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Abstract ; Afier axial closed die rolling (ACDR) technology forming and simulation, the influence of ACDR on the micro-
structure and properties of 7050 aluminum alloy was studied. The results show that the strain distribution of 7050 aluminum
alloy thick plate after ACDR is as follows: center>1/2R>edge, and mushroom effect exists in the forming process. By OM
and SEM abservation, it is found that there are some differences in the forged structure at different locations. The central po-
sition is an equiaxed crystal structure, the dynamic recovery occurs at 1/2R, and the structure at the edge is blurred and
shows a fibrous structure. After solution treatment at 472 °C X150 min and dual aging treatment at 120 °C X400 min+160 °C
%360 min, radial and chord tensile properties of the center and edge are tested at room temperature, respectively. The re-
sults show that there are some differences in the yield strength and elongation of 7050 aluminum alloy at the center and edge,

and little difference in the mechanical properties of the radial and chordwise.
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Fig. 1  Schematic of ACDR forming
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Table 1 Chemical composition of 7050 aluminum alloy (w/%)

Si Fe Cu Mn Mg Zn Zr Ti Al

0.02 0.15 2.23 0.1 207 6.56 0.09 0.04 Bal
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Fig.2  Workpiece size after ACDR forming
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Fig. 3 Workpiece after ACDR forming
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Table 2 Simulated parameters of ACDR

Parameter item Value
Workpiece temperature/°C 450
Mold temperature/C 25
Forming speed/(mm - s™') 6
Die speed/(r + min™!) 60
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Fig. 4 Size of tensile specimen

= rll‘
——

i

P 5 R e B R 1R S 1
Fig. 5 Photos of specimens before and after the room temperature ten-

sile test
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Fig. 6 Diagram of simulated ACDR forming
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Fig. 7  Section view of the equivalent plastic strain distribution of the
blank during the ACDR forming process: (a) 30%, (b) 50%,
(¢) 70%, (d) 100%
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Table 3 Average grain size of aged 7050 aluminum alloy

Location Average grain size/pm
Center 20. 38
1/2R 20. 11
Edge 16. 44
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Fig. 8 Metallographs of 7050 aluminum alloy at different heat treatment states and positions; (a) center of forging, (b) 1/2R of forging,

(c) edge of forging; (d) center of solution, (e) 1/2R of solution, (f) edge of solution; (g) center of aging, (h) 1/2R of aging,

(i) edge of aging
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Fig. 9  Aging microstructure of 7050 aluminum alloy rolled plate
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Fig. 10 SEM images of 7050 aluminum alloy in different status; (a) forging, (b) solution, (c) aging
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Table 4 Analysis results of elemental composition at different positions marked in figure 10 (w/%)

Position Cu Mg Zn Fe Al Phase
1 — 1.86 2.83 — Bal. MgZn,
2 6. 68 5.47 — — Bal. Al,CuMg
3 21.32 — 0.58 8.47 Bal. Al,Cu, Fe
4 — 2.21 3.59 — Bal. MgZn,
5 — 1.72 — 1.57 Bal. Al,CuMg
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Fig. 11 Stress-strain curves of aged 7050 aluminum alloy at different
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Table 5 Tensile test results of aged 7050 aluminum alloy

Locati Directi Tensile Yield Elongation/

ocation trection strength/MPa  strength/MPa %

0° 539.2 456. 6 15.8
Center

45° 528.3 452.7 13.5

0° 565.5 527.1 10.9
Edge

45° 550.6 520.5 9.7
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Table 6 Properties of 7050 aluminum alloy rolled thick plates in
different directions
N Tensile strength/  Yield strength/
Direction MPa MPa Ref.
0° 610 315
[23]
45° 641 345
0° 563.5 468.5
[24]
45° 531.5 466.5

& 12a~12d 43 BRI A m . hgkazm . PO,
UL 5% [ RARAEWT T SEM B8 K, 0] LA H AL 1
FEEBZRBIE RIS, 88 RE KR — ) Hop
O EVES R . GO e MR A, AL
B SR, X H 2 G RO A R A AR I 11 AT L K B
P B R G AR JE AR R A, 5 =R R
SR L U PR A R A RN
B B IEAHE 450K 8g I 8i I AAASLHA A 40, rfulsFil
RGP E ARSI AR L2 5 5 1R R
FEREDREE,

Bl 12 7075 $RE A RMRFENT 1 SEM BT . (a) W21, (b)
NG, (c) b, (d) ek

Fig. 12 SEM images of 7050 aluminum alloy tensile specimen fracture :

(a) radial of edge, (b) chordwise of edge, (c) radial of

chordwise, (d) chordwise of center
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