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Solid State Welding between CPTi and AZ31B Magnesium Alloy Using a Rotating Probe with Thread*

by TANABE Hiroshi**, WATANABE Takehiko***, YOSHIDA Ryou** and YANAGISAWA Atsushi***

This paper describes a butt-welding of AZ31B magnesium alloy plate to commercially pure titanium (CPTi) plate by the solid state welding
using a rotating probe with a thread. The effect of the right-hand and left-hand thread on the tensile strength and microstructure was

investigated. The following results were obtained in this study.

The probe with a thread increased the tensile strength of a joint by about 79% or less compared with without a thread. There were little
differences in the maximum tensile strength of the joints made by the right-hand thread and the left-hand thread. Using the probe without a
thread, the fragments of CPTi were produced in a continuous form, but using the probe with a thread, the fine fragments of CPTi tended to
scatter in Mg alloy matrix. The increase in the tensile strength of the joints using the probe with a thread was considered to be due to the
sufficient plastic flow of Mg alloy caused by the fine fragments of CPTi scattered in Mg alloy matrix. However, the tensile strength of the joint
was lower than that of the parent material and the fracture path occurred around the interface. X-ray diffraction analysis revealed a deformation
texture with the (002) basal plane near the interface of the magnesium side. It seems that both of the decrease in Al concentration in the Mg
alloy and the formation of the deformation texture with the (002) basal plane caused the tensile strength lower, compared with parent material.

Key Words: Joining of dissimilar metals, Butt joint, CPTi, AZ31B Magnesium alloy, FSW, Tensile Strength, Thread
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Table 1 Chemical composition of parent metals. (at%)

H O 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

Table 2 Mechanical properties of parent metals.

\ Tensile 0.2%proof |Elongation h\:rc;zr:s
strength(MPa) | stress(MPa) (%)
¢ i (HV)
CPTi 310 277 40 128
AZ31B 229 150 6.9 63
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Fig.1 Schematic illustrating the friction stir welding of dissimilar CPTi
to AZ31B magnesium alloy.
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Fig.3 X-ray photographs of the welded joint using a cylindrical probe and a probe with thread under the various probe offset distances.
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Fig. 4 Cross-sectional structure of a welded joint using a cylindrical probe and a probe with thread under the various offset distances.
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Fig. 5 Relationship between tensile strength of a welded joint using a cylindrical probe and a probe with thread and probe offset distance.
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Fig. 6 X-ray photographs to explain the difference of plastic flow of Mg using a probe with thread and without thread (a cylindrical probe) .
Photo (a): X-ray photograph using a probe without thread (a cylindrical probe) and Photo (c): X-ray photograph using a probe with thread.
Schematic illustration (b) and (d) correspond X-ray photographs (a) and (c), respectively.
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Fig. 7 SEM images of the fracture surfaces of Ti side after tensile test.
(a) and (b) :a cylindrical probe, (c) and (d): a probe with right-
hand thread, (e) and (f):a probe with left-hand thread. Photo (b)
shows an enlarged part of A in photo (a). Similarly, Photo (d) and
Photo (f) are magnified images of part B in photo (c) and part C
in photo (e), respectively.
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392 F7eam

H0M : A U7 0 — 702 & 5 TEHMF 2 » & AZ3IB X 7 4 ¥ o A e & O %S

T T T T 777

— parent material '

I

T

1

=

intensity ( counts)

20

30 40 50 60 7 80

20 (degree)

peosn e

90

(a) conventional measurement for parent material

1800
1600
1400
1200
1000
800 |

600 -

400

200

0

RN S S— — T T 7

ulL N

a welded joint

EEAEE

intensity (counts )

-
Eo

60
20 ( degree)
(c) conventional measurement for a welded joint

20 30

Fig. 10
and a welded joint.

Incident X-ray beam

Analysis surface

Surface of a Mg plate

N

/

olling direction

Fig. 11 Schematic illustration of the orientation of Mg parent material.

|

Diffracted X-ray beam

intensity (counts )

1)

2)

3)

4)

intensity (counts )

800 —

700
600

L1 T

— I ]
‘ —— parent material |

|

500
400

300
200
100

L]

90

50
20X/ ( degree )
(b) in-plane measurement for parent material

60

600
500
400

300 ¢

200

100

0 , !
50 60
20X/p ( degree)
(d) in-plane measurement for a welded joint

40

20 30

X-ray diffraction profiles by the conventional X-ray diffraction measurement and the in-plane X-ray diffraction measurement for parent material

RUMtETu—T 2wz TEMRMF ¥ VM E AZ31B
RTFTYAEEROEMEEICLY, AR 71
=7 LD AHRKTT9% ORI S Dl LR SNz
AR —=TEEQAL 7 a—7TERIWHTFO
BARIFIFILALARETDH 7.

MfEERO 7o -7 R UM & 70— T THABI PR
% B EEE, Mg ANO Ti i O4HIC & ) Mg DGR
BA LR L, Ti LTI~ Mg O L H LAk
L7z7-0 b sns.

Mg QAT 2 X MBI & 0 o0 LR, &
MTTRDME % 5Mg #ROIKIHAS, §IRRBICE W
TR B RE ARG DN EY] LT v 5 7] hgd
ME L, TODITHTFOTIRE S A5 Mg B-M O 5 | 1R
SIWEL Do 72bDEHEREEIN. S HIITHIHRICIBY
TR L7z Mg lZREE L7z Al O Ti ~NOHLEIC & 5 Mg D
FIRM S O T b EO AN LERICL Y, HAES
A Mg BHMOFIRBSICRIERr>2bDLEZ BN
5.



R R Y.

525 % (2007) 45 2 & 393

D

2)

3)

4)

2 2 X ™

H. Tanabe, T. Watanabe, Y. Abe and A. Yanagisawa: Solid state
welding between CPTi and AZ31B Magnesium alloy using a
rotating probe, Quarterly Journal of The Japan Welding Society,
Vol.24, No.4, 2006, 350-356. (in Japanese)

Japan Welding Society: Friction Stir Welding, Sanpo Publishing,
2006, 37-41. (in Japanese)

S. Kumagai, G. Wakana, M. Yamawaki, KJ. Lee and A. Sato:
Microstructure and mechanical properties of friction-stir-welded
6061 aluminum alloy sheets, Journal of Japan Institute of Light
Metals, Vol.53, No.11, 2003, 542-547. (in Japanese)

K. Colligan: Material behavior during friction stir welding of
aluminum, The Welding Journal, July, 1999, 229-237.

K. Omote and K. Inaba: Characterization of thin films by grazing

0)

7

8)

9)

10)

incidence X-ray diffraction. Bunseki, No.11, 2002, 623-629. (in
Japanese)

K. Omote: Analysis for thin film structure by grazing incidence X-
ray diffraction, Bunseki, No.1, 2004, 33-37. (in Japanese)

K. Omote: Analytial methods for surfaces, interfaces and boundary
regions-Observation of interface structure by grazing incidence X-
ray diffraction, Bunseki, No.1, 2006, 2-8. (in Japanese)

J. Kaneko and M. Sugamata: Mechanical property and formability
of magnesium alloy sheets, Journal of Japan Institute of Light
Metals, Vol.54, No.11, 2004, 484-492. (in Japanese)

The Japan Magnesium Association: Handbook of Advanced
Magnesium Technology, Kallos Publishing, 2000, 114. (in
Japanese)

SHC Park, Y. S. Sato and H. Kokawa: Basal plane texture and
pattern in friction stir welding of a magnesium alloy, Metallurgical
and Materials Transactions A, Vol.34A, No.4, 2003, 987-994.




