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Fig.1 3D solid model: (a) schematic diagram of cylinder, (b) die, (c) top bar, (d) punch, and (e) assemble a complete entity model
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Fig.2 DSC curve (a) and liquidus rate curve (b) of 7075 aluminum alloy bar
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Fig.3 True stress-true strain curves of 7075 aluminum alloy at different temperatures: (a) 490 ‘C, (b) 510 C, (c) 540 C, (d) 560 C, (e) 580 C,

and (f) 600 C
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Fig.4 Exponential function fitting curve of liquid rate f_ and
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Table 2 Numerical simulation parameters of semi-solid thixotropic

extrusion process of 7075 aluminum alloy

Serial Billet Punch Die Loading

No. temperature/"C temperature/°’C temperature/°C speed/mm s
1 580 350 400 15

2 590 350 400 15

3 600 350 400 15

4 610 350 400 15

5 615 350 400 15

6 610 300 350 15

7 610 350 400 15

8 610 400 450 15

9 610 350 400 10
10 610 350 400 15
11 610 350 400 20
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Fig.5 Billet filling process under different displacement of punch:
(@) 6 mm, (b) 14.79 mm, (c) 31.56 mm, (d) 47.24 mm, and
(e) 55.73 mm
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Fig.6 Equivalent stress distribution under different displacement of
punch: (a) 6 mm, (b) 14.79 mm, (c) 31.56 mm, (d) 47.24 mm,
and (e) 55.73 mm
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Fig.7 \elocity field distribution of billet under different displace-
ment of punch: (a) 6 mm, (b) 14.79 mm, (c) 31.56 mm,
(d) 47.24 mm, and (e) 55.73 mm
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Fig.8  Temperature field distribution of billet under different
displacement of punch: (a) 6 mm, (b) 14.79 mm, (c) 31.56 mm,
(d) 47.24 mm, and (e) 55.73 mm
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Fig.10 Equivalent stress distribution at different mold temperatures:
(a) punch/300 C, concave/400 C; (b) punch/350 °C,
concave/ 400 C; (c) punch /400 “C, concave/450 ‘C
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Fig.11 Equivalent stress distribution at different loading speeds:
(a) 10 mm/s, (b) 15 mm/s, and (c) 20 mm/s
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Fig.12 Temperature field distribution under different loading speeds:

() 10 mm/s, (b) 15 mm/s, and (c) 20 mm/s
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Fig.14 Macro and semi-section morphology of semi-solid

thixotropic 7075 aluminum alloy part

A The upper position of side wall

/ /_
B The center position of side wall
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&
€ The bottom position of side wall
280 I~ D The bottom of the cylinder
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Fig.15 Schematic of sample interception position
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Fig.16 Metallographic microstructures of different positions of the

cylinder formed at 610 C: (a) upper position A of side wall,
(b) center position B of side wall, (c) bottom position C of

side wall, and (d ) bottom D of the cylinder
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Finite Element Simulation and Experimental Verification of Semi-solid Forming of 7075
Aluminum Alloy Cylinder Based on DEFORM-3D

Niu Haixia"?, Gan Guogiang®, Li Ping®, Xue Kemin®
(1. School of Mechanical Engineering, Anhui Sanlian University, Hefei 230601, China)
(2. National Engineering Research Center for Vehicle Driving Safety, Hefei 230031, China)
(3. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: Using 3D simulation software DEFORM-3D, the semi-solid forming process of 7075 aluminum alloy deep cavity cylinder was
simulated, the effects of billet temperature, die temperature and loading speed on the forming process of cylinder were analyzed. The results show
that, increasing the die temperature and billet temperature can significantly reduce the deformation resistance of billet during cylinder forming;
increasing the mold temperature and loading speed can reduce the heat loss and improve the filling capacity of semi-solid billet. The optimal
process parameters are as follows: billet temperature 610 <C, die temperature 350~400 <C, punch loading speed 15 mm/s, at this time, the
maximum equivalent stress value of the material is 69.9 MPa. Tests have shown that, semi-solid forming is carried out under optimized process
parameters. The shape of the cylinder is complete, the surface quality is high, the structure is compact and there is no forming defect.
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