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1. [bookmark: _Toc182566028]Introduction
With an ever-evolving world of motorsport, the impact of using technology like 3D printing to your advantage is becoming almost mandatory enabling rapid evolution of development by making specific customisable parts needed to be tested quicker and being cost effective. As well as having the possibility to copy more complex methods to manufacture a specific part making a drastic increase in productivity and movement forward in the sport. In [ reference Rowse]  describes  how introducing 3D printing has greatly increased development making it an indispensable ally to the motorsport industry[ H.shaw, 2024].Another source from 3D systems who has been in that specific field gives statistics of having 600-750 parts printed per week to be tested for the wind tunnel. As well as having 20 years being in the trade. With motorsport consistently always being the forefront in technological advancements, breaking boundaries on what was feasible, with having 3D printing as one of the multitude of assets making a car more lightweight as well as strong, faster production and cheaper expenses.(3D Systems, 2021)

2. [bookmark: _Toc182566029]Research
In 2017, Scuderia Ferrari made a significant development in their engines through 3D printing. According to Motorsport.com, they utilised this technology to create an improved system called the Turbulent Jet Ignition System, which can achieve a pressure reading of up to 400 bar. However, this advancement also poses a risk of overheating. The article states that they used a method called Additive Manufacturing stated as the latest 3D printing technology to find the right alloy for their piston design, A positive is that it allows development to be done time efficiently to create new designs tested for wind tunnel research. Additionally, they developed various designs focusing on the strength of components, employing a honeycomb structure that balances lightweight properties with strength. The article also states that although Ferrari is taking strides in their development using this technology it is unlikely they are the only ones showing how much of an impact researching and evolving constantly making the peak of motorsport rapidly change with up-and-coming research.(Franco N, 2017)
In 2022 a point is made regarding how 3D printing is a “low volume” production method making it a less viable method for mass production. However, that problem isn’t much of a weak point in motorsport specifically formula one making 3D printing a very valuable asset to adopt in most motorsports because of how adaptive the method is with the strength of components and flexible. Formula one team Alpine has given a statistic of 70 percent of the bodywork is attached to 3D printing. It is stated that teams mostly use this technology for implementing prototypes. However, recent development shows more involvement in parts. (Verdict,2022)
Any shape Describes motorsport as the most competitive sport in the world emphasizing on how important of making a difference is weight as little as a gram can be the factor of losing or winning. It also states that with most teams in motorsport making 3D printing a stable resource in improvements. In addition to being a valuable part of peak motorsport like Formula One, with 3D printing you can have a big variety of levels in motorsport. (Any shape, 2024)
In 2023 Mercedes-AMG Petronas formula one team uploaded a video to YouTube discussing rapid prototyping and the processes 3D printing affects production in formula one. It is discussed how 3D printing is used to create Wind Tunnel models and a variety of different parts. In the video a SLA machine is shown and the process on how the component is made by shining a UV laser over light sensitive resign to turn the liquid into a solid part by building a flat surface and slowly increasing the hight of the object submerged in resin by making layer upon layer. The manufacturing of SLA takes a significant amount of time however the process can be used differently by making either one big part or a collective of small intricate parts at once. Another type of 3D printing Mercedes use for there parts is called a multi jet printer which has the capability to use more than one material at a time during the printing process, in the video they use a material called Elastico which a softer and more flexible and a material called Vero which is more of a stiff material, this allows for a component to be built up in layers with different strength and flexibility where needed integrating both materials for the manufacturers desired outcome for either wind tunnel prints or prototyping.( Mercedes-AMG Petronas Formula One Team, 2023)
[image: A large metal machine in a room]
Figure 1- SLA machines used at Mercedes Petronas
[image: Stratasys J35 Pro]
Figure 2- example of a Muti Jet Printer

In 2024 Prusa 3D YouTube channel the chief engineer from AIX racing team discusses the importance of 3D printing in the Formula series specifically 2,3 and 4. He makes a comment on how all the cars are the same for the most part besides performance related parts and the setups and how 3D printing makes it easier by making production faster and precise in making complex parts, over each race event they say how a 3D printer is always available to use in case they need a specific part that was broken during the race and within a couple of hours they can have a fresh printed part that is heat resistant and easy to print using a PC carbon fibre print, another use of 3D printing they discuss is prototyping where a main advantage is how cost effective the process is and the only variable in cost in how many they need, as well as the time effectiveness of using prints as prototypes is to be able to test the component on the car to test the fit or change the setup before its manufactured out of aluminium . (Prusa 3D ,2024)





3. [bookmark: _Toc182566030]Discussion
With the integration of 3D printing becoming more prominent there’s a variety of positive and negative views and opinions, many articles believe that the predominant pulling factor is how fast the production of parts for testing. Conversely there are drawbacks to the process, to a large extent the main barrier to having 3D printing as a viable resource is the initial cost of production making the process limited to companies or teams with the budget. However, once you have the machines, producing parts becomes quick and inexpensive. A positive is how customizable the process is, having the ability to slightly tweak designs specifically to the project and have the ability to make entirely new prototypes of components.

The limitation on material in 3D printing can be seen as a negative compared to standard components like carbon fibre, titanium and specialised plastics are already available, therefore they might not have the ability to produce similar manufacturing processes for certain parts. With regards to the materials used in 3D printing may not have the same durability,  tensile strength or heat resistance for specialised parts as shown in figure 3.
[image: tensile strength of 3D printing filaments]Figure 3 - Tensile Testing for 3D Printing Materials [ prolabs,2021]











Tensile testing is the process of putting materials and or designs of a print to see the outcome of how well they react under stress be it load capacity, flexibility or heat resistance.
The use of digital files in 3D manufacturing in motorsport has the reprocussion of unauthorized access and or theft of a crucial design component, which could in turn take away a competitive advantage in the sport.

4. [bookmark: _Toc182566031]Conclusions
With the variety of 3D printing methods and how many motorsport teams and companies use it as a corner stone of development and manufacturing, by reducing production times , the ability of innovation to their designs allowing more customisable and complex parts on another level with the use of 3D printing it does come with its downsides, one of these disadvantages is the constrains on materials used in printing as well as how durable the components can be, the initial cost of machines is a big investment that is a shortcoming that would deter some companies. However, if a team has the ability to take the drawbacks of the first investment and limitations , it can be an irreplaceable advantage of development, prototyping and economical in the forever evolving world that is motorsport.
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