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Abstract
Thermo-mechanical simulation of the Friction Stir Spot Welding (FSSW) processes was performed for the AA5083-
H18 sheets, utilizing commercial Finite Element Method (FEM) and Finite Volume Method (FVM) which are based on
Lagrangian and Eulerian formulations, respectively. The Lagrangian explicit dynamic FEM code, PAM-CRASH, and the
Eulerian Computational Fluid Dynamics (CFD) FVM code, STAR-CD, were utilized to understand the effect of pin
geometry on weld strength and material flow under the unsteady state condition. Using FVM code, material flow pattern
near the tool boundary was analyzed to explain the weld strength difference between the weld by cylindrical pin and the

weld by triangular pin, while the frictional energy concept using the FEM code had limitation to explain the weld strength
difference.
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Fig. 1 CNC controlled 3-D linear FSW system
‘HitSpin type GR3DCST Welding jig with a
coupon in a cross-tension configuration
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Fig. 2 Dimension of sheets and pin geometries for
FEM analysis with AA6022-T4
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Fig. 3 Top view for cylindrical pin and triangular pin
(upper), and model dimension (lower) for FVM
analysis with AA5083-H18



FVM 34 oA AW ulgdo] o3
Ashe dFY e A AAFTY 2L
=2 gAQtE ZHAstdd dAste A~4Wd
gl 77] ol 44 W) o7 Ajg
aH AT 4]

Zrzke] HAb #A 71HE ol &3t 9% FH
9 AZA7% e A o] dEiA s st
dod, Ay & F#ES A&

o 1o b a2

AA6022-T4 BAE ©] 8T FEMS 7%, 93t
2du gAstg o 24 2L table 290 #ol
FATh [5~7 &3 234 T3 A Aol YF
o A7) fEo]| 600mm/secd £E2 AT
T 00052 FO 12,000pmoE fHEE Ao
SR vtEASE 028 AHEEgTE B o
ToAME 4% FuHd A4 71T FHe AT
T o3 &4 F BEAd Ui AT vme]

A4 mAage

Table 2 Material properties of AA6022-T4 at 25°C

Material property AA6022-T4
Density(Kg/m”) 2,690.0

Young’s Modulus{GPa) 69.0

Yield Stress(MPa) 172.0

Poisson Ratio 0.33
Hardening Modulus(GPa) 1.0
Maximum plastic strain for element 15
elimination{damage model) (1.5)

{The value in the parenthesis is assumed one)
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Table 3 Temperature dependent yield stress

Temp.("C) | Y.S.(MPa)
20 440
100 437
200 364
300 181
400 61
440 50
540 40
570 0

Table 4 Temperature dependent thermal conductivity,
specific heat and density of AAS083-H18

Temp. [ Conductivity Specific Heat | Density
€O | W) | UK | (Kghm)
-20 112.5 924.1 26739
80 122.7 984.2 2642.7
180 131.6 1039.6 26294
280 1423 1081.2 2611.5
380 152.5 1136.6 2589.3
480 159.5 1178.2 2567.0
580 177.2 12614 2549.2
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Fig. 5 Material flow direction at the cross section near

the tool as time procedure for cylindrical pin,
after 1.94 and 1.96 second

Fig. 6 Material flow direction at the cross section near
the tool as time procedure for triangular pin,
after 1.94 and 1.96 second
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Fig. 7 Micro-cross section at the weld centr [12]
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Fig. 8 Micro-cross section at the weld center for the
cylindrical pin and the triangular pin [12]
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