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1. [bookmark: _Toc504593072]Executive Summary

This report is going to look at the aspects of manufacturing a cylinder head, it will look into a variety of different choices which need to be considered to create the final product. The different manufacturing and casting options will be analysed to review which process will work best, the material choices which will best suit the casting characteristics will be studied with reference to the required quantity. All finds will then be concluded in a final summary.
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2. [bookmark: _Toc504593073]Introduction

This report is going to take a look into the material and manufacturing choices which are involved when looking at creating an engine cylinder head. 
When creating an engine cylinder head there are a variety of aspects which need to be considered, these will be the material choices, manufacturing processes, quality implications and volume requirements.  
The material choices will be analysed to ensure that they are fit for the manufacturing processes and the application. 
The manufacturing processes which are available to create a cylinder head will be reviewed to select the most suitable process.
The quality implications involved with the given process will be discussed along with, the advantages, disadvantages and defects of the process.













3. [bookmark: _Toc504593074]Findings
3.1 [bookmark: _Toc504593075]What manufacturing processes are available?

The manufacturing processes available when it comes to creating a cylinder head primarily comes in the form of castings, “casting is the process of pouring liquid metal into a mould, where it cools and solidifies. The casting process can produce everything from art pieces to engine parts.” (Reliance Foundry , 2017)
The types of castings which are most commonly used to produce a cylinder head are sandcasting, permanent mould casting, lost foam method and pressure die-casting. (ASK Chemicals, 2018) 
These processes are all used throughout the globe when it comes to manufacturing engine components, but they all have their respective reason for being used.  
Sandcasting is the most commonly used form of casting, due to its ability to cast nearly all alloys including metals with high melting temperatures, making it ideal to cast anything from aluminium to steel. (Groover, 2010) With sandcasting you are able to obtain complicated component geometries as well as high dimensional accuracy. (ASK Chemicals, 2018) With this process you create a mould out of sand and then pour the molten metal into the mould to get the shape from the sand. 
With permanent mould casting you are still able to cast using materials with low melting temperatures such as aluminium but according to (Groover, 2010) “the very high pouring temperatures of steel make permanent moulds unsuitable for this metal” although you do get very good surface finish and close dimensional accuracy. 

According to (ASK Chemicals, 2018) “The lost foam method is basically a special form of sandcasting. The various layers of the cylinder head are formed via foaming polystyrene material and then glued together.”

With pressure die-casting you can have two types, whether this is hot chamber high pressure or cold chamber high pressure die-casting. Out of these methods, the primary method used to cast engine components is hot chamber high pressure die-casting according to (Rahimi, 2008). This process involves injecting molten liquid at high pressure into a die using a piston says (Groover, 2010).

3.1.1 [bookmark: _Toc504593076]The Manufacturing Process
The process which is going to be used throughout this report is going to be sandcasting, this is down to the fact that it is the most widely used form of casting, offers high dimensional accuracy, allows for complicated geometries and is low cost. Sandcasts allow for variable component sized casts, meaning anything can be moulded from a few grams to over 200ton. (Olsen, 2017) 
How does sandcasting work?
Sandcasting requires a pattern, a pattern is a slightly enlarged version of the part to allow for finishing machining and shrinkage during cooling, this pattern is normally made of either wood, plastic or metal. Plastic makes for a good pattern as it is a compromise of characteristics between wood and metal, when creating a pattern with wood they are very easy to shape however it can have the tendency to bow but when creating a pattern from metal they are much more durable but the cost to produce the pattern is much higher, according to (Abrams, 2017) companies such as Viridis 3D are now 3D printing patterns for sandcasting. 
Once the pattern is made it is then packed with a binder and sand where the molten metal will be poured into to create the cast. The metal is then manually poured into the mould from a ladle, it fills the cavity and pours into the riser. A riser is a reservoir built into the mould which is in place to ensure the cavity is filled and is used to reduce shrinkage and porosity, once the cavity is filled the cooling and solidification process begins. Once solidified the sand is broken off the casting where the cleaning and inspection process takes place to check the outcome of the cast. (Groover, 2010)
This process as well as being inexpensive is also very recyclable meaning that the sand once broken off the casting can be reconditioned to be able to reshape to create another mould. (Reliance Foundry , 2017) 

3.1.2 [bookmark: _Toc504593077]Quality Assurance and Implications 
When looking at the sandcasting process there are a number of quality implications which need to be reviewed, due to the way the process works. The concerns of using this process are the defects which can occur, as traditionally this is a manual process it means that the pouring speed of the liquid is different between each operator. If an operator was to pour the molten metal too slowly into the mould then it could cause unfilled sections of the mould as it could solidify before filling the cavity in turn causing porosity in the casting, on the other hand pouring the liquid too quickly into the cavity could cause air to be dragged into the mould creating a turbulent effect which could also break down the sand in the mould and drag it into the casting which will create inclusions in the final cast. 
Other defects such as hot tearing are the result of non-uniform cooling temperatures which can also be caused by poor design and non-uniform wall thickness. (Custom Part, 2018)
  
3.1.3 [bookmark: _Toc504593078]Materials and Required Volumes
Sandcasting allows for using a wide variety of molten metals to be casted, these can be soft materials such as aluminium, bronze and brass or hard materials such as steel and cast iron. (Industrial Metal Castings, 2010) Mainly alloys are used for casting as oppose to pure metals due to properties of an alloy making the outcome of the cast better. (Groover, 2010)
Engine cylinder heads are primarily sand casted using an aluminium alloy due to its respective characteristics such as increased strength, and being lightweight. Other advantages of include the availability of the raw materials says (Industrial Metal Castings, 2010).

As (Document, 2004) states the minimum amount of aluminium to be used in the casting is 82.55% where it is also mixed with 12 other elements to make the required mixture for the aluminium alloy.

In sand casting there are other material which need to be taken into account which are the sands which are used to create the mould. The most commonly used type of sand is called silica sand, but there are other casting sands known as green sand and resin sand. Using green sand allows for much faster production rates of moulds as the mould isn’t fully set when the molten metal is poured, the reliability of this type of sand has ensured its use for centuries but isn’t as reliable as resin sand which once solid has a smooth surface which reduces casting defects. (Patriot Foundry, 2017)

The required quantities for the sand casting of cylinder heads are roughly 2,000 heads per 24hrs in Ford Bridgend Engine Plant. During 2016 a “total of 94,976,569 cars and commercial vehicles where produced globally” according to (OICA, 2016), although not all of these would have been sand casted a large quantity of them would have been, meaning a high production rate is required.
   
3.1.4 [bookmark: _Toc504593079]Environmental, Ethical and Health and Safety Implications
The process of sand casting is known to be an environmentally impacting process due to the stages in which are required to complete the total cycle, this includes the extraction of the raw materials from the ground, the energy required to make the mould and heat the metal to a liquid state, and the emissions from the manufacturing process itself. Results show that steel is the most harmful to the environment for all the impact categories whereas aluminium is the least damaging. (Joshi, Durgesh; Modi, Yashwant; Ravi.B, 2011)
According to (DeGarmo, 2003) aluminium doesn’t create any toxic fumes under extreme temperatures and is also non-combustible. 

When it comes to the health and safety implications of working with molten metals there are many aspects which need to be considered, according to (Health and Safety Executive, 2018) there are 3 levels of risk which are involved when working with molten metals and these can be sparks from welding all the way up to explosions. With molten metals there is a need to have thorough risk assessments carried out of all foundries and for each task, these will then require actions to be taken in order to reduce the possible risks.












4. [bookmark: _Toc504593080]Conclusion

[bookmark: _GoBack]In conclusion to the findings of this report it can be stated that sand casting is the most commonly used form of casting and is the manufacturing process used for production of most engine parts (Groover, 2010). 
The ways in which a cylinder head is cast has been displayed with reference to the process itself and the characteristics that it presents. Once the process was chosen the quality implications had to be reviewed down the process being manual and poor mould design having a drastic effect on the casting (Custom Part, 2018). 
The selection of material then took place and due to the versatility of sand casting it allowed for a broad choice of materials but aluminium alloy is a primary material used for the production of cylinder heads (Document, 2004). 
It was found that sand casting requires a high production rate due to the required volumes globally.
Due to the nature of the process it was clear that there would be environmental and health and safety concerns these start from the original stage of extracting the raw material from the ground all the way up until removing the sand from the cast (Health and Safety Executive, 2018).
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