
� 47� � 4� ��������	                                Vol.47, No.4

2018� 4�                        RARE METAL MATERIALS AND ENGINEERING April 2018

�����2017-04-15

���	����	
���	�
���2014DFA50320�����������51574207�51574206�51204147�51274175�����

���	�
���2013081017�2012081013�


��
�������1986� �!" �#$%�&'��()*�+��� ,- 030051�E-mail: 547807749@qq.com

��������	
��
�������

����� ����	�
���
��

(#$%���� ,- 030051)

� ��./0123456)7�89 ZL101 :���;<=>.?@�ABCDEFGHI�JKL344MN

OPQR(STUV 3 WFGX<=>YZ[\�]^_ Box-Behnken HI`abcd`a[efHI�ghL12

3456)7iV(<=>jklUYmnOo�bpJKqrst�HIqruV�Oov�wx\CDXyWF

Gzk
_Y[ef{|JK�}~OPQRu344MX<=>YZ[����Yzk
_�OPQRuSTUVN

STUVu344MX<=>YZ[�����Yzk
_\CDX�����U�Y�����
�{|�j�n

JK�}~��4MY���������Y����� ���Y ¡¢£\

����123456�[efc�<=>� ¡¢£

�������TG146.21  ������A �����1002-185X(2018)04-1174-06

��������	
��
���������

������������������������

�������������������� 

[1]

!�

��� �"�#$%&'�()*+,-�./�

0+1
�23456%&'�+789

[2,3]

!:;<

=&�>?@AB�����CDEFGH�IAB

�EF;J������KLM�NOPQH��R

����S���TU�HV

[4]

!WXABYZ[�

=+\]^_PQH`a
�b8cM�de`a�

f��gh�	
Y/�������ijkl�H

VTU��S����f�gh�	
Y/����

����������m-���no���&'V

�M����� 

[5]

!pq�:;<=&��r�s

>?@=+_tu���PQH`a
�b8cM�

^vw��V�����gh�	
/��m-�

��_�����xy=z{|�k��}~vw�

��� x��!

���������<=&�����I���

�M��+789�����%��!�X���f

�=+��[�����������[��_��

�S��� ����g
�.¡=+�Z[_��

IEF¢:�:£#$��[%��IEF¢:�¤

S���_¥¦§¨©ª��[&'«��vw¬��

���� x&���

[6-12]

!­~®§C¯�>��

�����I�£°�±²�����³�>´;<

=&������:;<=&�����I�£°�

±²����µ¶·¸�N���¹º,�µ¶»>

�\¼c½C�¾�¿Àz����!:;<=&�

�	
�ABYZ[�=+ÁÂÃ�½¶¤ÄÅ&'

V�!V½¶Æ,-�$´;ÇÈ¨%=+�&'


R��������k�ÉÊ�Y^Â�V½¶Æ,

-ÉËoÂ�����Ì����! 

Í��ÎÏ¨%:;<=&������ÐÑÇ

ÈÉÊ�ÒÓÃ�ÔpÕÖ×�ØÙ%<==+�E

F��IÚÛ�� 3 OpÕ��£°�ÇÈ�­�Ã

�È0,jÌÜÝ:;<=&�����I�£°Þ

Ñ����7EG���ØÙ%:;<=&��	


����b8ßà!á
ÚÛ�� KË&'âÇ,-

IV½¶�Æ,-��Ú®��ãäWzå 

C

R

S

K

S

=

∑

                              æ1ç 

ä
�K ËÚÛ���S

C

Ë&'�ØE,ºè�âÇ

,-�S

R

ËV½¶�Æ,-! 

��������

����������	
��

Ö×éÊê 1 YëìM'Ëí'�á`MîïË

Φ256 mm×53 mm�&'�ØE,ºèâÇ,-Ë 



� 4�                             ���¤¥��[efcY:��123456)7/0                         ¦1175¦ 
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Fig.1  Structure and gating system of ring part 

 

26544 mm

2

�¹&'½C�¾Tð´½¶�ñ½¶�

V½¶ò�Ø�á
V½¶�Æ,-Iñ½¶Æ,-

Þó�´½¶Æ,-Ë S

D

�S

D

=1.2

R

S

∑

!Ö×Y_

Ê�ôõË ZL101 ö���á�Ø÷� 1!YéÊ�

EF�øWê 2 Yë�EFôõË H13!ùúéÊ

SHP34-500A G³û9<=&�ü�á���E=+

Ë 5000 kN�AB��ýþ=+Ë 2000 kN���ùú

éÊ
��0�! 

�������
��

1.2.1  ��������	 

Wê 3 Yë�ìM'���	
���£°�

±�	
��Ë 30 mm�Ø
�± 8O	
��£°�  

 

 !""ZL101#�$%� 

Table 1  Chemical composition of ZL101 alloy (ω/%) 

Si Mg Fe Cu Mn Zn Ti Al 

7.5 0.28 0.16 0.2 0.04 0.01 0.03 Bal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

§ 2  OPq¨§ 

Fig.2  Structure of die 

 

 

 

 

 

 

 

 

 

 

§ 3  9ª«¬§ 

Fig.3  Sampling schematic 
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� ZL101ö�� D!S�
!S" 200 #�$

� 15 min� D
��0�
[S�%��&¨ 720 

#|��w'���5" 700 #$� 15 min���½

C�ABýþL�Ë 0.38 mm/s�$=|:Ë 20 s! 
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Ë 50�85�125�
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éÊ Design-Expert)' ��*�+*ÔpÕÖ

×�X�(	<==+�EF��IÚÛ�� 3 Op

ÕÉËÖ×pÕ�^�£°ËÈ0²ù�Ö×�Ã�

BBD È0,,ù�ºj-.4�Ö×�/OpÕ�

1-ring parts casting; 2-runner; 3-sprue; 4-ingate 

1-tie bar; 2-backboard; 3-eject-up-plate; 4-resistant heating

hole; 5-ejector plate; 6-movable die core; 7-fixed die; 8-eject-

down-plate; 9-rail; 10-movable die plate; 11-connection guide

pin; 12-cavity; 13-resistant heating hole 
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 &""Box-Behnken'()*+,-. 

Table 2  Response surface experiment of Box-Behnken design 

Experiment 

No. 

Pressure/ 

MPa 

Die 

temperature/¯ 

Proportionality 

factor 

1 125 175 8 

2 200 300 8 

3 125 300 5 

4 125 175 8 

5 50 300 8 

6 125 300 11 

7 125 50 5 

8 125 175 8 

9 50 175 11 

10 50 50 8 

11 200 175 11 

12 50 175 5 

13 200 50 8 

14 125 50 11 

15 200 175 5 

 

 

 

 

 

 

 

 

 

 

 

§ 4  �°344MX���<=>YZ[ 

Fig.4  Effect of different pressures on porosity of ring part 
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§ 5  �°OPQRX���<=>YZ[ 

Fig.5  Effect of different die temperatures on porosity 

of ring part 

 

 

 

 

 

 

 

 

 

 

 

§ 6  �°STUVX���<=>YZ[ 

Fig.6  Effect of different proportionality factors on porosity of 

ring part 
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� ������ ANOVA ��	
 

Table 3  ANOVA result of response surface methodology 

Source Sum of squares df Mean square F value P value 

Model 0.55 9 0.061 86.30 <0.0001 

A 0.051 1 0.051 72.80 0.0004 

B 0.018 1 0.018 25.66 0.0039 

C 0.44 1 0.44 628.15 <0.0001 

AB 1.000×10

-4

 1 1.000×10

-4

 0.14 0.7216 

AC 4.900×10

-3

 1 4.900×10

-3

 6.97 0.0460 

BC 2.500×10

-3

 1 2.500×10

-3

 3.55 0.1181 

A

2

 1.641×10

-4

 1 1.641×10

-4

 0.23 0.6495 

B

2

 1.641×10

-4

 1 1.641×10

-4

 0.23 0.6495 

C

2

 0.028 1 0.028 39.43 0.0015 

Residual 3.517×10

-3

 5 7.033×10

-4

   

Lack of fit 3.250×10

-3

 3 1.083×10

-3

 8.13 0.1116 

Pure error 2.667×10

-4

 2 1.333×10

-4

   

Cor total 0.55 14   

 

 

 

 

 

 

 

 

 

 

 

 

§ 7  OPQRuSTUVX���<=>Y[ef 

Fig.7  Response surface of effect of die temperature and 

proportionality factor on porosity of ring part 

 

 

 

 

 

 

 

 

 

 

 

 

§ 8  OPQRu344MX���<=>Y[ef 

Fig.8  Response surface of effect of die temperature and pressure 

on porosity of ring part 

 

 

 

 

 

 

 

 

 

 

 

 

§ 9  STUVu344MX���<=>Y[ef 

Fig.9  Response surface of effect of proportionality factor and 

pressure on porosity of ring part 
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§ 10  ���Y±f§ 

Fig.10  Sectional view of ring part 
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§ 11  ��� o²Y�j³´ 

Fig.11  Microstructures of sprue 
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Indirect Squeeze Casting Process of Aluminum Alloy 

Based on Response Surface Method 

 

Chen Liwen, Hou Hua, Jin Yuchun, Zhao Yuhong, Kang Yongsheng 

(North University of China, Taiyuan 030051, China) 

 

Abstract: In order to study indirect squeeze casting process, ZL101 aluminum alloy was selected with porosity as indicators and the 

effects of process parameters of pressure, die temperature and proportionality factor on porosity were analyzed. Box-Behnken design of 

the experiment was developed to design response surface experiment and regression model of the relationship between the indirect squeeze 

casting process parameters and porosity was established. ANOVA result shows that the fitting effect between the experimental results and 

the mathematical model is good. The effect of die temperature and pressure on porosity has certain interaction; however, there is not 

significant interaction for the effect of die temperature and proportionality factor or the effect of proportionality factor and pressure on 

porosity by analyzing response surface of interaction of various factors. Due to the applied pressure, uneven plastic flow happens in the 

congealed metal shell by metallographic testing of the edge of sprue in gating system parts. 

Key words: indirect squeeze casting; response surface methodology; porosity; plastic flow 
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