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Introduction 
This report will look into the most suitable material and manufacturing process for an engine head from a DOHC 20-valve, 2.5-liter turbocharged petrol engine (Robinson. A, 2003). This in-line five engine is the powertrain of the Volvo V70R, a 5-door sports estate produced between 1996 and 2016 which has power and torque figures of 261bhp and 350Nm. This family car uses a 5-speed automatic transmission to transfer the power to the wheels and at 1733kg has a top speed of 152mph (Car Specs, 2000). Included in this report will be a component design specification including environment, cost and value ranges. On top of this there will be a material and manufacturing process specification looking at the most ideal choice for each and why. Finally, there will be an overall conclusion for the most suitable material and manufacturing process for the engine head. 
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Chapter 1: Component Design Specification 

1.1 – Target Environment 
The Volvo V70R was an executive sports car designed for racing and weekend driving with practical features to function both as a fun family car or a race car. Therefore, while being able to handle the power of the turbocharged inline five engine on the track the engine head also has to be reliable enough for daily commuting. The V70R was popular among Volvo enthusiasts and families alike so the head would be used for both heavy driving on the road or the track and everyday use. This also means that despite it has 20 valves and a double camshaft it needs to be well designed and easy to work on (Robinson. A, 2003). 

1.2 – Material Requirements and Cost
As the double camshaft head has to withstand 261 brake horsepower and 350Nm of torque the material of the head must be strong and be able to operate at high temperatures. However, the V70R was made for the consumer market with 3,407 produced so costs of materials when it comes to manufacturing would also have to be considered. 
Engine heads tend to be made out metals as they provide many benefits to manufacturers such as good strength to weight ratio low that can have a wide range of strength properties. Metals also have developed cost effective manufacturing methods. The main two choices for manufacturers are aluminium and cast iron, with the Volvo V70R using a cast-aluminium head. Aluminium is significantly more expensive than steel at 2,181 pounds per ton (Calculate me, 2024) while iron is only 86 pounds per ton (Daily Metal Prices, 2024). 

1.3 – Manufacturing Process and Maintenance
Cast aluminium is significantly more expensive than cast iron to produce. The interior of a cylinder head is a complex network of oil galleries and coolant passages, even more complex than the engine block. To form these interior cavities, heads are often cast using the lost-foam casting technique (How a Car Works, 2024). Volvos are known for their reliable engines like the B200F which are made with the intention to be simple to work on and come apart easily. This is important because maintenance on the head needs to be possible both in a garage and on the side of the road. The inline five is equipped with Bosch or Siemens digital engine management systems, this assists with keeping the head operating properly keeping repair costs down (Pelican Parts, 2019).



Chapter 2: Material Selection
2.1 – Material Options

As stated earlier the main options for manufacturers when it comes to engine heads is cast aluminium or iron. Both are made by casting which involves pouring liquid metal into a mould, cooled and a final component extracted. Other materials like titanium could be considered but is highly expensive and not viable for mass production. 
Although cast-aluminium is expensive to produce and has low density compared to steel, it is able to heat up and dissipate heat much faster than iron which means the engine starts easier and doesn’t warp or crack when being driven hard (MicroGreenFilter, 2021). Despite this iron heads tend to have a longer overall life because of its density. Performance wise aluminium heads only provide more power than an iron head if it flows more air and is set to a higher compression ratio, the V70R has a compression ratio of 8.5 :1 which is relatively low, ideal for a sports estate.
	Property
	Aluminium
	Iron

	Density (Kg/m^3)
	2700
	7200

	Tensile Strength (Mpa)
	221
	410-560

	Modulus of Elasticity (Gpa)
	106
	70

	Melting Point (Degrees)
	660
	1200

	Thermal Conductivity (W/m. C)
	220
	20-70

	Thermal Expansion (10^-6 K)
	22-23
	9-12


Table showing properties of aluminium and iron (Lincoln Electronics, 2020), (Characteristics of Iron, 2010).
Above is a table comparing the differences in materials, from this you can see overall aluminium is weaker but handles heat much better. Aluminium does not occur naturally and cannot be separated by melting as with iron. Creating aluminium requires a significant amount of electrical power which is the reason for the high value. 
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Above is a graph comparing stress (force) and strain (extension) of aluminium and steel among other metals. From this you can see how cast iron can withstand much more force than aluminium because it has more tensile strength. However, steel has a very low elastic limit. Aluminium does not having a high modulus of elasticity, this is supported by the property table above. This is also shown by the fact aluminium extends or strains further before stopping on the graph. 

2.2 – Material Conclusion
The best choice of material for the head on the V70R is aluminium, which is what Volvo used. Although it is more expensive to produce the material there are now effective methods for aluminium engine heads to be mass produced bringing the costs down. On top of this aluminium is much lighter which is good for keeping fuel usage down and increasing performance on the track, this is ideal for a car like the V70R. 
Because aluminium is softer and more flexible, when the head becomes scratched and gets dents over time it is easier to repair then an iron head (MicroGreenFilter, 2021). This means maintenance is cheaper for consumers, however iron heads do tend to get less damage due to their higher tensile strength and density. From the table you can see that aluminium has much better thermal expansion and conductivity than iron, this benefits the V70R when it comes to reliable starts and heavy driving. The most common cast aluminium alloys used to produce engine heads are A356, 319 and AS7GU. A356 is the primary alloy used as it has good ductility and fatigue figures at low to intermediate temperatures (Modern Casting, 2023). 
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Chapter 3: Manufacturing Process Selection
When it comes to the best manufacturing process to use for creating an engine head you are limited in choice due to the large size and complex features engine heads have. Heads house the camshafts, spark plugs, valves, valve springs and have a combustion chamber. Because of this they are usually made by lost foam casting, which involves using a polystyrene model of the cylinder head, made by gluing together layers. The model is then packed with casting sand and all the voids filled. This creates a mould around the polystyrene, which is then vaporized and replaced by molten aluminium. Once the metal has solidified, the sand is removed and washed before the casting is machined (How a Car Works, 2024). 
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Casting is ideal for creating aluminium engine heads because large intricate shapes are possible, you can reuse mould material keeping costs down and you can use high melting point metals like aluminium. This is beneficial for Volvo as they mass produced the inline five engine which would be expensive to produce due to the complex 20 valve design. Some drawbacks with casting are that it is very labour and energy intensive. On top of this it can leave a poor surface finish which could lead to warping and other issues with the head if not processed. 
Other manufacturing processes like forging and extrusion are just not capable of making the complex network of oil galleries and coolant passages without weakening the structural strength of the head. Therefore, lost foam casting is the only method manufacturers can use to produce quality aluminium engine heads like for the V70R.
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Conclusion
In conclusion, Volvo designed a well-built aluminium head for the V70R which balances between performance, reliability and manufacturing costs. Aluminium was the better choice for material, with it being the most commonly used for heads on cars. Cast iron heads tend to be found on larger vehicles like trucks and transport vehicles. The combination of superior heat dissipation and significantly lighter weight far bypass initial higher costs then iron. Where cast iron is more ideal for engines pushing large torque figures and doing long miles, aluminium is well suited for road cars like the V70R. Due to the awkward shapes involved with manufacturing a head like accommodating the 20 valves/valve springs lost foam casting is the only efficient way for Volvo to produce the head. Overall, aluminium’s properties enhance the V70Rs track performance and ease of maintenance. This reflects Volvos commitment to delivering a versatile and dependable vehicle for racing enthusiasts and everyday drivers alike.
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