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Solid State Welding Between CPTi and AZ31B Magnesium Alloy Using a Rotating Probe*
- Solid State Welding of Dissimilar Metals Using a Rotating Probe (Report 4) -

by TANABE Hiroshi**, WATANABE Takehiko***, ABE Yukiko** and YANAGISAWA Atsushi***

This paper described an experimental study of the friction stir welding of dissimilar metals between commercially pure titanium (CPTi) and
AZ31B magnesium alloy. Butt joints were produced by changing the joining parameters such as tool rotating speeds, offset distances of a
probe and probe diameter. Evaluation of the joints was performed by the observation of the weld surface appearance, X-ray radiographic test,
tensile test and SEM and EDX analysis. The main results obtained are as follows.

Butt-joint welding of the CPTi plate to the Mg plate was easily and successfully achieved. The ignition of Mg occurred during welding at the
tool rotation speeds over 1200rpm. The fragments of CPTi existed in a continuous form in Mg matrix. The tool rotation speed of 1200rpm and
the offset distance of 0.2mm attained the maximum tensile strength of a joint, which was about 75% of that of Mg base metal. Fracture
occurred at the weld interface in most joint. EDX analysis revealed that Al in the Mg diffused into CPTi through the weld interface. It was
found that the decrease in Al concentration in the Mg around the weld interface caused the low tensile strength of the joints. Since the joints
welded using the probe of 6mm diameter tended to cause the defects such as cracks and voids compared with the probe of 3mm diameter, the
probe with 6mm diameter made the tensile strength of the joints decreased.
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Tablel Chemical composition of base metals.

(at%)

H

(6] N

Fe

Ti

CPTi | 0.002

0.04 | 0.01

0.02

bal.

Al

Zn Mn

Fe Si

Mg

AZ31B

2.6

0.68 0.3

0.01 | 0.01

bal.

Table2 Mechanical properties of base metals.

Tensile 0.2%proof | Elongation Vickers
strength(MPa) | stress(MPa) (%) hardness(HV)
CPTi 310 277 40 128
AZ31B 229 150 6.9 63

Downward force

Advancing side

Fig.1 Schematic illustrating the friction stir welding of dissimilar
CPTi to AZ31B.
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Fig.2 Schematic to explain the relation between the probe position
and probe offset.
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Fig.3 Appearances of the joint surface welded under the various
rotation speeds (400rpm~2000rpm).
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Fig.4 X-ray photographs of the joint welded under the various
rotation speeds (400rpm~2000rpm).

O Mg
3mm

@

Fig.5 X-ray photograph around the probe in the welded joint.
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Fig.6 Relationship between tensile strength of a joint and probe
rotation speed.
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Fig.7 Cross-sectional structure of the joint welded under the
various rotation speeds.
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Fig.8 SEM images and EDX analyses of Mg,Ti and Al around the
interface. Photo (a) shows a SEM image around the interface
with the probe rotating speed of 1200rpm. Photo (b) shows an
enlarged image of A in photo (a). Fig(c),(d) and (e) show
EDX chemical analyses of photo (b) and the result of line
analysis in the area between two lines indicated by arrows in
photo (b).
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Fig.9 Relationship between Al content and tensile strength of Mg

alloy.
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Fig.10 SEM images of the fracture surfaces of Ti side under the
various rotating speeds.
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Fig.11 Relationship between tensile strength of a joint and
probe offset distance.
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Fig.12 Cross-sectional structure of the joint welded under the
various probe offset distances.
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Fig.13 X-ray photograph around the terminal of welding with probe
offset 0.6mm.
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Fig.14 Schematic illustration to explain the joints welded
with probe offset over 0.4mm.
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Fig.15 Relation between tensile strength of a joint ,area of voids and
probe rotation speed with probe diameter of 3mm and 6mm.
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Fig.16 Cross-section of the joint welded under the various rotating
speeds with probe diameter of 6mm.
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