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Weldability of friction stir welding of AZ91D
magnesium alloy thixomolded sheet

Kazuhiro NAKATA¥*, Seigo INOKI**, Yoshitaka NAGANQO***
Takenori HASHIMOTO*** Shigetoshi JOHGAN*** and Masao USHIO*

Weldability of Friction Stir Welding (FSW) of AZ91D magnesium alloy thixomolded sheet with 2 mm in thickness
was evaluated by changing joining parameters of tool rotating speed and specimen travel speed. Square butt joint
with good quality was obtained at the optimum FSW conditions of 50 mm/min of travel speed with 1240 to 1750
rpm of tool rotating speed by using a tool with 12 mm of shoulder diameter, 3 mm of pin diameter and 2 mm of pin
length. Higher travel speed or lower rotating speed made a lack of bonding in the joint. Stir zone in a central part of
the joint consisted of very fine recrystallized structure with 2~5 um in mean grain size. Hardness of stir zone in-
creased slightly with decreasing mean grain size. Transverse tensile test of FSW joint resulted in the fracture at base
metal. The tensile strength of stir zone showed 330~360 MPa, much higher than that of base metal, about 250
MPa.
(Received March 29, 2001)
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Table 1 Chemical composition of magnesium alloy used

(mass%)

Alloy | Al | Zn {Mn| Si | Fe | Cu | Ni |ppm Be| Mg

AZ91D|9.17/0.65|0.28|0.02|0.002|0.002|0.001 8 Bal.

Weld line
(Square butt joint)

Plate travel direction

Welded z

Fig. 1 Basic principle of FSW.
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Fig. 2 Top views of tensile test specimens for measuring
(a) transverse joint strength (as-FSW) and (b) stir zone
strength (surface eliminated).
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Fig. 3 General appearances and X-ray photographs of
AZ91D FS Welds at constant travel speed, 50 mm/min.
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Fig. 4 General appearances and X-ray photographs of
AZ91D FS Welds at constant tool rotating speed, 1240
rpm.
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Fig. 5 Eftect of traveling speed and tool rotating speed on
weldability of AZ91D.
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(1) Stir Zone (SZ) :Region of recrystallized grains associated

with the passaae of the tool

(2) Thermo-Mechanically Affected Zone (TMAZ) : Region adjacent to the stir zone

has undergone macroscopic deformation

(3) Heat Affected Zone (HAZ) : Region that has not been deformed but undergoes
some metallurgical change

(4) Base Metal (BM)

Fig. 6 Typical macrostructure and schematic illustration of the regions of AZ91D FS Welds at tool rotating speed, 1750 rpm,

travel speed 50 mm/min.
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Fig. 7 Microstructure of cross section of FSW joint at tool
rotating speed 1750 rpm and travel speed 50 mm/min.
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Fig. 8 Macro- and microstructures of cross section of

FSW joint at tool rotating speed 1240 rpm and travel
speed 500 mm/min.
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Fig. 9 Effect of tool rotating speed and travel speed on
microstructure of SZ in AZ91D FS Welds.
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(a) Constant travel speed : 50mm/min
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(b) Constant tool rotating speed : 1240rpm
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Fig. 10 Frequency distribution of grain size in SZ, (a)
constant travel speed 50 mm/min, (b) constant tool
rotating speed 1240 rpm.
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Fig. 11 Hardness profiles of AZ91D FS Welds at tool
rotating speed 1240 rpm and travel speed 50 mm/min,
(a) TMAZ, (b) SZ.
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Fig. 12 Relation between grain size and hardness of SZ in
AZ91D FS Welds.
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Fig. 13 Tensile strength of FSW joint evaluated by trans-
verse tensile test of joint and longitudinal tensile test of
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Fig. 14 FElongation of FSW joint evaluated by transverse
tensile test of the joint and longitudinal tensile test of stir
zone.
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Fractured position FS Welds

(b)
Fig. 15 (a) Macro- and (b) microstructures of cross sec-
tion of FS Welds after transverse tensile test and (¢) SEM

fracture surface at base metal (white arrow shows blow
hole) .
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