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Abstract 

Based on the commercial casting software ProCAST, the casting process of the fully 
welded ball valve core was numerically simulated, and two pouring schemes of bottom 
pouring vertical casting and bottom pouring flat casting were proposed. The simulation 
results of the two schemes were compared. Analyze and optimize the pouring process 
for Option 2. The results show that: (1) The maximum impact velocity in the velocity field 
of the two schemes is 1.14m/s and 1.10m/s respectively, which are both within a 
reasonable range and will not impact the molding sand; On the whole of the two schemes, 
the molten metal flows smoothly, without turbulence and entrainment. (2) The filling 
time of the two schemes is 31.56s and 35.15s respectively. The difference in filling time 
is mainly related to the difference in the number of model grids and the volume of flow 
passage. (3) From the defect distribution of the two schemes, it can be seen that the 
shrinkage defects of scheme 1 are mainly concentrated in the inner flow passage and 
bottom flow passage, and the quality of the spool casting is better; the shrinkage defects 
of scheme 2 are mainly concentrated in the lower part of the spool , There are also a small 
amount of shrinkage defects distributed on the upper part of the valve core and the sprue 
position. (4) By adding a riser above the valve core, the shrinkage defect inside the valve 
core was successfully transferred to the riser, and the quality of the valve core casting 
was improved. 
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1. Introduction 

In the traditional foundry industry, the yield rate of its products and the quality of castings mainly 

depend on the experience accumulation of casting staff, so there is a great uncertainty in the quality 

of finished castings [1]. With the development of computer technology, casting simulation technology 

based on computer computing power has been continuously developed and matured day by day. The 

casting simulation technology overcomes the problem that the flow of liquid metal cannot be 

visualized in traditional casting. The flow characteristics, heat transfer characteristics and 

solidification characteristics of the metal solution can be visually observed through the mold software 

[2]; the physical and chemical phenomena of the metal liquid can be visually observed such as The 

formation of oxides, the impact of the molten metal on the mold, etc.; the transient flow characteristics 

of the molten metal, such as the temperature, speed, and solidification state at a certain moment, can 

be observed [3-5]; through the temperature field of the simulation results, By analyzing the velocity 

field and stress field, engineers can predict the location of shrinkage porosity and shrinkage holes that 

may appear in castings, and then design a feeding system or improve the casting process [6,7], and 

ultimately achieve higher yields, shorten production cycles, and reduce The role of energy 

consumption and environmental protection [8]. At present, many mold softwares have been 
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developed and used at home and abroad. The most common ones abroad are ProCAST, MAGMAcoft, 

Flow-3D, AnyCasting. There are CAE and FT-STAR in China [9]. 

Sand casting is one of the most common casting methods, suitable for the production of castings of 

various shapes, sizes and different purposes. The mold of sand casting is composed of an outer sand 

mold and a core. Because of its cheap molding materials and simple mold making, sand casting can 

be suitable for single piece production, batch production and mass production. The sand casting 

process is simple, and the main processes include: sand mixing, modeling, drying, box closing and 

pouring [10]. Based on the ProCAST software, this paper conducts simulation research on the sand 

casting process of the fully welded ball valve core, and improves the process based on the simulation 

results, which has certain guiding significance for practical production. 

2. Casting model and modeling material selection 

Figure 1 is a three-dimensional solid model of the valve core of a fully welded ball valve. The boss 

in the top view of the valve core cooperates with the valve stem to control the rotation of the valve 

core, and the valve core and the valve seat have an interference fit. The spool mass is 7404.60kg, the 

outline size is R=1455mm, and the maximum wall thickness is 967mm, which appears in the center 

of the spool spherical surface. The minimum wall thickness of 20mm appears at the inlet and outlet 

of the valve core flow, and the average wall thickness is 356mm. 

 

 
   

(1) Front view of the 

valve core 

(2) Left view of the 

valve core 

(3) Top view of the 

valve core 

(4) Axonometric view of 

the valve core 

Figure 1. Three-dimensional solid model of fully welded ball valve spool 

 

The casting material is ZCuSn10, the solidus temperature is 830℃, and the liquidus temperature is 

1020℃. The width of the solid-liquid temperature interval is 190°C. Table 1 shows the chemical 

composition of ZCuSn10 copper alloy. Tin bronze castings are prone to inhalation to produce 

shrinkage porosity, shrinkage cavities and other defects, and the average thickness of this casting is 

relatively large, which easily leads to casting defects. 

 

Table 1. Chemical composition of ZCuSn10 copper alloy (%) 

Cu Sn Others 

88.25 10.48 1.27 

 

In the selection of molding sand, molding sand with good heat transfer performance, sufficient gas 

generation, good fluidity, and compact organization should be selected. The choice of sand mold and 

sand core material directly affects the quality of castings. Resin sand is widely used in the production 

of complex castings due to its high strength after hardening. The castings produced by resin sand have 

high dimensional accuracy, clear outlines and dense castings. To improve, this paper selects resin 

sand as the sand mold and core material. 
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3. Design of casting gating system 

Simply put, the casting system is the channel through which the liquid metal flows. Whether the 

pouring system is designed properly or not will directly affect the filling speed and filling time of the 

molten metal, and then determine whether the casting can be filled within the specified time, because 

if the filling speed is too slow and the time is too long, the molten metal may be over-oxidized to 

form metal Oxides destroy the quality of castings. A good gating system can ensure the continuity, 

order and stability of the molten metal flow, and ensure that the molten metal does not appear 

turbulent during the filling process, and does not produce entrainment or air holes. The different 

layout of the gating system will directly affect the filling sequence of the molten metal. The different 

filling sequence in the casting cavity will directly affect the temperature distribution of the casting 

and the sand, and then affect the solidification sequence of the casting. A good gating system can not 

only ensure the dimensional accuracy, surface finish, and fatigue strength of the castings, but also 

save the amount of metal, which is of great significance for energy saving and emission reduction. 

In order to better study the fluidity of alloy liquid, get better casting quality. Two gating system 

schemes are proposed here. Scheme 1 adopts an open vertical casting system. The unit cross-sectional 

ratio of each part of the system is Σ straight: Σ horizontal: Σ internal = 1:1.5:2, as shown in Figure 2. 

The pouring system is embedded in the molding sand and adopts buried pipe modeling. During 

pouring, the impact of the molten metal on the molding wall is small, and the filling stability is good, 

which helps reduce the oxidation and splashing of the molten metal. Option 2 adopts an open flat 

casting system, and the unit cross-sectional ratio of each part of the system is Σ straight: Σ horizontal: 

Σ internal = 1:2:3, as shown in Figure 3. The pouring system also adopts the buried pipe shape, and 

the pouring runner is arranged on the outside of the casting. Schemes 1 and 2 all adopt the bottom 

casting method. The advantage is that the molten metal filling process is stable, the impact on the 

mold wall is small, the splash and oxidation of the molten metal can be better avoided, and the slag 

can be effectively blocked. However, because the top of the casting is away from the inner gate 

Longer distance may cause defects such as insufficient pouring. 

 

  

Figure 2. Vertical pouring Figure 3. Flat do flat pouring 

 

4. Casting simulation 

4.1 Meshing 

3D solid models of castings and molds are established through Solidworks software, and the models 

are saved in igs format and imported into the Mesh module of ProCAST, and a sand model is 
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established. In order to balance calculation accuracy and calculation efficiency, different mesh sizes 

are used for castings, sand cores, pouring systems and sand boxes. For the key research and analysis 

of castings, sand cores and gating systems, 5mm grids are used, and 50mm grids are used for 

supporting and shaping sand molds. The number of grid divisions of scheme 1 and scheme 2 are 

shown in Table 2, and the grid model of scheme 1 and scheme 2 is shown in Fig. 4 and Fig. 5. 

 

Table 2. Mesh division of scheme 1 and scheme 2 

Pouring plan Number of surface meshes Number of volume meshes 

Stand-up pouring 191340 4958953 

Flat pouring 182013 4152013 

  

  

  

Figure 4. Scheme 1 3D grid of castings and 

gating system 

Figure 5. Scheme 2 3D grid of castings and 

gating system 

 

4.2 Casting parameter setting 

The pouring time has a great influence on the filling speed and the quality of the casting, so the 

pouring time must be accurately calculated, which can be calculated by the following formula (1)[3]: 

𝜏 = 𝑆1√𝛿𝐺
3

                                 (1) 

In the formula: τ is the pouring time; G is the total weight of the pouring system; δ is the wall thickness 

of the casting; S1 is the coefficient of the cast metal. Bring in the data of the ball valve spool and 

calculate the pouring time to be 40s. 



International Core Journal of Engineering Volume 7 Issue 9, 2021 

ISSN: 2414-1895 DOI: 10.6919/ICJE.202109_7(9).0008 

 

49 

The interface heat transfer coefficient h will directly affect the heat exchange capacity between the 

casting and the mold, and between the mold and the external environment. The expression is shown 

in formula (2) [11]. 

ℎ =
𝑞

𝛥𝑇
                                   (2) 

Where: is the heat flux density, W/m2; is the temperature difference between the casting and the mold 

interface, K; the heat transfer coefficient between the sand mold, sand core and tin bronze alloy in 

this article is 500W/m2·K, the difference between the sand mold and the external environment The 

heat transfer coefficient is 10 W/m2·K. According to the thermophysical properties of ZCuSn10 alloy, 

the pouring temperature is determined to be 1020℃. The casting method is metallic gravity casting, 

the gravity acceleration is 9.8m/s2, and the direction is -Y. 

4.3 Simulation results and analysis 

Scheme 1: From the filling speed distribution diagram (Figure 6 (1)), it can be seen that the metal 

solution enters the valve core cavity when filling 3.93s, and the maximum filling speed does not 

exceed 1.1m/s, indicating that during the filling process , The alloy solution flows smoothly and will 

not cause a big impact on the sand mold. The filling state of the ball valve spool at 31.50 s is shown 

in Figure 6 (2). It can be seen from the figure that the overall filling speed of the spool is uniform and 

there is no filling lag problem. From the filling time chart (Figure 7 (1)), it can be seen that the filling 

system of Scheme 1 was completed at 31.56 s. The filling sequence is from bottom to top, and the 

filling process is stable. From the defect distribution diagram 7 (2), it can be seen that after the filling 

is completed, there is a high probability of shrinkage porosity in the runner in the gating system, and 

there is also a small probability of shrinkage porosity at the junction of the bottom runner and the 

sprue in the model. The phenomenon appears. The shrinkage porosity at the position of the sprue is 

mainly due to the final solidification of the metal in the sprue, which concentrates most of the 

shrinkage defects in the entire system. The shrinkage porosity at the junction of the runner and the 

sprue is mainly due to the location compared to other positions. Thinner, the liquid solidifies faster, 

causing the molten metal to feed from the inside to the outside, forming shrinkage cavities. 

 

  

(1) t=3.93 s (2) t=31.50 s 

Figure 6. The filling speed distribution diagram of Scheme 1 
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(1) Filling time (2) Filling defects 

Figure 7. Option 1 Filling time and defect distribution 

 

Solution 2: From the filling speed distribution diagram (Figure 8), when the filling time is 10.06s, the 

metal liquid just enters the valve core cavity, and the speed reaches the maximum, and the maximum 

speed does not exceed 1.1m/s; when filling When the time reaches 33.98s, the metal liquid basically 

fills the cavity, and the entire filling process is stable without causing a big impact on the sand mold. 

It can be seen from Fig. 9 (1) that the filling time of the gating system of Option 2 was completed at 

35.15s, which was slightly longer than the filling time of Option 1. This is mainly due to the difference 

in the number of grid divisions of the gating system and the difference in the pouring channel. The 

size is related. It can be seen from Figure 9 (2) that the casting defects of Option 2 are mainly 

concentrated at the bottom of the ball valve core. This is because this position is where the thickness 

of the valve core is the largest and is at the lowest position of the ball valve cavity, and the cooling 

rate is the slowest. The liquid metal feeds the parts that are cooled first, causing shrinkage defects. 

There is also a small amount of shrinkage at the top of the ball valve, which occurs at the place where 

the thickness of the ball valve is the largest. The solidification speed of the metal liquid is slower than 

that of the surroundings. Therefore, the surrounding areas that have been cooled first are fed first, 

which causes shrinkage defects. 

  

t=10.06 s t=33.98 s 

Figure 8. The filling speed distribution diagram of Scheme 2 
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(1) Filling time (2) Filling defects 

Figure 9. Option 2 Filling time and defect distribution 

 

  

Figure 10. Riser settings Figure 11. Defect distribution 

 

5. Process optimization 

Comprehensively comparing plan 1 and plan 2, it is not difficult to find: plan 1 shrinkage is mainly 

concentrated in the internal runner and bottom runner, the quality of the valve core is better, but the 

gating system has a complex structure and slow filling speed, which is not suitable for large-scale 

production. Option 2 shrinkage is mainly concentrated in the lower part of the valve core, which 

affects the quality of castings. However, Option 2 has a simple pouring system with a simple structure 

and fast filling speed, which is suitable for mass production. However, it is necessary to find a way 

to solve the problem of valve core shrinkage. Therefore, the process optimization of the pouring 

system of Scheme 2 can be carried out. The preliminary idea of the process optimization is to add an 

exposed riser on the top of the valve core. The tin bronze has a low oxidation tendency and is not 

easy to produce oxides. Because of the paste solidification characteristics of the tin bronze, the 

requirement for feeding is not high, and the riser is not easy to set too large [11]. The pouring model 

after process optimization is shown in Figure 10 below. The defect distribution after the improved 
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process is shown in Figure 11. After the riser is added, the internal shrinkage holes at the top and 

bottom of the spool with a larger wall thickness are fed by the molten metal from the upper exposed 

riser, and the shrinkage moves upward to the riser to eliminate The process defect of the valve core 

casting is eliminated, and the setting of the riser improves the exhaust ability of the casting, avoids 

the generation of pore defects, and the process improvement is feasible. 

6. Conclusion 

1) The maximum impact velocities in the velocity fields of the two schemes are 1.14m/s and 1.10m/s 

respectively, which are both within a reasonable range and will not impact the molding sand; on the 

whole, the molten metal flows smoothly without turbulence in the two schemes And curling 

phenomenon. 

2) The filling time of the two schemes is 31.56s and 35.15s respectively. The difference in filling 

time is mainly related to the difference in the number of model grids and runner volume. 

3) From the defect distribution of the two schemes, it can be seen that the shrinkage defects in scheme 

1 are mainly concentrated in the inner runner and bottom runner, and the quality of the valve core 

casting is better; the shrinkage defects in scheme 2 are mainly concentrated in the valve core There 

are also a small amount of shrinkage defects distributed in the lower part, the upper part of the valve 

core and the sprue position. 

4) By adding an exposed riser above the valve core, the shrinkage defect of the valve core is 

successfully transferred to the riser, and the casting quality of the valve core is improved, and the 

process improvement is feasible. 
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