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summary

The main purpose of this paper is to provide a company two better manufacturing process that can improve surface quality reduce waste and cost in producing bushes and sleeves.
Introduction

Based on considerations of various methods for improving surface quality and modern methods, precision, etc. I finally chose Pressure die casting(PDC) and Investment casting (IC).

Pressure die casting refers to a casting method in which molten or semi-molten metal is injected into a metal mold at a high speed and crystallized under pressure, referred to as die casting. 

Investment casting is also called lost wax casting, including waxing, waxing, grouping, dipping, melting wax, casting molten metal and post-treatment. Lost wax casting is a wax mold in which a part is to be cast with wax, and then the wax mold is coated with mud, which is a mud mold. After the mud mold is dried, the internal wax mold is melted by placing it in hot water. The mud mold from which the wax mold has been melted is taken out and baked into a ceramic mold. 

3.Body

1.The process

 Pressure die casting (PDC) 
  In die casting production, die casting machines, die casting alloys and die casting are three major factors. The die casting process is a process in which the three elements are combined and used. Make various process parameters meet the needs of die casting production. The choice of injection specific pressure should be determined according to the structural characteristics of different alloys and castings. 

 Pouring temperature
The pouring temperature refers to the average temperature of the liquid metal from the time of pressing into the cavity. Since the temperature measurement of the liquid metal in the pressure chamber is inconvenient, it is generally expressed by the temperature in the holding furnace.
The pouring temperature is too high, the shrinkage is large, the casting is prone to cracks, the grain size is large, and the sticking type can be caused; the pouring temperature is too low, and the defects such as cold partition, surface pattern and insufficient pouring are easily generated. Therefore, the pouring temperature should be considered simultaneously with the pressure, the die casting temperature and the filling speed.


Die casting temperature
The cast type should be preheated to a certain temperature before use, generally using gas, blowtorch, electric appliance or induction heating.
In continuous production, the temperature of die-casting tends to increase, especially for die-casting high-melting alloys, which rises rapidly. Excessively high temperatures, in addition to making the liquid metal sticky, the castings cool slowly, making the grains coarse. Therefore, when the temperature of the die-casting type is too high, cooling measures should be taken. It is usually cooled with compressed air, water or chemical media.


Filling pressure
Filling, holding and opening time
1) Filling time
The time required for the liquid metal to enter the cavity to fill the cavity is called the filling time. The length of filling time depends on the size and complexity of the casting volume. For large and simple castings, the filling time is relatively long and the filling time for complex and thin-walled castings is shorter. The filling time is closely related to the cross-sectional area of the gate or the width and thickness of the gate, and must be correctly determined.
2) Holding pressure and opening time
When the liquid metal filling cavity is completely solidified, the duration of the injection under the action of the injection punch is called the holding time. The length of the holding time depends on the material and wall thickness of the casting.
After holding the pressure, the casting should be taken out.

Die casting coating
In the die-casting process, in order to avoid the welding of the casting and the die-casting type, the frictional resistance of the casting is reduced, and the coating is prevented from being excessively heated by the die-casting type. Requirements for coatings:
1) Good lubricity at high temperatures.
2) The volatilization point is low, and the diluent can be quickly evaporated at 100-150 ° C.
3) No corrosion to die-casting and die-casting parts.
4) Stable performance In the air, the thinner should not volatilize excessively and thicken.
5) No harmful gases will be precipitated at high temperatures.
6) No fouling will occur on the surface of the die-cast cavity.


Casting cleaning
The cleaning of castings is a very heavy task, and the workload is often 10 to 15 times the amount of die casting work. Therefore, with the increase of the productivity of the die casting machine and the increase of the output, it is very important to realize the mechanization and automation of the casting cleaning work.
1) Cut the gate and flash
The equipment used for cutting gates and flashing is mainly punching machines, hydraulic presses and friction presses. Under a large number of production parts, special molds can be designed according to the structure and shape of the castings, and the cleaning tasks can be completed once on the punching machine.
2) Surface cleaning and polishing
The surface cleaning is mostly performed by a common multi-angle roller and a vibration embedded cleaning device. For small and small parts that are not large in size, the multi-angle cleaning roller can be used, and the decorative parts with high surface requirements can be polished by cloth or leather polishing wheel. For the mass production of castings, a screw-type vibration cleaner can be used.
The cleaned castings can also be surface treated and impregnated according to the requirements of use to increase gloss, prevent corrosion and improve air tightness.

  


    

Investment casting (IC) 

When casting with a wax, the investment casting is also called "lost wax casting". Investment casting usually refers to forming a mold in a fusible material, coating a plurality of layers of refractory material on the surface of the pattern to form a shell, and then melting the pattern to discharge the shell, thereby obtaining a mold having no parting surface, and after high temperature baking A casting scheme that can be filled with sand. Investment casting is often referred to as "lost wax casting" because the pattern is widely manufactured using waxy materials.
   The alloys that can be produced by investment casting are carbon steel, alloy steel, heat resistant alloy, stainless steel, precision alloy, permanent magnet alloy, bearing alloy, copper alloy, aluminum alloy, titanium alloy and ductile iron.
   The shape of the investment casting is generally complicated, the minimum diameter of the castable hole on the casting can be up to 0.5 mm, and the minimum wall thickness of the casting is 0.3 mm. In the production, some parts that were originally composed of several parts can be directly cast by investment casting by changing the structure of the parts and designed as integral parts, so as to save processing time and metal material consumption, and make the part structure more To be reasonable.
   The weight of investment castings is mostly tens of cattle (from a few grams to a dozen kilograms, generally not more than 25 kilograms) and castings that are too heavy are more troublesome to produce by investment casting.
   The investment casting process is complex and difficult to control, and the materials used and consumed are relatively expensive. Therefore, it is suitable for producing small parts with complicated shapes, high precision requirements, or difficult to perform other processing, such as blades of turbine engines.

The first step in investment casting production is to make a investment mold. The investment mold is used to form a cavity in the refractory shell. Therefore, in order to obtain a casting with high dimensional accuracy and high surface finish, the first mold itself should have a high size. Precision and surface finish. In addition, the performance of the investment mold itself should be as simple as possible for the subsequent process of forming the shell.

The main processes in the shell making process are:

1) Degreasing and degreasing of modules

In the case of a wax-based molding material, in order to improve the ability of the coating to wet the surface of the module, the oil on the surface of the module needs to be removed.

2) Apply coating and sanding on the module

Before applying the coating, the paint should be evenly mixed, the precipitation of the refractory material in the paint bucket should be reduced as much as possible, and the viscosity or specific gravity of the coating should be adjusted to.
 3) Shell drying and hardening

After each layer of the shell is coated, it is dried and hardened, so that the binder in the coating is transformed from the sol to the gel and the gel, and the refractory is joined together.

4) melt-fuse in the self-shell

After the shell is completely hardened, the module needs to be melted from the shell. Since the module is usually made of a wax-based molding material, this process is also called dewaxing. Depending on the heating method, there are many, dewaxing methods, and the hot water method and the same pressure steam method are used more.

5) roasting shell

If it is required to be cast (filled sand), before the roasting, the mold after the demoulding is buried in the sand in the box, and then calcined. If the shell has high temperature strength and does not need to be cast, the demoulded shell can be directly sent into the furnace for roasting. When roasting, the furnace temperature is gradually increased, and the shell is heated to 800-1000 ° C for a period of time to be cast.




2.Compared with sand casting (for company choice)
(1)Pressure die casting (PDC) 

Advantages：

1) High productivity, easy mechanization and automation, and the production of thin-walled castings with complex shapes. The minimum wall thickness of the die-cast zinc alloy is only 0.3 mm, the minimum wall thickness of the die-cast aluminum alloy is about 0.5 mm, and the minimum cast hole diameter is 0.7 mm.

2) The casting has high dimensional accuracy and small surface roughness. The dimensional tolerance of die-casting parts can reach CT3~CT6, and the surface roughness is generally 0.8-3.2μm.

3) The castable parts in the die-casting parts not only save valuable materials and machining man-hours, but also replace the assembly process of the parts, which can save the assembly process and simplify the manufacturing process.

Disadvantages:

1) The filling speed of liquid metal during die casting is high, the gas in the cavity is difficult to completely remove, and the casting is prone to defects such as pores and cracks and oxidized disasters, and the die casting is usually not heat treated.

2) The die-casting mold has a complicated structure, a long manufacturing cycle, and high cost, and is not suitable for small-quantity casting production.

3) The die casting machine has high cost and large investment, and is limited by the clamping force of the die-casting machine and the size of the mold. It is not suitable for the production of large-scale die-casting parts.

4) The type of alloy is limited, and non-ferrous alloys such as zinc, magnesium and copper.

 (2) Investment casting (IC) 

Advantages:
1. High dimensional accuracy. -Generally available CT4-6 (sand casting is CT10~13, die casting is CT5~7);
2. Can improve the utilization of metal materials. Investment casting can significantly reduce the processing volume of the forming surface and the mating surface of the product, saving the consumption of the processing table and the cutting tool material;
3. It can maximize the similarity between the blank and the part, which brings great convenience to the structural design of the part. Investment casting with complex casting shape can cast castings with complex shape and can also cast castings with wall thickness of 0.5mm and weight as small as 1g, and can also cast combined and integral castings.
4. Not limited by alloy materials. The investment casting method can cast carbon steel, alloy steel, ductile iron, copper alloy and aluminum alloy castings, and can also cast castings of high-temperature alloys, magnesium alloys, titanium alloys and precious metals. For alloy materials that are difficult to forge, weld and machine, it is particularly suitable for casting by precision casting.
5. High production flexibility, adaptability Strong investment casting is suitable for both mass production and small batch production or even single piece production.
Disadvantages:

The casting size cannot be too large. The process is complicated and the casting cooling rate is slow. Investment casting is the most complicated in all blank forming methods, and the casting cost is also high.
Sand casting
Advantages：

Clay is rich in resources and cheap. Most of the used wet sand is recycled after proper sand treatment;
2. The cycle for manufacturing the mold is short and the work efficiency is high;

The mixed sand can be used for a long time;
4. Adaptability is very wide. Small pieces, large pieces, simple pieces, complicated parts, single pieces, large quantities can be used; disadvantages and limitations.
Disadvantages：

Each sand mold can only be poured once, the mold is damaged after obtaining the casting, and must be reshaped, so the production efficiency of sand casting is low;
2. The rigidity of the mold is not high, and the dimensional accuracy of the casting is poor.
3. The casting is prone to defects such as sand washing, sand inclusion, and porosity.

4.Conclusion

Although pressure die casting and Investment casting are the two methods I chose, perhaps their price and other factors are not the most suitable for a company. I still think they must be viable especially in improving surface quality.
   I believe that in the future, along with our progress and technological development, these two methods will become our feasible mass production of modern high-precision technology.
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