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Study on Solidification Structure of Aluminum Bronze Parts
Produced by Molten Metal Die Forging(MMDF)
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100044, China)

Abstract: Aluminum bronze is an important explosion-proof material and die material. However, its
technological performance is poor, and it is easy to produce cracks and shrinkage defects. In this pa-
per, the forming of aluminum bronze octagonal hammer was carried out by molten metal die forging
process (MMDF for short). The microstructure characteristics of the hammer between the MMDF and
sand casting were experimentally compared. The non-equilibrium solidification path and rheological
feeding mechanism of the aluminum bronze by MMDF were revealed. The microstructure of MMDF a-
luminum bronze hammar is finer than that of sand casting hammer. With the increase of pressure, the
matrix grain size and secondary dendrite arm spacing are further refined.
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Table 1 Chemical composition of aluminum bronze %

TR Al Fe Ni Si Cu
i it 11.33 4.63 5.41 0.31 Bal.
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Fig.1 Sand casting octagonal hammers of aluminum bronze Fig.2 MMDF octagonal hammer of aluminum bronze
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Table 2 Technological parameters of sand casting and MMDF octagonal hammer of aluminum bronze

Process Melted temp./C Pouring temp./C Pressure/ MPa Filling rate/ (mm « s~ 1)
Sand casting 1300 1130 0.1 —
MMDF 1 250 1 050 100,140 60
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(a) Sand casting (b) MMDF
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Fig.3 Microstructure comparison of MMDF and sand casting hammer top surface

(a) Sand casting (bh) MMDF
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Fig.4 Microstructure comparison of sand casting and MMDF at 20 mm under the hammer top surface
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Fig.5 Comparison of solidification structure characteristics between sand casting hammer and MMDF hammer
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Fig.7 Comparison of solidification structure characteris-
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Fig.6 Microstructure refined by pressure of MMDF
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Table 3 Simulation parameters of MMDF octagonal hammer of aluminum bronze

Process  Filling rate/(mm + s~ ')  Pressure/MPa Pouring temp./C Mold temp./C Interface condition h/ (J + m 2)

MMDF 60 100 1 050 200 5000
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(a) Temperature field (b) Flow field
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Fig.8 Temperature field and flow field after mold filling (=3 s)
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Fig.9 Distribution of temperature field and total shrinkage porosity after solidification (=50 s)
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