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ABSTRACT Annealed 7B04 Al sheets in thickness of 2 mm were subjected to friction stir welding (FSW) un-
der three rotation rate and welding speed parameters of 1600 r/min, 200 mm/min; 800 r/min, 200 mm/min and 400
r/min, 400 mm/min, respectively. The effect of welding parameters on the tensile property and microstructure of
the FSW joints were investigated, with more efforts focusing on the low-temperature superplasticity of the nugget
zones (NZs). The results showed that FSW joints with high quality could be produced by controlling welding pa-
rameters, with a joint strength coefficient of 100% being obtained. Dynamic recrystallization took place in the NZs
with fine and equiaxed grains generated. The grain size of the base material was about 300 um, while it was signifi-
cantly decreased in the NZs with decreasing the rotation rate: about 2, 1 and 0.6 um for the above three samples, re-
spectively. The fine grain structure of the NZs could facilitate their superplastic deformation. The NZs exhibited su-
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perplastic elongations ranged from 160% to 590% at 300 ‘C at strain rates of 1x10°° and 3x10“ s™. The maximum
superplasticity of 790% was obtained at 350 “C at the strain rate of 1x10° s ™. The ability to superplastic deforma-

tion disappeared in the NZs at 400 C.

KEY WORDS ultra-high strength aluminium alloy, friction stir welding, superplasticity, microstructure
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Fig.1 Schematics of tensile sample of friction stir welding
(FSW) joint at room temperature (a) and superplas-
tic tensile sample of nugget zone (NZ) (b) (unit:
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21 7BOAMHE S TEH (BM) ) = I8 1
Table 1 Tensile properties of 7B04 aluminum alloy base metal (BM) at room temperature
Direction Tensile strength / MPa Yield strength / MPa Elongation / %
Lengthways 210.0 90.0 16.5
Crosswise 211.0 98.0 16.3
322 7BOASRE SR FSW 23k 1 = ELfr 1 B
Table 2 Tensile properties of FSW 7B04 aluminum alloy at room temperature
. Ratation rate Welding speed Tensile strength Yield strength Elongation
Specimen . .
r-min™ mm-min* MPa MPa %
400-400 400 400 2135 76.0 145
800-200 800 200 216.5 98.5 14.7

1600-200 1600 200 212.5 78.5 16.5




1452

e
EEl

i #51 %

&

B2 RAZHT 7B044R A SR FSW R4 %0 & 4141 OM (%
Fig.2 OM images of different welds (a~c) and FSW 7B04 aluminum alloy joints (d~f) of samples 400-400 (a, d), 800-200
(b, €) and 1600-200 (c, f) (AS—advancing side, RS—retreating side)

3 7B044 44 BM B M4L4 I OM 5
Fig.3 OM image of 7B04 aluminum alloy BM
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&4 7B04 444 BMAIFSW % X B4 4L TEM 1%
Fig.4 TEM images of 7B04 aluminum alloy BM (a) and FSW NZs of samples 400-400 (b), 800-200 (c) and 1600-200 (d)
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Fig.5 XRD spectra of 7B04 aluminum alloy BM and NZ
of sample 400-400
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Fig.7 Sample morphologies of FSW 7B04Al NZs after su-
or . . . L
‘ ‘ ‘ ‘ ‘ perplastic deformation under various conditions
200 250 300 350 400 450
Temperature / °C (@) undeformed sample
900 (b) sample 1600-200 under 300 ‘C and 3x10*s™
© —=—300°C (c) sample 800-200 under 300 C and 3x10™*s™
—e—350°C . T
(d) sample 400-400 under 300 ‘C and 3x10*s
R 600 (e) sample 400-400 under 350 C and 1x10°s™
E
g
S 300}
O L L L L L
10* 10° 10? 10* 10°
Strain rate / s
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©)
1 m=0.02—L
m =057~
g 10}
= m=0.59 ——|m=0.44
Z g I
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1 —e—300°C
—a—250°C
—¥—200°C
100 : 4 : 3 : 2 : 1
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6 FSW 7B04 45 <5 Kk H ko A 1 i
Fig.6 Superplastic tensile properties of FSW 7B04 alumi-

num alloy

(a) elongation vs strain rate at 300 C

(b) elongatation vs temperature of 7B04 alumi-
num alloy BM and specimen 400-400 at strain
rate of 310 s™

(c) elongation vs strain rate of specimen 400-400 at
300 and 350 ‘C

(d) flow stress vs strain rate of specimen 400-400 at
different temperatures (m—strain rate sensitivi-
ty index)

(&8 #¥:ii 400-400 8 MU EAL 1T 11 BT A SEM 1%
Fig.8 SEM images of surface morphologies of tensile 400-
400 sample near fracture tip under 300 C, 3x10*s™
(a) and 350 ‘C, 1x107°s™ (b)
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