welding joints of 3.91%. Therefore, the mathematical model has developed adequately

describing ranges of the experimental parameters studied and provides a statistically accurate prediction of the

optimum tensile strength of welding joints.
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M9 auls MANUUVINTY
ﬂﬂamﬁ T (sec) T (sec) P (bar) P (bar) N(rpm) ﬂums@m‘ﬁ'au (MPa)
1 8.00 2.00 20.00 50.00 1300.00 861.33
2 12.00 2.00 20.00 50.00 1300.00 830.56
3 8.00 4.00 20.00 50.00 1300.00 890.31
4 12.00 4.00 20.00 50.00 1300.00 812.39
5 10.00 3.00 10.00 40.00 1300.00 77827
6 10.00 3.00 30.00 40.00 1300.00 818.21
7 10.00 3.00 10.00 60.00 1300.00 758.18
8 10.00 3.00 30.00 60.00 1300.00 954.53
9 10.00 2.00 20.00 50.00 1200.00 790.44
10 10.00 4.00 20.00 50.00 1200.00 795.84
11 10.00 2.00 20.00 50.00 1400.00 810.40
12 10.00 4.00 20.00 50.00 1400.00 851.32
13 8.00 3.00 10.00 50.00 1300.00 736.29
14 12.00 3.00 10.00 50.00 1300.00 798.47
15 8.00 3.00 30.00 50.00 1300.00 969.61
16 12.00 3.00 30.00 50.00 1300.00 788.25
17 10.00 3.00 20.00 40.00 1200.00 821.79
18 10.00 3.00 20.00 60.00 1200.00 811.06
19 10.00 3.00 20.00 40.00 1400.00 856.05
20 10.00 3.00 20.00 60.00 1400.00 752.94
21 10.00 2.00 10.00 50.00 1300.00 729.56
22 10.00 4.00 10.00 50.00 1300.00 727.38
23 10.00 2.00 30.00 50.00 1300.00 895.20
24 10.00 4.00 30.00 50.00 1300.00 881.73
25 8.00 3.00 20.00 40.00 1300.00 816.25
26 12.00 3.00 20.00 40.00 1300.00 803.16
27 8.00 3.00 20.00 60.00 1300.00 890.45
28 12.00 3.00 20.00 60.00 1300.00 836.93
29 10.00 3.00 10.00 50.00 1200.00 723.27
30 10.00 3.00 30.00 50.00 1200.00 790.28
31 10.00 3.00 10.00 50.00 1400.00 766.32
32 10.00 3.00 30.00 50.00 1400.00 763.8
33 8.00 3.00 20.00 50.00 1200.00 814.74
34 12.00 3.00 20.00 50.00 1200.00 777.41
35 8.00 3.00 20.00 50.00 1400.00 783.28
36 12.00 3.00 20.00 50.00 1400.00 805.43
37 10.00 2.00 20.00 40.00 1300.00 739.01
38 10.00 4.00 20.00 40.00 1300.00 794.9
39 10.00 2.00 20.00 60.00 1300.00 931.77
40 10.00 4.00 20.00 60.00 1300.00 814.45
41 10.00 3.00 20.00 50.00 1300.00 743.15
42 10.00 3.00 20.00 50.00 1300.00 744.1
43 10.00 3.00 20.00 50.00 1300.00 742.87
44 10.00 3.00 20.00 50.00 1300.00 742.35
45 10.00 3.00 20.00 50.00 1300.00 743.22
46 10.00 3.00 20.00 50.00 1300.00 743.1
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N1INAQDAULUY Box-benhken

Sequential Model Sum of Squares

Sum of Mean
Source df F-value p-value
squares square
Mean vs Total 2.991x10’ 1 2.991x10’
Linear vs Mean 57294.20 5 11458.84 4.21 0.0036
2FI vs Linear 33982.68 10 3398.27 1.36 0.2440
Quadratic vs 2F1 42617.20 5 8523.44 6.63 0.0005 Suggested
Cubic vs Quadratic 27424.23 15 1828.28 3.87 0.0180 Aliased
Residual 4720.33 10 472.03
Total 2.998x10’ 46 6.516x10°

Model Summary Statistics

Source SD R’ Adj. R? Pred. R®  PRESS Remark
Linear 52.14 0.3451 0.2632 0.1459  1.418x10°
2FI 49.92 0.5497 0.3246 -0.0016  1.663x10°
Quadratic 35.86 0.8064 0.6515 0.2256  1.286x10°  Suggested
Cubic 21.73 0.9716 0.8721 -0.8189  3.020x10° Aliased

Y a ¢ o
ﬂ]iNﬁ 5 uaasmsanszraNuulslsiu (ANOVA) 19311UU1003IN1TDANDYUDINANDUAUD

Degrees of
Source Sum of squares Mean squares F-value P-value
freedom

Model 1.339x10° 20 6694.70 5.21 <0.0001
Residual 32144.56 25 1285.78
Lack of fit 32142.94 20 1607.15 4941.16 <0.0001
Pure error 1.63 5 0.33
Corrected total 1.66x10° 45

CV = 4.45%, R’= 0.8064, Adj. R*= 0.651, Pred. R’=0.225
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Source Coefficients Standard error P-value
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P 52.74 8.96 <0.0001
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PN -23.09 17.93 0.2095
le 51.10 12.14 0.0003
TZZ 46.24 12.14 0.0008
P’ 23.14 12.14 0.0682
P’ 48.02 12.14 0.0006
N’ 9.39 12.14 0.4464
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