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Table 1 Chemical composition of ZL205A casting alloy W /%
JLER Cu Mn Cd Ti zr \Y, B Ag Sc Al
i 5.0 0.45 0.22 0.18 0.12 0.15 0.02 0.04 0.12 s
R2  ZL205AE M I THHAM IR H &
Table 2 The T5 heat treatment parameters of ZL205A aluminum alloy
FRUUELIVINAN PIESETRS PRt /b R BT A Bz C JAREE C LR i) /b BT
T5 540 16 7K 45 155 9 =5
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Fig. 1 The structure schematic of ZL205A pump casting
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Fig. 2 The schematic of grid division
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Fig. 3 The numerical simulation results of gravity filling flow field
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Fig. 4 The numerical simulation results of solid phase field for gravity filling casting
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Fig. 5 The numerical simulation results of solidification time for
gravity filling casting
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Fig. 6 The calculation results of Niyama shrinkage and porosity for
gravity filling casting
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Fig. 7 The process design schematic of pressurized permanent mold casting combined with 3D printing sand core
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Fig. 8 The calculation results of Niyama shrinkage porosity for
pressurized permanent mold casting
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Fig. 9 The test results of mechanical properties of ZL205A pump casing casting
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Fig. 10 The TEM analysis of microstructure of ZL205A pump casing casting after T5 heat treatment
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Research of Pressurized Permanent Mold Casting for ZL205A Pump
Casing Based on Numerical Simulation

FAN Jian-xun', CHEN Ming-wei*®

(1. The Sixth Military Representative Office of Navy, Xi‘an 710089, Shaanxi, China; 2. Beijing Institute of Aeronautical
Materials, Beijing 100095, China; 3. Beijing Advanced Engineering Technology and Application Research Center of Aluminum
Materials, Beijing 100095, China)

Abstract:

Owing to its many oil chamber pipelines and complex wall-thickness cross-section structures, the ZL205A
pump casing casting has a long production cycle and low qualification rate of mass production. This paper
adopts the ProCAST simulation software and the testing equipment of material structure and performance
to analyze and study the pressurized permanent mold casting process combined with the 3D printing sand
core. Under the gravity filling conditions, the total filling process is completed in 2.5 s, which is stable and
no obvious entrainment and turbulence are observed. When solidified to 19.48 s, the melt in the riser region
is changed to the mushy state , leading to a weakened feeding effect, so some shrinkage holes and porosity
defects can be seen in the casting when the solidification process is completed. When the pressurized
permanent mold casting process is adopted, the internal porosity and shrinkage defects are reduced obviously
and even eliminated by adjusting the preheating temperature of permanent mold and the pouring temperature
of melt to 220-250 °C and 725-730 °C., respectively, and setting the filling pressure and holding time to 0. 4~0. 8 MPa
and 2-3.5 min, respectively. The average tensile strength, yield strength and elongation of the noumenon
samples after the T5 heat treatment are 480 MPa, 419 MPa and 8%, respectively. In the microstructure of the
pump casing, the main strengthening phase Al,Cu presents a disc-like morphology with an average diameter
and thickness of about 120nm and 20nm, respectively, which is evenly distributed in the primary o-Al matrix.
In addition, the Ag element is distributed uniformly in the primary a-Al matrix, and the Zr and Sc elements
are dispersed and distributed along the Al,Cu strengthening phase.

Key words:
pump casing casting; permanent mold casting; pressurized solidification; ZL205A aluminum alloy; mechanical
properties
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