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Microstructure Evolution and Mechanical Properties of 2024 Aluminum Alloy Friction
Stirring Welding Joints
HE Han', ZHANG Tianpeng®
(1. School of Mechanical and Aviation Manufacturing Engineering, Anyang Institute of Technology, Anyang
4550003 2. School of Electronics &. Electrical Engineering and Unmanned Aerial Vehicle, Anyang Institute of
Technology, Anyang 455000)
Abstract: The microstructure and mechanical properties of 2024 aluminum alloy stirring friction welded joints under
different rotational speeds were investigated by electron backscatter diffraction, digital image correlation technology
and scanning electron microscope. The results indicate that as heat input rises from 600 r/min to 800 r/min, the recrys-
tallization ratio of weld nugget zone and therm-mechanically affected zone presents an increasing trend, and the average
grain size is decreased with the increase of the recrystallization ratio. However, when the heat input reaches up to
1 000 r/min, the recrystallization ratio of weld nugget zone and therm-mechanically affected zone is reduced due to the
adhesion phenomenon, and the average grain size becomes larger compared to that with w =800 r/min. with w =
600 r/min. The joint exhibits the maximum tensile strength of 456.8 MPa, and the softening of heat-affected zone is
attribrtted to the fracture of the joint near the interface between the heat-affected zone at the forward side and base
metal, which is characterized by quasi cleavage fracture. The hardness of cross-section of joint is distributed in a "W"
shape, and the highest hardness of 178.0 HV can be observed in nugget zone.
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Tab.l Chemical compositions of 2024 aluminum alloy %

Wy

Cu Mg Mn Si Fe Zn Ni Cr Al

482 175 079 045 042 021 011 0.07 Akt

K2 202456 &M AF MR

Tab.2 Mechanical properties of 2024 aluminum alloy

Ji JIR5i 3 /M Pa PLHLGRJE /MPa R/ %

334 483 11

2024 $8 G A BEMF I A SU A TR FL R 7 m A0 A A i
LR YRR ORI B CUL B 1), HF B ok ROSE 2 35.5 pm.
PR 6 7E HT-IM16 X 8/1 A1 Jg ] 3K — 4k 3 e B8 45 4
ML #EAT , R FH A A A THE B8 S0 i 1 Sk, IR S Tn R R
1 mm, fllJ5 B2 16 mm, B P4 B R 4.8 mm, i £
BT AR T AN v B ELAR 40 ) 8 5 mm A 3.5 mm., [ M
R (0) 24 200 mm/min B, i€ 5% 2 & (w) 2 600,800 Fl
1000 r/min, #EEK B R 120 mm. SR o 2 v g 4 3k
0 ff1 Ry 2,57, 52 30 A e, FLAlE T R R 0.48 mm,

111

Bl B aRe oA A

Fig.1 Grain orientation distribution of base metal
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Fig.2 Schematic diagram of sampling and tensile specimen
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Fig.3 Macro morphologies of cross section of joint at different

rotation speeds with welding speed of 200 mm/min and EBSD

test location
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Fig.4 Inverse pole figures of joint at NZ, TMAZ and HAZ under different rotational speeds
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Fig.5 Average grain size of joint at NZ, TMAZ and HAZ under

different rotational speeds
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Fig.6 Grain boundary and recrystallization diagram of NZ under

different rotational speeds
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Fig.8 Microhardness distribution diagram of cross section of joint
A 4 Sk T 24 14 007 T B3, LT R Sk TR — v X
B A Wi 24 (W 24407 B T HAZ 5 BM 3 1 B 3 ¢ 3
HAZ —) , Wi 10 5504 J7 n] 2 45°/ . w=600.,800 I
1000 r/min B 423k 09 OB it 4 B 4F , 5 BM AR L ,NZ
M TMAZ (1 SR 47 . AR 4% Hall-Petch 2007, NZ il
TMAZ IX 35 21 23 b R 240 /)N, 3 BOH 2 30 w10 9 B
K HAZ Fl BM HAG AL 21 SURFAE , HAZ (1 5F- 35 i hr
RSE 5 BEMF A — 2, o RS 55 R, R R ot bz
SHL HAZ B3 DS BbAh , HAZ 7 5t 7 T 2 15 28
PAEFE A7 B AH BRI 7 55 % N R HAZ 2
TREAGRLN 55 , HAZ 4b e Az 1Ak, S 350 I R 2 (L
RAAR CUL IR 8) , AT f HAZ J& A FSW 42 3k 1 3 55 X
LB SR E & AW . T =600 r/min i,
FHEL T 800 r/min A1 1 000 r/min, F 5y A 2 AH XT3 %,
HAZ 19 5T A8 X 52 55, 3X AT BB J& w =600 r/min B} # 3k
S X5 R e 1 R

P& 10 24 R 7 R A 26 (DIC) $ A i 5% 45 31 1)
w=600 r/min i 4% K P ALV TD 9 1 48 53015 K &

4651

160 456.8 600 r/min
< | ¥4 T
% 455 1cm i HAZ[ BM
= 4sof 4420 800 r/min
= 442.0 B 1 2
F qush HAZ" BM
S . lcm : —
4401 { )
1 000 r/min
4350 1 1 [ T
600 700 800 900 1000 1cm ! HAZg BM
JHE/(r » min™)
(a) PLLHEE (b) WA E

B9 TR AT HELRERE WAL E
Fig.9 Tensile strength and fracture location of joints under differ-
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