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Introduction

This report will cover a range of topics, what things affect the handling and comfort of a road vehicle, supercar and race vehicles and how these types of cars differ in their approach to vehicle balancing. The report will also calculate longitudinal and lateral weight transfer for a range of scenarios. Data for this was provided. The data will be input into excel, graphs will be produced and evaluated.  




































Research

The ratio of Sprung-to-un-sprung mass is very important because low unsprung mass results in a suspension system that responds sensitively to road irregularities, this inturn improves handling and comfort. Sprung mass is everything that is supported by ‘springs’ of the vehicle which may be coiled or air springs. The chassis, transmission and motor are examples of sprung components. Sprung components experience reduced effects of bumps and other obstructions and road irregularities from being felt fully inside the car. 

Unsprung mass is not desirable as it decreases stability and affects handling/comfort directly because un-sprung components move up and down with road irregularities while the sprung mass keeps the vehicle down to maintain a contact path. Tyres as a whole, brake pads/discs and other components connected to wheels are examples of unsprung mass. Using lighter materials like aluminium alloys to create big un-sprung components like differentials and solid drive axles will help bring the un-sprung weight down.

One of the main components that affect the handling and comfort of a vehicle is the size contact-patch of the tyres. Road vehicles tend to have tyres that are slimmer than their supercar/F1 counterparts however smaller wheels with larger tyre profiles usually offer greater ride softness as the tyre absorbs shocks and small bumps in the road and are found on most road cars, larger walled tyre profiles usually absorb more sound assisting the perceived ride quality. Low Profile tyres offer less protection for the wheels and suspension which reduces ride quality however they offer more grip and better handling. 

The size and angle of the contact path is directly dependent on the Camber of the wheels. Camber is either preset by the car manufacturer or for a race-car that can be configured for the particular race track. Camber refers to the angle of a vehicle’s wheels and their vertical position as they sit on the surface of the ground or road. Wheel camber is a very important factor when configuring a suspension as it can directly impact the stability and handling of the car as it impacts the tires contact patch. There are two types of camber, positive and negative.  The advantages of having positive camber are that less effort is needed when steering the car and it also provides extra stability when driving on uneven roads. 



Positive camber will lead to the outer edge of the wheels to wear quicker compared to the rest of the wheel which is bad economically. The advantages of negative camber can be that the car is evenly loaded however without adequate negative camber the tire would load the outer portion of the tire and produce less grip. The disadvantages of negative camber are that the car will lose maximum tire grip when accelerating in a straight line and braking.

The overall weight of a car along with weight distribution can also affect the way a vehicle responds under acceleration and how its chassis shifts under braking/ turning etc. Road vehicles tend to be 40/60 weight distribution. 40% in front - 60% rear. Motorsport vehicles will tend to be closer to a 50/50 weight distribution for increased stability and handling however many high-end vehicles also sport 40/60 distribution as well. Under high-speed braking, the weight moves towards the front equaling a 50/50 distribution,  this results in tyres having equal weight distribution which results in even braking at each tyre.

Ride Height and Aerodynamics of the vehicle can also affect handling and comfort, a boxy car-like ‘Nissan Cube’ has a high ride height which results in decreased aerodynamics and higher center of gravity which makes it susceptible to rolling at high speed cornering.. The Cube is tall, wide and has lots of flat surfaces which would cause drag whereas the ‘Speedtail’  has a low centre of gravity along with being short in height it is also long. There are practically no flat surfaces at the front which reduces drag. Speedtail has been designed using a wind-tunnel for exceptional aerodynamics whereas regular road vehicles are not. The length of the car allows for air to glide yet hug the roof of the speed tail down tail where the air bleeds off,  whereas the long body and rear of the ‘Speedtail’ make it an aerodynamically superior car. 

Suspension stiffness also has a huge impact on the handling and comfort of a vehicle. In general, sports cars tend to have stiffer suspensions however many supercars now have adaptive suspensions, regular road cars don't as they are built for economy and comfort. Sports Cars have a high spring rate which requires lots of force to compress them whereas the ones found on normal cars tend to be softer. A suspension with a high spring rate will lose contact with the ground if there is a pothole whereas a softer suspension will come into contact with the ground first however sports cars are made for racetrack type smooth surfaces that allow for a stiff suspension to excel as there will be fewer road irregularities allowing for increased speed without fear of potholes and need to slow down.

A supercar may not incorporate race car suspension types due to upkeep and maintenance costs, such as rose joint suspension as opposed to bushings. Rose joints wear quickly but are fit for purpose for a race car on a smooth track, however on bumpy public roads the maintenance would be more frequent. Rose joints provide a more direct connection to the road, improving handling and compromises ride, rubber bushes would provide more ride, however, compromise handling due to the flex in the material with high forces or quick manoeuvring. Polyurethane material bushings encompass the balance of both ride and handling for supercars.

Regular road cars like the Toyota Yaris tend to favour comfort and economy and emissions as per legislation and customer needs. Most new road cars tend to have good emissions output as the use of turbos have become widespread which allows for smaller engines to produce more power which not only saves money as the need for a bigger more complicated engine is replaced by turbos that can be changed. Road vehicles also tend to be the front-wheel-drive. Average road cars tend to use coil-over damper suspension systems whereas higher end vehicles would be rear wheel drive with adaptive air suspension. 


Results
Step 1. - calculate static vertical loads for all four wheels

	Front Static Loads
	VALUE
	UNIT

	Front Left
	1476.714996
	N

	Front Right
	1418.804604
	N

	
	
	

	Rear Static Loads
	VALUE
	UNIT

	Rear Left
	1665.231804
	N

	Rear Right
	1599.928596
	N



Step 2. - Calculate aero load
	Aero Lift Forces
	VALUE
	UNIT

	Aero Lift Force
	-409.4604
	N



Step 3. - The following 6 graphs have been created using the data provided with excel. First 2 graphs are on display front wheels and rear wheels against longitudinal load. The following two are similar but lateral load is being calculated against g-force. The last 2 graphs plot front and rear loads against velocity. 
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Figure 1

Front loads vs. longitudinal acceleration
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Figure 2

Rear left/right loads vs. longitudinal acceleration
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Figure 3

Front loads vs. Lateral acceleration
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Figure 4

Rear loads vs. Lateral acceleration
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Figure 5

Rear loads vs. Velocity
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Figure 6

Front Loads vs. velocity



































Step 4. Traction circle diagram and how varying acceleration values produce different vertical loads. 
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	Angle A
	Lateral X-axis

	5
	0.13

	10
	0.26

	15
	0.39

	20
	0.51

	25
	0.63

	30
	0.75

	35
	0.86

	40
	0.96

	45
	1.06

	50
	1.15

	55
	1.23

	60
	1.30

	65
	1.36

	70
	1.41

	75
	1.45

	80
	1.48

	85
	1.49

	90
	1.5




Step 5. Initial values given but varying the wheelbase, track and centre of gravity height. 

	Wheelbase
	Center of gravity
	Average Track

	1.8
	0.26
	1.52

	2.0
	0.28
	1.54

	2.2
	0.30
	1.56

	2.4
	0.32
	1.58

	2.6
	0.34
	1.60

	2.8
	0.36
	1.62

	3.0
	0.38
	1.64

	3.2
	0.40
	1.66

	3.4
	0.42
	1.68

	3.6
	0.44
	1.70

	3.8
	0.46
	1.72





















Analysis

The first step to completing this report was calculating the vertical load on each wheel. Finding these values was crucial as they are needed to complete other sections of this report. The second step asks about the aero load on the vehicle assuming speeds of 30m/s. Aerodynamic loads can slow down a vehicle, though this effect can be observed at lower speeds, aero-load or drag will increase in a linear fashion effectively reducing the speed of a car at high velocities. Step three of the report is based on the graphs. The graphs show that each wheel experiences a different load transfer amount, from figure 1, the graph is showing that at 1.5-G the load on the front right of the vehicle is 1440.90N of longitudinal load meaning the vehicle experiences these loads when accelerating or braking. Figure 5, shows that the lateral acceleration load on the front right wheel is 1615.87N, the vehicle will undergo this force when cornering. Figure 6, shows how increasing velocity impacts load. Front wheel drive cars will experience braking and acceleration forces more on the front wheels. The graph shows increasing load on the front wheels which results in decreased load on the rear wheels. 

A vehicle cannot achieve 1.5G in both the longitudinal and lateral directions at the same time because as the loads on lateral are reduced, those loads are transferred into longitudinal loads as the vehicle undergoes braking and opposite is true when the vehicle is entering a corner. 

Changes to suspension can change the nature of a vehicle. Having a stiff suspension with wide diameter low profile tyres on a normal car is not practical as the vehicle is built for comfort however the same attributes on a sports car will be beneficial as the vehicle is built for performance and customers know for what purpose they purchase a vehicle. The chassis of a Nissan Cube compared to a Ford Mondeo. Both are economy cars built for everyday usage however both have completely different chassis, the Cube is tall and has a high centre of gravity making it less usable in high speed cornering situations whereas the Mondeo with its usual 5 door car shape has a lower CoG making it much more suited for high speeds.  







Conclusion
This report has increased my working understanding of how a vehicle undergoes load transfer and how that can impact handling and comfort of a vehicle. I have also expanded my knowledge on how aerodynamics of a vehicle and aero-load affect handling. I now understand why different vehicles require different suspension configurations and why making sure  that is important 
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