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Fig.1  Crank connecting rod mechanism of automobile engine 

Connecting  

rod 
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 1  ZL104!"�#$%&�  

Table 1  Chemical composition of ZL104 aluminum alloy 

(ω/%) 

Si Mg Mn Cu Fe Zn Al 

9.23 0.25 0.3 0.05 0.2 0.2 Bal. 
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Fig.2  Casting of aluminum alloy connecting rod 
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Table 2  Process parameters of experiment for LSC and 

SSSC 

Item 

Squeezing 

pressure,  

P/MPa 

Pouring 

temperature,  

T

p

/� 

Mold preheating 

temperature,  

T

m

/� 

1 100 650 (Liquid state) 250 

2 100 565, 570, 575, 580 250 

3 25, 50, 75, 100 575 250 

4 100 575 200, 250, 300, 350 
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Fig.3  Filling state (a) and microstructures (b, c) of aluminum 

alloy connecting rod fabricated by LSC process  
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Fig.4  Filling states of connecting rods fabricated by SSSC at 

different pouring temperatures: (a) 565 �, (b) 570 �,   

(c) 575 �, and (d) 580 � 
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Fig.5  Microstructures of connecting rods fabricated by SSSC 

process at different pouring temperatures: (a) 570 �,   

(b) 575 �, and (c) 580 � 
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Fig.6  Variations of the average grain size and shape factor with 

pouring temperature 
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Fig.7  Effects of pouring temperature on the mechanical 

properties of connecting rods 

 

Ê�78 9b9:�]����ÌTù 75 MPa+�T

X�¨© α

1

-Al �	úûü��ýÀ¶D�	ÍÎ¯

°�78 9c9:�]����� 100 MPa+�̈ © α

1

-Al

�	uvw�À�D α

2

-Al��	����`W�í� 

^_)��.>?�[p��ÌÎ�����34

56þÀ
����`�Wv�è��(�Â#$Ës

ÄG±W¡�ÌÎ�r
��»Ö

[11]

�������

�(�Â
��<�	Clausius-Clapeyron
p

[9]

g:� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 8  �����D#��������	$%&'� 

Fig.8  Filling states of connecting rods fabricated by SSSC at 

different squeeze pressures: (a) 25 MPa, (b) 50 MPa,    

(c) 75 MPa, and (d) 100 MPa 
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Fig.9  Microstructures of connecting rods fabricated by SSSC process at different squeeze pressures: (a) 50 MPa, (b) 75 MPa, and (c) 100 MPa 
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Fig.10  Variations of the average grain size and shape factor with 

squeeze pressures 
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Fig.11  Effects of squeeze pressures on the mechanical properties 

of connecting rods 
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Fig.12  Microstructures of connecting rod fabricated by SSSC process at different mold preheating temperatures: (a) 200 �, (b) 250 �,  

(c) 300 �, and (d) 350 � 
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Fig.13  Variations of the average grain size and shape factor with 

mold preheating temperatures 
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Fig.14  Effects of mold preheating temperature on the 

mechanical properties of connecting rods 
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Experimental Study on Semi-solid Squeeze Casting Process of ZL104 Aluminum Alloy 
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Abstract: The filling states, microstructures and mechanical properties of ZL104 aluminum alloy connecting rod prepared by traditional 

liquid squeeze casting (LSC) and semi-solid squeeze casting (SSSC) processes were investigated. Results show that during the LSC 

process, the connecting rod is fully filled and its microstructure is a typical dendritic structure. However, its tensile strength and elongation 

are lower than those of the connecting rod prepared by SSSC process. During the SSSC process, when the pouring temperature is higher 

than 565 °C, the connecting rod is fully filled; the average grain size and shape factor are improved with the increase of the pouring 

temperature; the tensile strength and elongation are increased first and then decreased. When the squeezing pressure is higher than 25 MPa, 

the connecting rod is filled fully; with the increase of the squeezing pressure, the average grain size is gradually decreased, the shape 

factor is gradually increased, and the mechanical properties are gradually improved. Additionally, with the increase of the mould 

preheating temperature, the average grain size and shape factor are gradually increased, and mechanical properties are gradually improved. 

However, when the mould preheating temperature is higher than 300 °C, the average grain size is further increased and the shape factor is 

decreased, resulting in the decrease of the mechanical properties of the connecting rod. 

Key words: semi-solid squeeze casting; aluminum alloy connecting rod; microstructure; mechanical properties 
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