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Chapter 1 - Introduction

The first-generation Honda NSX is a mid-engine sports car that was manufactured by Honda in Japan from August 1990 – November 30th, 2005. It was Japan’s first super car which challenged the reign of Europeans and set a new standard for exotic automobilia. In the 1980s lots of sports cars where very expensive, founder and supreme advisor of Honda motor company Soichiro Honda knew his company had the facilities and team to design a better more effective variant of competitors.
With the Ferrari 328 being the benchmark and using previous prototypes for inspiration, Honda got started on a new project code named NSX, which stands for New Sportscar Unknown world/eXperimental. 
Driver experience was the priority focus in the development. Honda wanted the NSX to have unmatched 360 visibility, they used inspiration from F16 fighter jet cabins, F1 cars and hydroplane racing boats. 
As a sports car it needed to have a well preforming engine, Honda used its VTEC platform from the Integra B series engine and combined it with their Formula One race tech to design an all-aluminium, 3.0litre, V6 engine giving out 270bhp at the rear wheels. This was the first time a production car was to come out of the factory with titanium connecting rods and forged pistons.
Being a road production car, it wanted the NSX to have modern amenity’s such as air conditioning, power windows, traction control and ABS whist still handling to the best of its ability. Having all those extras in a steel body would’ve been heavy, Honda decided to take weight out of the chassis, after looking at multiple options they decided that they were going to make a strong aluminium chassis the first of its kind. 5 specific aluminium alloys where carefully chosen and developed in a new production plant, to create a lightweight monocoque chassis. 
In this technical report it will look in depth at the ways that Soichiro and his team, with some help from Formula One world champion Ayrton Senna designed, test and perfected the Honda NSX.
The report will look at a wide range of topics and how they were vitally important to Honda motor company in the production of this sports car, such as:
· Topic 1 - Materials 
· Topic 2 - Manufacturing 
· Topic 3 - Sustainability
· Topic 4 - Data Acquisitions  
· Topic 5 - Dynamics 
· Topic 6 - CAD and virtual testing
· Topic 7 - Emissions 
· Topic 8 - Control System

Chapter 2 - Impact of the topics

2.1 - Topic 1 – Materials 
In the early stages of the design process the team were considering both aluminium and sheeted steel as potential materials for the body. With the added modern amenity’s such as air conditioning, power windows, traction control and ABS, using a steel sheeted body would have increased the weight significantly. Added weight would decrease the chances of reaching the target running performance of a midrange, F-1 class car. Overcoming the issue using a larger engine to compensate for the weight would push the NSX out of the midrange category. It was because of all these difficulties that the team decided to take weight out of the chassis.
Aluminium had been used in a Japanese train named ‘The Bullet’ and was proven to be very adaptable. This gave team members hope and saw no reason why it couldn’t be used in the body of a sports car. Aluminium is prone to buckling during moulding and is difficult to weld so its use in mass-production cars was limited. 
Honda’s development team looked at multiple options and concluded that they were going to use a selection of five aluminium alloys aluminium is that it has a good strength to weigh ratio so is perfect for the body. The NSX would be produced with the world’s first all-aluminium, monocoque body mass-production car. 
The suspension was produced from forged aluminium, the front suspension had a unique compliance pivot that maintained the same toe setting as the suspension moved to reduces bump steer and both the front and rear suspension featured double wishbones.

2.2 - Topic 2 – Manufacturing 
In the structure of an automobile body, it is using made from steel. The vehicle will have stamped body panels spot welded together, then the separately stamped steel doors, bonnet and wings can be bolted on. 
A lightweight aluminium body structure will be designed and fabricated in two ways; it will either be a stamped body and panels like the steel process, or it will be constructed a ‘spaceframe’ system consisting of, casting, extrusions and stampings welded together. Another requirement for aluminium sheets is a sufficient process such that complex stampings can be produced at a sustainable rate. This requires considerable research, the aluminium alloys selected must harden in the over paint-baking operation ensuring that it satisfies the requirements set and provide sufficient strength for dent resistance.
The process of extrusion is where the material such as aluminium is pressed in a container via a ram, the aluminium will be pushed through a die (shape form) to produce the desired structural member. Advantages of extrusion include: the aluminium can be made into complex shape, there is very little material lost in the process meaning its more sustainable, along with rapid production rates and perfect for the structural members of car such as shock towers, a pillar, b pillars, door frames and suspension devices. The extrusion process can be a complex and expensive process and it can leave defect.

2.3 - Topic 3 – Sustainability 
The aluminium sheets must be produced in a sufficient process such that complex stampings can be produced at a sustainable rate. 
Benefits of using aluminium is that it is a very sustainable material. The all-aluminium body that Honda designed was 140kg lighter than the steel variant, significantly minimising the material production impact. Reducing the vehicles weight with aluminium increases fuel economy whist lowering exhaust emissions, in its total life cycle it can achieve up to 20% reduction in energy and up to 17% reduction in CO2 than steel variants. 
Aluminium is an indefinity recyclable without degrading the material process. When recycling aluminium the emissions produced are reduce by 90% in greenhouse gasses and only requires 8% of the initial production.

2.4 - Topic 4 – Data Acquisitions 
In the final stages of the production, before the vehicle is released on the public market tests are taken out to ensure the car performance as well as it is calculated to perform. 
This stage is called Data Acquisition. Data is acquired via different sensors which send digital or analogue signals to a unit where the information is stored. The sensors will sense things such as:
· Temperatures
· Force
· Acceleration 
· Pressure 
The primary use of data acquisition in motorsport is in setting up and tuning the various systems within the vehicle. 
In the evolution of the NSX it was subject to testing at the Suzuka International Racecourse. The engineers handed the keys over to Formula One world champion Ayrton Senna. Senna came back after hard laps and criticised that the Honda NSX felt ‘fragile’, saying it needed a more rigid chassis, some suspension and steering refinements. The engineers took his comments very seriously and went to work on increasing the chassis rigidity. 
Honda worked for 8 months to give the aluminium chassis more rigidity and set up their long and set up their first long term overseas testing facility at the Nürburgring in the process. The end result of this testing and data acquisitions was a chassis 50% stiffer than the prototype. Further testing with Senna, F1 racer, Satoru Nakajima and indie car champ, Bobby Rahal turned the NSX into one of the best handling cars ever made. 
Honda was so exacting in its fine tuning that they decided to work alongside Yokohama to perfect the tuning set up, Yokohama tried out 10 moulds, 100 different tire specs and 6000 different tires before they thought they got it right. 

2.5 - Topic 5 – Dynamics 
Vehicle dynamics are separated into longitudinal dynamics and vertical dynamics. These dynamics are the motion of the vehicle when either steering, accelerating and braking. The dynamic must be studied over different tests and conditions such as: driver input, power system output, ambient conditions and air/surface/water conditions.

2.6 - Topic 6 – CAD and virtual testing
Typical uses for Computer Aided Design are to design components, assembly creation ensuring they fit and have the correct tolerance, motion simulation and to analyse and optimise components before manufacturing.
Computer Aided Engineering is the use of computer simulation software’s to analyse the performance of components. It allows for virtual component interaction, running simulations gives calculations of forces, stresses, deformation, temperature and fluid flow. This is all done via a virtual model minimising failure rate and ensuring parts come out correctly first time.
Finite element fundamentals are also used in CAD, finite element method is a mathematical equation solved computationally, the finite elements are representations of the real-world scenarios that are all represented by the calculations. FEA involves breaking down complex scenarios onto smaller more manageable ‘Finite elements’ that can be solved easier. The accuracy of the representations will affect the accuracy of the results so the elements must be set up correctly to ensure sufficient results.

2.7 - Topic 7 – Emissions 
Hondas mid-engine rear wheel drive sportscar was sold from year 1990. The NSX came with a 3 litre naturally aspirated V 6-cylinder petrol engine, accompanied with a 5-speed manual gearbox. This engine produces a maximum power of 270bhp at 7300rpm and a maximum torque of 285Nm at 5400rpm. 
Due to the aluminium body being light it increases fuel economy whist also lowering exhaust emissions. In the cars total life cycle, it can achieve up to 20% reduction in energy and up to 17% reduction in CO2 than steel body variants. With an average fuel consumption being 28 mpg and the range being around 435 mile or 700 km the CO2 emissions equal to an estimated 240 g/km.
Aluminium can have its disadvantages with high energy requirements when producing raw aluminium, the primary production carbon footprint can be between 12.4 – 3.7 kg of CO2/kg.
2.8 - Topic 8 – Control system 
Traction Control – Traction control is a control system in the vehicle that detects when the tyre loses grip with the road surface, causing the wheels to spin. The traction control will slow down the rate of spin. The onboard ecu will momentarily cut the power output slowing the wheels rotational speed ideally regaining traction.
Anti-lock Braking System (ABS) – The NSX ABS system is made of a modulator, pump and an accumulator. Anti-lock barking systems prevents the wheels of a vehicle locking up during heavy braking, ideally maintaining tractive contact with the road allowing the driver to keep maximum control of the vehicle. 
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Chapter 3 – Current state of the industry 
In the current industry a more environmentally friendly option would be more attractive to the buyer. 
In 2016 an impressive new 2nd gen NSX rolled out of the showroom. The new NSX is all-wheel-drive, with a mid-engine twin turbo 3.5 litre v6 with three electric motors putting out a total of 573bhp. 
The first generation NSX changed the automotive market for future times to come, with it being the first production car with an all-aluminium boy, forged pistons, titanium connecting rods and a sports car that gave you the feel of a daily driver whist resembling an F1 car in performance. The 1990s Japanese sports car is still desired to this date with its individual characteristics. 
Aluminium cars are still being used in the modern market showing that Honda made a huge leap and shaped the automotive industry. The Honda NSX was a global success.
Chapter 4 – Conclusion 
In conclusion the NSX was a huge success for Honda, it won multiple car competitions and is still considered one of the best handling cars in modern times, with its unique suspension set up and the lightweight all-aluminium body.
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