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[bookmark: _Toc535813749]Introduction
[bookmark: _Toc535813750]Aims
A company manufactures bushes and sleeves, which currently uses sand-casting and secondary machining processes. The company aims to improve their products’ surface quality, reduce waste and save cost, hence looking for a better manufacturing process to optimize the company’s production. This report is to meet the company’s demand.
[bookmark: _Toc535813751]Objectives
1) Analyse the existing manufacturing process;
2) Compare and analyse some possible manufacturing methods;
3) Give two most possible options for the management team of the company.   

[bookmark: _Toc535813752]The analysis of the current manufacturing process
So far, the company has used sand-casting as the primary manufacturing process of bushes and sleeves. The general descriptions of sand-casting are as follows.
[bookmark: _Toc535813753]The process
The specific operation steps in sand-casting are as follows: 
1. Make a pattern according to the shape of the desired casting;
2. Position the pattern on a bottom board and surround it with the drag of the moulding flask;
3. Sprinkle a parting compound over the pattern in order to separate the pattern from the mould easily before pouring the liquid metal;
4. Pack the sand tightly and remove excess sand;
5. Invert the drag and prepare the cope of the mould;
6. Form the feeding system to deliver the molten metal in the cope, including a pouring basin, a sprue, runners and ingates connecting the runners to the mould cavity.
7. Design riser cavities into strategic positions;
8. Separate the cope and drag and remove the pattern;
9. Reassemble and clamp the cope and drag together;
10. Pour the metal from a small ladle into the sprue;
11. Break the mould and remove the cast after solidification;
12. Clean off the sand and cut away the riser and the feeding system.
[bookmark: _Toc535813754]Process Schematic
[image: ]
Figure 2‑1-Sand casting process (ASM International, 2003)

[bookmark: _Hlk534766734][bookmark: _Toc535813755]Characteristics
Table 2‑1- Characteristics of sand casting (ASM International, 2003)
	[bookmark: _Hlk534766768]Materials compatibilities
	Shape
	Economic compatibilities
	Process
characteristics

	1.metals-ferrous
2.metals-non-ferrous

	1.Circular prismatic
2.Non-circular prismatic
3.Solid 3-D
4.Hollow 3-D

	Relative
Tooling
cost
	Relative
Equipment
cost
	Labor
intensity
	1.Primary shaping process
2.Discrete
3.Prototyping

	
	
	low
	low
	high
	



[bookmark: _Toc535813756]Discuss
According to the table above and related knowledge, it can be known that sand-casting has a variety of advantages, such as design flexibility, high complexity shapes, wider material choice, short lead time, low tooling and equipment cost etc.
But meanwhile sand-casting also has many disadvantages, which are as follows.
1. Have a expensive operation cost since the process is time-consuming and labour-intensive;
1. Leave a bad surface texture;
1. Require further machining process;
1. Unable to make thin parts;
1. Do not fit mass production.
1. Remain much scrap metal;
1. Weak material strength.
As a result, the company wants to find a better manufacturing process to get over these drawbacks and optimize its production.



[bookmark: _Toc535813757]Some possible manufacturing methods
Besides sand-casting, there are many other methods to manufacture bushes and sleeves as well, including gravity die casting, pressure die casting, investment casting, etc. If using materials like polymers to make bushes and sleeves, the manufacturing method of injection moulding can also be a good option for the company. The report will introduce them briefly and analyse their pros and cons.
[bookmark: _Toc535813758]Gravity Die Casting
In the process of Gravity Die Casting, the molten metal is dumped from a casting container into the mould only by means of the force of gravity. The manufacturing process can control the filling by tilting the die and is a permanent mould casting process (Invastacast, 2018).
[bookmark: _Toc535813759]Advantages
1)	Excellent dimensional accuracy;
2)	Smoother cast surfaces than sand casting;
3)	Able to cast thinner walls;
4)	Inserts can be cast-in;
5)	Less or no further machining operations;
6)	Fast production rates;
7)	Higher casting tensile strength;
8)	Very repeatable product quality once the tooling is proven;
9)	Lower outsourced tooling setup costs than UK sand casting;
10)	Able to cast reverse draft internal pockets and forms by using preformed sand core inserts
[bookmark: _Toc535813760]Disadvantages
1)  High initial cost;
2)  Need mass production in order to make this method more economical than others;
3)  A bit more complex than sand-casting.
[bookmark: _Toc535813761]Pressure Die Casting	
As a rapid, dependable and efficient manufacturing process, pressure die casting is suitable for a large production volume of net-shaped metal components with tight tolerances. In general, the pressure die casting process includes pouring a molten metal into the mould by high pressure and the process of solidification which is very fast. Then the process of extracting can be achieved automatically. According to the varied pressure used,  pressure die casting can be divided into high pressure die casting and low pressure die casting. (TheMetalCasting.Com, 2018); (Mustahsan, 2008).
[bookmark: _Toc535813762]Advantages
1) Able to achieve high speed production due to the whole completely automated process; 
2) Likely to acquire quite complicated castings as the movable cores are used;
3) Can easily fill very small thicknesses because of the high pressure; 
4) Pretty good surface quality and need less or no secondary processing; 
5) Better mechanical properties and dimensional tolerances than sand casting
6) Pretty cost-effective for high-volume production
[bookmark: _Toc535813763]Disadvantages
1) High investment capital in order to establish the pressure die casting process; 
2) A bit expensive tooling and machines costs; 
3) Not suitable for big castings as a result of the limited capacity of casting machine;
4) Limited die materials; 
5) Have a requirement of melting point for metals to be casted; 
6) Common high porosity and difficult heat treatment;
[bookmark: _Toc535813764]Investment Casting
Investment casting, namely the lost-wax casting, is a manufacturing technique in which a wax pattern is covered with a refractory ceramic material. The internal geometry of the ceramic material takes the shape of the casting as soon as it is toughened. Then the wax is melted out and molten metal is injected into the cavity. The metal casting is broken out finally (Mustahsan, 2008).
[bookmark: _Toc535813765]Advantages
1) Able to obtain complicated shapes which are difficult to other methods in terms of cost and time;
2) No parting or flash lines;
3) Very good surface finish and quite close tolerances;
4) Maybe only require little or no machining processes
5) Nearly suitable for any metal materials;
[bookmark: _Toc535813766]Disadvantages
1) Expensive due to a few labours included for preparing the wax patterns and shell moulds；
2) Time consuming because shell moulds cannot be reused;
3) Often limited size of the casting;
4) Occasional minute defects.
[bookmark: _Hlk533475326][bookmark: _Toc535813767]Injection moulding
Injection moulding is a manufacturing process which produces sections by pouring molten material forcedly into a closed mould, which is injected into a heated vessel firstly and then mixed with a helical shaped screw. A lot of materials can be performed by injection moulding, mainly including metals (namely die-casting), glasses, elastomers, confections, and polymers. In order to facilitate the moulding process, parts to be injection moulded must be very carefully designed. Meanwhile, many factors need to be taken into consideration, such as the shape, features and material of the part needed to design, the material of the mould, the properties of the moulding machine and so on (Clarke, 2016). 
[bookmark: _Toc535813768]Advantages
1) Likely to produce more complicated products in different shapes and designs ;
2) Suitable for mass parts production due to the low labour cost with a high production output;
3) Can cut down workload as once the initial mould is designed, the product is almost done;
4) Save resources for plastic moulding by recycling material or any unused moulding plastic or scraps;
5) Increase productivity because of less money and time during mass production.
[bookmark: _Toc535813769]Disadvantages

1) [bookmark: _Hlk534855542]Costly small runs of parts;
2) High cost of initial tooling and machinery;
3) Part design restrictions;


[bookmark: _Toc535813770]Two most possible options of manufacturing methods
[bookmark: _Toc535813771]Selection
By comparing and analysing various methods to manufacture bushes and sleeves above, from my point of view, gravity die casting or injection moulding is most likely to be the very manufacturing method in accord with the requirements of the management team of the company, which wishes to improve surface quality of their products and reduce waste and cost. 
According to the analysis in part 3.1, the manufacturing process of gravity die casting can obtain smoother cast surfaces than sand casting. The product quality is very repeatable once the tooling is proven. And there is no need for secondary machining operations. Compared with UK sand casting, the outsourced tooling setup expense is lower. Last but not least, when the company produces a large volume of bushes and sleeves, this type of manufacturing method can be a more economical alternative compared with sand casting. Therefore, it can save more waste, time and cost. Besides, gravity die casting has a host of advantages which sand casting lacks and can help the company optimize its manufacturing process.
In the part 3.4, it can be seen that injection moulding is also a very suitable manufacturing methods for the company to opt to. Firstly, the choices of raw materials to produce bushes and sleeves (including not only metals, but also plastics, glasses, elastomers and so on) will be broader for the company. As injection moulding is a high-precision manufacturing process, it is easy to achieve good surface quality. Besides, as the materials or any unused moulding plastic or scraps are able to be recycled, it will be helpful for the plastic moulding companies to save resources. Those items can be melted down and reground for the future use so that the company reduces the waste of materials. Moreover, it can achieve high output rate under a low cost of labour which can repeat easily. The productivity of the company can be greatly improved because this kind of manufacturing method saves more money and time.
[bookmark: _Toc535813772]Detailed introduction
[bookmark: _Toc535813773]Gravity Die casting 
The process
Apart from the material and the method by which the molten metal is injected into the die cavity, gravity die casting process is basically the same as sand casting (Harrison Castings Ltd, 2018). It consists of four steps:
1. Heat the die, spray it with a refractory coating and then close it;
2. Pour molten metal manually or using a machine into the die;
3. Open the die and remove the cast parts by hand or sometimes using ejector pins on the mechanised machines after solidification;
4. At last, remove the scrap including the gate, runners, sprues and flash from casting and process further to remove sharp edges and redundant material.
Process schematic
[image: ]
Figure 4‑1-Gravity Die Casting process (Granta Design, 2018)
Characteristics
Table 4‑1-Characteristics of Gravity Die Casting (Schey, 1977)
[image: ]
[bookmark: _Toc535813774]Injection moulding
A number of materials are able to be performed by injection moulding and the injection moulding processes of different materials can be a bit different. Here, just take the injection moulding of thermoplastic for example.
The process
There are mainly four steps in the injection moulding process (The Design Technology Department, 2018).
1. Pour the thermoplastic plastic from a hopper into the injection moulding machine;
2. The rotating screw in the machine carries the plastic along the barrel to the mould and the heaters which surround the barrel melt the plastic when it goes along the barrel;
3. As soon as enough plastic has been collected at the end of the barrel, the screw is forced back and pushed forward by a hydraulic ram injecting the plastic through a sprue into a mould cavity;
4. Maintain pressure for a short time to stop the material creeping back during setting (hardening);
5. Cool the moulding prior to removing from the mould. 
Process schematic
[image: ]
Figure 4‑2-Injection moulding process (Granta Design, 2018)
Characteristics
Table 4‑2-Characteristics of injection moulding (Granta Design, 2018)
[image: ]
[bookmark: _Toc535813775]Suggestions
It is also shown in the report that gravity die casting and injection moulding have their own limitations. It improves the defects of sand casting but meanwhile brings certain problems in the manufacturing process. So, some suggestions are given below in order to obtain better production efficiency when the company uses gravity die casting or injection moulding to manufacture bushes and sleeves.
[bookmark: _GoBack]Firstly, both gravity die casting and injection moulding are suitable for a large production volume in order to cut costs and maximise the profits. So, the company had better achieve mass production of bushes and sleeves.
Secondly, as for gravity die casting, it is not recommended for hydrostatic pressure application, which hence the company needs to avoid in its production process. 
Thirdly, even though a few materials can be performed by the injection moulding, it is more common to produce parts made from polymers currently because the technology is more mature. If the company wants to manufacture plastic bushes and sleeves, injection moulding is a pretty good option. 


[bookmark: _Toc535813776]Conclusions
Few processes are as cheap and versatile as sand casting for shaping metals, which makes it become the top choice for many companies to manufacture their products. But with the expansion of production scale and the improvement of quality requirements, sand casting will be replaced due to its various defects. According to the company’s demands for their future products, two possible options of manufacturing bushes and sleeves are selected for the management team after analysing many types of manufacturing methods. But every coin has two sides. The two methods also have their own disadvantages. Thus, some suggestions are put forward which may help the company avoid some possible problems in the manufacturing process.
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