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Table 1 Tool size and welding process parameters used in experiments

Tool size/mm

Welding parameter

Shoulder diameter  Pin diameter ~ Pin length

Rotation speed/(r*min™")

Travel speed/(mm-min™")  Tool tilt/(°)

15 6 5

1350 125 mm/min 2.5
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Fig. 1
tensile tests; (b) Sample taken for notch three-point bending tests; (c) Hardness test locations
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Fig. 2 Grain structure of NZ of FSWed joints: (a) T-FSW sample; (b) FSW-T sample; (c) EBSD image of magnified local
area indicated in Fig.2(a); (d) EBSD image of magnified local area indicated in Fig.2(b)
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Fig. 3 Si particle distribution of NZ of FSWed joints: (a), (¢) T-FSW sample; (b), (d) FSW-T sample
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Fig. 4 TEM bright field images of base sample and NZ of joints: (a), (b) CT sample; (c), (d) NZ of T-FSW sample; (e), (f)

NZ of FSW-T sample
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Fig. 5 Microhardness distribution cloud maps of FSWed joints: (a) T-FSW sample; (b) FSW-T sample
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Fig. 6 Tensile mechanical properties of various samples

&l 7(a) il 7~ A T-FSW A1 FSW-T ik ) B 01 =
MR EE R, BEE TR R, A2 R
AT I K, IR BIEAY 5 P2 TN B2
JUPE WA . T-FSWIRFEifr EFHT B 2
BT FSW-TiXAE, 3 Ui B T-FSW il Ff 7 52 21 2,
T Ja REUG NG JE i AL T FSW-T il ke . 4R
I 1 F — B A h 28 33— 251+ 5 UIE MUPE, 45 S
Kl 7(b) BT 7s « T-FSW ik # 1) UIE A1 UPE 73 7] N
(109.925.39) N/mm F1(116.84+4.59) N/'mm, FSW-
T LK ¥ UIE A1 UPE 43 71 9(61.51£12.92) N/mm F
(42.66+22.32) N/mm, X Ut B T-FSW i [ BT 24 47
PRI T FSW-T i Bf

23 BO=SZphErO
& 8 F119 Fiam 43 31 N T-FSW Al FSW-T i FE ) it
=5 2 i D3 @t b I 8(a) R ] 9(a) it

1400

@ — T6+FSW

1200 ——FSW+T6

1000

O 1 2 3 4 5 6 7 8
Displacement/mm

1204 ®
CJUIE
100 F [ UPE

80
60

40

Energy/(N-mm™)

FSW+T6 T6+FSW
7 T-FSW A FSW-T iUE )t 11125 i 06 285
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Fig. 8 Fracture morphologies of T-FSW sample: (a) Whole fracture; (b), (c) Magnified local area 1 indicated in Fig.8(a);
(d), (e) Magnified local area 2 indicated in Fig.8(a)
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Fig. 9 Fracture morphologies of FSW-T sample: (a) Whole fracture; (b), (¢) Magnified local area 1 indicated in Fig.9(a);
(d), (e) Magnified local area 2 indicated in Fig.9(a)
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Fig. 10 Grain morphologies at crack location: (a) T-FSW sample; (b) FSW-T sample; (c) EBSD image of magnified local

area indicated in Fig. 10(a); (d) EBSD image of magnified local area indicated in Fig. 10(b)
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Fig. 11 Crack tip morphologies: (a) T-FSW sample; (b) FSW-T sample
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Effect of post-weld T6 heat treatment on fracture toughness of
nugget zone in FSWed A356 aluminum alloy joints

TAN Lijia', WU Jia', YANG Zhao', LU Jiangi', FAN Gangxian®

(1. School of Material Science and Engineering, Central South University, Changsha 410083, China;
2. Light metal Research and Development Center,
Kunshan Liufeng Machinery Industry Co., Ltd., Kunshan 215300, China)

Abstract: The effect of post-weld heat treatment on the fracture toughness of friction stir welded joints in A356
aluminum alloy was investigated using microhardness test, tensile test, notch three-point bending test, and
characterization techniques including optical microscopy (OM), scanning electron microscopy (SEM),
transmission electron microscopy (TEM), and electron backscattered diffractionometry (EBSD).The results show
that post-weld T6 heat treatment (FSW-T) samples, compared to post-T6 heat treatment weld (T-FSW) samples,
demonstrate significantly enhanced transverse tensile properties with 96.19% welding efficiency, but lower
fracture toughness. Specifically, the unit initiation energy (UIE) and unit propagation energy (UPE) are measured
at (61.51+12.92) N/mm and (42.66+22.32) N/mm, which are less than 60% of those in T-FSW samples. The
variation in fracture toughness can be attributed to the distinct differences in grain structure and precipitate phase
morphology in the nugget zone (NZ)between the two samples. Specifically, FSW-T samples show significant grain
coarsening and a higher density of precipitate phases in the NZ, which diminishes the grain boundary's ability to
impede dislocation movement and increases the strength disparity between the grain interior and the grain
boundary. Consequently, the fracture mode transitions from a mixed transgranular and intergranular fracture to
predominantly intergranular fracture, while the fracture mechanism shifts from ductile fracture to ductile-brittle
mixed fracture.
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