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Introduction

The aim of this report is to discuss how changes in engineering has influenced the automotive industry. In particular, I will be focussing on the Land Rover Defender, a car released in 1990, how the car has been shaped for its many purposes from use in the Military, with the Royal family, and use as a farm vehicle, to a vehicle loved by enthusiasts spanning several decades. The Land Rover family of vehicles started around the end of the second world war, as a rival to the American “Willis Jeep”, with Rover fielding the Land Rover series one, being launched in 1940. After the end of the war, the vehicle was sold to the public with the early variants only being available in green. With the first units being sold to the military in 1947, a service that would see Land Rovers serve with the British military for well over 60 years. In 1990 the defender replaced the Land Rover series iii.(1) I have selected this vehicle for its many variants, including 3 different chassis sizes, several engine specifications, and many different body types, as well as soft and hard tops.

Report

Modern vehicles have several elements to the design process, this often begins with a design brief, which in the case of the Land Rover, was to provide a tough and rugged vehicle for the armed forces, while maintaining a vehicle that could be used by farmers, and the general public with an emphasis on, off road performance. The next stage in modern automotive design is that of CAD(2) (computer aided design), this is when computers are used in order to provide more accurate designs when sending the individual components to manufacturing, this has the effect on allowing for tighter tolerances as CAM (computer aided manufacturing) uses robotics, which can provide repeatable results to within thousands of a millimetre, whereas a human can get within .01 typically, this increases the quality of the final product, and reduces the chance of faults which may occur further down the line. The design of the Land Rover however does not follow the typical philosophy of most vehicles as it can be purchased in 3 different chassis sizes, as well as many different cabin styles, lending itself well to many different applications, varying from private pleasure, to agriculture and to business, with it being used in construction, railways, and emergency services, to that of the military, with the latter having custom variants such as the snatch, WMIK and wolf variants, carrying  many modifications making them more suited to life on the front line.

Additionally it allows for the car to be tested in a virtual world for streamlining, as well as putting the vehicle into conditions that it may face in the world, which in this case off road terrain, to ensure that the varying components of the vehicle could handle the conditions, as well as making the vehicle fit parameters such as streamlining using CFD(3) (computer fluid dynamics) to see where there are areas of high pressure, restricting the efficiency of the vehicle, (in the case of the Land Rover, this was not of high priority as in other vehicles, as it was designed to be mostly utilised at lower speeds and offroad, whereas something like a super car would utilise this technology better as it would be used at high speed, and drag acts proportional to speed squared. While the Land Rover was designed for slower speed work, some consideration was taken to higher speed work, this is shown in the fact that the wind screen is slightly tilted, to reduce the effect of the wind at motorway speed, with the front portion of the roof also being sloped, to allow for a higher roof, with a smaller frontal area on the cab. 

While emissions are at the heart of the modern automotive industry, they are very difficult to measure in the Land Rover, due to the many different engine variants present over the 30 years of production, with early variants having very little thought put into this area, however by the time that the final production variant came off the production line in 2017, this was not the case, with the most modern engine variant, the turbo charged inline 4 Ford Duratorq, offering significant emissions rating improvements over earlier engines such as the naturally aspirated V8. As it had been introduced in 2012 to meet the euro 5 emissions ratings, with the 2.2 litre variant, replacing the larger 2.4 litre variant, which itself had replaced the TD5.This was introduced to meet the euro 3 emissions released in 1998. The TD5 had been released to meet the euro 3 emissions and replace the V8 petrol engines, and the TDi series.  There are several factors to this, the 2 main ones being that of fuel type, and displacement, with engines up until this point being either the petrol powered V8, or the turbodiesel TDi300. With the release of the TD5(4), the engines and thus emissions ratings were easier to control, as one engine meant that quality control was easier, due to a reduced number of components on the production line. This policy was maintained for the remainder of the production run, with each engine gaining more power, but maintaining or improving the emissions as efficiency of the combustion process improved.

Another important area of automotive design is that of crash protection and the testing of the crash structure, while older vehicles were made to be tough, this made them inferior in crash testing, as more of the energy was passed onto the occupants of the vehicle. With the first crash testing in 1934(5) focusing on the resilience of the vehicle, and making it handle crashes better, and dummies not being introduced into these tests until the 1940s. Early testing was set around common impacts, however as knowledge of crashes and impacts increased, so did the testing procedures, with modern testing focussing on the survivability of a crash, and testing several types of crashes, including impacts from several directions, these include the front and side, as well as roll overs, to test how the vehicle reacts in a given situation, this also allows for cars to be made more survivable in any crash, with the energy of a modern crash being taken up by the vehicle as much as possible, with airbags and seatbelts reducing the amount of force being felt by the occupants of the vehicle. The progress of this can be seen in the Land Rover, with early models not fitted with seat belts and sideways mounted rear seats which had to be removed very early on in the life of the Land Rover due to safety improvements, and by the withdrawal of the model in 2017, the car was still not fitted with airbags from the factory as well as limited crumple zones, with both of the latter being part of the reasoning for the replacement. 

An area often overlooked by the general public, is the materials from which the vehicle is made from, this affects several areas of the car’s development, with the materials being influenced by the cars design, with a performance car being made from lighter materials. However, this often comes at the expense of more expensive materials, such as carbon fibre, being needed to make the vehicle lighter, whereas a road car will often be made from cheaper, more readily available materials such as aluminium being used(6). Another aspect in which the materials are important, is fuel economy, as a heavier car will require more fuel to move compared to a lighter vehicle. Steel is often not used, as despite it being strong, it has the disadvantage of being ferrous, which means it rusts. This is a common problem in land rovers, as despite them being very strong, the frame and bulkhead often suffered from rust, requiring replacement or rebuild. Something that often lead to them being scrapped.

Data acquisition is an important part of modern vehicles, with vehicles monitoring all manner of things, including braking and acceleration, this is important to not only diagnose faults, but allow for better performance of cars(7). One of the more common uses for it in road cars is that of fault finding, with cars logging faults, which can then be accessed to diagnose faults, either mechanical or electronic, with sensors being mounted in many places. These sensors also affect fuel economy, as it allows the vehicle to adapt the air fuel ratio to better reflect the conditions in which the car is operating, with temperature, fuel quality, and throttle position being measured to determine how much fuel should be injected into the cylinders. This is also helpful as it can then be displayed on the dashboard to allow drivers to better predict when they need to refuel by showing a predicted range, as well as the average miles per gallon. Another way data acquisition is used, is tuning, as it allows for the vehicles characteristics to be measured, and then adapted to better reflect the users’ intended uses, such as those in performance cars, being adapted to that of event characteristics, allowing for more fuel, or better fuel economy, depending on what the event needs, and the race strategy. In the Land Rover defender, the main way this is used, is to adapt the gearing ratio, and how this affects how the vehicle handles over varying terrain. 

Conclusion

In conclusion, without engineering, and in particular computerisation the modern automotive industry may not be as advanced, as it would be less clear how cars react in given situations. Additionally, computerisation allows manufactures to reduce costs of production, as certain elements of the design process, including that of streamlining, can be designed in CAD. This allows for them to adapt the design of the vehicle, while producing fewer prototypes, as changes can be made digitally and tested to see how they affect the vehicle parameters in the digital space, and allowing for refinement before a prototype is made. This means that when a prototype is produced, it can be used to validate the work that has been done in the digital space, which in turn allows for a more accurate model in the digital space. It also allows for better reliability, as faults with a vehicle can be better measured, meaning that a fault can be diagnosed more accurately which will reduce the time needed to fix a given fault, as well as reduce repair costs, as components that may not be needed won’t be bought trying to fix a given fault.
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