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[bookmark: _Toc164608644]1. Introduction
This assignment looks specifically at a turbocharger from a Honda Civic Type R 2022 and discusses the specifications needed for this piece, it also delves into alternative material options which may be better suited to the component’s environment. Furthermore, the assignment outlines what the manufacturing process would be should this new material be used.
[bookmark: _Toc164608645]2. Specification
In researching the necessary qualities, a turbocharger would need to work well I found that it needs to be durable as it must be able to withstand the high temperatures created as well as maintaining its integrity when experiencing the rotational speeds it produces. Cast iron and cast aluminium alloys are typically selected for their ability to uphold over time whilst enduring these conditions. Heat resistance is crucial to help prevent deformation and to help prevent the loss of structural integrity under the high temperatures that are created by the turbocharger. (High Performance Alloys, 2017)
A turbocharger’s ability to compress air efficiently to help increase the engines power is less based on the material it is made of and more on the design and how it has been developed to help focus on this, this is done so there are no air losses to help ensure a small amount of pressure drop and consistent airflow. The selected material needs to be as corrosion resistant as possible so that the turbocharger can last for as long as possible and keep working at a consistent level due to it having to endure exhaust gases and moisture. A turbocharger needs to be as balanced as possible so it can maintain a smooth operation system and help combat vibration as this could cause damage or inconsistencies in airflow, it also should be able to comfortably fit in the engine bay seamlessly. The sizing of the components involved is key to help reduce turbo lag as well as assisting in making it fit in the engine bay the accessibility of the turbocharger is an important element of its design to makes sure the components are easy to access so that repairs and maintenance are possible when necessary. These material requirements and design considerations all play into making the turbocharger the most efficient and long lasting as possible.



[bookmark: _Toc164608646]3. Material Selection
[bookmark: _Toc164608647]3.1 Inconel Strength and Durability
The material I found that would be best suited to a turbocharger was Inconel which is a part of the nickel-chromium-based superalloys family, it is well known for its properties that make it so desirable for a turbochargers highly demanding environment. This material has immense strength and durability making it possible to withstand the vibrations and high temperatures. A turbocharger can reach temperatures of 1000c inside the turbos housing and Inconel’s high strength whilst dealing with high temperatures ensures that the structural integrity of the turbocharger stays at an optimal level so there is minimal loss of power whilst under these demanding conditions. Inconel is able to withstand these conditions due to its structure being made up of solid nickel and chromium atoms which is then reinforced with carbides. (Special Metals, 2013)
[bookmark: _Toc164608648]3.2 Inconel Heat Resistance
The increased heat resistance of Inconel allows for it to be long lasting in the turbochargers conditions there is a low chance of deformation also allowing it to be reliable in the long term, this property and the quality of it is integral to a turbocharger due to it being exposed to exhaust gases which can be corrosive without the ability to uphold in these conditions the turbocharger could lose performance standards. (Corrotherm International, n.d.)
[bookmark: _Toc164608649]3.3 Inconel Corrosion Resistance
Inconel has exceptional corrosion resistance when being exposed to moisture, this prevents oxidation which allows for more longevity out of the turbocharger. This is due to the chromium content inside the alloy, the chromium forms a protective layer of oxide on the surface of the material which helps in preventing further degradation. The precise manufacturing of a turbocharger works well for Inconel because it can be easily machined and worked on, it can be formed into very intricate shapes which allows for it to be used for high performance turbochargers with specific tolerances. This allows for manufacturers to optimize the designs of the components to help the overall performance. The combination of all these factors makes Inconel a first choice for a turbocharger. (Markforged, n.d.)
[bookmark: _Toc164608650]3.4 Inconel Price
The only downside to Inconel would be the price of the material however it can be justified for the properties and longevity of the turbocharger, the price could be in the hundreds to potentially the thousands, so it depends on how many and how big they are.
[bookmark: _Toc164608651]4. Manufacturing Process Selection
[bookmark: _Toc164608652]4.1 Low wax casting
There are many components in a turbocharger each which need a different manufacturing process the first being lost-wax casting this allows for the turbine and compressor to be produced from the Inconel. This process entails a ceramic slurry coats a wax pattern of Inconel, once it has dried the ceramic shell gets heated up so that the wax can be removed which leaves the ceramic mould behind. Molten Inconel is then poured into the ceramic shell and left to solidify and then removed from the ceramic mould. This manufacturing method offers exceptional accuracy when creating precisely dimensioned pieces. (IQ Enterprises (IQE), 2021)
[bookmark: _Toc164608653]4.2 CNC
The use of CNC machines would also be prominent in the creation of a turbocharger as you can use it to drill, cut, shape, and surface finish the piece making it easy to meet tight tolerances for the turbocharger’s components. Excess material could also be removed with perfect precision so that the piece stays within tolerance.
[bookmark: _Toc164608654]4.3 Welding
Welding would be using when joining the pieces together for a strong hold between the components, specifically TIG welding would be applied or laser welding for welding Inconel due to the materials impressive melting point and resistance to heat. Welding allows for improved structural integrity and prevents leaking which could lead to power loss in the housing for the turbo. (Selectrode Industries, 2018)
[bookmark: _Toc164608655]4.4 Heat Treatment
Heat treatment processes may also be used to help increase the properties of the Inconel, methods such as annealing which would be followed by quenching and then aging, this can improve the alloys resistance to thermal fatigue as well as its toughness and strength. These methods are highly optimized to make sure the Inconel is able to work its best under the demanding conditions. (Special Metals, n.d.)
[bookmark: _Toc164608656]4.5 Surface Coatings
Ceramic coatings or thermal barrier coatings may be applied as surface coatings to the Inconel to help enhance the parts performance and durability. Coatings like this protect against heat and other potentially damaging conditions which helps improve the life span of the turbocharger. 

[bookmark: _Toc164608657]5. Conclusion
In conclusion Inconel is a good choice of material for the turbocharger in the Honda Civic Type R as it possesses all the necessary properties as well as being incredibly manufacturable. However, it is important to note the downside of using this material which is that it is very costly.
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