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RYGIEFT 5 mm JE ) 5A06-H112 Fl 6061-T651 4L
HIBAAVE R BEA, BAER G SIS ik 1
Fi7R o SRRSO TR A 155 mmX 65 mm (1)
TR, Sk BRI 2w F oK G REE P LA 2 B
T V5. ARG HT-JL10X12/2H FY 45 3k BE 4R
B & (iR B fliE A IRA R BT B
HIEFE 300, 600, 900 1 1200 r/min, FEEEHE N 100
A1 200 mm/min, ZEHHRIEELL y v 1.5, 3.04 4.5,
6.0, 9.0 F1 12.0 r/min. +EH H-13 BLEN K,
HUR BN 15 mm, HEPECSHEE A A IRIRSURAR,
JEEE 2 mm, BREPEAE 3 mm, JRETEA 6 mm, K 4.6
mm. EEIRET, FHiA N 2.8°, HE NEEN
0.36 mm. 43 7i%E A H 2R ¥4 #1(Nature cooling, NC)Fl [
42 S 5l VA H) (Forced air cooling, FAC)HE4T 3 £ BE
BaR4, Hoh FAC T SO IR AR A S 4 Sk e
W42 ST SR A H . RS2 SRR 0.5 MPa,
S B T PR R S M TH 29 20 mm, PR AT 1 =2 20
mm 4, RSP 10 mmX 2 mm BFETE, REHESEFR
M5 L 1(a))s

LRCEDAU DT E I D SR Ve S = R s L

=1 5A06-H112 1 6061-T651 84 &b sy

B T 1(b)) o Bl fei 058 A3 2 X 3 AMIFELE MTS
CMT4204 AEHAIGHL FiEAT, Fra e R AT B
R0 1 mm JTEEDLORUEIARE R 074, 8 5o
Sy IR IR RIS P 2 mm/min R fHE
FEZE R AT . W IAFEAE Zeiss SIGMA i HL 1
2B (SEM) N ALEE I SO TS, 2 A 90 53 J A0 1%
Ble BTN R 2 A A AR B 0 4 Ve RE, A
Fil Agilent Nano Indenter G200 44K JE NXFEATZK &
NS o 1050 K FH 3 PR S AE R R U T 2 480 pm
FIMEIFE RN 56X 6 HIFERE IR A, DARAERE L BT X
WA R A L. IR RI IS R, PEERS B i
FE£0.05 nm/s JEFEI A, I AN AZETE 5 20HE 30 s 0
A 120 mN, LREL 10 s J57E 30 s HEIEE] 0 mN.

2 HBRS50h

2.1 BIHREREE SERRMERKE

RERA A 53 I 4 Sk BURY () T2 B g — R AR il 25
Wi 2 fizs . 5A06 556 4 BEM 1 T3t b it iz - JE IR
558 FEE BT 24K 433314 307.87 MPa. 125.78 MPa Al
22.13%, 6061 564 REM ISP huhi smBE . i IRom B2
AT 2K 43N 277.67 MPa. 236.17 MPa Al
13.08%. it HEBE BRI L J5 BRI PURI R . e IR FE

Table 1 Chemical composition of base 5A06 and 6061 aluminum alloys

Mass fraction/%

Material
Si Fe Cu Mn Mg Cr Zn Ti Al
5A06 0.40 0.26 0.06 0.86 5.37 - 0.10 0.11 92.84
6061 0.79 0.70 0.35 0.08 1.46 0.17 0.08 0.21 96.16
(@) ,
Tilt angle \H'I Wf(l)illng

Nozzle
Welding

direction
——

Weld plates

1 R EERAFEINTHE

Fig.1 Schematic diagram of FAC (a) and processing diagram of specimens (b)
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Fig. 2 Typical engineering stress—strain curves for joints

welded using different welding parameters

FWT LK AT BEA . 7EFL 34 300 r/min, f5742
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B IR AR Y, T Mt R R . X R
F IR S HCN NP E A, BFAZ X T
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I AL AEIRAZ XY S ZRIT AL (WLIE] 2). Bl o e T Tk
ey B4 E, SRR A RN & 7850 HIE B AR,
FRERESL W 8 R AR AR 6061 MIFAGEMI X, X HA
6061 Il F st m X BSCA IE Sk IR R 55 X 4, HLAG TR
G y 29 3.0 r/mm B PRI N RT3 A FH 2 DS R A%
X AR R IR A

Bl 3 P NEE HARR AR . B ERE Ly 3.0
r/min B}, JEEEESLIIPIRIEE & SCH 201.25 MPa).
B R A L R I, R Sk R R P S B
&, LEEIEEL y N 12.0 tv/mm B, BSkPidismE
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Fig. 3 Ultimate tensile strength of joints welded at different

rotational speeds and welding speeds
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Fig. 4 Fracture elongation of joints welded at different

rotational speeds and welding speeds
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Nature cooling

Bl 5 AFRFESECT AR ECR TR A

Forced air cooling

41°

Fig. 5 Fracture angle of FSW joints welded at different welding parameters: (a) y=3.0 r/min, NC; (b) y=3.0 r/min, FAC; (c) y=6.0
r/min, NC; (d) y=6.0 r/min, FAC; (e) y=9.0 r/min, NC; (f) y=9.0 r/min, FAC; (g) y=12.0 r/min, NC; (h) y=12.0 r/min, FAC
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Fig. 6 Nanoindentation hardness distribution and fracture angle of FSW joints welded at different welding parameters: (a) y=3.0
r/min, NC; (b) y=3.0 r/min, FAC; (c) y=12.0 r/min, NC; (d) y=12.0 r/min, FAC
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Fig. 7 Schematic diagrams of weakened area and fracture
angle obtained at lower for FSW joints heat input(a) and higher
heat input(b)
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BEAh, AR W 2R S A e ) by 35 A8 A IE W
NE,
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1 SEM 1%
Fig. 8 SEM images of fracture surface of FSW specimens

welded at 3.0 r/mm(a) and 12.0 r/mm(b) with nature cooling
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Effect of heat input on fracture behavior of
friction stir welded SA06-6061 aluminum alloy joints

PENG Guang-jian', YAN Qi', ZHANG Tai-hua®, WU Jiang-jing®

(1. College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310023, China;
2. Institute of Solid Mechanics, Beihang University, Beijing 100191, China;
3. Aleris Co., Ltd., Zhenjiang 212000, China)

Abstract: To investigate the influence of heat input on the fracture behavior of the joints, the SA06-H112 and 6061-T651
aluminum alloys were friction stir welded in both nature cooling and forced air cooling. When the ratio of rotational
speed to transverse speed is 1.5 r/mm, the materials in the nugget zone were insufficiently mixed to form a kissing bond,
resulting in brittle fracture along this defect. As the ratio reaches 3.0 r/mm, the materials in the nugget zone were well
mixed, and ductile fracture occurs in the heat affected zone of 6061 aluminum alloy. With the increase of heat input, the
fracture angle gradually decreases from 41° to 3°, and the fracture mechanism changes from shear fracture to normal
fracture. The distribution of nanoindentation hardness of the FSW joints indicates that the heat affected zone of 6061
aluminum alloy is the weakest area, and the fracture angle of the joint is directly influenced by the width and angle of this
weakened area. SEM images of the fracture surface reveal that supressing the heat input could increase the fracture angle
and cause shear fracture, which is conducive to form more shear dimples on the fracture surfaces to improve the
elongation of the joints.

Key words: 5A06 aluminum alloy; 6061 aluminum; friction stir welding; heat input; fracture angle
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