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Table 1 Macrostructures of the FSWed joints under different rotational speeds

Rotational speed/r min™

250
350

450 ﬂ'%

Macrostructure

Remark

Inner defect

No inner defect

No inner defect
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K1 350 r/min % R 8R4 S & DO RO L 41
Fig.1 Microstructures of different regions in the typical joint under the rotational speed of 350 r/min: (a) BM, (b) SZ, (c) HAZ, and
(d) TMAZ

Size of prior B 12,6/ um < - Size of prior : 20.9 ¢ 5 Size of prior i 26.0.um

K2 AR T X &R B mRIES
Fig.2 Morphologies of prior  grains in the SZ under different rotational speeds: (a) 250 r/min, (b) 350 r/min, and (c) 450 r/min

B3 AFAEE TR ST o AHFE A ER atp HIES
Fig.3 Morphologies of grain boundary o phase and intragranular lamellar a+p phase in SZ under different rotational speeds:
(a) 250 r/min, (b) 350 r/min, and (c) 450 r/min
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Fig.4 Microhardness distributions of the joints under different rotational speeds: (a) 250 r/min, (b) 350 r/min, and (c) 450 r/min
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Table 2 Tensile results of whole FSW joints under different rotational speeds

Rotational speed/r min™ Tensile strength/MPa

Fracture position

Photograph of the tested specimen

BM 1185.849.7
250 1127.2+18.5
350 1173.043

450 1107.0£27

BM

BM

BM

BM

Il
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Table 3 Tensile strength and elongation of SZ under different rotational speeds
Rotational speed/r min™ BM 250 350 450
Tensile strength/MPa 1197.144.8 1433.0+11.6 1417.3#+.1 1403.0+10.6
Elongation/% 12.74.5 15.5#+.1 14.440.4 13.84.7

Bl 5 BEMAI 350 rimin T 3L B Sk 55 4 X I O S
Fig.5 Fracture appearances of BM (a, b) and SZ under the rotational speed of 350 r/min (c, d)
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Research on Microstructures and Mechanical Properties in Friction Stir Welded Joints
of TC11 Titanium Alloy

Wang Xin', Xie Wenhui®, Lou Zhengji*, Liu Hong !, Yang Guanjun’, He Guangyu?, Zhou Li®
(1. State Key Laboratory for Mechanical Behavior of Materials, Xi’an Jiaotong University, Xi’an 710049, China)
(2. Science and Technology on Plasma Dynamics Laboratory, Air Force Engineering University, Xi’an 710038, China)

(3. Shandong Provincial Key Laboratory of Special Welding Technology, Harbin Institute of Technology at Weihai, Weihai 264209, China)

Abstract: Friction stir welding test of TC11 titanium alloy was carried out under different rotational speeds, the microstructures and
mechanical properties of the welded joints were analyzed, and the relationships among processing parameters, microstructures and
properties of the joints were established. The results show that the SZ is characterized by g transformed microstructure, which contains
grain boundary a phase, intragranular lamellar a+p phases and acicular a' phase. The double strengthening is caused by the fine o phase
and a+p phases as well as the presence of o' phase, which leads to the highest hardness value in the SZ. The retained original « phase and
S transformed microstructure are found in the HAZ and TMAZ, while the TMAZ shows the streamlined deformation characteristics. The
proportion of £ transformed microstructure in these zones is higher when closer to the SZ, and thus the strengthening effect is enhanced.
The sizes of o phase and a+p phases increase and the content of a' phase decreases with the rotational speed ascending, which results in
the reduction of hardness value in the SZ. Similar to the law reflected from the hardness test, all the joints fracture in BM after tensile test,
the tensile strength of the SZ under different rotational speeds are significantly higher than that of BM, and they decrease with the ascent
of rotational speed. Besides, the fine a phase and a+f phases cause the higher elongation of SZ compared with that of BM, meaning that
the SZ has good plasticity. With the rotational speed ascending, the elongation of SZ decreases owing to the increase of the sizes of «
phase and a+p phases.

Key words: friction stir welding; TC11 titanium alloy; microstructure; mechanical properties
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