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Fig.1  Working mechanism of vacuum counter- pressure casting 

under ultrasonic vibration 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  5617-8	9:;<=>���� 

Fig.2  Process graph of synergistic action between ultrasonic 

vibration and vacuum counter-pressure 
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Fig.3  Microstructures of aluminum alloy with synergistic action at different ultrasonic vibration temperatures: 

(a) 680  , (b) 700  , (c) 720  , and (d) 740   

 

?�¯Fêñ�∆L�qruF�∆P

�

�qr�����

F�qrU��∆ τ�qrab� K�vwêñ�P[

�2�4¡12��xy��#��T¸¡����   

∆P

�

z{���^¥�?�¯F§ ∆GT|c�}�^

¥�¯Fija��L���qr��@m� 

=*+>?-�L��Ï��t��3ICDEF

�¨�����01����-~���OÆ��*+

\>EF� 680 �a�Ï��t.�ab��1��Ç

iÊ�¥�@Ò�j¾CD�¯FiÆ�L�V�UÆ

Nk�×þl(Ôg�L��t���� ÆÆ@m�

ÖaCDEF¢��CDO-@g����ñÂ6m.

{ñÇa��T���Èhi����.{�¥O��

�������a�CD��O?�����ö÷�

9:8���*+\>EF� 700 �a�CDEF¨��

CD�¯F�k���L��t	
i��Î �¬t

£QT�F¢�������L������.{a�

¥����O?�¡����^¥�qr������

�����8=>8���;�2d[�?#���

yK α-Al ���3I*+\>EF�u.�¨��6

m 720 �a�.�U�*+,L��M�@_QR�M

��CDB��Û���T�Þ��t.��uQR�

�.�U�*+,L�J»�tN+O�>?���t

�1¥�U�=QRUÆ������B���./�

�QRÞ��=*+,>?�t����hI�mCD

����õ�� ����yK��c¢���̧ E¬

¢�FG�§Ö�a��L��kQT���O×]

α-Al 7 �JK���t�×� α-Al 7 �»¼=c

K �þQ�QTKÊ��R��yK α-Al ��lm

[n!���Î*+\>EF¡i¨�m 740 qa�

*+�t=CDBhJK��M�=CDBkQT�L

�VcK¢�aJK�L��t£¡=¤aJK    

10 000 Kæ���E�ÆÇL�V�¢kkJK��Ç

ICD¥¦���¸�RcKPC��E¬�l�^C

D@�FijÈ�B��R@Ò��ª=�L��@A

B�CDg�§¨¥��01-SiÆ��l�R��

KU-F��¥��QR-S�{©lm�01��L

Æ�¸��áÞN�?�Q¦�Î�����]OÆÈ

P�2dÒÇ�>8�� 

����������	
��������������

��������

î 4 ���\>EF�*+>?-�L��Ï��

tÐ��ª��Q��øî 4B4¡12�*+\>E

F� 680 qa�ª�z¡OÆ�«¬8=Ä�8Q[

=�ÞDB<=*+\>EF� 700 qa�ª�z

®���¯°8�ª�zn!���ÎM��¸±²�

³8<3I*+\>EFæ¨m 720 qa�ª�z�

��u.�@��®´µ8�ª�z¸EQ¦c¢¾¿#

FG�ÆÆ	
[���!��<*+\>EF�

740 qa��¸�õ�ª�z��	
iÆ#O��®

´µ8+�¸OÆ³8� 

100 µm 

a 

b 

c 

d 



� 6!               "#$%&����'���(-)*+,������������-./01234            �1845� 

�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 4  ����������������567 SEM 8 

Fig.4  SEM images of eutectic phase of aluminum alloy with sy- 

nergistic action at different ultrasonic vibration tempera- 

tures: (a) 680  , (b) 700  , (c) 720  , and (d) 740   
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Fig.5  Changing curves of tensile strength and elongation of 

aluminum alloy with synergistic action at different 

ultrasonic vibration temperatures 
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Table 1  Tensile strength and elongation of cast aluminum alloy 

under various processes 

Conditions σ

b

/MPa δ/% 

Ultrasonic gravity casting 285.56 4.56 

Vacuum counter-pressure casting without 

ultrasonic vibration 

307.50 5.15 

Synergistic action between ultrasonic vibration 

and vacuum counter-pressure 

326.96 5.57 
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Fig.6  Fracture morphologies of aluminum alloy with synergistic action at different ultrasonic vibration temperatures: 

(a) 680  , (b) 700  , (c) 720  , and (d) 740   
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Fig.7  Fracture morphologies of casting aluminum alloy under various processes: (a) ultrasonic gravity casting, (b) vacuum counter-pressure 

casting without ultrasonic vibration, and (c) synergistic action between ultrasonic vibration and vacuum counter-pressure 
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Effect of Ultrasonic Vibration Temperature on Microstructure and Mechanical 

Properties of Aluminum Alloy Under Synergistic Action Between Ultrasonic 

Vibration and Vacuum Counter-Pressure 

 

Yan Qingsong, Pan Fei, Lu Gang, Yang Puchao, Wang Qing 

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology, 

Nanchang Hangkong University, Nanchang 330063, China) 

 

Abstract: Using OM, SEM and electronic universal tester, the effect of ultrasonic vibration temperature on the primary phase microstructure, 

eutectic phase morphology and mechanical properties of vacuum counter-pressure casting aluminum alloy was investigated. The results show 

that the effect of ultrasonic vibration temperature on the microstructure and mechanical properties of the aluminum alloy is significant under 

the synergistic action between ultrasonic vibration and vacuum counter-pressure. With the increase of ultrasonic vibration temperature, the 

microstructure of the primary phase of the alloy is obviously refined, and some dendrites or rosette crystals are transformed into fine equiaxed 

grains. The morphology of eutectic silicon changes from coarse needle-plate to fibrous. The optimal ultrasonic vibration temperature is 720 °C. 

The tensile strength and elongation of the aluminum alloy reach the maximum of 326.96 MPa and 5.57%, respectively, which is 14.49% and 

22.15% higher than that of ultrasonic gravity casting aluminum alloy, and 6.33% and 8.16% higher than vacuum counter-pressure casting 

aluminum alloy, respectively. 

Key words: ultrasonic vibration temperature; vacuum counter-pressure casting; aluminum alloy; microstructure; mechanical property 
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