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Abstract 
 

In order to optimize the process of indirect squeeze casting, computer aided engineering (CAE) technology was used to predict 
casting defects. Taking an adapter ring casting as an example, its 3D-model was established and its casting process was 
designed. The results indicate that, for indirect squeeze casting, when the liquid metal injects to mold cavity by casting system, 
temperature of liquid metal has dropped and started to solidify. At the same time, the runner has begun to solidify. If the 
cross-section of runner is too small, the runner pressure has not passed the casting to produce the effect of feeding, therefore 
this problem will lead to casting defects such as shrinkage cavity. As a result, full consideration should be given to the feeding 
effect of the runner in mold design. Simulation software can be used to simulate the temperature field of casting filling and 
solidification to design the runner reasonably.  
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1. Introduction  

As an advanced near-net forming technology, squeeze casting 

(SC) is one of the preferred processes for producing high-

performance aluminum alloy parts, which has the advantages 

of simple and easy casting process, low cost, reliable and high-

quality forging products.[1,2] 

Squeeze casting technology is a technological method to 

obtain castings by applying high mechanical pressure on 

liquid metal poured into the mold cavity and making it form 

and solidify.[3] The squeeze casting technology can be divided 

into direct squeeze casting and indirect squeeze casting.[4] 

Indirect squeeze casting uses the forming punch to squeeze the 

liquid metal into the mold cavity and pass the pressure to the 

casting through the inner runner composed of a punch and a 

concave mold. Compared with the die casting process, this 

squeeze casting process can effectively improve the casting 

shrinkage and forming ability, avoid and reduce the casting 

defects such as porosity, and improve the mechanical 

properties of casting.[5,6] 

In this paper, taking an aluminum alloy adapter ring casting 

as an example, ProCAST casting simulation software was 

used to simulate and improve the process. 

 

2. Numerical simulation of adapter ring casting 

2.1 Determination of casting process scheme 

According to the structural characteristics and casting 

technical requirements of the adapter ring, a 3D model of the 

part forming scheme was established, as shown in Fig. 1. The 

casting system mainly consists of a spure, a runner and an 

ingate. Under the pressure of the punch on the squeeze casting 

machine, the metal liquid passes through the spure, the runner,  

the ingate and enters the mold cavity for filling.[7,8] The upper 

form of the mold is provided with vents, which can discharge 

the air from the mold cavity during the process of slowly 

filling the mold with liquid metal. 

 
Fig. 1 Indirect squeeze casting forming scheme for adapter ring 

castings.
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2.2 Pre-processing of Numerical simulation  

At first, the casting, runner and die were mesh-divided by 

finite element method. The Visual-Mesh module was used to 

check and assemble the geometric structure of the model, 

divide the surface and volume Mesh. Finally, grid division was 

completed.[9] The total number of grids is 502237, in which the 

number of surface grids is 32720 and the number of volume 

grids is 469517. Fig. 2 shows the casting and casting system 

with a good mesh division. 

 

Fig. 2 Casting and casting system with mesh division. 

 

Then the initial conditions and filling parameters are set to 

determine the specific process parameters of numerical 

simulation,[10] the specific process parameters are shown in 

Table 1, which shows that the casting material was set as 

aluminum alloy ZL101 with the initial temperature of 700°C, 

and the mold material was set as steel H13 with the initial 

temperature of 150°C. The mold filling pressure of 30Mpa 

was adopted when filling, the casting speed was 38mm/s, and 

air cooling was the preferred method of cooling. 

 

3. Numerical simulation analysis 

During the filling process, the air entrainment will be 

produced due to the turbulent flow in the flow process, and the 

defects such as shrinkage porosity and shrinkage cavity will 

often occur due to the insufficient filling in the solidification 

process.[11,12] Therefore, it is very important to accurately 

reproduce the casting filling solidification process to predict 

the defects such as air entrainment, slag inclusion, shrinkage 

porosity and shrinkage cavity.[13,14] In the filling process, the 

quality of casting system design and possible defects can be 

preliminarily determined by the intensity of the change of flow 

velocity and direction. In the solidification process, if the 

liquid phase isolated region is generated in the casting, the 

location of liquid phase isolated region and possible defects 

can be preliminarily determined. The location and size of the 

defects can be predicted after solidification.[15-18] 

The analysis of the temperature field of liquid metal filling 

and solidification can predict the location of defects and 

provide guidance for process improvement.[19] The time for the 

metal liquid to enter the mold cavity through the gating system 

is 2.1427s. At this point the metal liquid flow speed is faster, 

there is a possibility of air entrapment. The metal liquid flows 

through the inner gate and fills to both sides respectively. At 

4.0177s, both sides of the metal liquid had been completely 

converged, continue to fill the cavity upward. The metal fluid 

flow is relatively stable and the possibility of air entrainment 

is reduced. The final filling time is 7.5303s as shown in Fig.3. 

 

 

Table 1 Numerical simulation of Process parameters. 

Mould Casting Filling parameters 

Temperature Material Temperature Material 
Pouring 

temperature 
Velocity Pressure 

150°C H13 700°C ZL101 700°C 38mm/s 30Mpa 

 
    (a)2.1427s                     (b)4.0177s                    (c)7.5303s 

Fig. 3 The temperature field distribution of the adapter ring during the filling process(°C).
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                       (a)7.8153s                  (b)27.3353s                 (c)44.8353s 

Fig. 4 The temperature field distribution of the adapter ring during the solidification process(°C). 

 

During the solidification process of the metal liquid, due to 

the chilling effect of the mold, the larger the temperature 

gradient, the faster the dendrites grow along the heat flow 

side.[20-22] The metal liquid in contact with the mold first starts 

to solidify, as shown in Fig. 4(a). As the solidification 

progresses, due to the small cross-sectional area of the runner, 

the runner starts to solidify. But at this time, a large part of the 

casting has not solidified, as shown in Fig. 4(b). The final 

runner is completely solidified with an isolated molten pool at 

the casting wall thickness, as shown in Fig. 4(c). 

 

Fig. 5 Solidification time of casting parts(s). 
 

Squeeze casting is the solidification of liquid metal under 

pressure. The pressure needs to pass through the runner to the 

casting, and the casting is retracted through the runner to 

eliminate defects in the casting.[23,24] The solidification time of 

each part of casting was analyzed as shown in Fig. 5. The 

solidification time of the runner is 24s, while the solidification 

time of the four corner wall thickness parts of the casting is 

41s. Since the runner solidifies before the casting for 17s, 

when the punch exerts pressure on the straight runner, it has 

no effect on the casting. Then the temperature field of casting 

solidification at 80% was analyzed, as shown in Fig. 6. The 

runner has solidified when 80% of the casting has solidified. 

However, most of the castings are still in solid-liquid 

coexistence, and the pressure exerted on the straight runner 

cannot be transferred to the casting, so the casting is likely to 

cause shrinkage cavity and porosity in this part. Fig. 7 shows 

the picture of the casting wall thickness cut after the squeeze 

casting with this scheme. From this figure, it can be clearly 

seen that the casting has shrinkage cavity defect in this part, 

which conforms to the simulation prediction results. 

 

Fig. 6 The solid-liquid coexistence distribution of casting 

solidification at 80%(°C). 

 
Fig. 7 A section of thick wall. 

 

4. Improvement of indirect squeeze casting process for 

adapter ring casting 

According to the analysis results of the initial process scheme, 

the actual indirect squeeze casting with this scheme is likely 

to cause shrinkage cavity and porosity defects in the four  
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Fig. 8 Mold modification scheme. 

 

corner wall thickness parts of the casting. In order to ensure  

the high quality of the castings in the actual production, the 

process improvement is carried out on the basis of this scheme, 

which is mainly to widen the cross section of the runner and 

increase the cross-sectional area of the inner gate. As shown 

in Fig. 8, the width of the runner in the direction A and B 

should be increased by 10 mm and 5mm respectively. 

Meanwhile, the diameter of the straight runner should be 

expanded from ϕ80 mm to ϕ90 mm. 

The filling and solidification of the modified castings were 

simulated. As can be seen from Fig. 9, the solidification time 

of the casting increases, and the difference between the 

solidification time of the runner and that of the four corners of 

the casting decreases. As shown in Fig. 10, when the casting 

solidifies 80% and 85%, there was an unsolidified metal 

molten pool at the wall thickness of the casting. However, 

there are still many parts of the runner that have not yet 

solidified. At this time, the punch of the extruder exerts 

pressure on the runner. The pressure can be transferred to the 

casting through the runner, under the action of applied stress, 

the grain boundary migrates. The structures and arrangements 

of grain boundary dislocations at different misorientation 

angles are very different.[25,26] and the ability to fill shrinkage 

is enhanced, which can greatly reduce the shrinkage cavity and 

porosity and other defects. 

 
Fig. 9 Solidification time of each part of casting after process 

improvement. 

 

 
(a)80% of solidification                (b)85% of solidification 

Fig. 10 The coexistence distribution of solid and liquid state during casting solidification after process improvement. 
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(a) A section of thick wall                            (b) Removing the sprue 

Fig. 11 Adapter ring after indirect squeeze casting. 

 

Fig. 11(a) showed a section of the adapter ring casting’ 

thick wall after indirect squeeze casting, Fig. 11(b) showed the 

adapter ring casting after the runner was removed, and no 

shrinkage cavity, porosity and other defects were found in the 

thickness section of the casting. It can be seen that the process 

scheme can guarantee the casting quality and obtain the 

castings without shrinkage cavity and porosity defect, which 

indicates that more accurate results can be obtained by 

simulating the squeeze casting process and improving it, 

which has guiding significance to the actual production. 

 

5. Conclusion 

As an advanced forming technology, indirect extrusion casting 

can effectively improve the mechanical properties of the 

casting and reduce the shrinkage cavity and porosity of the 

casting compared with the die casting process. Meanwhile, the 

casting can be further improved by heat treatment. However, 

indirect squeeze casting also has its limitations. Because 

punch is only partially pressurized on the casting, the 

pressurization effect is poor and it is difficult to improve the 

densification of the casting structure. Moreover, after the 

metal liquid is injected into the mold cavity through the gating 

system, the temperature of the metal liquid has decreased and 

solidified after it reaches the mold cavity, and the runner part 

has also started to solidify. The transfer pressure effect is not 

good, so the casting will have shrinkage cavity and porosity 

and other defects. Therefore, in the design of indirect extrusion 

casting mold, full consideration should be given to the feeding 

effect of runner. By using the simulation software to simulate 

the temperature field of casting filling and solidification, and 

observing the simulation results, the reasonable process 

scheme can be improved based on the basis, and a more 

suitable process can be obtained, so as to shorten the trial 

production period and improve the research and development 

efficiency. 
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