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Abstract
Thermo-mechanical simulation of the friction stir butt welding process was performed for AA5083-H18 sheets,
utilizing commercial FVM code, STAR-CCM+, which is based on Eulerian formulation. Temperature and strain rate
histories along the material flow were calculated under the steady state condition and simulated temperature distributions
(profiles and peak values) were compared with experiments for verification. It was found that by including proper thermal
properties of the backing plate (anvil) the accuracy of the simulation results increased significantly.
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Fig. 1 CNC controlied 3-D FSW system “Hitachi GR-
3DMI10T” with 11 KW spindle servomotor and
description for the welding process
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Fig. 2 Schematically illustration of thermocouple
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Fig. 3 Dimensions of the thermo—mechanical model:
(a) top view (b) section view of the tool (in mm)
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Table 1 Temperature dependent yield stress

17 Approach 2™ Approach
Temp.(°C) | Y.S.(MPa) | Temp.(’C) 1 Y.S.(MPa)
20 440 20 440
100 437 100 437
200 364 200 364
300 181 300 181
400 61 400 61
410 20 440 30
540 20 540 40

570 0 370 0

Table 2 Temperature dependent thermal conductivity,
specific heat and density of AAS083-H18

Temp. | Conductivity | Specific Heat | Densit ;/
(°C (W/m°C) (J/Kg°C) (Kg/m”)
-20 112.5 924.1 2673.9
g0 1227 984.2 2642.7
180 131.6 1039.6 26294
280 142.3 1081.2 26]1.5
380 152.5 1136.6 25893
480 159.5 1178.2 2567.0
580 1772 12614 2549.2

Table 3 Material properties of Low Carbon Steel
1020 at room temperature

Material Property Low Carbon Steel 1020
Density (Kg/m’) 7.850.0
Conductivity (W/m°C) 51.9
Specific Heat (J/Kg'C) 486.0
5.4 1

Table 4 Result summaries showing experimental and
simulation result for each case.

Advancing Side | Retreating Side
2mm [ Smm [8mm/|2mm | Smm [8mm

1000 Experiment | 525 [ 420 [ 300 | 480 1 400 | 300
100mnr1}/)rr1111in 1" Approach| 535 1462 1302 | 534 | 438 ] 288
2™ Approach] 525 | 448 1276 | 516 | 427 [ 266

1000rDm Experiment | 460 | 400 205 ] - . .
300mn§1}mm T Approach| 496 | 426 | 253 | 491 | 399 [ 240
2™ Approach| 467 | 401 [ 2231459 1 3771206

1500r0m Experiment | 530 | 450 [ 267 | - - :
150mnos [T Approach | 569 {506 [ 320 | 568 | 474 | 303
2" Approach{ 541 | 444 [ 266 ] 535 1 430 | 257
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Fig. 4 Computed and experimental temperature
history at locations away from the weld center
along the width on the advancing side

(a) (b) (c)
Fig. 5 Temperature profile at the top surface with
each welding conditions

(a) (b) (©)

Fig. 6 Temperature cross section profile near the tool
with each welding conditions
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Fig. 7 Material flow with strain rate history with each
welding conditions

(a) (b) (c)
Fig. 8 Material flow with temperature history with
each welding conditions, such as (a) 1000rpm
and 100mm/min, (b) 1000rpm and 300mm/min
and (c) 1500rpm and 150mm/min (in °C)
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