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1. Introduction

This assignment will be made up of three main parts A, B and C. The main aim of the assignment is to analyse vehicle chassis and design features and link them to specific vehicle behavioural characteristics. Vehicle characteristics such as load transfer and handling will be closely analysed also. Data will need to be generated using the appropriate formulas in an excel spreadsheet format. A wide ranch of data will be produced based of a formula 1 car going around a predetermined circuit, this data will then be analysed, and conclusion formed supported by evidence. 

2. Research (Part A)
Throughout the automotive and motorsport vehicle industry there are a large variety of suspension setups, these different suspension setups and combinations each have their own advantages and disadvantages. An in-depth analysis of these suspension setups will be conducted on 3 motor vehicles these being a race vehicle (formula 2 Williams car), a supercar (Ford GT) and final a standard road vehicle (VW Golf). Other contributing factors towards handling and comfort will be researched and analysed for each individual motor vehicle. These other contributing factors consist of roll centres, chamber and toe angle. 
[image: Image result for formula 2 suspension]Formula 2 Williams car (Race Car)Figure 1: Williams Formula 2 front suspension setup 


The Williams formula 2 suspension setup utilises a double wishbone accompanied with a twin shock system. The shocks are attached to each individual wheel via a pushrod that translates the stresses and strains occurring during the operation of the suspension. The shocks then react accordingly. The shocks can be setup for individual circuits and divers making them very versatile whilst still being able to perform under race scenario. Settings such and bump, rebound and stiffness can be adjusted quickly. The overall suspension layout is commonly found in formula 2 as it offers and superior reliability whilst still being able to perform. The positioning of the shocks also aids the car overall as they rest horizontally in the cars main body allowing the cars centre of gravity to remain as low as possible insuring and more stable ride, which is essential in formula 2. 

In formula 2 comfort is largely left unchecked as it is often sacrificed for superior performance. Whilst driver comfort is often low on the suspension priorities it is still essential to ensure the suspension offers some form of comfort to reduce the chances of driver fatigue. The formula 2 suspension priorities handling over everything else. This is because it is a handling characteristic that allows drivers to push their cars harder into and out of corners therefore improving lap times. The stiff suspensions is setup to incorporate all manner of forces constantly being undergone by the car. The 6 degrees of freedom are all vital when considering suspension layout and settings, overall the Williams formula 2 suspension is a simplistic setup that is perfect form high stress racing as its low double wishbone design accompanied with horizontal chassis mounted shock makes for a stable platform for the car. 






















Ford GT (Supercar)
[image: See the source image]Figure 2: Ford GT Active Suspension 

Fords revolutionary suspension design allows the driver to change all manor of settings on the suspension with the press of a few buttons, the suspension is both adjustable and allows the driver to quickly select driving modes to suit the style of driving there about to do. Active suspension is nothing new, but fords system uses push rod actuated torsion bars to replace traditional coil springs which both save weight and offer superior performance. The suspension setup uses two springs attached to each wheel, a system of torsion bars, rocker arms and actuators are all adjusted by selecting different driver modes. Once the modes are inputted to DSSV dampers increase or decrease the firmness of the ride make the ride height both adjustable and stable. 
There are many benefits to this suspension the ones being the easily adjustable dampers allow drivers to Taylor the cars performance around them increasing comfort levels and ride height when required and adapting to a more race focused setup in seconds. This being a road car that is performance-based comfort is needed more so then dedicated race cars because the cars needs to able to deal with uneven road surfaces and stand day to day driving. 
The handling of the car is vitally important especially when sport mode is engaged if the suspension is not setup suitable the results could be detrimental to the car and driver. The handling is closely monitored and constantly being feed back to the adjustive damper system. This suspension layout is renowned for its ability to maintain traction under heavy cornering and accelerating loads. This system overall is extremely versatile and can compete both on track based racing and regular road driving. 
Volkswagen MK5 Golf (Road Vehicle)
[image: Image result for vw golf suspension diagram]Figure 3: VW MK5 Golf


This suspension setup is effectively two forms of suspension connected together to form one strong suspension base. This suspension layout can be found in the MK5 golf and was commonly used throughout the VW fleet. The basic operation of the suspension involves a strut mounted to the steering knuckle that absorbs the majority of bumps and is able to react and maintain a constant contact patch on the ground. The strut is a weight bearing component in this suspension assemble making its smooth operation vital. This form of suspension is common on most road cars and for good reason, its simplistic design makes any maintenance easy to conduct. The manufacturing of the suspension is also cheaper that other forms of suspension. 
In terms of handling the suspension in more than capable at dealing with standard day to day driving situations, this is due to its large suspension travel to make it more compliable with the road. The struts make for a comfortable ride. The comfort needs to be a high priority for the manufacturer as this road car won’t be pushed to its performance limits regularly. This softer suspension will have obvious weaknesses under hard driving condition as the body will pitch and roll. If the roll or pitch is to much for the it could brake traction and be catastrophic.
Overall each form of suspension found in the range of motor vehicles differs drastically. This is because of the many different driving scenarios that are most likely to occur on the suspension. A tighter more rigid suspension won’t offer the same comfort as a road vehicle but will offer superior traction for a motor vehicle that needs it int this case a formula 2 car. To optimise any suspension setup adjustive dampers are used as they offer different setups within seconds and reduce the need for any mechanical adjustments, that’s why the are commonly found in supercars such as the Ford GT.

Results 









Figure 4: static load graph 













Analyses 

Looking at the data and graph generated it is apparent how much load varies from wheel to wheel. The graph as seen above clearly show a weight biased towards the rear of the vehicle especially the rear left wheel. This highlights just how important it is for static load to calculated for individual wheels as it would allow car manufacturers the ability to make adjustments to the car to get a static load biased that would aid with the performance of the vehicle. The rear left load of 1665.23N is drastically larger than the front right load of 1418.80N. The difference between the two are 246.43N which is a considerable amount. There are many reasons as to weight the load difference might be set up how it is, the main reason being increasing the load on the rear to aid in traction under harsh acceleration or braking. The extra load will help in reducing the risk of braking traction 
















References

Williams formula 2 suspension picture https://us.motorsport.com/f2/photos/front-suspension-on-the-williams-jph1b-1/22003153/
Ford GT suspension https://www.amazon.co.uk/gp/buy/thankyou/handlers/display.html?ie=utf8&asins=b017yw2fcm&isrefresh=1&orderid=206-4749905-8153137&purchaseid=204-8502221-0293104&ref_=chk_typ_browserrefresh&viewid=thankyoucart

Bosh Automotive Handbook, 5th edition (2005) USA Massachusetts: Bentley publishers 

front static loads for individual wheels	Front Right(FR)	
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