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A Study on the Thermal Behavior of Friction Stir Welding in Al 6061 Alloys
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Abstract

In the various industry such as shipbuilding and automobile, etc., Al-alloys are used to reduce weight and improve
economical efficiency, and they are mainly utilized in the process of Friction Stir Welding (FSW). A number of
studies have been carried out on the metallurgical characteristics of friction stir welding in Al-alloys. However,
research on the thermal behavior of FSW by using numerical analysis is not sufficient in the domestic and abroad. In
this paper, therefore, numerical simulation was used to find out thermal behaviour of FSW by finite element method.
We considered heat source that occurred by friction between tool shoulder including pin and base metal. To confirm
the result of simulation, macrostructure is examined and compared after welding. The result of numerical simulation
shows that Al-alloy is welded under a melting point of Al around pin by FSW.
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weld line

Moving workpiece

Welded zone (Unit : mm)

(a) Schematic diagram of FSW

: Base Metal (BM)

: Heat Affected Zone (HAZ)

: Thermo —Mechanically Affected Zone (TMAZ)
: Stir Zone (SZ)
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(b) Mesh generation
Fig. 1 Configuration of FSW specimen

(10:% n?uPN R* (watt/| m*) @

#° Friction Coefficient,

P: Pressure distribution (MPa),
N: The rotation speed (rpm),
R: The surface radius (mm)

AE7 583 (Isotropic)d ® d<A9

Hgd <

AxEAe]l Auf¥4 2] (Governing equation) 4
(2)¢} 2.
0L = o2 G @
at axz 2

3 T Fourierdd e ZAAzZAS tYdstd Matrix3t
‘5}‘5 21(3)3 2t

SIK+Z (O - F1

{6 2= (K): 94% Matrix

(C]: €8% Matrix {F}: €< Vector
SHA Dol 9l GHAd upe

B Ao AFgE AlHE Al-Mg-SiFdl ¥E84R
A, 71 AR ddo] 3l AE 7eAd, AR &

KIS RS H20% $45%8. 20024 8H

vy

sat, Ae 7ol S7HAIE ARS8
mz govt §HEIE SHY wEe 43} e AF
7R = EAE FE Al 6061-T6S A3l
2], ERE FREHNA ALY didnde] HEA
© &FA o] Wk x, 83 H7 Wy, BF
A S 22 aPen, sdrde F7)e ol (L)
=300mm, = (B)=300mm, %54 (7)=4mm=
e, Fig. 2(a)ol Jebd Az Zoh FSW 7]7]
£ o835t Butt < stlem, 2z Table

13 2ok

to &

Table 1 Welding condition

Rotation | Welding speed | Shouder
Al 6061-T6 | speed(rpm) (mm/min) (D)
1500 500 15mm
Pin (D) | P (Mpa) | lHiction
300x300%4 coeff.
5mm 50 0.42
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(a) Schematic diagram of FSW
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Fig. 2 Analysis model of FSW (Unit:mm)
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(a) Temperature distribution of FSW at 1sec
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(b) Temperature distribution of FSW at 2sec

Fig. 3 Temperature distribution of specimen
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Fig. 4 Cooling curve along the time
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Fig. 6 Macrostructure of FSW on the cross
section
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