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[bookmark: _Toc165063177]Introduction
In this report I will be discussing and going over all the different decision-making processes that are used to help assist with choosing and selecting the correct materials for a product and its application. 
I have decided to choose an exhaust back box to be the component that I will be my focus point component for this report. The exhaust backbox I have chosen Is for the seventh generation Nissan Fairlady Z (RZ34). Released in 2021 for the 2022 Model year this is a relatively new platform meaning there is a lot of opportunity to explore and develop new technologies and methods for manufacturing the part for this vehicle platform. 
[image: Fairlady Z Customized Edition Package Pricing Announced For, 59% OFF]
Figure 1- Nissan Fairlady Z Seventh Generation ( Japanese Nostalgic car.com User: Ben Hsu August 2nd 2022)









[bookmark: _Toc165063178]Component Design Specification 
For the design specification factors such as the application, working conditions, heat cycles are key in determining what material, manufacturing processes will be used to develop and create the desired product and finish. 
In the application that I have selected there are three types of people who will drive the car which I need to consider in terms of what type of conditions the car will be under. The first is someone who enjoys driving their car on public roads. The vehicle will likely not see a racing circuit meaning that for the buyer that mainly sound, and aesthetics will be their main priority along with performance being lower down the list. For the second type of person, they may occasionally take their vehicle to the racing circuit but still uses the vehicle on the road so performance will be of a higher priority along with reliability and sound. Lasty the person who will be suing the vehicle strictly for circuit and competing  in this case for that person performance and reliability as well as mass of the component will all jointly be first on their priority list compared to the last two types of people.
Once this is established looking and researching the tolerances specifications and requirements of the component.
[bookmark: _Toc165063179]Temperature 
The working temperature for any exhaust is somewhere between  200°C - 600°C. For a motor racing vehicle these temperatures can range from  600°C - 1000°C
As you can see these are high temperature environments. For a exhaust backbox it will operating in the lower ranges of the temperature as it is located most commonly towards the back of a vehicle away for the engine bay. The high temperature range will for exhaust components situated near the engine such as the exhaust manifold. This is because the combustion is happening near the exhaust ports and this is where all the gasses produced during the combustion cycle leave.  

Although there is a consideration that a exhaust back box may also reach these in motorsport and racing applications meaning there is a constant change in the molecular structure of the material.
[image: The exhaust pipes of the N°73 Porsche 911 GT3 R glow red hot as the Park  Place Motorsports machine navigates the early evening... –  @viper-motorsports on Tumblr]
Figure 2 -  Showing a Porsche 911 GT3R 991.2 at night during 2019 24 Hours of Daytona (Tumblr User Viper-Motorsports 2019)
As shown by the photo above in motorsport and racing applications over a prolonged period of use. In the case of endurance racing this component can reach the higher temperature ranges. Meaning a material with a lower thermal conductivity will be better.


[bookmark: _Toc165063180]Material Selection 
[image: Material property charts – Ansys Granta] 
Figure 3 – Materials Selection graph showing Young’s Modulou’s E (GPa) Against Density p (kg/m3) (Ansys) 
When designing a ecxhaust both the matrial strength and it’s ability to withstand high temperatures over a prolonged period is vital. As well as all the back pressure that is craeted from the gasses leaving an engine. Corossion resistance is key as over the cycles of driving brakets, mouts and exhaust can degrade and fail over time due to the heat cycles. As well as this premature failure can occure when the back box makes contact with objects this can lead to damage such as dents. punctures and holes. 
As shown in the graph above the metals have the highest density and also they have the highest material strength. But depending on the application of how thevehicle is used will determine what  type of material is used. For a normal road application a metal such as stainless steel which has a highier density will be much better than titanium at dampening sound and much less noise drone and less vibrations.. Compared to titanium which is a less dense material meaning there will be increased sound, more vibrations but it has a lower density meaning it’s mass will be lighter. But compared to stainless steeel it has a much better strength to weight ratio. 
Nickel alloys such as inconel are even better than titanium and they have a better strength to weight ratio than both titanium and steel. The cold forming, welding, and manufacturing process of nickel alloys can be more costly and labor-intensive than that of other materials due to it’s higher melting points, strength, and stiffness resulting from their work hardening qualities. 



[bookmark: _Toc165063181]Manufacturing process selection 
Both stainless steel and titanium are suitable materials for the selected application of the exhaust back box section the difference lies in the manufacturing process for each material. 
For a stainless-steel exhaust back box a large majority of the work is carried out on a conveyer belt and through a series of machines and hydraulic presses and machine moulds. Very minimal welding is carried out for creating a stainless-steel exhaust back box. Welding will only be incorporated where a tight seal is needed e.g the tail pipe and backbox.
For Titanium it’s all done by hand and all of it is welded together using several different cuts of titanium in different lengths, shapes, and sizes. As the manufacturing process is welding preparation of the material is vital. Cleaning the material and decontaminating it with methanol or acetone is vital. Also compared to stainless steel where moulds and machines can be serviced, and moulds can be produced and changed with very little financial impacts. Compared to titanium where all the work is manual labour, so the manufacturing costs are a lot higher compared to stainless steel where there a much more automated process where the only costs that need to be taken into consideration are maintenance costs for the machines and equipment, material costs and costs for producing mouldings. Whereas the costs for making a titanium exhaust system are different as there are costs for material, the equipment’s for treating and preparing the material. Costs for welding and the equipment needed and labour costs of the person welding the titanium as well as the initial cost of the material. 
The same method for creating a titanium exhaust is used for creating an Inconel exhaust. Just like titanium exhaust a lot of prep work is needed. Such as sanding and purging. Purging is the process of Using a noble gas, such as nitrogen or argon, oxygen is removed from a pipe, tank, or chamber during the welding purging process. By preventing oxygen from penetrating the weld pool, this procedure can reduce the chance or eliminate any contamination in the material which can lead to poor material and welding quality and reduced corrosion resistance.


[bookmark: _Toc165063182]Conclusion 
In conclusion I have decided to go for creating a titanium exhaust system. After considering the costs and looking into the material properties I have deemed it suitable and more suited to the application.  Stainless steel is cheaper but doesn’t have the material properties that I’m looking for and Inconel is much more expensive and is best suited for motorsport applications.
In terms of the manufacturing process there is only one process that I can go with forth with and that is the welding.  Although it is a lot more time consuming and Titanium is more expensive to purchase, and the process is a lot longer it is something I find suits my application as I’m not looking to mass manufacture. This does mean though that the part will need to be sold at a higher price to help recoup the costs. 
The material has a better strength to weight ratio which for the demographic who the product is catered for is something that is very much valued by them. As this is an enthusiast driven product that is going to be manufactured the function of the product will be valued over the aesthetics. 
The only issue I have because the vehicle is only sold in the American market the cost of production will be significantly although specs and data for the vehicle is available to develop and crate the exhaust a development car is needed and to do this. I will either need to import a vehicle or move the production to either America or Japan. Which again would mean increased costs overall. 
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