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Chapter 1 
Introduction
This report will consist of eight separate topics with wide exposure to how these topics are important and crucial to this industry today. To achieve this the report will focus on one specific car chosen by the Author, in this case, the car chosen is the Toyota GR Yaris. This car was chosen for its outstanding engineering and Toyota’s overall production line philosophy, which would impact the vehicle's design and/or development. Not only this but the GR Yaris will be considered if it fits appropriate into today’s automotive industry in terms of its environmental impact and sustainability.
2.1 – Topic 1. Manufacturing techniques 
Toyota’s main production philosophy involves what Toyota calls “Judoka” which roughly translates to automation with a human touch. What Toyota imply by this is that because there is so much room to make an error in the production stages of a vehicle so what “Judoka” allows is for every design, every process and every component is hand made by Toyota mechanics and engineers this allows for each and every part to be completed to exacting standards. Once this stage is complete machines and robots for construction are slowly introduced alongside the Toyota team, again this s to make sure the same exacting standards are met and only then are the parts already for the production line This not only ensures the quality of Toyota vehicles but also almost completely eradicates the need for any recalls.
In Toyota’s words-
 “The Toyota Production System (TPS) was established based on two concepts: "jidoka" (which can be loosely translated as "automation with a human touch"), as when a problem occurs, the equipment stops immediately, preventing defective products from being produced; and the "Just-in-Time" concept, in which each process produces only what is needed for the next process in a continuous flow.” (Toyota, 2019)
This follows the next reason why the TPS is so unique- “Kaisen” meaning “change for the better” for Toyota this means that any Toyota employee can stop the production line at any stage if they can identify any issues or even any way to make the TPS better in quality and more efficient. This encourages what is called “just in time production” which Is paramount to kaizen this ensures almost a definite improvement to the product as appose to a product that may be finished early but could still be improved 
2.2 – Topic 1. CAD
Modern engineering relies heavily on computational methods. This is often the first phase for most manufacturers and Toyota as well however Toyota uses it far less often due to their philosophy of “Judoka”. However, having acknowledged this Toyota knows that it is also sometimes best to use this technology in the early stages also as it allows for-

 “Rapid testing of designs without the need for prototype manufacture​” (Andrew Noble, 2022)

This technology is implemented as soon as the second stage of Toyota’s five stages of design, being the “idea development stage”. This is because designers are then able to examine designs anywhere Instantly and use more sophisticated tools or create an ideal design.

This topic will focus on one main type of Computer-Aided technology being (CAD)​ or computer-aided design. However, there are other technologies used like Computer-Aided Engineering (CAE)​ and 
Computer-Aided Manufacturing (CAM)​. CAD often is used for assembly creation and test fitting and Toyota benefited from this and took designs from the recently made computer-aided road car frames like the front of the GA-B Supermini and the rear of the C-HR SUV and merge them to create the frame for the GR Yaris. All this was achieved because of Computer-aided design.

2.3– Topic 2. Aerodynamics
Aerodynamics plays a huge role in the modern vehicles we see today. This is not only for reduced fuel consumption and looks but for performance. Aerodynamics can help will almost every aspect of a car and what it does for example a rear diffuser and reduce drag from the rear of the car this can be seen in most cars today especially SUV’s as they have a large amount of drag, and a splitter can help by literary split there in front of the car this is often seen on sports cars for high speed. However, in the Yaris’s case, Toyota was looking for more performance in corners as it is a hot-hatch rally styled car. To achieve this performance bigger brakes were added alongside a lower body, what this did was ultimately improve the braking of the car dramatically, however, the brakes needed cooling so large aero ducts what incorporated into the design on either side in front of the wheels directing cool air into the brakes cooling them down. The lower body with a raised centre section running down the body of the car to a rear splitter creates an area of low pressure underneath the car perfectly engineered for downforce.

Downforce was an extremely effective way to gain grip on the roads so much so that it helped with lots of different elements around the track. When giving a lecture about downforce in Formula one and the fa shape of a wheel rim it was noted that:
· “To increase cornering speed, you need to improve grip​
· Increasing downward pressure on the tyres improves grip to a point ​
· As pressure is F/A this is a contradiction as to increase Force down the easiest is to increase mass​
· A fan can provide a pressure difference​
· Use the fan to create negative pressure under the car, this pulls the body down increasing pressure on the tyres (Brabham BT46B).”  (Ryan James, 2022) 



2.4 – Topic 4. Data acquisition and control systems 
The different control systems play a massive part in how a modern car works in fact many would not work without them. Although control systems suggested by university lecturer (Andrew Gibson,2022) are not currently used in the GR Yaris it would not be silly to rule it out. The Yaris could implement different autonomous systems in the future as Toyota and the rest of the world strive for autonomy. However, the best way of going about this would be to implement an Individual video camera as they are the most advance in their ability to map their surroundings however in real-world these systems are very rarely used by themselves. Almost every autonomous car uses a pair or multiple systems today, this is to ensure maximum safety. Today almost all systems will use radar for its reliability and range however most manufacturers stay true to LIDAR systems paired with ultra-sonic. In contrast to this Tesla uses camera systems paired with just radar and little ultra-sonic sensors. This explains why today tesla leads the autonomous market in car sales and also why Tesla has the safest vehicles on the road. The future for full autonomy at level 5 can only be reached with a video-based system making this system ultimately the safest.


2.5 – Topic 5. Emissions 
With any can on the road today there is one huge industry killing problem, a problem everyone knows as pollution. Pollution affects everyone around the world and everything on it therefore it is so essential to cut down on the biggest polluting exhaust gasses. The main types of exhaust gasses are: Greenhouse gases (GHG), poison gasses and particulate matter. GHG consists of gasses like carbon dioxide, and water vapour these types of gasses contribute to the global warming of the earth and therefore must be reduced. Poisons gasses are also extremely toxic for example hydrocarbons and carbon monoxide, nitrogen oxides and sulphur all these gasses lead to illness and in some cases even death. There are also extremely harmful to the environment all around the world.

Because of this crisis the, (Green Paper on a New Road Vehicle CO 2 Emissions Regulatory Framework for the United Kingdom, 2021) as issued a report on regulations aimed to be followed in the near future. It states on page Ten- “ As announced in the Prime Minister's Ten Point Plan for a Green Industrial Revolution, from 2030 we will end the sale of new petrol and diesel cars and vans, 10 years earlier than previously planned, and from 2035 all new cars and vans must be zero emission at the tailpipe. Between 2030 and 2035, new cars and vans will only be able to be sold if they offer significant zero emission capability”. 

Because Toyota is a Japanese brand and Japan is the “fifth biggest polluter in the world” according to Lecture (Abigale Summerfield,2022) today as they are a developing country, they decided that performance must also come with maximum efficiency. To achieve this Toyota completely engineered a new engine with three cylinders. Although this design came with many problems like harmonics from the odd piston count but also it meant that the displacement of the pistons had too larger and stronger. However, having said this the GR Yaris manages an impressive approximate 34M/G whereas competitors like the ford focus ST can produce roughly the same emissions in their eco boost mode however, it is more realistic for it to be more in normal driving conditions. this can be sported by (Tch.co.uk, 2022)-

“The turbocharged petrol engine can be extremely thirsty when really put to the test and driven fast. However, when driven normally, it achieves an average of 34 MPG, bringing it to the same level as the UK average. This is, in part, due to the EcoBoost”

2.6 – Topic 6. Hybrid vehicles
as discussed in the previous topic there has been a huge push to get greener vehicles, and this has evidently crept into the performance market. This may sound bad to a lot of petrol heads thinking they will lose performance however has made sure this is not the case and the consumer gains efficiency of power. This is accomplished by the new Yaris hybrid GR-Sport, this car has a 1.5l petrol engine and an additional 1.5l- 85kw electric hybrid motor. When driving for efficiency you want the highest miles per gallon and with Toyota bosting, a massive fifty per cent electric efficiency this Yaris has an over sixty miles per gallon range. This is extremely efficient and a milestone for Toyota’s performance and pollution prevention problem. 

Flying straight in the face of emissions Toyota has made a new WRC hybrid Yaris with shocking statistics thanks to its new “3.9KWH” battery and motor that generates an “additional 134ps (134hp) under acceleration”. Toyota UK Magazine also states that it will use the same engine as the WRC Yaris, the 1.6l turbocharged engine however, this engine with the electric motor will produce an output of 500hp. This is an insane amount of power for such a small light car this is also due to some sections of the rally having to be 100% electric forcing all manufacturers to push using more electric technology in their cars. It will be extremely intriguing to see how this car holds up this ear in the 2022 world rally championships this was pronounced by (Clifford, 2022) in the Toyota UK magazine-“ Four new GR Yaris Rally1 cars will compete in every round of the 2022 World Rally Championship. When the event begins”


2.7 – Topic 7. Materials
Choice of materials was a huge concentration for Toyota when developing the car. This was because as previously mentioned they needed the car as light as possible. One of the heaviest components in any car today is the engine block itself however in the gr Yaris there is an aluminium alloy engine block and cylinder head. Not only does this allow for a massive reduction in weight but also helps in cooling as it has a larger thermal mass. As you can imagine the engine has to be strong too and this alloy will have stronger properties to already strong regular aluminium. To show how strong regular aluminium is lecturer (Kerry Tudor,2022) presented this table-
 
ALUMINIUM PROPERTIES AND USE
	Ultimate Tensile Strength​
	90 – 550 MPA​

	Young’s Modulus​
	60 – 75 GPA​

	CO2 Footprint, primary production​
	12.4 – 13.7 kg of CO2 / kg ​

	Advantages​
	Good weight to strength ratio​

	Disadvantages​
	High energy required to produce virgin aluminium ​

	Uses in the Automotive Industry​
	Body in White, engine components, body work etc​



Adding to this the GR Yaris also has forged aluminium pistons. This is a huge advantage to this engine as the positions may initially seem heavier than your standard cast iron piston and this is because of the way the forging process produces the pistons. In many cases, a heated cylindrical aluminium alloy bar the width of the piston is then forced down into a fabricated mould with roughly 1500t of force. This creates an extremely strong piston as the grain structure will run in layers around the piston this is incredibly strong as the metal has not been melted down or cut exposing fracture points apart from essential machining to the inside. 








2.8– Topic 8. Dynamics 
The dynamics and drivability of the GR Yaris are an all-around success for many reasons. Starting with the suspension, as the Yaris is built of a rally car you would think the suspension would be rather solid, however, at GR they took comfort into concertation with relatively soft suspension then as you drive the car harder it stiffens up for improved performance. This also for the suspension to react to a bumpier road in a more suffocated way a the damping on the suspension set-up absorbs minor bumps extremely well. 
Chapter 3 – Current state of the industry
The Yaris fits perfectly into today’s market as discussed it has the performance to keep up with the best hot hatches on the market. It is also perfectly ready for a track day on demand, especially with the optional performance package. 
This vehicle also tackles the frightening problems of emissions with incredible engineering designs and specifications.
This car has definitely made its ground in the industry as a car that is extremely fast and lightweight furthermore with incredible handling and breaking it is a fierce competitor for rivals lie the Ford ST and VW Golf  R

Chapter 4 – Conclusion
In conclusion for all of the previous information mentioned the Toyota GR Yaris is the most superior hot hatch car in production today from its outstanding philosophy to genius production methods at GR a masterpiece was created setting records at the Nürburg ring and challenging emissions standards with hybrid engines. It really does looks like the GR Yaris could be the car for everything 
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