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[image: ]This report will be based on the valve including a design specification, material selection and manufacturing process selection. Materials will be compared based on several factors such as component environment, cost, purpose, and manufacturing techniques. 
Figure 1.1 Race exhaust and intake valves for Mini Miglia engine

[bookmark: _Toc164622979]Component Design Specification 
Environment
The valves environment must be considered when selecting the material. This includes the temperature, contact with other components and whether the movement is lubricated. Measurement range of up to approx. 500 degrees Celsius for intake valves and approx. 900 degrees for exhaust valves, with a sensor ambient temperature of max 125 degree Celsius (Johannes Wüst and Maximilian Fischer, Optical Measurement of the Valve Temperature, page 41). When a material is heated it causes expansion. In a valve this can lead to poorly seated valves resulting in incomplete combustion and loss in power. 
The Mini Miglias are used in competitive racing so endure high temperatures and high velocity due to the engines maintaining high rpm. This increased velocity means there is a larger straining of the component that will attempt to stretch the stem. If the force exceeds the elastic limit of the valve it will start to neck creating a weak point which will lead to part failure. In a standard mini head, the valves used are made from stainless steel which has an average young’s modulus of 190GPa. Therefore, the material selected for the race engine must meet this or exceed it. 
Furthermore, due to the vertical motion of the valve it undergo increased force resisting its motion to pull the valve out of the combustion chamber back into its seat. At high rpms this force is increased due to more intakes and exhausts occurring in the same amount of time. 
During the combustion phase of an engines cycle great amounts of energy are release. The valve must withstand this energy and maintain a tight seal to prevent any leaking that leads to a decrease in power generated in each engine stroke.
Cost
As Mini Miglias are a relatively low-cost race car, costing roughly £30,000 for a complete chassis with powertrain the components required to run the car must be within a reasonable price range. A complete engine sells for £9,800 new. When looking at race valves for A series engines, produced by other companies, they sell for an average of £35 per valve. When customers are looking for the best products price is not always a determining factor therefore when producing similar products, they do not have to be cheaper. Using this a reasonable cost would be up to £50 per valve when sold to the customer. With a profit of 15% the total manufacturing and materials cost must not exceed £43.50.


Constraints
[image: A white sheet with black and white text

Description automatically generated]Due to the nature of the valves purpose, it must be made within fine tolerances, this allows it to perform at its optimum whilst reducing wear and being as efficient as possible. The stem of a valve for a 1275cc head is 6.96m. This means that as the valve is sliding the tolerance would be +/- 0.0015mm
Figure 2.1 Chart of manufacturing tolerances from GD&T Handout
Maintenance
The valve train in a head should undergo minimal maintenance, only when parts fail or require upgrading. Due to this fact the material must be able to withstand long periods of stress and strain without deforming as well as having a high wear resistance.
Production
The valves in a Mini Miglia do not need to be made in mass production, this is due to the limited demand as the race series consists of few cars. Therefore, a less efficient process can be used for batch production. 
Final Brief
The valve must:
· Have minimal thermal expansion.
· Withstand temperatures up to 900 degrees Celsius without failure or deformation.
· Cost no more than £50 when sold per valve meaning a total production cost of £34.50.
· Be manufacturable in small batch quantities. 
· Be manufactured to a tolerance of +/- 0.015mm.
· Have a high wear resistance
· Have a young’s modulus of 190GPa or greater.
· Must have a hardness greater than 40HB.
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[image: ]To start the material selection process charts can be used to eliminate material types based on certain properties. These can massively reduce the time and resource required to select a suitable material.
Figure 3.1 Chart comparing Youngs modulus to density of materials, grantadesign.com
Figure 3.2 Chart comparing Youngs modulus to density of materials
From figure 3.2 many materials can instantly be ruled out for having a too low young’s modulus being less than 190GPa as stated by the design brief. This leaves only metals and ceramics as viable materials for the valve. 
[image: A close-up of a diagram

Description automatically generated][image: ]Figure 3.3 Ashby chart with noted metals

This shows that suitable metals remaining are Titanium alloys, Steels, nickel alloys, WC (tungsten carbide) as well as materials such as diamond or silicon nitride. Diamond can instantly be eliminated as its cost will be too high.
[image: A diagram of different types of materials

Description automatically generated]The properties of the suitable metals must be analysed to select the most appropriate.
Figure 3.4 Ashby chart of material strength vs Density from leadrp.net 
[image: ]Figure 3.4 shows that Titanium alloy have the best strength for their density but both Steel and Nikel alloy are nearly as strong yet have a higher density so greater mass. Tungsten carbide has a lower strength and a greater density. Due to its large density tungsten carbide can be ruled out. The lighter the valve, the less force is required to lift it out of the combustion chamber. This means the engine can run at higher speeds more reliably and efficiently. 
Remaining materials are steel, nickel alloys, titanium alloys. 
Hardness of materials:
Titanium grade 1 – 120HB
Titanium Alloy grade 12 – 180-235HB

Stainless Steel – 80-600HB
Steel Grade 50 – 135HB					        Figures from LEAD engineering (2024)

Pure Nickel – 35HB					        Figure from virgamet.com (2024)


The figures for hardness of these materials shows that pure nickel is not suitable for the valve. However, when it has undergone hardening processes it may exceed this value. Both Titanium and Steel are far above the minimum hardness required.

Thermal expansion (x10-6m/m oC):
Titanium – 8.64
Titanium Alloy – 9.54

Stainless steel – 9.36 -17.3

Nickel alloy – 11.2-15.7
As an exhaust valve reaches such great temperatures it must have a low thermal expansion to retain its sliding tolerance that allows an efficient movement within the valve guides. Therefore, Nickel can be eliminated from the remaining materials.

Cost:
The design brief states that the manufacturing cost limit is £35.40 per valve. The volume of material needed is 0.0000085m3. 
Density of titanium is 4540 kg/m3. So, mass required = 0.0000085 x 4540 = 38.6 grams per valve. With a cost of 8.89 £/kg titanium falls well within the desired price range at under £1 per valve. 
Density of Stainless Steel is 7,800 kg/m3. So, mass required = 0.0000085 x 7800 = 66 grams per valve. With a cost of roughly £5 per kg it also costs less than £1 in material per valve.

As both materials are both suitable in all areas for manufacturing their factors must be compared. Titanium is lighter than stainless steel as well as harder and has a lower thermal expansion. 


[bookmark: _Toc164622981]Manufacturing Selection Process
Casting
Casting is a manufacturing process in which metal is heated up to a temperature at which it melts. Once fully liquified the metal is poured from a crucible into a mould. There are multiple kinds of moulds, sand mould, shell mould, temporary mould. A disadvantage of the use of moulds is the imperfections that require a secondary process increasing time and cost for manufacturing. The smoothness of a valve stem is very important to allow an efficient sliding within the guide. This means that casting is not suitable to produce valves in high performance engines. 
Lathe  
Lathes are very suitable for symmetrical and cylindrical components such as a valve. To produce identical parts to a high tolerance the use of CNC lathes would be appropriate. These have a high setup cost but require minimal input once they are operating. However, for the valves on a Mini Miglia they do not need to be produces in such great quantities so having a high-cost automated machine is not justified. These machines would be appropriate for the manufacturing of valves for common road cars.

[bookmark: _Toc164622982]Conclusion
	
	Requirements met 

	Requirements 
	yes
	no

	Have minimal thermal expansion.

	
	

	Withstand temperatures up to 900 degrees Celsius without failure or deformation.

	
	

	Cost no more than £50 when sold per valve meaning a total production cost of £34.50.

	
	

	Be manufacturable in small batch quantities. 

	
	

	Be manufactured to a tolerance of +/- 0.015mm.

	
	

	Have a high wear resistance

	
	

	Have a young’s modulus of 190GPa or greater.

	
	

	Must have a hardness greater than 40HB.
	
	


To conclude, titanium is the optimum material to manufacture racing valve for a Mini Miglia engine, when comparing its factors to the design brief it well exceeds all criteria. This allows for a more reliable product that will also bring performance benefits to the user. 













Figure 5.1 Chart evaluating chosen material to design brief
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