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1. Introduction
As we look at the current state of the auto industry, we should take a vehicle in current production and show how it is production would’ve been influenced by the topics we cover. For my reference vehicle I’ve decided go German and look at Bavarian Motor Works better known as BMW with the current variation of BMW M5 Competition, The F90 generation of the long-standing performance saloon has been in production since 2018 which makes it the latest of the 40-year-old M5 moniker. I’ve chosen to use the BMW as the main talking point throughout this essay because it is one of my personal favourite cars and because it’s a performance vehicle that must meet today’s standards of economy, safety and environmental regulations.


2. Impact of Topics
2.1. Manufacturing
The BMW M5 is made on BMW’s automated production line. It is made with a steel/aluminium alloy for the chassis and a mixt of aluminium and carbon fire body panels (Autozine, 2017). An article by repairerdrivennews.com in 2016 goes into detail about how the standard 5 series uses aluminium extensively throughout the car with the idea of saving weight, as the title suggest it lost 137lbs or roughly 60kgs compared to the previous F10 generations weight; Using ‘laser-cut outer paneling’ to increase weight saving efforts. They also used ‘Hot-Stamping’, a process like forging, throughout the car to increase safety and reduce overall weight. 
These production and manufacturing methods seem to have all been in a pursuit to reduce the overall weight of the car, which is a positive, less weight means that the powertrain doesn’t have to work as hard which increases efficiency, the car can handle better because it doesn’t have as much mass going into a corner and it can look good compared to it is class rivals.

2.2.  Materials 
BMW uses a Monocoque chassis comprised of steel and aluminium (Autozine,2017), the same materials are also used for most body panels with the exception of carbon fibre elements such as the roof, which is used to lower the Centre of Gravity to improve handling. Despite all this, a car has to be one of the most recyclable items in the world. Most materials used in cars today can be recycled but how much of a car needs to be recyclable? 
‘Actually, current government end of life vehicle (ELV) legislation surrounding the recycling of vehicles is more stringent than it used to be. In 2015, the target amount of a car’s weight that must be recycled was increased from 85% to 95%.’ (Auto Express, line 5-7)
This would have affected the production of the M5 as it weighs 1,875kg (Autozine,2017) which means that only 84kg of the whole car can be unrecyclable. It could be seen as a reason that mass produced sports cars aren’t fully made of carbon fibre, not only would it be prohibitively expensive but Carbon Fibre is non-recyclable (Tudor,K. 2022)


2.3. Computational Simulation
Computational simulation can be used in many different forms of automotive development but can be broken down to 3 main categories, Computer-Aided Design (CAD), Computer-Aided Engineering (CAE) and Computer-Aided Manufacturing (CAM). These processes are all used to ensure that a product works first time and can be produced for the masses to use.
Computer-Aided Design is used for a few key tasks in the engineering process, one of which being component design. Using CAD you can create models of components to specific measurements and to create assemblies with other components. This is used to minimise spending funds on materials and machine costs as without this step two components meant to fit together may in fact not be up to spec or go together at all, something that was incredibly common in the 20th century as parts were ‘hand built’ and so no two parts were the same. Using CAD greatly reduces the risk of this occurring in todays cars
[image: ]Computer-Aided Engineering is used so that components can be tested and optimised digitally.
As can be seen in this diagram, a product is designed in CAD and put through a digital ‘stress test’ to see where the most mass is being distributed on the component. Using this can mean that a product can be produced with less material, making it cheaper to produce and therefore takes less time to manufacture.

(Reddit, 2022)

Computer-Aided Manufacturing is used to reduce the risk of human error, manufacturing time and in theory can reduce the amount of material needed to create a mass line of products. The process is completed by submitting a CAD component file and the material needed to create the component, the machine can then create the component to exact specifications an unlimited number of times. 
BMW uses CAM on the production line of it is 5 series as seen on YouTube (C&P TV) where it can be seen performing procedures such as chassis construction to painting. This method of CAM also greatly reduces the risk of human injury during production.

2.4. Control Systems
The BMW M5 does not feature fully autonomous driving but does feature numerous safety controls. ISeeCars.com (2018) specifies that the vehicle has Automatic Emergency Braking, Lane Deviation Sensors and Pre-Collision Warning systems (ISeeCars.com, L1,18,20-23). These systems fall under ‘Level 1’ under the NHTSA Formal classification system (Gibson, A. p19). These features are the stand-out amongst the ‘Level 1’ systems in the M5, as it also features Traction Control, Anti-Lock Brakes and Electronic Stability Control as standard. 
[bookmark: _Int_5Vz0MWlr]In 2009 Euro Ncap introduced the ‘Safety Assist’ rating in their collision tests, this was introduced to access systems such as automated braking and their effectiveness by being put in real world scenarios such as approaching a stationary vehicle at 80 km/h. The BMW faired adequately in this test, only getting a 59% in this category (Euro Ncap,2017). The report specifies that the Autobrake was able to stop a collision with a slower moving vehicle up to 70km/h whereas a driver proved better by avoiding the collision at 80km/h.

2.5. Engineering Interpretation
Engineering interpretation can be considered in any form, it depends how you interpret it. For example, BMWs interpretation of a modern high-performance saloon utilises a 4.4l Twin-Turbocharged V8, AWD, have a comfy interior and enough cargo space to go for a weekend trip to the South of France. 
In a similar way Tesla’s Model S 100D follows the same formula, AWD, comfortable interior and plenty of cargo space but the Tesla makes it power by using 2 Electric Motors on the front and rear axles with no Internal-Combustion engine. Porsche also has a High-Performance saloon in the Panamera Turbo S E-Hybrid. Follows the same three steps as the Tesla but uses a 4.0l Twin-Turbocharged V8 in addition to a Hybrid system. 
Three cars competing in the same class but with vastly different methods of creating power. All have their positives, the Tesla being electric doesn’t produce any emissions. The Porsche produces far fewer emissions than the M5 thanks to it is hybrid system, but both have the Tesla beat in both terms of range and top speed. All these factors could affect the customer’s final decision of which to buy. 
Figures found at Parkers.com (2022B).

2.6. Aerodynamics
[image: A screenshot of a video game
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Description automatically generated]Aerodynamics are an important tool in vehicle production as it can dictate how efficient a car can be as it can affect fuel consumption. The drag coefficient of the BMW M5 is 0.32 (Automobile Catalog,2018) which is far greater than the standard car’s CD of 0.22 (BMWblog.com, 2017). This can be contributed to the fact that the M5 has a greater frontal area than the 5-Series(Carsized, 2022) and is more performance orientated. The faster M5 will have more air flow directed to cooling functions such as intercoolers and brake ventilation but it is also reconfigured to produce far more downforce than the standard car. 
Looking at these side-by-side comparisons between the M5 (left) and 5-Series (right) the M5 has a more aggressive, wider and lower design. This is reflected by the lower fascia of the car which is sharper and allows more air through to the cooling system. The rear of the car has a larger lip spoiler and diffuser to increase the rear end downforce of the car. More speciality features such as the roof and wing mirrors are designed to promote airflow to the rear of the car to again increase rear downforce. All of these features are used to increase the overall downforce that the car has which it needs considered it is top speed of 190mph/308km/h (Parkers, 2022), the sacrifice is that the drag coefficient ‘sky rockets’ as more air goes against the car however these are all necessary features. The 5-Series to meant to be as slippery as possible to compete against rival cars in fuel economy and range whereas the M5 is meant to be a high performance, high speed and top handling cars in class.  
Carsized, 2022

2.7. Emissions
Vehicle emissions have been monitored for the last 40 years. First starting in 1982, no regulation was put in place until 1992 when the EU Emissions Standard was introduced to limit the environmental impact cars make. This meant that manufactures had to find ways to make cars less pollutant but also keep up with customer demands for improved performance, economy and fuel costs. A way that car makers have been getting past this is to turbocharge engines because they can make just as much power as larger NA unit is but burn less fuel and fewer emissions says Craig Baylis (Madslein, J. 2015).
To contrast we will use the BMW M5 and an older generation of the same car, namely the E60 powered by a 5.0l NA V10 whereas the F90 utilises a 4.4l Turbocharged V8. The E60 was released in 2005 at the start of Euro 4 and produces 357 g/km of CO2 (Parkers,2019) however today we see that figure decrease by over 100 g/km as the F90 creates 251g/km (Parkers,2022) which is meant to meet Euro 6 emissions standards. This performance is quite impressive considering the high-performance nature of the vehicle in question.
These figures would’ve have been procured via a drive test where the vehicle is driven within a range of speeds and driving environments meant to replicate real world commutes although it is up for debate whether this is accurate. In sector 2.1 of the presentation by Summerfield, A. (2022) it is that the test wasn’t realistic and drivers could not recreate these values in practice that some manufactures would create systems that could ‘detect’ test conditions and manipulate their performance to get the best results although it is also revealed later on that the test is under review and undergoing changes to better represent actual driving styles.   








3. Current state of the auto industry
It would be impossible for me to talk about the auto industry without saying it was going through a transition. The rise of Electric Vehicles and alternative fuels in the last 10 years has meant that cars like the BMW M5 are soon going to be fossils. With the UK prohibiting the sale of Internal combustion cars by 2030 they have been given an execution date. As time goes on, cars will be downsizing and using smaller forced induction Internal Combustion Engines (ICE) with hybrid assistance before the deadline. ICE cars will be around for many years after this, but the infrastructure will change to give them a disadvantage compared to upcoming electric and alternative fuelled cars.
In my opinion this is for the greater good even though enthusiasts like myself do not look forward to the days here every new car is an electric or hybrids I think I will be interesting to see what manufactures can come up with to respond or whether they choose to change at all.


4. Conclusion
Having sat down and looked through all these lectures the recurring theme for myself is that the industry is always changing. It has changed and evolved so much over the last 10 years that it is hard to predict what will come next and how it will change the way cars are produced. For the time being the industry is heading to electricity and alternative fuels as the future of all cars and it is hard to argue against it even though there are some ‘purists’ that believe it is ruining cars and we will slowly see them die out in our lifetime.
The BMW M5 was released in 2018 to much appraisal from critics and owners alike, it’s a modern take on the long-standing performance saloon and has earned it is place in the modern auto industry although it is hard to say how long vehicles like this can be made, without electric or hybrid assistance that is.
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