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Finite element modeling of rotary friction welding of dissimilar pipes
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ARTICLE INFORMATION ABSTRACT

In this paper, finite element modeling of friction welding of two ASTM A106-B and AISI 4140
dissimilar pipes is investigated. The effect of the friction welding parameters including rotation speed,
friction pressure, friction time, forging pressure and forging time on the axial shortening are
investigated using a fractional factorial design method. Because of the extreme material deformation, an
innovative remeshing technique was scripted in Abaqus CAE to prevent the creation of distorted
elements. 27 models were solved and 3 validation experimental tests were carried out. Results showed
that increasing the all parameters cause larger axial shortening. Friction pressure with 33.9% had the
most effect on the axial shortening. Moreover, an increase in forging pressure and forging time has a
limited effect on the axial shortening. After about 2 seconds from the beginning of the welding, the
temperature of the interface becomes steady at about 1250°C. The validation tests revealed that the
simulation error was about 5.6% which shows a good agreement between the finite element results and
the experimental data.
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Figure 1 Schematic variation of welding parameters with time
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Table 3 process parameters and the results of axial shortening obtained
by finite element simulation

S N

S (s) (MPa) (s) (MPa) (rpm)
(mm)
1.7 8 120 6 80 500 1
5.2 4 120 6 80 1000 2
51 4 120 6 100 500 3
10.2 8 120 6 100 1000 4
52 4 120 10 80 500 5
9.5 8 120 10 80 1000 6
13.6 8 120 10 100 500 7
16.4 4 120 10 100 1000 8
4.6 4 160 6 80 500 9
10.2 8 160 6 80 1000 10
9.6 8 160 6 100 500 11
125 4 160 6 100 1000 12
5.2 8 160 10 80 500 13
11.7 4 160 10 80 1000 14
16.6 4 160 10 100 500 15
22.3 8 160 10 100 1000 16
7.9 6 140 8 90 500 17
12.9 6 140 8 90 1000 18
8.5 6 140 8 80 750 19
13.6 6 140 8 100 750 20
5.5 6 140 6 90 750 21
15.1 6 140 10 90 750 22
9.2 6 120 8 90 750 23
13.0 6 160 8 90 750 24
11.0 4 140 8 90 750 25
14.9 8 140 8 90 750 26
10.9 6 140 8 90 750 27
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Table 4 ANOVA of the axial shortening model

) 53U g e

P lade sl azys Gl ggeme ule
16.97 <0.0001 42.269 1 93.982 n
33.88 <0.0001 84.415 1 187.689 Py
26.37 <0.0001 65.693 1 146.062 t
8.76 0.0001 21.826 1 48.527 P2
0.79 0.1758 1.970 1 4.380 t2
5.21 0.0018 12.983 1 28.866 Pty
8.03 20 44.468 Ua>
100.00 - - 26 553.975 5
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Fig. 26 Tensile strength and axial shortening of the welded samples
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Table 5 Experimental and simulation results of the axial shortening and
size of the flashes after welding
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