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Influence of shaft shoulder diameter on microstructure and properties of
Ti-6Al-4V friction stir welding joint

Ma Shihui', Li Jiyuan®

(1. Qinghai Vocational and Technical College, Haidong 810700, Qinghai, China; 2. Qinghai University, Xining 810016,
Qinghai, China)

Abstract: As an important parameter for the stir head of friction stir welding (FSW), the diameter of the
shaft shoulder has an effect on the microstructure and properties of the welded joints. The friction stir
welding of Ti-6Al-4V titanium alloy with 2 mm thickness was carried out with different shaft shoulder
diameters. The microstructure and mechanical properties were analyzed. The results show that when the
diameter of the shoulder is at 8§ ~ 14 mm, the grain in the nugget area of the Ti-6Al-4V FSW joint is first
refined and then coarse, and the joint tensile strength and joint coefficient are first increased and then
decreased. When the diameter of the shoulder is at 12 mm, the grain in the nugget area is the smallest
with the average grain size of 7 um, and the joint tensile strength and joint coefficient are the highest
with the value at 929 MPa and 91% respectively.
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Fig. 1 Outline diagram of friction stir welding machine
used in the test
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Fig.2 Outline diagram of mixing head used in the test
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Fig. 3 Specific size of tensile specimens

2 RBER
2.1 B8

ANEHE HAREHER Ti-6A1-4V (k& 41t bE e
PP e SR X B A 2 OM(4:4H ) BB - A2 EBSD



-84 - W gk Pl K

2021 4F5f 42

CRL 15 BT ) B, 20l an i 4., 5 s o A
Bl 4.5 nf LA I, BlE EARG AR 4% R S 8 A 1]
W, BRI AR 8 mm iF AL KE] 14 mm,
FRAEIZ DR e AT R AL . FEBEPREE AR A
Hh, Bl SRR 2 A R A ORI R Y T 2
KR iR EARRI RN LR E A PR A R
R BRI, B R R RO 2, MELL R (R
P DR R A A S50 1) BB A L S0 A 3l 25 PR i, A
1115 XfE DA A% DX ARAT 200 /0 (9 25 Al i, %R ELAE
8 mm AR A X AR LR Al A 12 7

K, HlE SRR RS Pz i 2, SR DR R
FRAF TN FE 43 (0 A 37 2 RN sh 2 P45 i, DA TR A
DX fihr i i A B Ak, M5E BN 12 mm B, 45
WX AL SR A0/, 38 SRR ~ 7 pme {HZ,
B BRI, R -S98R 5= G
2, W PR X SR R AR . LT LUE H, b
JA BRI K, FRASH TR A Ak AN AR A
XU, R T IRAF 5T A 4/ N S FE A% X L 20,
ERIESESAME T 2 mm JE Ti-6A1-4V 5k4 41 bk
JEEAE AR B F TR i E B E R 12 mm,

(a) HlUE B4 8 mm; (b) HlJE H42 10 mm; (c) B8 HA% 12 mm; (d) flE B4 14 mm
B4 FRIHBERTIEEELERXAL OM BH

Fig. 4 OM photos of the welds in the stir zone by various shoulder diameters
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(a) HUE B2 8 mm; (b) BUH A2 10 mm; (c) BiE HA2 12 mm; (d) #lUE 542 14 mm
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Fig. 5 EBSD photos of the welds in the stir zone by various shoulder diameters
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Fig. 6 EBSD photos of the welds in the different zones by shoulder diameter of 12 mm
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Table 1 Mechanical properties of the welds by various shoulder diameters

SREER S PiFkAlE B2/ mm HUhisR E/MPa JiE AR B2 /M Pa WA %% kR B%
JR5%-8 8 872 811 10.5 85
JR4E-10 10 913 850 10.1 89
JR4E-12 12 929 872 10.0 91
JR4E-14 14 920 861 10.2 90
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Fig. 7 SEM photos of the welds’s tensile fracture by various shoulder diameters
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