432-423 oo 01 olesds 18 0,95 1397 (1339 38 ()0 SiilKo (SwIdio dlxo

Hibs3; ale dslisle
O I S0 (gwikigo

mme.modares.ac.ir

JJJJ

TG

o i SRy F1590 Sl (7 gz Wi T B dgusmo Ol (8 luduis

3‘;U3JS‘;CL\.@ Ly ‘S‘r“"""b J:uﬂ f‘”’zgam (eundans ‘1$M.J.'|3J.u.i il KITEN

IR et a5 oKl (SlSe quntis eyl gty lS” s ol sl ~1
GRS e yte oy ol (Sl wdipe bl =2

Ot oo i ol (SIS pwdins (655> (sgoedily -3
sadeghim@modares.ac.ir 14115-143 ., 39a00 )lyas #

s Ss Wlie Sleo!

S8 (atimgy allis

1396 1 17 cdl s
1396 (5>10 : s
1396 (329 el > 1)

<1, AISI 4140 3 ASTM AL06-B iz ps yii alg) 93 e Shol (65 bsr Ssl,3 s9amo lall (sjloinsd Limgly ol 5
i (Sl loj (Sl Jlid (Sligs oy Jold (G ol slojially 8T (g8 Lilefl ok ) odlital b 0
Ol 3 035 S5 50 2925 4 a2 g8 LB 15 (y y90 (5 Bs Sl A slaaigel (SadolisS (lie s pSiml Glej g (s Sanl

33,5 il oS e 53 (retyian Sl IS5 3350 (S S5 5l g cloglal sl 5k
Al sloyzel )b oolos (i3l aS ol Lt uls b S aloul oxiwliel Can 255 Cy9ejl 3 g dgde ol (g5l S 27 ggexe
srogdle 351 13 Indiges SabolsS fime 1y 5B oyt 33.9% U 5 _SWSkauol )Lt yzyly ) (s 1y Jess] iy uSbols S
los iwe 5500 5w §) B9 y5Be ] 51 it g 0313 il Iy olelsd S asolisS (g3gde Jlaia b (ySm] loj 5 Lt il oyl
omnyliel slagygeil gl b e dlml Ml g9y 5l adl 2 39 ) sa &S 39 315 ke 45 )3 1250 590 43 Jlasl aws p> ol

Ol 4l
APRCOY L')LJI d)bw
S SWaol 5,8 s>

S Syute U09)

Sy anld o5 bals b dgdome lall Jae (oY Cllas 1 olis 4 35 5.6% 2905 1> (gilwdnd slad deng Sy o

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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Fig. 6 Remeshing of the model a- distorted elements (white
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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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Table 5 Experimental and simulation results of the axial shortening and
size of the flashes after welding
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