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Fig.1 Schematic diagrams of four types of tools used in the test

R1 6082-T6HEETEUFEMS
Table 1 Chemical composition of 6082-T6 aluminum
alloy (w/%)
Mg Si Mn Fe Cr Zn Ti Cu Al
1.04 098 062 032 027 0.05 0.01 0.02 Bal
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Fig.5 Macro morphologies of SSFSW joints welded by different shape tools: (a) circular tool; (b) triangle tool; (c) quadrangle tool;
(d) pentagon tool
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Fig.6 Microstructures of each area of the welded joints by different shape tools
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Fig.7 Temperature change curves of the top and bottom of different shape tools during the welding process: (a) circular, (b) triangle,

(c) quadrangle, and (d) pentagon
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Fig.8 Comparisons of peak temperature between top and bottom

of different shape tools during the welding process
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shape tools
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Table 2  Size of the crystallites in BM and NZs welded joint
by different shape tools

Crystallite size

Area (111), D/nm
Base material 46.3
Circular NZs 93.6
Triangle NZs 69.6
Quadrangle NZs 88.5
Pentagon NZs 75.4
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Fig.10 Distributions of the second phase of the welding joint welded by triangle tool in different areas: (a) BM, (b) HAZ, (c) TMAZ, and

(d) NZ
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Fig.11 EDS analysis results of the second phase of the welding joint welded by triangle tool: (a) white second phase and (b) black

second phase

B 12 NARRITEAR B P AT AR B Sk W A B 5 r
Pk RE . B T T R BT AR 2 42 3K I 24T i 2 O FA AL
SO X, AW R TR X . = MR R
FL A PURI R BE S TS K 2 w40l 202.9 MPa
A1 3.8%; [T #EEH R R L AR, 7351 9 143.7 MPa
1 2.1%. BT B A AR5 O T S bk AT AR B e 3k
FEEGRIG, (045 32 kA Ak #om i AR, S 8O
FERRAR . DRIA R F = A TR 350 B B 8 42 10 i 1 i) A
TR Bl v VYA T, A 145 4 20 21 N L
%, BT AR LG T DU T4 B IR e i Sk P
ST RS A R

B 13 AR AR T 1 B 5 e 1 S T 3, I 4 R Ak
W RE 2O X AR A, RN “U” . BREEIT IR
WX, TR . S A A7 T S5 38 A AR AL X 5 4
WX 2 18], KN EER 120 RN X 32 315K 1 34
TEIAEF,  HBLRLK KRS M BL %, @&
S TR . R S AR R R R, BT
PR, SARHRAAE AN, BT L= M TR B FE AT 1R
T 3k (1 B P R A v 15 o

Tensile Strength 6
- 2401 - Elongation 5
% 200¢ ; A4 148
% 80+ / {21

A
Circular Triangle  Quadrangle  Pentagon

K12 ARITEAREE RS e SR I b v 2 5 2 i 52
Fig.12 Tensile strength and elongation of welded joints by

different shape tools

[,

N

o
T

=

o

(&3]
T

90

—e— Circular
—4— Triangle
—=— Quadrangle |
60 —e— Pentagon

75t

Hardness, HV/X 9.8 MPa

RS AS
451

-15-12 9 6 -3 0 3 6 9 12 15
Distance from Weld Center/mm

13 ASEITEIR$E FE B 5 B B SR A 20 A
Fig.13 Hardness distribution of welded joints by different shape

tools

2.6 BTORERSHH

Pl 14 AN R HF SR SK K T R 3 W]
Jo B R 58 F AR 442 Sk B 9 AT A B AN R AR B 9L
TR A BRI BRI, TLA T BEPEEHIR B85 Sk W A A
SeVRFLIR, (HIFRIERE, HRMALE. = MR
5 VU300 49 P8 A1 7 B2 43 S R R DUAR R

Bl 15 DS [R50 P 5 22 4 Sk v 98 1 B 11 Rl R T
o AL, AESk W DB SR EL, Bt KEY)E
F s, e WEECHE, NSRRI MIVE W R . IR 4%
SRR EHE, BRI EERE T N R B, B
PER R Z VEAS LT BB P B #8020 90 83 v A7 AE
S A/NBURL, R H TR R, SR R S
SLAR T ST RIE ARSI . BEE A TR R OK,
WMEZHWR, BT IMEL, WRERE. =
SIS DU T2 B P15 12 12 Sk W 1 B R BE D R
HEE, RYWX 2 Pk P BT .



%59

RAGFEEE : BEPHETTARXT 6082-T6 76 < il J5 101 BE IR B L AU 5 1 RE AR SE M)

- 3449 -

B 14 AR BE PR B A5 322 1 Sk b 1 26 LR 3

Void defect |

2

Fig.14 Macroscopic fracture morphologies of the welded joints by different shape tools: (a) circular, (b) triangle, (c) quadrangle, and

(d) pentagon
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Fig.15 Microscopic fracture morphologies of the welded joints by different shape tools: (a) circular, (b) triangle, (c) quadrangle, and

(d) pentagon
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Effects of the Shapes of Tools on Structure and Properties of 6082-T6 Aluminum Alloy
Welded Joints by Stationary Shoulder Friction Stir Welding

Zhang Zhongke™?, Li Xuanbai’, Jiang Changming®, Xiong Jiangiang®
(1. School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals, Lanzhou University of Technology,

Lanzhou 730050, China)

Abstract: Stationary shoulder friction stir welding (SSFSW) of 6082-T6 aluminum alloy plate with 3 mm thickness was carried out by
four types of tools. Macromorphology, microstructure, and mechanical properties of welded joints by different shape tools, as well as the
heat generation of the tools were studied. The results show that the triangle tool and the quadrangle tool produce lower heat and have a
relatively large dynamic and static volume, which can enhance the flow of plastic metal at the joint, reduce the small temperature
difference between the top and bottom of the weld during the welding process, and form a defect-free SSFSW joint. XRD analysis results
show that no new phases are generated during the welding process, and the crystallites size of NZ welded by triangle tool is the smallest.
The hardness of each joint is distributed in a “U” shape, and the lowest point is at the junction of RS-TMAZ and NZ, but the hardness of
the welded joint by triangle tool is slightly higher. The tensile strength and elongation after fracture of the welded joint by triangle tool are
the highest, which are 202.9 MPa and 3.8%, respectively. Analysis of tensile fracture morphology shows that all joints are ductile
fractures.

Key words: 6082-T6 aluminum alloy; stationary shoulder friction stir welding; the shapes of tools; mechanical properties
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