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Fig. 1 Relationship between fluidity of alloy and phase diagram and the relevant flow-choking mechanisms
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Table 1 Chemical compositions of the tested alloy
Wg /%

44 Si Fe Cu Mn Mg Ni zZn Ti Al
fitfit 18 1.0 005 003 0.08 030 01
A356 7.0 12 020 010 0.35 010 0.2
A380 85 13 350 050 010 050 3.00
A319 6.0 10 350 050 010 0.35 3.00
A390.2 175 08 450 0.10 0.58 010 02
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Table 2 The liquidus, solidus, the solidification interval
and the casting temperature of the tested alloys

=N LR BV EESS 4 kb elE
T REC WEIC R
afigH 660 660 0 730
frent 650 563 87 720
A356 615 561 54 686
A380 583 524 59 650
A319 606 524 82 670
A390.2 628 528 100 727
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Fig. 2 Ragone method, and a die casting made by Han method
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Fig. 3 Relationship between the measured fluidity length and the
calculated solidification interval of alloy
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Fig. 4 Relationship between the measured fluidity length and the
calculated solidus of alloy under the die casting conditions
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Fig. 5 Microstructure of A380 alloy solidified naturally in a shot chamber (a) and (b ) , and solidified under severe stirring caused by using
ultrasonic vibrations in the shot chamber (c) and (d)
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Table 3 Secondary dendrite arm spacing vs. calculated local

solidification time and cooling rates by using Egs. (2)
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mH A
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Fig. 6 Microstructure of A380 alloy in the flow front of the fluidity specimen and the distribution of the size of the crystal or distribution of the
secondary dendrite arm spacing
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Fig. 7 Microstructure of A380 alloy in the fluidity specimen of the die casting
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Flow Choking Mechanisms of Molten Alloys Under Die Casting Conditions

HAN Qing-you
(School of Mechanical Engineering, Southeast University, Nanjing 211189, Jiangsu, China)

Abstract:

Fluidity of an alloy is an important casting property that is related to issues associated with the production of
large thin-wall die castings. Classical theory based on the choking of flow at the leading flow head suggests
that the flow length of a molten alloy is inversely proportional to the freezing range of the alloy. Such trend,
however, does not hold true for alloys under die casting conditions. This paper summarizes my recent work
on the fluidity of alloys. Two test methods and selected alloys were used to demonstrate the different trends
of fluidity on freezing range of alloys. Microstructure of the fluidity castings was characterized to reveal
mechanisms under which flow was choked during the mold filling and solidification process of the molten
alloy. Experimental results indicated that pre-solidified dendrites (PSDs) formed in the shot chamber were
responsible for choking the flow. During the mold filling process, these PSDs were driven by the ram to fill the
runner/gate system of the casting. The PSDs were collected in the runner ahead of the in-gates, forming a PSD
core that blocked the in-gates. Calculation using Darcy Law suggested that the pressure drop of the molten
metal flowing through the PSD core was in the same order as the pressure on the molten metal by the ram.
When the pressure by the ram was not high enough to overcome the pressure drop, the motion of the ram, as
well as the resultant flow of the molten metal, had to be stopped. Thus, it is beneficial to enhance the fluidity
of a die casting alloy by reducing or eliminating the formation of the PSD core in the runner/gating system of
a casting during the die casting process.
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