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Numerical simulation on sequential motion compacting of
spray deposited 5A06 aluminum alloy
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Abstract: In order to optimize the processing parameter, the sequential motion compacting of spray deposited SA06 alloy
was simulated by using rigid-plastic finite element method (FEM) on DEFORM-3D software. During the sequential
motion compacting, the depressed velocity of head is 0.1-10 mm/s, the range of deformation temperature is 350—550 C.
The results show that with increasing depressed velocity, the average density of preform and resistance of deformation
become higher, the surface quality becomes better and there are no steps on the surface, but the press tonnage also
becomes higher. Although the effect of deformation temperature on densification of preform is obscure, when the
temperature is too low, the cracks occur easily, and when the temperature is too high, the aberration appears easily on the
surface, the overburning microstructure can be found at the meantime. Thus, the optimal processing parameters of
sequential motion compaction for spray deposited SA06 alloy are: depressed velocity of head of 1.0 mm/s, deformation
temperature of 450 C.
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Fig.l Schematic diagram of sequential motion compacting:
1—Hydrostatic machine; 2—Punch; 3—Die; 4—FElectrical bar;
5—Caging device; 6—Preform; 7—Backup plate; 8—Guide
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Fig.2 Schematic of sequential motion compacting process
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Table 1 Processing parameter of sequential motion compacting

'Step Angle of Velocity of Reduction Temperature
distance nch/(*) punch in pass/mm of preform
/mm  PM¢ depress/(mm-s ") pass and die/'C
20 5 0.05-10.00 3-5  350-550
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Table2 Chemical composition of 5A06 alloy (mass fraction, %)
Mg Mn Si Fe Cu Al

5.80—6.80 0.50—0.80  0.40 0.40 0.10 Bal.

R3  SA06HE MR ILRES KL
Table 3 Property parameter of 5A06 Al Alloy

Elastic Heat expansion Thermal
modulus/GPa coefficient conductivity/(W-mf1 K
70 2.5 129.00

Heat transfer

Heat capacity/(Jkg "K'
pacity/(Ike ) coefficient/(W-m >K™")

1047 0.11
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Table 4 Temperature and attribute of preform and die

Style Material Temperature/'C
Preform Porous 5A06 350 450 550
Punch  Rigid AISI-4161(300-500C) 20 20 20

Die  Rigid AISI-4161(300-500°C) 350 450 550
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Fig.3 Relationships between depress velocity and average relative density: (a), (a’) v=0.1 mm/s, dyerage=83.3%; (b), (b”) v=1.0

mm/s, dayerage=88.1%; (), (¢”) v=10 mm/s, dyerage=89.4%
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Fig.5 Effects of deformation temperature on average relative density: (a), (a’) 350 C; (b), (b”) 450 C; (c), (¢’) 550 'C
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Fig.6 Effects of deformation temperature on damage value: (a)

350 °C; (b) 450 C; (c) 550 C
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Samples of sequential motion compacting at
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Fig.8 Microstructures of sequential motion compacting at
different deformation temperatures!'®: (a) 350 C; (b) 450 C;
(c) 550 C
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