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Ö 1  100×ØT`�]¨Ö 

Fig.1  Particle size distribution of 100-mesh silica sand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ö 2  100×ØT_`^,}Ö©ÙÚÖ 

Fig.2  Topography (a) and outline (b) of 100 mesh silica sand 

particles 
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Ö 3  A356��� ¡ÁÛ 

Fig.3  A356 aluminum alloy solidification specimen 
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Ö 4  ���ÝÁÛ©{|Å�ÄÞß 

Fig.4  Tensile strength specimen (a) and microhardness 

indentation (b) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ö 5  EFTUcdvw��e�b� 

Fig.5  Low temperature phase change interfacial bonding process 

of frozen sand mold: (a) water film and (b) ice crystal 

bonded bridge 

<d��3$]��K�L98;<�ï£� 5bO9

8;<N�3$LST !W��"#d��L56

��u`�*}�L56����LR98;<�ï�

��L98;<(��d��J�L;<! 

éêàh��¨ 4%�3Jh�+,89]^�

+,T^�#gh��� 6 ��!Y_(b}�÷

+,T^��S�89�k]^�	���!L–20 �

h�+,89��k]^u� 1.1 MPa�����]

^u� 2.3 MPa���� l 2%���J�89"à

�]^�<!�Ll8<N��,541u�5�Å

ö����3KUL"#ÀÁó�41W��¡l�

��F%YÛ�#�Sl��LÍYÛ�3KU'�

LKUó�41W"����o� ý¯d�bc¡

¢�®PL§{�41Wlbc¡¢=8<A(�

���5��£bc¡¢¤¥�������LÍ

[7]

!

¦�Ll8<N�&�5�ó0��L&��§:U

lü8;<(��:U"�41���!+,89�

�k]^)2�:�0�÷+,T^�S��LO¨

:U©r�S��LKUYÛHª��k�«h¬�

]^¡

[8]

!L,®¯°�Haynes

[9]

� Lei

[10]

���L

T^¡R–30 ��±²W�,Yi®�]^�T^�

�S½�³9r��¥í! 

�����A356 ��������

��°»M´ÊË��+,89È� A356 æ

ç�µ¶Ü`aéê!A356 æç�§�K�( 1

���ç�`aT^¶� 983 K!`a�ÒO��F

·¸%¡+×¹^nÔ�]ºef�éÜ(»bc¬

^«��Üµ¼�½����^¡�u� CT8¾!

`a�ÒOo��pqrst�+,89L¡T¿À

WÔÃ3K�l�mn�`a�Ò�� 7��! 

2.2.1  A356��������	
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Ö 6  EFTU���d�wB�� 

Fig.6  Variation of strength for frozen sand mold with temperature 
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Table 1  Chemical composition of A356 aluminum alloy 

(ω/%) 

Si Mg Ti Fe Cu Zn Al 

7.24 0.324 0.192 0.154 0.007 0.012 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ö 7  EFTUàáb� 

Fig.7  Frozen sand mold pouring process: (a) frozen sand mold, 

(b) solidification process, and (c) casting 
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Ö 8  A356���^ DSCâã 

Fig.8  DSC curves of A356 aluminum alloy 
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Ö 9  TUGH� A356��� ¡b�Eäâã 

Fig.9  Cooling curves of A356 aluminum alloy during 

solidification in sand casting 
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Ö 10  å� ¡¯°æ A356���^ XRDÖç 

Fig.10  XRD patterns of A356 aluminum alloy at different 

solidification rates 
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Ö 11  TUGH�å� ¡¯°æ A356���^{|¥¦ 

Fig.11  Microstructures of A356 aluminum alloy at different 

solidification rates in sand casting: (a) 0.190 K/s and   

(b) 0.286 K/s 
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 12  ��������������� 

Fig.12  Grain size of resin sand casting (a~c) and frozen sand casting (d~f): (a, d) phase structure, (b, e) primary Al matrix grain, and (c, f) Si grain 
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Fig.13  Stress-strain curves (a) and ultimate tensile strength and 

elongation (b) of A356 aluminum alloy at different solidi- 

fication rates 
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 14  ����� !�FGHI14 

Fig.14  Micro-hardness value of casting at different solidification 

rates 
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Research on Forming Method of Digital Patternless Freezing Casting 

 

Shan Zhongde, Yang Haoqin, Liu Feng, Wang Yifei 

(State Key Laboratory of Advanced Forming Technology and Equipment, 

China Academy of Machinery Science and Technology Group Co., Ltd, Beijing 100044, China) 

 

Abstract: A digital patternless freezing casting method was proposed, in which pure water is used as the binder for sand mold casting, 

sand particles premixed with a proper amount of moisture are frozen at low temperature to form a frozen sand blank, and then the frozen 

sand mold cutting is carried out based on the principle of material reduction manufacturing and forming. The morphology evolution law of 

the water film of coating sand particles was revealed, which freezes into ice crystal bonding bridge after low-temperature phase 

transformation. It is found that the strength of frozen sand mold is produced by the interfacial bonding between ice crystal particles and 

sand particles, and the tensile strength of sand mold increases significantly with the decrease of freezing temperature. In addition, the 

solidification forming mechanism of A356 aluminum alloy in the frozen sand mold was studied, including the as-cast microstructure, 

composition distribution and mechanical behavior of the frozen sand mold casting. The results show that with the increase of solidification 

rate, the secondary dendrite arm spacing (SDAS) of primary α-Al phase in the microstructure is significantly reduced, the grains are 

obviously refined, and the solubility of Si element in the matrix is increased. The tensile strength, elongation and microhardness of the test 

piece are significantly increased, and the dimensional accuracy of the metal component can reach CT8 grade. 

Key words: patternless forming; freezing casting; microstructure; green casting 

 

Corresponding author: Shan Zhongde, Ph. D., Researcher, Academician of the Chinese Academy of Engineering, State Key Laboratory of 

Advanced Forming Technology and Equipment, China Academy of Machinery Science and Technology Group Co., Ltd, Beijing 100044, P. 

R. China, Tel: 0086-10-88301815, E-mail: shanzd@cam.com.cn 


