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Fig. 1 Schematic diagram of working theory of vacuum

counter—pressure casting under ultrasonic vibration: 1 —
Ultrasonic device; 2—Upper kettle; 3—Mould; 4—Clapboard;
5—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

K5 N Bruker D8 Discover % (] X 525 fiT 553k
AT KA BRI, SRS Cu BB, nidE A
JEA 40 kV, TAEHFN 40 mA, Psi fHIVEE 2
20°~80°, Phi fIIVEHIA 0°~360°, HK AN 5°, 1H4L
18] 2 s; S5 4 Quanta200 A3 i1 S4BT WL
S IL A RE S

2]
[aW)
~
= Down kettle
hpFE—-———T————————
A |
I ? | Upper kettle
Pipm————tm— e —— }
Ultrasonic vibration
/N N /X
A .4 {.._..._\_.._. 7.
4 \ 7
| \./
|
[(— — ———— T -
|
|
|
|
|
|
1, s
Vacuum Filling| Rising Holding pressure Releasing pressure
mould | pressure

B2 HERs-AAE L REH T2

Fig. 2 Process graph of synergistic action between ultrasonic power and vacuum counter—pressure
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Fig. 3 Effects of solidification pressure((a)—(a3)) and ultrasonic power((b)—(b3)) on XRD patterns in synergetic fields
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Fig. 4 Morphology of silicon phase of ZL114A alloy under

traditional casting
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Fig. 5 SEM images of eutectic silicon of ZL114A alloy prepared with different ultrasonic power in coordination field: (a) 0 W;

(b) 300 W; (c) 600 W; (d) 900 W
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Fig. 6 SEM images of eutectic silicon of ZL114A alloy prepared with different solidification pressures in coordination field:
(a) 200 kPa; (b) 250 kPa; (c) 300 kPa; (d) 350 kPa
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Fig. 7 SEM images of eutectic silicon of ZL114A alloy under different field effect: (a) Gravity casting; (b) Ultrasonic power of
600 W; (c) Solidification pressure of 350 kPa; (d) Power 600 W and pressure 350 kPa
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Fig. 8 Simulation of eutectic silicon refinement by ultrasonic vibration-vacuum counter—pressure: (a) Introduction of field,;

(b) Introduction of synergy field; (c) In weak coordination field; (d) In strong coordination field
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Growth characteristics of ZL114A alloy eutectic silicon under
synergistic field between ultrasonic vibration and
vacuum counter-pressure

YAN Qing-song, YANG Pu-chao, LU Gang, WANG Qing, DUAN Yong-biao

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

Abstract: The effects of ultrasonic power and solidification pressure on the growth orientation and morphology of
ZL114A eutectic silicon were analyzed by SEM and XRD, the eutectic silicon growth characteristics of ZL114A alloy
under synergistic field between ultrasonic vibration and vacuum counter-pressure were discussed. The results indicate
that the synergistic effect of ultrasonic vibration and vacuum counter-pressure on the growth orientation and morphology
of ZL114A eutectic silicon is significant. With the increase of ultrasonic power, the preferential growth orientations (111),
(220) and (331) of ZL114A eutectic silicon are gradually suppressed, when the ultrasonic power is 600W, there is no
preferred orientation, meanwhile, eutectic silicon turns from coarse flakes into small short rod-like and evenly distribute.
When the ultrasonic power is more than 600 W, the preferential growth orientation of eutectic silicon decreases and the
refinement effect decreases. With the increase of the solidification pressure, the three major preferred orientation surfaces
of ZL114A alloy eutectic silicon are gradually restrained, and the refinement effect of eutectic silicon is more and more
significant. Meanwhile, the optimal synergistic effects are obtained as ultrasonic power of 600 W and solidification
pressure of 350 kPa.

Key word: ultrasonic power; solidification pressure; eutectic silicon; growth orientation; morphology
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