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ABSTRACT Friction stir welding (FSW) of a novel AlCuLi alloy was conducted to investigate the
effect of welding parameters on the microstructure and mechanical properties of the joints. The fine and
equiaxed dynamically recrystallized grains were observed in the nugget zone (NZ). As the rotation rate
increased, the size of the grains in the NZ increased. However, with increasing the welding speed, the
size of the grains in the NZ decreased slightly. TEM analyses indicated that most of the precipitates in
the NZ dissolved into the matrix during FSW and some coarse precipitates formed during subsequent
cooling process. Moreover, many coarse precipitates were observed in the heat affected zone (HAZ)
due to the FSW thermal cycle. At a low welding speed of 80 mm/min, the ultimate tensile strength
of the joints increased as the rotation rate increased, and could reach up to 442 MPa which was 87%
of that of the base metal. All of the joints failed in the lowest hardness zone of the HAZ. At a high
welding speed of 200 mm/min, some defects resulting from insufficient material flow were observed on
the fracture surfaces. At a low rotation rate, the joints failed along the defects in the NZ and exhibited
a low strength. As the rotation rate increased, the size and number of the defects decreased. Therefore,
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the effect of the defects on the strength of the joints was significantly reduced, and a joint efficiency of

84% was obtained.
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Fig.1 Cross—sectional macrograph of nugget zone (NZ) of
friction stir welding (FSW) AILiS4 joint at 800-80

sample
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Fig.3 OM images of NZ of samples 600-200 (a), 800-200 (b) and 1000-200 (c)
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Fig.4 Hardness profiles of FSW AlLiS4 joints on cross sec-
tions with welding speeds of 80 mm/min (a) and
200 mm/min (b) (The advancing side (AS) is on the
right, the retreating side (RS) is on the left, the zero
point is the center of NZ)
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5 AILiS4 £:61F1 800-80 & 5hiELA TEM (&
Fig.5 TEM micrographs showing precipitates of base metal

along (111) zone axes (a), NZ of 800-80 sample along
(211) zone axes (b), and heat affected zone (HAZ) of
800-80 sample along (111) zone axes (c) (Insets are

the selected area electron diffraction patterns)
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Table 1 Tensile properties and failure location of FSW Al-
LiS4 joints and base metal

Sample UTS Elongation Joint efficiency Fracture
MPa % % location
Base metal 510 16.6 - -
600-80 401 7.6 79 HAZ
800-80 440 10.1 86 HAZ
1000-80 442 10.1 87 HAZ
600-200 370 4.4 73 NZ
800200 430 5.9 84 NZ
1000200 420 6.6 82 NZ
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R R AE, SOTYINI AR TXET 800-80 HEF
(B 6c), REamth7ER LM X R WS, O 2 R AREE
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R 4 AR BB L A 33, 600200 £E 5L g Fir 3R B N
370 MPa, 4Hi# k5453 #2 5% 800 r/min, 800-200 #£
I FHIR R R 430 MPa, {(H{MET 800-80 k&,
WP LA H SR F 1000 r/min, 1R XHSA TR
1% 535b, 1% B ) 200 mm/min BHS )RR B
/N FAREE R & 80 mm/min BHEFIEIRET, I
BFER ETEIR b & B
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B 7 600-200 fEAGFIMEETIIEY SEM R
Fig.7 SEM image of fractograph of 600- 200 sample (a) and
locally magnified image of the A zone in Fig.7a (b)

6 AILiS4 BRpAFIREERE ISl A SEM {§
Fig.6 SEM images showing fractographs of base metal (a),
and FSW AILiS4 joints of samples 600-80 (b) and
800-80 (c)

Py f 4R W, 600200 HERMTERE ST 600-
80 HEdh (I 4), (HIRE KEMEL T 600-80 #:5. H
SEM Z34f 6] 1, 600-200 #8487 0 L3 AF L (] Ta).
B KPR ([E Th) £, Z X W D i,
HHAFERR A 7T SR BREGE. X RULEIERT,
TR NEAR, MRSy, R H TR 06
Grekdy. friRet, REUEIE K &Y R, Wi S8k
TERARAY RIS T, LBiae L e #2076 800-200 ##

el (] 8a) (EAERAL, 815 600-200 FERATHLAN 5 5 500.200 f 600200 FAE eI SEN
B 600-200 Ff & TERUH REHI XL, BT L AR S Fig.8 SEM fractographs of samples 800-200 (a) and 600-
B985, RIYEWTRURIE (B 8b). XAk H 4R &, 200 (b)
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R R, SRR TR TR . SR R, 4R
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B i A, PR AR AR X B T P o DX A At ARRLAL, (S
B B ERR.

(2) TERURATEEEEE (80 mm/min) T, FEHEHE X
TR AN, B IREE M . B E R X R
BAR SR MR BB R A B 87%, 1EfER
#1% 10%.

(3) 7ER m AR 4% E (200 mm/min) T, Bk
Rl BURES, B KRN S A 7T, MRS & &, MK
K. BESEHE LR A0, BARE T KA & R, B
XYER AR BTN A B, Bk AR [k BERTY 84%.
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