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Table 1

(mass fraction, %)

Chemical composition of 2A14 aluminum alloy

Si Cu Mn Mg
0.6-1.2 3.9-4.8 0.4-1.0 0.4-0.8
Fe Ti Zn Al
0-0.7 <0.15 <0.3 Bal.

FSW iR 56 15 4% 4 FE X 35K B R 225 1t e 16 1
IR %, X R SF N 200 mmx 55 mmx20 mm AR
MHBEATXHER . IBIE AT S HOA R IR R T G E R
HLZSH, HHEL% 9300 r/min, REEREA
35 mm/min, EHHIA N 2.5°, FE T EENO0.2
mm. K Rk AE BN 32 mm, HiEFEARK
fE 820 mm. FSWdREQIE 1 FioR, Hidkadim &
e, Pibek N ORUEROM H Al R 2%

R I A BB T AUR ST 8 75 mmx25 mmx
20 mm (EAHIREE, SRFEE. Mok, #5 Rk %

Bl HiEEEIEESW)REE

Fig. 1 Schematic diagram of friction stir welding
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Shape and dimension of SiC/2A14 composite
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Fig.3 Macroscopic morphology of cross-section of SiC /2A14 composite weld
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Fig. 4 Microstructures of SiC /2A14 composite weld: (a) BM; (b) HAZ; (c) TMAZ; (d) NZ
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Fig. 5 SEM images of SiC /2A14 composite FSW joint: (a) Base material; (b) Nugget zone
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Table 2 Chemical composition of points A-C in Fig. 5

) Mole fraction/% .
Point - Potential phase
Al Si C Fe Mg Mn
A 45.67 19.15 24.27 0.20 2.51 8.19 Al,C,
B 1.19 43.81 54.84 0.16 SiC
C 58.54 16.89 24.58 AlLCu
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Fig. 7 SiC/2A14 composites base material and joint tensile properties: (a) Stress—strain curve; (b) Yield/tensile strength

and elongation

Local Local
strain/% strain/%
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=~ 13.41 ~ 13.41
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I 3.24 3.24

0 0
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q 16.80
~ 13.41
Fracture location:
0‘02 Boundary
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and TMAZ of
6.63 retreating side(RS)
I 3.24 '

8 DIC JHESAF IR N AR =
Fig. 8 Strain contour of joint by DIC method
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Fig. 9 Macroscopic fracture morphology of SiC/2A14

composite FSW joint

Fig. 10  Fracture morphologies of SiC /2A14 composite: (a) Base metal; (b) Weld joint sample 1 in Fig. 9; (c) Weld joint

sample 2 in Fig. 9; (d) Enlarged view of weld joint sample 2
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Microstructure and mechanical properties of
SiC,/2A14 composite thick plate FSW joints

GE Jun-wei', ZHONG Yu?, ZHANG Lin-han? XIE Ji-lin>*, CHEN Yu-hua®, HE Peng’

(1. Guizhou Aerospace Tianma Electromechanical Technology Co., Ltd., Zunyi 563000, China;
2. Jiangxi Key Laboratory of Forming and Joining Technology for Aerospace Components,
Nanchang Hangkong University, Nanchang 330063, China;
3. State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China)

Abstract: FSW butt welding was attained for the 20 mm thick plates of SiC /2A14 reinforced aluminum matrix
composite with 15% in SiC volume fraction, and the microstructure and mechanical properties of the joint were
analyzed. The results show that the composite welded joint can be divided into four zones, which are the base
material (BM), heat-affected zone (HAZ), thermo-mechanical affected zone (TMAZ) and nugget zone (NZ).
Among them, the base material microstructure presents a rolled strip organization, which is coarsened by heat in
the HAZ. In the TMAZ, the extruded streamline microstructures composed of fine grains can be observed, and the
strip microstructure in the NZ disappears, and a uniformly fine equiaxed grains are formed. Moreover, the SiC
particles and white phase Al,C, in the NZ are fully refined and distributed in a diffuse and uniform manner. The
lowest value of microhardness of the joint is observed at the interface of the HAZ and TMAZ, which is also the
place where fracture occurs. The tensile strength, yield strength and elongation of the joints are 278 MPa, 255 MPa
and 2.77%, respectively, which reach 83.91%, 77.62% and 71.76% of the BM, respectively. A maximum local
strain of 16.8% at fracture is observed with digital image correlation method (DIC). The joint fracture mode is a
mixed fracture mode of ductile fracture and brittle fracture.

Key words: friction stir welding; aluminum matrix composite; microstructure; mechanical property
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