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[bookmark: _Toc164599175]Introduction
In the pursuit of efficiency, durability and high performance in internal combustion engines, the selection of materials and manufacturing processes of parts is a super critical part of automotive engineering. This technical report aims to explore these critical processes for valve springs, specifically in a V8, as they play such a pivotal role in the function of the engine. By delving into properties of materials such as steel alloys, titanium and aluminium and looking at Youngs modulus values, as well as manufacturing process evaluation and economic analysis of each step, the aim is to explore the most efficient and cost effective materials and ways of manufacturing.


[bookmark: _Toc164599176]Component Design Specification
Understanding of valve spring functionality is critical for the manufacturing process, which is why the first step is to create a design specification. This specification should state everything the part needs to do, what temperatures and forces the part will be under and any other design features necessary. 
[image: 221, 260, 289, 302 & 351W windsor small block Ford sbf rocker arm install  3/8 stud with 5/8 nut] (
[Figure 1] Different valve spring
s
 
(Peterson Spring, 2024)
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Description automatically generated]The job of the valve spring is to open and close the valve at the correct point, it does this when compressed directly through the camshaft, or by rocker arms that are pushed by the camshaft. Rocker arms (shown in Figure 2) have a push rod or lifter pushing on one end and the other end sits on the tip of the valve. On a V8 the camshaft is often situated below the push rod, parallel to the valve, and as the camshaft rotates, the push rod lifts up and down moving the rocker arm. The rocker arm compresses the spring which in turn moves the valve to open and close. 
 (
[Figure 2] Rocker arms from a V8
 
(Midwestern Garage, 2020)
)The design of the valve spring should specify its ability to compress while also ensuring rapid return to original shape, effectively mitigating valve float at higher engine speeds. This implies the need for a higher spring rate, with the required rate increasing proportionally with the vehicles maximum rpm. On some high performance engines that rev up to 15 or 18 thousand rpm, double or even triple valve springs are used. This elevates the spring rate to a level higher than that on a single spring configuration. On a V8 engine at max rpm of around 7500, the springs must hold sufficient strength to endure forces in the vicinity of 140psi when the valves are closed, and approximately 400psi when open. Therefore the spring rate needed would be higher than on a daily use road car than only revs to 5 or 6 thousand rpm because a small 2.0L or less engine would not reach those pressures. As most engines are expected to last for at least 100,000 miles, these springs also need to be durable enough to last and to be compressed and decompressed constantly for long periods of time.









[bookmark: _Toc164599177]Material Selection
When deciding which material is best, the material properties need to be considered. The table below shows different properties that are important for a valve spring.
 (
[Table 1] 
Materials data 
(Hemanth, 2021)
)
	Material
	Density (kg/m3)
	Youngs modulus 
(Pa)
	Ultimate Tensile Strength (Pa)

	4340 Steel
	7850
	2.0x1011
	1100x106

	Ti-6Al-4V Titanium
	4428
	11.9x1010
	950x106

	Aluminium 2024 T3
	2770
	7.31x1010
	4.30x108

	Silicone Chrome alloy
	7944
	2.07x1011
	3.20x108




[bookmark: _Toc164599178]4340 Steel
4340 Steel is a medium carbon steel. It has 0.37-0.43% carbon content as well as 1.8% nickel and 0.7-0.9% chromium (MatWebInc, 2019). Carbon content in steel gives it properties of strength and hardness and makes it more resistant to wear and makes it better at holding shape. This is ideal for a valve spring as it needs to return to shape quickly. Chromium helps protect from corrosion, although in this case it isn’t a necessity for the part as the spring is not likely to corrode as it is oil coated.
This material is a very good option for valve springs. It has a high density which will keep the strength when the spring is compressed, and the carbon content adds stronger properties that other metals have. 

[bookmark: _Toc164599179]Titanium
Ti-6Al-4V is a grade 5 titanium alloy containing 6% aluminium and 4% Vanadium (MatWebInc, 2019b). Aluminium strengthens and increases the melting point of the alloy to over 300℃, while also reducing the density. Vanadium forms a layer on the material which protects against oxidation. Ti-6Al-4V is one of the most widely used high strength titanium alloys because of its high strength to density ratio. It is ideal for some automotive parts such as fuel tanks, exhaust pipes, connecting rods, and even valves or collets, but valve springs are better with higher density and stronger material, such as steel. This is because although titanium has a high strength, it is very expensive for a part that would need to be mass manufactured, and it has a high mass, adding unnecessary weight to the engine when a lighter and cheaper option is available. 




[bookmark: _Toc164599180]Aluminium 2024 T3
Aluminium 2024 T3 contains small amounts of chromium, copper and magnesium. Copper adds an increase in strength and hardening, but can also reduce corrosion resistance. Magnesium also gives properties of strength and increased corrosion resistance, counteracting the copper. The best property of aluminium is its super low density. It is most commonly used for crank cases, or cylinder blocks, as well as pistons and engine heads. This is because it is not as strong as steel or iron so performs better under low stress. 
Aluminium is not the ideal material for a valve spring because it is not strong enough to withstand the forces it would experience. It is also a very soft material, easy to bend and distort, this is not a good property for a valve spring as it would not keep its shape. As well as this, aluminium is more expensive than materials such as steel or iron and would not be a cost effective way of manufacturing valve springs.

[bookmark: _Toc164599181]Oil tempered Chromium Silicone
Oil tempered Chromium Silicone is a steel alloy. It has a carbon content of 0.50-0.59%, but is mostly Steel. It has high strength, high heat resistance and high fatigue resistance and is used for shock loads (IZUMIDA, MATSUMOTO and MURAI, 2016). Chromium Silicone is either cold drawn or oil-tempered, but oil tempered wire has better durability and is easier to bend without damage or fatigue. Oil tempered wire is also better at absorbing impact and vibrations as well as being cheaper than other wires. 
















[bookmark: _Toc164599182]Manufacturing Process Selection
[bookmark: _Toc164599183]Cold drawn 
Cold drawn steel is processed at room temperature (around 20℃) and produces thin shapes such as wire or a rod (Rothstein, 2019). The metal is hot rolled and hammered down so that it fits in the machine. This machine stretches it into its final shape, in this case a wire, which can then be coiled into springs. 

[bookmark: _Toc164599184]Oil tempering
[image: Influence of the surface flaws in oil-tempered wires on the fatigue life of automotive engine valve springs - ProQuest and 5 more pages - Personal - Microsoft​ Edge]Oil tempering is a process of heating the wire to super high temperatures, 800-900℃, and then cooled in oil. Cooling steel in oil helps with quick cooling without any damage or distortion. By heating the metal, this process eliminates any surface flaws that can be caused by tools or handling during cold coiling processes. 
“common practice to make valve springs from oil-tempered spring-wire” (Donkin, 1928)
 (
[Figure 
3
] Engineering stress
-strain curve of OT wire.
)Oil tempered steel wire has high heat, fatigue and sag resistance. It is ideal for valve springs because it keeps its shape well under high pressures and temperatures. It also has a high tensile strength and can improve fuel efficiency by reducing friction with surrounding parts (Ko, Ahn and Lee, 2022). To the right (figure 1) is a stress-strain  graph of oil tempered (OT) wire. It shows maximum stress of around 2250MPa up to a strain of around 0.055 before dropping down after reaching maximum tensile strength. 
This manufacturing method is very effective for small projects, but it is time consuming. With the equipment that exists now, there are better, more efficient ways of producing springs. Especially when mass production is necessary for big companies like Ford and Volkswagen etc that produce millions a day.
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[bookmark: _Toc164599185]CNC Spring Coiling Machine
 (
[Figure 
4
] AIM 4000 CNC Spring Coiling Machine
.
 
(Automated Industrial Motion, 2015)
)Using a CNC Coiling Machine gives each spring consistent accuracy that would not be made manually. These machines program wire feed speed, pitch, diameter and number of coils, in seconds (Auto Link, n.d.). They are time efficient, as it is a constant process, and have a wide range of different tools and settings to accommodate for different spring designs. The picture to the right (figure 2) shows the spring coiling machine. It feeds the wire towards a rotating circle, which pushes the wire inwards in a curved shape, producing a coil. 
This method is ideal for mass production of valve springs, but also for high performance springs that need to be accurate and exactly the same as each other to get the most power out of the engine.



[bookmark: _Toc164599186]Conclusion
After a lot of research and comparison of materials, the conclusion is that a type of steel is the best material for valve springs. This is because of the low cost and high durability and strength. Although 4340 steel is a good option, oil tempered Chromium Silicone is a better option because of the added strength and heat resistant properties from the higher carbon content. Oil tempering is the most effective way of producing the wire from steel, but hand coiling the springs before cooling them is too time consuming and will produce too many inaccuracies. Using the CNC spring coiling machine is the best option for manufacturing the springs, it is accurate and with use of its computer programs, can correct any distortions in the wire. 
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Figure 1. Engineering stress-strain curve of OT wire.
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