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Fig. 1 Working theory of vacuum counter-pressure casting
under ultrasonic vibration: 1—Ultrasonic device; 2—Upper
kettle; 3—Mould; 4—Clapboard; 5S—Down kettle; 6—Crucible;
7—Rising tube; 8, 9, 21—Gas tube; 10, 19—Regulating valve;
11, 12, 15, 17, 18, 20—Switch valve; 13, 14—Gas jar; 16—

Vacuum pump
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Fig. 2 Process graphs of synergistic action between ultrasonic power and solidification pressure
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Table 1 Testing results of secondary dendrite arm spacing
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Fig. 3 Variation trend of SADS with ultrasonic power and

solidification pressure
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Sample No. Ultrasonic Solidification Secondary dendrite arm spacing/pm

power/W pressure /kPa D, D, D, Average

1 0 200 20.62926 20.07711 22.25345 20.98661
2 0 250 17.06503 22.74335 19.27987 19.69608
3 0 300 16.30265 17.65855 20.58238 18.18119
4 0 350 18.62353 16.17166 18.23470 17.67663
5 300 200 18.11236 22.50146 19.38419 19.99934
6 300 250 19.67713 18.18653 17.61572 18.49313
7 300 300 17.72887 15.93566 19.60027 17.75493
8 300 350 17.56834 16.12701 18.29457 17.32997
9 600 200 18.21105 18.35270 20.05789 18.87388
10 600 250 16.60940 16.79438 19.47609 17.62662
11 600 300 15.26858 17.74045 15.58160 16.19688
12 600 350 14.04198 16.73049 17.36529 16.04592
13 900 200 17.14279 21.46330 19.10697 19.23769
14 900 250 18.73085 16.74419 20.36179 18.61228
15 900 300 20.38701 15.91093 16.77001 17.68932
16 900 350 18.83296 17.13048 15.28571 17.08305
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Fig. 4 Microstructures of ZL114A aluminum alloy under
different conditions: (a) At solidification pressure of 350 kPa;
(b) At ultrasonic power of 600 W; (c) By synergistic action
between ultrasonic power of 600 W and solidification pressure
of 350 kPa
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Fig. 5 Fitting relationship of SADS with ultrasonic power and

solidification pressure
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Fig. 6 Sketch map of synergistic action between ultrasonic

power and solidification pressure
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Effect of synergistic action between ultrasonic power and
solidification pressure on secondary dendrite arm spacing of
vacuum counter-pressure casting aluminum alloy

YAN Qing-song, LU Gang, LI Cheng, SHEN lJia-li

(School of Aeronautic Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The effect of synergistic action between ultrasonic power and solidification pressure on the secondary dendrite
arm spacing of vacuum counter-pressure casting ZL114A aluminum alloy was studied through testing and analyzing the
secondary dendrite arm spacing subjected to different ultrasonic power and solidification pressure. Meanwhile, the
relationship of the secondary dendrite arm spacing of vacuum counter-pressure casting ZL114A aluminum alloy with
ultrasonic power and solidification pressure was established. The results indicate that ultrasonic effect and extrusion and
infiltration effect of solidification pressure affect the secondary dendrite arm spacing of vacuum counter-pressure casting
aluminum alloy under synergistic action between ultrasonic power and solidification pressure, and the secondary dendrite
arm spacing of aluminum alloy is the smallest under synergistic action of 600 W ultrasonic power and 350 kPa
solidification pressure. When the solidification pressure is less than 300 kPa, the effect of ultrasonic power on secondary
dendrite arm spacing is obvious, but when the solidification pressure is more than 300 kPa, the effect of solidification
pressure on secondary dendrite arm spacing is greater.

Key words: aluminum alloy; secondary dendrite arm spacing; ultrasonic power; solidification pressure; vacuum

counter-pressure casting
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