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Mechanical Property and Process Variables Optimization of Tube-to-Tube
Friction Welding for Steel Pipe with 36 mm External Diameter
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Abstract: Friction welding is a very useful joining process to weld metals which have axialy symmetric
cross section. In this paper, for the friction welding with tube-to-tube shape, the feasibility of industry
application was determined using analyzing mechanical properties of weld and optimized welding variables
was suggested. In order to accomplish this object, rotating speed, friction heating pressure, and friction
heating time were selected as the major process variables and the experiment was performed in three
levels of each parameter. Weld characteristic was investigated in terms of weld shape and metal loss, and
7mm of metal loss was regarded as the optimal metal loss. By tensile test, tensile strength and yielding
strength was measured and fracture was occurred at base metal. In order to optimize the welding
condition, fitness function was defined with respect to metal loss and yielding strength and the fitness
values for each welding condition could be calculated in experimental range. Consequently, we set the
optimal welding condition as the point which had maximum value of fitness function. As the result of
this paper the optimal welding variables could be suggested as rotating speed was 1300 rpm, friction
heating pressure was 15 MPa, and friction heating time was 10 sec.

Key Words : Friction Welding, Metal Loss, Mechanical Property, Fitness Function, Process Variable
Optimization
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Table 1 Welding process parameters and levels

Welding Parameter Leve
Rotating Speed (rpm) 800 | 1300 | 1800
Friction Heating Pressure 10 15 20

(MPe)
Friction Hesting Time (sec) 5 10 15

Table 2 Chemica compositions of SM20C (wt%)

Element C Si Mn P S
Content 025 | 0.18 | 067 | 0.015| 0.16
Element Cr Mo Ni Cu Fe
015 | 0.19 | 0.08 | 0.19 Re

Content
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Table 3 Tensle strength of weld (unit: MPa)

L 10 15 20
Rotating Speed = 800 rpm
Friction 5 5208] 5101| 5163
heatmg 10 5129| 5192| 5231
(se0) 15 5156| 5147| 5219
Rotating Speed = 1300 rpm
Friction 5 5156| 5223| 5134
heatmg 10 5184| 5238 5182
(se0) 15 5159| 5242| 5204
Rotating Speed = 1800 rpm
Friction 5 5173| 5216| 5176
he?}'r?]g 10 5183| 5130 5151
(se0) 15 5194| 5209| 5179

Table 4 Yielding strength of weld (unit: MPa)

Friction heating
pressure (MPa) 10 15 20
Rotating Speed = 800 rpm
Friction 5 316.3 325.1 322.8
heatmg 10 3192| 3286| 3328
(sec) 15 328.2 336.4 333.3
Rotating Speed = 1300 rpm
Friction 5 3304 329.5 332.3
heat!mg 10 327.1| 3384| 3352
ime
(se0) 15 335.6 344.2 336.2
Rotating Speed = 1800 rpm
Friction 5 339.7 326.9 3317
heating 10 335.5 338.9 339.8
Ttime
(sec) 15 3225 337.8 336.3
Tmm3ﬂ4~zﬁ$%@¥ﬂﬁmmﬁﬁ+%%
Z=E Yepa o SM20C EAl9] JIAAE
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Table 5 Fitness function value according to welding

condition
';:)rrglsﬁpe h(e,\jl‘tg;)g 10 15 20
Rotating Speed = 800 rpm
Friction 5 12.30 | 4081 | 37.66
hef’t‘}inqg 10 56.34 | 76.03 | 75.94
(sec) 15 61.91 | 7440 | 65.30
Rotating Speed = 1300 rpm
Friction 5 5811 | 5893 | 59.16
he"’t‘?rﬂg 10 | 7196 | 8840 | 8263
(sec) 15 7017 | 77.06 | 69.91
Rotating Speed = 1800 rpm
Friction 5 7599 | 6319 | 73.99
heting |10 | 207 | 7690 | 7266
(sec) 15 4421 | 52.66 | 5801
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