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[bookmark: _Toc1007280402]Introduction
[bookmark: _Int_lmIGcAQ2]In this report I will be discussing the materials used and manufacturing processes required to create an engine block for a Ford Puma 1.7 Zetec VCT engine. This engine consists of an all cast aluminium cylinder head and a cast aluminium block with Nikasil plated cylinder bores. This particular Puma engine was co-developed with Yamaha. Ford built the engine blocks to the point of rough casting in their factory in Spain before shipping the engine’s out to Japan for Yamaha to machine the finished surfaces and apply the Nikasil coating. Yamaha then shipped the engines back to Ford’s factory in Spain for the engines to be assembled and put into the cars.





[bookmark: _Toc1845933823]Component Design Specification
As a given when designing an engine block there are a handful of conditions that are essential. These being that it must be able to cope with extreme heat, high pressure and be durable against ware. Then there are some things which are good to have but not essential such as lightweight, space efficient and cost effective. This engine takes all the essential qualities needed into consideration as well as some of the non-required qualities. To be able to choose a material effectively you must know all its properties, the manufacturing processes possible and the cost of the material. As this component is a mass production component, the design specification must take this into account. Under the material selection heading there is more in-depth information on the materials and their properties. 



[bookmark: _Toc1271737295]Material Selection
Cylynder blocks are made in an array of varied materials which include, Cast iron, magnesium, steel, cast aluminium. When choosing which material to build a cylinder block out of the design specification dictates what materials can be used. To outline the material properties, they have been collected and put into colour coded tables to simplify the process.
[bookmark: _Toc86105551]Aluminium
[bookmark: _Int_pX9QlZOS]The information for this section was collected from Olsa Tools. Aluminium is a softer material than materials what engine blocks have traditionally been made of. Aluminium engine blocks are a mixture of different alloys and the most commonly used alloys are A356 and A319. These alloys have a tensile strength of between 10,000psi and 14,000psi. Aluminium is much lighter than traditional materials but as you can see from the tensile strength ratings it is much weaker. To make up for this aluminium engine blocks are casted to be thicker. Considering that the aluminium blocks being thicker than it would be if it were made from cast iron it is still on average 30% lighter. This means that the cars which have aluminium engines are more fuel efficient. When manufacturing an engine block out of aluminium the casting techniques are much more complex and engineered because this must make up for the reduced strength of the aluminium. Aluminium also has better heat dissipation qualities which means the vehicles coolant system does not have to work as hard.
[bookmark: _Toc612959602]Cast Iron 
[bookmark: _Int_GzzJEbiI]The information for this section was collected from Olsa Tools. Cast iron is what was historically used to manufacture engine blocks as it is well known for its strength and ability to withstand heat. The type of cast iron that is used to build engine blocks is grey cast iron which includes a graphite microstructure. Cast iron is split into different classes according to its tensile strength. The most popular classes of cast iron used to build engine blocks in passenger cars are class 20 and 25 which have a tensile strength of 20,000psi and 25,000psi. Another property of cast iron is that it is particularly good at absorbing vibrations and noise when compared to other materials. A negative property of cast iron is that it has poor heat dissipation compared to other materials which means the cooling system of the car has to work much harder. Traditionally cast iron engine blocks can handle more power than engine blocks made from other materials but with modern technology other materials have advanced and can now match that quality.


[bookmark: _Toc187953288]Magnesium
The information for this section was collected from (B.Powell, J.Quinn [29/09/2010]). Magnesium is a material which has been used to build engine blocks since World War 2 to build aircraft engines. Then in the 1950’s Volkswagen used magnesium to build the engine and gearbox of the Beatle. After the Beatle stood the test of time Volkswagen realised that magnesium has a poor corrosion resistance and rethought their ideas. In the 90’s General Motors and Audi began to use magnesium to make components in the cars. The corvettes of the 90’s were released with magnesium wheels and Audi used magnesium to build their transfer cases. In the early 2010s there was more of an investigation into the use of magnesium in the powertrain. The perceived issues were that it is an excessive cost of a creep resistant alloy which can handle temperatures of over 125 degrees, the difficulties of casting, concerns about corrosion behaviour in different environments and there were no long-term studies on the material. From 2003 to 2009 Ford launched Project MPCC Engine Design. The project was set out to design the 2.5L Duratec V6. The idea was to design the engine with a magnesium alloy block oil pan and engine cover. In the development process they decided to replace the iron liners with thermal sprayed coatings and used ethylene glycol mix with magnesium protectant additives, steel head bolts and aluminium bolts for the engine cover and pan. They also made a new redesigned head gasket to allow the aluminium head to be mounted to the magnesium block. 
[image: 2.5L Duratec Block - Blocks - Brand new OEM Ford 2 Esslinger ...]
[bookmark: _Int_UkBuBrBo][bookmark: _Int_kKySIfEM]Ford decided on a 2.5mm nominal wall thickness for the oil pan and front cover. Through testing the engine Ford ran it through a 675 hour durability run test which it passed with no magnesium component failures, no bolt issues and no signs of abnormal wear or corrosion. After the project was complete the remaining concerns of using magnesium components in engines. The cost of magnesium parts are much more costly to produce than their cast iron and aluminium counterparts and that the coolant would need to include magnesium protective additives.



[bookmark: _Toc89131119]Cylinder Protection
[bookmark: _Toc1160827936]Cylinder liners
[bookmark: _Int_LmdbLXPu]Cylinder liners are used mainly in engines made from a softer material such as aluminium and magnesium. The reason for this is that cast iron liners ware much better than softer materials which means that the engines have a lot longer of a lifespan than without liners. There are two main types of liners which are made from cast iron. These are Centrifugal spun cast iron and spun ductile cast iron. To explain the material specification there is a specification sheet from Westwood liners. C:\Users\Scarl\Desktop\Westwood-C04-Material.pdf . The spun ductile cast iron liners configuration is also explained in a technical sheet from Westwood liners. C:\Users\Scarl\Desktop\Westwood-C02-Ductile-Material.pdf . The reason that cast iron liners are popular in performance engines is that they are easily replaced. This is done by boreing out the old liners until they are thin enough to be able to snap out. Then the new liners are cooled to freezing temperatures to shrink the material before they are pressed into the engine block.

[bookmark: _Toc1075894213]Cylinder coatings
One of the cylynder coatings which is commonly used is a Nikasil plasma coating. Nikasil is a Nikel and silicon carbide composite which was first developed by Mahle in 1967 to allow rotary engine Apex seals to work directly against an aluminium housing. This is used because aluminium is too soft to deal with the constant ware therefore a hardened coating like Nikasil is used. It is applied through an electroplating process.
[image: What are Nikasil or NSC Cylinder Platings]
[bookmark: _Int_DulT53pU]‘’The plasma sprayed coatings are between 140 and 200 microns thick’’ TWI. A Nikasil coating has lower friction value compared to cast iron liners which result in a longer life of the engine and as there is less of a thickness than with an iron liner the engine has better heat dissipation properties. When using a Nikasil coating, Nikasil friendly piston rings must be used as regular piston rings are not compatible. Porsche began using Nikasil coatings in their 917 race car in 1970 and later in their 1973 911 RS (Lnengineering). 



[bookmark: _Toc1263931771]Manufacturing process selection
[bookmark: _Toc1689284572]The block
[bookmark: _Int_K9azDzah]Manufacturing processes vairy depending on what material is being used. Majority of the time engine blocks are manufactured through sand casting. Other options of casting are used such as die casting, but this method is less common in production engines as the dies wear out significantly in a short amount of time due to the temperature of the material being poured into the die. After the engine has completed its casting process the areas which need to have a polished surface finished are machined. These surfaces include the bearing casings and the cylinder bores and any mating surfaces. (Newengineeringpractice 08/2011) The casting process for cast aluminium and cast iron are similar but the aluminium cast is easier to machine as it is a softer material. Cast iron can still be machined but the tools suffer from more wear as the material is considerably harder. When casting aluminium engine blocks, the aluminium is heated to 800 degrees Celsius before it is poured into the sand mould.(N.Lovering) whereas the iron must be heated to a minimum of 1538 degrees Celsius(N.Connor 11/2022). 
[bookmark: _Toc518553918]The Coating 
The Nikasil coating has some preparation steps which need to be done before it can be applied to the cylinder bores. The bores first must be grit blasted to allow the coating to stick, the surface is then cleaned, and the coating is plasma sprayed. (twiGlobal).


[bookmark: _Toc1190063290]Conclusion
To conclude, Ford wanted to make the Puma a Sportier more driver focused partner to its successful model the Fiesta while still being affordable. Taking this into consideration the engine needed to be light, snappy but also partially fuel efficient. As the Puma is a high production car the engine also needed to be able to be mass produced. The engine also needs to be durable as it is going to be sold to the public it should have a minimum life expectancy of over 100,000 miles. 
Taking all of this into consideration Ford decided to use a combination of an aluminium block paired with a Nikasil coating on the cylinder bores. The reason that aluminium was chosen over materials like cast iron or magnesium is because it is a good midground between the two. Aluminium is lighter than iron but heavier than magnesium. But at the time Ford built the Puma magnesium as a material to build engine blocks with was still under development. Magnesium is also considerably more expensive than aluminium. Another reason Ford chose to use aluminium is that it allows for better heat dissipation than cast iron which means the cooling system does not have to work as hard. As the engine is lighter it allows for better weight savings and distribution as well as better fuel economy. As aluminium is a softer material it is also easier to machine after casting than cast iron although it is a more complex process to cast the aluminium because it must be strengthened in places as well as be thicker than cast iron. As Yamaha have experience in using Nikasil coatings in their bike engines ford reached out to them and worked in partnership with them to apply the Nikasil coating to their engines. As I said previously when using aluminium to build an engine block there must be a way to protect the cylinder bores. Ford decided to use the Nikasil coating instead of the traditional method of cast iron liners is that it allows for a lighter engine. Having no cast iron liners again improves the engines heat dissipation from the cylinder walls. Overall aluminium is the best choice for this car because it is cost effective, light and has good resistance to wear when paired with the Nikasil coating. 
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