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Abstract: Bobbin tool friction stir welding (BT-FSW) was used to weld 2024 aluminum alloy with
thickness of 4 mm, and the effect of thermal cycle temperature on the microstructure and mechanical
properties of the joint was analyzed. The results show that the peak temperature on the Retreating Side
(RS) is higher than that on the advancing side (AS), with a temperature difference of about 20 °C. The
average grain size in the stir zone (SZ) is 10.1 um, the average grain size in each region on the RS is larger
than that of the AS, and the proportions of small-angle grain boundaries is smaller than that on the AS.
The fine S—phase precipitates are formed in the SZ, reduced number and increased size of precipitates in the

heat affected zone (HAZ) resulting in the mechanical properties are reduced. The hardness of the joint is
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distributed in a "W" shape, with the smallest hardness value of approximately 72.3 HV at the junction of the
thermal-mechanically affected zone (TMAZ) and the HAZ on the RS.
microstructure and mechanical properties
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Fig.1 Schematic diagram of the welding thermal

cycle temperature measurement position
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Fig. 2 Schematic diagram of the hardness test position
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Fig.3 Temperature profile of the welding thermal

cycle at each temperature measurement point
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Fig. 4 The cross—section morphology of 2024 aluminum alloy BT-FSW welded joint

P 22 [ A7 8 A AR T 22 i e AR 00 9 1 4 ) 9
sy a1 5 REM 4 IR 1Y AT 7 A ) 0 4 9 v 4
J& i P A 7E SZ 5 AS-TMAZ &8
b A TR 8 AT IR AL S A B, o2 X R R
WE 4(h) Fr s, Z X4 2 Hh A B.C =4~ X 5k
MM AR RETE L. R R A B X 4
J& BT SE WL WA T B R AR R AR SR M A Y TR
LY ] H O A RS R B PR AT B AE B C X
S8 08 P G Ja AE B R R 09 3D T B0 LR i g
AT A B X IIE R 1 98 1 4 R 78 58 AL TE
REIR I HLAT 7 a1 1 1) St AR A 4

Bl 5 o 42 3k 25 X B4 211 EBSD i) B &
Bl & 5(a)y BM B HC] AR B 73 dok R
H29.3 pm, SZLUWLE 5(b) [ F 52 B A -HLAE &
PERISE M, & A2 T T B SRR AR TE | 25 ) Y
BT X5 4N 0 45 Al R S RSE R 10, 1 pm
K 5(c)(d) 3% AS RS 1) TMAZ 4H4, il T
Z B0 P AL (0 AL VR R AR 32 B8 2R 0 B2,
Bk A T AR K K, AS-TMAZ %
Y R SF R 16,2 pm, RS-TMAZ S 3 ki R
S 19,1 pm; B 5Ce) (1) 4351 AS-HAZ R RS-
HAZ 20 % X 3 32 B8 0 52 ), 20 U005 07 4
BM LI A TE S 0 ok BT K K, i T RS R E
T AS IR EE RS 48 09 5 B A R AR
Z R KR RS 4% X R KT

AS, AS-HAZ F ) fh B R ~F o 27.9 pm, RS-
HAZ -2 5okt K SF 2 30. 8 pum, 5 9 B 3 I 4 45
TEAAT o B 6 SRy 0 422 Sk 4% X3 B ) £ 43 AT
K. K 6(a)m BMAEFLHIE R h T 24T K
SRR AR T /N B B A R
B, 25l BT-FSW N T.J5 , SZ WY I & A 78 1545
i 3k R AR S R SO A R I) 2 R G 1 I R 4
WA I — A KB R, S5 28N ff B B LA A
SR KA BB SR SZ AE AR v Fad AR v 3 4 58
AR S TE OB B /N R SRR G SZ
B BLT & A R 6. 79 %, A 6(b) T . R
L 6(c)(d)(e) (D) & ,RS-TMAZ Fl HAZ /)x
B P /N T AS R i TR P RS
TR EE 5 T AS A v 1 U T R A K 1 o LA R
I [R] e 75 505 3 /0N £ B8 o S I T s e 78 Sl KFf BE i
S BEEE SZ A DX A BE A LAY o L BRI
2024 48 G A 1 M BB 5 U VE AH I RN 28 I
WA P K7 BT-FSW 43k & X il TEM
B 371% , 18 7(a) B 7 , BM kL N 387 78 K
e RS AR D = MR R OIR D BE A S A
(ALCuMg) , S AR SF 294 100 nm, AR 4 A 56 SC ik
BOF 251 i A A R 5 R R S A B T AR
(AL,Cu,Mny) , T #H AT LLBH A5 & 5t 1 7%, 4& & BM
) 7 Pk RE o FR R SCORT T A 0 (E R R
484 °C, 1 S AH I fif 1 B A 510 °C7, K it 1 98 P



L 100 pm

() RTHEMRHLIL X

-~ 100 pum
()BT HEMFFE M X

5 2024384 & BT-FSW #3L EBSD BUE A &
Fig. 5 EBSD morphology of the 2024 aluminum alloy BT-FSW joint
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Fig. 6 Grain boundary misorientation distribution of the 2024 aluminum alloy BT-FSW joint
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Fig. 7 TEM image and selected area electron diffraction pattern of the 2024 aluminum alloy BT-FSW joint
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