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Chapter 1 – The pros and cons of two chassis types

1.1 - A brief history of the steel monocoque chassis  

[image: ]Initially, a car chassis was built body on frame, which came about as an evolution of the horse-driven carriage. Steel monocoques or uni-bodies came about in the late 1910’s and 20’s. The first steel monocoque car is thought to be the innovative Lancia Lambda, which also pioneered the use of front independent suspension. Although other chassis types are still used, the steel monocoque has become the chassis of choice for the major production car manufacturers today.Fig 1.1 – Picture of a 4th edition 1925 Lancia Lambda (Bonhams, 2015).

[image: ]Fig 1.2 – Picture of the monocoque Lambda chassis (Tubbs, 1969).





1.2 - Steel monocoque pros and cons

Safety is the biggest factor to consider when developing a chassis for a mass produced vehicle. Engineers have to abide by strict regulations when it comes to the structural safety of a chassis. A steel monocoque allows for more crumple zones which absorb crash impact, compared to a body on frame car, where a lot of momentum travels to the occupants (Kilmer, 2018). This is because the body resists the crash energy rather than absorbing it.

Due to the nature of a monocoque structure, less material is used compared to a chassis that does not integrate the body and frame. This leads to the chassis being less dense, which saves money and raw materials. It also improves areas of performance such as handling, acceleration and fuel economy. 

Steel monocoques are prone to having higher levels of noise, vibration harshness (NVH) in the cabin, because the whole chassis is one unit. Separating the body and frame results in the frame absorbing the majority of vibrations before they travel up to the cabin, reducing road noise experienced by the occupants (Engineering Explained, 2015). However, manufacturers have ways of reducing road noise in cars with steel monocoques, such as using soundproof foam compounds that absorb vibrations around a vehicle.

Steel monocoques do not resist torsion forces as effectively as body on frame chassis and tend to flex if not properly reinforced (Morrow, 2016). Even though modern unibody chassis are supported with devices such as torsion bars and chassis braces, body on frame chassis are still used on heavier vehicles designed for towing and off-road applications (Toyota Canada, 2016).


1.3 - A brief history on the aluminium in the industry and fibre-glass bodies

Aluminium was used relatively early in the automotive industry. Heinrich Durkopp revealed his 1899 sports car featuring an aluminium body. Benz & Company, later Mercedes Benz, released a new automobile featuring an engine made of an aluminium alloy in 1901 (Dr. M Runge, 2018, p. 120). Later prestigious racing manufacturers such as Alfa Romeo and Bugatti also utilised aluminium on racers. Known as ‘The winged metal’, aluminium has also been an essential material in aerospace applications. Development of alloys and manufacturing techniques in this industry, have also been employed for automotive use.

[image: ][image: ]The 1949 Glasspar G2 is the first car that used a fibreglass body. The designer, Bill Tritt, was also thought to help Chevrolet with the development of the first fibreglass bodied Corvette in 1954. Soon after, Colin Chapmans 1st generation Lotus Elite was shown at the 1957 London motor-show. Chapman’s company was all about lightweight, well handling cars. The Elite was the first production car to use a fibreglass monocoque chassis, with a kerb weight of just over 500kg. It marked the start of the Lotus legacy.
Fig 1.4 – Photo. of the 1957 Lotus Elite (McCourt, 2020). 
Fig 1.3 – Picture of the Glasspar G2 (Branch, 2019).





1.4 – Aluminium bonded chassis with fibreglass body pros and cons

Julian Thomson and Richard Rackman developed the Lotus Elise in 1996. It was the first car to use an extruded aluminium chassis which was bonded by an adhesive rather than welding. The Elise also had a fibreglass body with a kerb weight of 700kg, later models such as the 190 weighed even less. Rather than using steel for the body on frame chassis, this new approach using bonded aluminium, allowed the Elise to be lightweight without sacrificing the benefits of body on frame chassis rigidity. The use of an adhesive rather than welding also shed weight and simplified the manufacturing process. Ciba polymers, the Swiss company behind the glue Lotus used, also claimed it’s adhesive was stronger than welding (The Inside Story, 1997). 
[image: ]Fig 1.5 – Diagram of the aluminium extrusion process (AZoM, 2002).


Rackman saw complex extrusions as having potential for automotive use. Lotus employed Hydro-aluminium in Denmark, to manufacture the Elise’s chassis. Extrusion takes only minutes for raw material to be converted into a chassis part. This makes it cheaper and more cost effective compared to processes such as MIG welding. 

Also, damage management is more flexible compared to welding. If a welded chassis part becomes damaged during the manufacturing process, it is costly and time consuming to replace it. Because of the modular nature of an aluminium chassis, repairing any accidental damage takes less production downtime.

Although bonding an aluminium chassis with adhesive makes it resistant to shear and impact forces, it is less resistant to peeling forces. Lotus had to add structural rivets to Elise’s chassis to stop this happening. Welding an aluminium chassis would not have needed these supporting fixings, which adds time to the manufacturing process.

[image: ][image: ]Fibre-glass or GRP is still used on sports cars, especially cars made by low volume manufacturers such as Ginetta, that still manufacture bodies by hand (Axon, 2019). The biggest problem with using fibre-glass is that it cracks under impact, rather than absorbing the crash energy like steel or aluminium. This presents a safety concern and makes fibreglass unviable for use on high-volume vehicles, that have to follow strict safety regulations. This explains why the material has fallen out of favour with the bigger manufacturers.
Fig 2.7 – Picture of a cracked fibreglass body of a Lotus Elise (yumenuu, 2021).
Fig 2.6 – Picture from Autocar review of the Ginetta G40 (Sutcliffe, 2011).






1.5 – The development of these chassis types

These two chassis types have helped accelerate modern chassis development. Manufacturers such as Tesla use an alloy mix of steel and aluminium for its Model 3 monocoque, that is stronger and more lightweight than a traditional steel monocoque. Manufacturing efficiency has also developed as well, with Tesla’s casting machine Giga Press producing a thousand chassis per day. Lotus’ revolutionary adhesive bonded chassis has also been adopted by automotive manufacturers such as Polestar and Bentley.







Chapter 2 - Performance factors affected by aerodynamics

2.1 – Introduction to Chapter 2

[image: ][image: ]The first car to reach the 100km/h mark was the La Jamais Contente (fig 2.1) in 1899, made by Belgian racer, Camille Jenatzy. Although there was no effective way to measure aerodynamic coefficients at the time, Jenatzy had designed the body with low drag in mind. At the turn of the century, designers became inspired to create streamlined cars. The 1936 Tatra 77 (fig 2.2) was the first of these cars to be developed using a wind tunnel, that previously was used for Zeppelin testing (Donut Media, 2020). It had a measured Cd of 0.212. Fig 2.2 – Picture of the first  low drag car designed in the wind tunnel, the Tatra 77. 
(Buschemi, 2016).

Fig 2.1 – Illustration of the La Jamais Contente.
(1899).





The importance of aerodynamics later spread to racing, with discoveries such as downforce and ground effect in the 1960’s, which helped vehicle technology reach new heights. Today, aerodynamics still plays an essential role in the development of racing and production cars.

2.2 - Evolution of race car aerodynamics 

By comparing fig 2.3 and fig 2.4, the difference in shape shows that aerodynamics has had a big impact on attempts to extract performance. Both cars are designed to race in Formula 1, yet their body shapes are very different. A possible explanation was that manufacturers did not pay as much attention to aerodynamic properties during the early years of motor racing, however this is incorrect. Below, the Ferrari 375 F1 with its airfoil like shape, reveals that drag reduction was already a primary consideration in the early days of motor racing (Katz, 2006, p. 1)
[image: ][image: ] 

Fig 2.4 – The 2021 McLaren MCL35M F1 car during practice in Australia (Raich, 2021).
Fig 2.3 – The beautiful Ferrari 375 F1 1950-51 (1951).



Later, it was realised that a cars acceleration, speed, handling and braking were all dependant on tire grip. A cars grip is determined by a number of factors including aerodynamic downforce, which increases the load on the tires without any weight being gained. Although an integral part of motor racing today, this concept was only discovered by engineers in the 1960’s, and took years of testing before it became effective. Downforce devices such as wings appeared on racing cars. Later, more radical solutions such as ground effect (more information in 1.3) were also discovered.

2.3 - Handling

Understanding aerodynamics is very important for making a car handle well. When developing or setting up a car, racing engineers look to reduce under steer or oversteer. They have different ways of doing this, and one solution is to add downforce. This increases each tires normal load, (perpendicular force) which increases grip. Here are some equations that help us understand how aerodynamics affects handling.  

· FC=mv2/r

Where FC is the centripetal force, m is mass, v is velocity and r is corner radius. In this equation, we assume that the normal mass has a constant magnitude (Kyle, 2015). In reality, the vector of mass turns towards the anti-centripetal force, increasing its magnitude as more mass is added, making increase mass ineffective for handling improvement (Morrow, 2016, pp. 115-120). Now let’s have a look at how downforce can increase cornering force.

· Fr=μN.                                                                                                                                            

Where Fr is the frictional force, μ is the friction coefficient and N is the normal force. N is the weight of the car plus any downforce created by the car. The frictional force and centripetal force are the same, therefore we can say:

· Fc=μN=μ(mg+FD)

[image: ]Where mg is the weight and FD is the downforce. Increasing the downforce increases the centripetal force without increasing the anti-centripetal force, because the direction of downforce is always perpendicular to the road surface. This shows that adding downforce allows a car to take a corner faster without losing grip. Below, fig 2.5 shows the effect downforce has on cornering speed.Fig 2.5 - Graph of how downforce effects max. cornering force
(Katz, 2006, p. 5).


2.4 - Speed

A vehicles top speed is dependant on its aerodynamic properties. A car reaches its terminal velocity when the maximum driving force is equal to the total resistance force, which is due to aerodynamic drag and tire rolling resistance (Katz, 2006, pp. 167-168). This indicates that high speed cars should have a low drag coefficient. However, cars built for straight-line speed sometimes have a very high drag coefficient, which seems contradictory. For example, the Bugatti Chiron is a 400km/h+ car, with a 0.38 drag coefficient. This is because at such high speeds, a car needs enough downforce for stability, as a slight lift at the front end can cause the car to lose control. As a cars downforce increases, drag increases, because the flow of air is more disrupted. 
[image: ]Although the top speed in racing has slowly levelled out in recent years, the first efficient use of front and rear wings saw the biggest jump of the Indy 500 one lap speed record in 1972, as shown on fig 2.5. This is because the car could now carry more speed through the corners before a straight, and subsequently reach a higher top speed on the straight. (Katz, 2006, p.4)Fig 2.6 – A graph showing the one lap speed record over the years at the Indianapolis (Katz, 2006, p. 4).


It is also important to understand how velocity and downforce are related. This concept can be understood with the formula below.

· FD=1/2ρv2ClA

Where FD is downforce, ρ is the density of air, v is the velocity, Cl is the coefficient of lift and A is the frontal area of the car. FD is proportional to v2 which means downforce increases as the velocity of a car increases. 


2.5 - Fuel economy

Fuel efficiency is an important factor to consider especially in production vehicles. Modern combustion engine vehicles are designed to have a low drag coefficient to reduce fuel consumption. Manufacturers are expected to follow strict regulations when it comes to fuel consumption and emissions. Fuel consumption can be decreased by as much as 5% if a 10% drag coefficient reduction is achieved, depending on the vehicles speed. Most non-performance models have a drag coefficient below 0.3. The Mercedes EQS currently has the lowest production car Cd value of 0.20 (Krok, 2022).













2.6 - Straight line braking

Understanding how to improve straight line braking is fundamental for both race and road cars. As mentioned earlier, as downforce increases the normal load increases. We can also say the maximum friction force created by the tire also increases. Therefore the straight-line braking distance can be improved by adding downforce to a car.Fig 2.7 – Graph showing how downforce affects breaking distance (Katz, 2006, p. 169).

[image: ]

As shown on fig 2.7, at an initial speed of 300km/h a car with a downforce of Cl=2, has a 50m shorter braking distance compared to a car with no downforce. As the speed increases the difference between the braking distance of a car with less or no downforce to a car with more downforce increases (Katz, 2006, p.169).

Straight-line braking can also be improved by increasing the drag coefficient of a car. Some modern sports cars have active aero-devices, such as an active rear wing, that can increase vehicle drag when the driver hits the brake pedal at high speeds. In drag racing, parachutes are deployed to significantly increase drag and stop the car at a rapid rate. 
[image: ][image: ]
Fig 2.9 – Example showing a dragsters parachute deployment to increase drag (Rebilas, 2014).
Fig 2.8 – Diagram showing the vectors of downforce and drag (2021).
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