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The role of suspension is to isolate the passengers from the irregularies of the road surface and prevent the rides vertical movement, but to also maintain tyre and ground contact by preventing the wheel from hoping over bumps, keeping crucial contact grip with the road surface.
“Ideally the suspension should allow the wheels to move up and down so that they follow the undulations in the road, while the body rides level.” (Hartley, 1985, P1)
Passenger car suspension has comfort and safety at the top priority, suspension that can smoothly iron out road bumps while maintaining the highest level of comfort inside the cabin is often sought after by companies when designing the system, Air suspension is at the highest level of comfort for such cars, where the system can not only smoothly respond to a bump, but can actually be programmed to pre-emptively counter a fore coming bump or deformity where the air suspension system will trigger a response to soften up prior to the impact, and then return to a firmer state post impact.
Where on the other end of the spectrum is a far cheaper conventional coil and damper system which offers a good all-round performance, but not really great at the 3 important factors individually, i.e handling, ride, safety.
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There are systems that can become firmer on entering a corner allowing the car to tackle the corner with more composure and achieve better levels of grip and comfort by resisting the amount of body roll, something most passengers would find to be uncomfortable.
Some systems can change the air pressure not only to make the ride firmer or softer based on the user setting that the driver has selected, there can also be the option to adjust the height of the ride.
The downsides to this is for the most part, high costs, air suspension systems are very complex and inherently expensive compared to a traditional mechanical spring and shock absorber system, where the more expensive air suspension utilising a compressor to change the levels of air pressure the system holds in each of the systems corners, which will create a firmer ride with more air pressure, or softer with less air pressure.
       There are many differences between racing suspension systems and automotive, for example race car suspension will try to have all its mass situated within the confines of the suspension
It is also very important to consider the type of bushing used between the mechanical components, a key point that many people over look when considering suspension properties, as these make large amounts of influence over the system as a whole, where movement and level of wear are considered the material used can have large impacts.

Supercar
Modern supercars have suspension that are very different to a convention system, the suspension will be high performing and far more complex, for example the McLaren 720S has dampers that benefit from a sophisticated hydraulic fluid design that links all 4 dampers together, where the car leans into a bend, the fluid is displaced into the opposite side and with the assistance of a electronic control module, the opposing side will gain more fluid and push a piston up to make the wheel come closer to the body of the car, thus bringing body roll into control.
        Fluid its inside the dampers, above and below a piston that is on the end of the damper shaft, above the piston and indeed pushed by the piston, is a reservoir of fluid that is linked to the opposite sides damper below piston reservoir, when the car enters a corner this piston activated by damper movement, is forcing fluid out of the damper and across to the opposing damper, which fills the damper and pushes the piston further into damper, thus extending the damper and pushing the car more level as it corners.
When the fluid on the above of this opposite side piston is then forced out, that then escapes into a central reservoir and avoids filling the opposite damper, which would effectively counteract the other dampers actions
[image: ]
Fig 1 Fenske, (2019) Engineering explained
This system does away with traditional anti roll bars as it no longer needs the cumbersome design thanks to this fluid levelling system.
      The electronic dampers also use a valve that can change its opening size to slow or speed up the flow of the damper oil to change the characteristics of the damping firmness, sport mode for example would stiffen up the damping rate and create a sportier response, but make the comfort level drop further.
Further to the damper and spring configurations, the car also features double wishbones.
“What makes the whole system tick are flow restrictors fitted at each area where the fluid exits. The restrictors allow the fluid to either exit really quickly, or not, which changes the stiffness of the suspension. For example, a lot of restriction will make for a stiffer setup, while less restriction will make the car feel softer. Inside the restrictor is a needle valve, which controls how much, or how little, fluid leaves. This corresponds with Normal, Sport, and Track modes” Szymkowski (2019) Was a useful source of information.

Road car
Road cars are far more likely to use traditional systems certainly anything bought for less than £30,000 new, but it has become more common place to see electronic switchable dampers on road cars.
A 2007 Ford Focus ST has traditional suspension in the sense it isn’t featuring any electronic supplements and there is all the components that have become the norm for a road car, coil over damper, anti-roll bar and a lower wishbone all supported together by a hub knuckle.
        Softer more compliant suspension with softer cheaper made bushes between components offers not only a far softer more forgiving ride quality, but it is also far cheaper and easier to produce, allowing such cars to be made in global numbers and by automated machines, again making costs far less and quicker production cycles.
The problem with these systems is they’re not the best at maintaining a level of grip that some might desire, and they can also break traction sooner in the event of an accident, however in most cases the suspension is still far within acceptable limits of its design and aim.

The main issue where a handling perspective is concerned with regards to a road car, is infact the cars centre of gravity and the total mass of the car.
       The centre of gravity should be as low and central as possible, but with modern cars mostly being consisted of front wheel drive cars, the weight is commonly front biased with high centre of gravity based over the front section of the car however even longitudinal and rear wheel drive layout cars are poorly set up when considering theyre centre of gravity, even the cars body which over hangs past the confines of the suspension in every corner, placing the mass outside of the suspensions centre greatly increases lean and roll characteristics.
The softer and more compliant bushes and springs will reduce the suspensions rigidity and its ability to prevent roll, each individual component has flex and give, this amounts to body roll and a delay in the cars response to a change of direction and where the force is being applied at any given time, this issue only gets worse the more the car ages as parts wear, where a super car has far firmer components that are far less susceptible to this involuntary movement between parts as well as the springs.

Race car
Race cars usually have no concern for comfort or compliance, there isn’t a need to maintain any degree of give between parts in the suspension, and in most cases (track-based racing) the firmer and more rigid the suspension, the better.
      Many parts of the suspension have done away with any sort of rubber or polyurethane bushes in favour of solid mounted “rose” type bushes where the suspension still needs a degree of movement and articulation but only in the direction that’s desired.
A rose or solid bush will be as ridged as possible and transfer the most feel to the driver however the ride will be brutal in comfort and compliance on any road surface that’s less than perfect, this almost squarely limits solid mountings and bushes to track and competition use, not only to safe the passenger from the trauma but the cars other components also, some times the vibrations transmitted through a solid bush can prove too severe for other areas of the car where electrical earths, welds and structural components can snap, sheer or bend under this increased stress from the extra rigidity.
      Other suspension components can also be ramped up in strength and stiffness to help combat unwanted body roll and increase rigidity to improve the handling capabilities and the level of communication between the track surface and the driver, and since there is very often no passengers to consider, it is all about the driver and the feel of the car.
The MCR sports 2000 class race cars have 85% of their entire mass confined to the inboard sections of the suspension, with only fibreglass panels outside of the suspension, things such as the front splitter or the rear wing.
The coil over damper system is basic but very effective, using single tube dampers, and coil springs on an adjustable seat, all of which is positioned as centrally as possible, positioning these weighty components as central as viable only increases the level of balance in the car.
      Rose bush joints and adjustable fixings throughout for massive variation in setup possibilities while remaining rigid and firm.
The system features short and high strength anti-roll bars that have varying levels of adjustment again mounted as centrally as possible.
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	Front Static Load 
	2895.51
	
	

	
	FLSL
	1476.714996
	
	

	
	FRSL
	1418.804604
	
	

	
	RSL
	3265.1604
	
	

	
	RLSL
	1665.231804
	
	

	
	RRSL
	1599.928596
	
	

	
	 
	 
	
	

	
	Lat weight transfer 0
	0
	
	

	
	Lat weight transfer 1.5
	209.3333333
	
	

	
	Long weight transfer 0
	0
	
	

	
	Long weight transfer 1.5
	121.1142857
	
	

	3a
	Aero load
	901.103
	 
	 

	Long = 0
	FL load
	-17446.448
	Long = 1.5
	-11269.61943

	Long = 0
	FR load
	-17504.3584
	Long = 1.5
	-11569.7584

	Long = 0
	RL load
	-24466.7552
	Long = 1.5
	-18289.92662

	Long = 0
	RR load
	-24532.0584
	Long = 1.5
	-18597.4584

	
	Aero Load
	-409.4604
	 
	 

	Long = 0
	FL load
	1476.714996
	Long = 1.5
	7653.543567

	Long = 0
	FR load
	1418.804604
	Long = 1.5
	7353.404604

	Long = 0
	RL load
	1665.231804
	Long = 1.5
	7842.060375

	Long = 0
	RR load
	1599.928596
	Long = 1.5
	7534.528596

	
	
	
	
	

	3b
	Aero load
	901.103
	
	

	Lat = 1.5
	FL load
	-7607.781337
	
	

	Lat = 1.5
	FR load
	-7665.691729
	
	

	Lat = 1.5
	RL load
	-13372.08853
	
	

	Lat = 1.5
	RR load
	-13437.39174
	
	

	
	Aero Load
	-409.4604
	
	

	Lat = 1.5
	FL load
	11315.38166
	
	

	Lat = 1.5
	FR load
	11257.47127
	
	

	Lat = 1.5
	RL load
	12759.89847
	
	

	Lat = 1.5
	RR load
	12694.59526
	
	





	Mass
	628
	kg

	Wheelbase
	2.8
	m

	Centre of Gravity Height
	0.36
	m

	Static Weight Distribution (Front)
	47
	% Front

	Static Weight Distribution (Left)
	51
	% Left

	Cl
	-0.62
	 

	A
	1.2
	m2

	Air Density
	1.223
	kg/m3

	Centre of Pressure
	42
	% Front

	Average Track
	1.62
	m

	Maximum G
	1.5
	G

	Gravity
	9.81
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Aerodynamics effect the car in many aspects, air moving under the vehicle will try to lift he car from the ground, raising the ride height and lowering the amount of grip through reducing the contact patch from the tyres to the ground.
To counter this many cars utilise downforce via air channelling wings and air passages. Air passages under the floor of a car that direct air to the rear wing by creating a sealed cavity between the ground and the car are essentially sucked to the floor.
Wings offer high levels of downforce by deflecting airflow upwards and thus pushing the car down towards the ground, this acts in a very similar way to having more weight at the back of the car, burying the tyres contact patch further into the road ensuring high levels of grip, which is scaling perpendicular to the cars speed 

        1.5G can’t be achieved in both the longitudinal and lateral directions at the same time as due to the fact that the vehicle would be concurrently pulling up to 3G in 1 direction, spanning in a diagonal direction, a figure far out of reach for most vehicles as turning and accelerating at the same time is a difficult thing for a car to do, on most cars and even race cars, 3G across 2 directions is unrealistic.
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Where as a powerful engine can make a car go fast, and good brakes can make the car stop in a shorter time, there’s nothing quite as important as maintaining a level of grip and road holding, and making it around a bend quicker than an opposing car.
It is very understated to say that the suspension and traction system on a vehicle is one of the most important factors to consider, especially in competition use.
[bookmark: _GoBack]      Where as a car that has a less powerful engine, but has an incredibly well set up suspension system can often maintain pace with a far more powerful car that has a poor suspension set up.

Aerodynamics and grip is vital to make a good suspension configuration work, with out these important aspects even a good suspension system can find its flaws.

The data acquired from my research shows that the amount of force being applied through the contact patch during corning and acceleration is directly linked to the weight, height and location of the centre of gravity the car has, and when these figures are changed the force being applied is greatly altered.
















[bookmark: _Toc35815632]References
Automobile steering and suspension, John R Hartley 629.243.HAR P1
New directions in suspension design: making the fast car faster, Colin Campbell 629.243.CAM P43
https://search-proquest-com.ezproxy.uwtsd.ac.uk/docview/2307590644/fulltext/1255F73325024B46PQ/1?accountid=130472
Szymkowski, S (2019) Take a closer look at the McLaren 720s supercar’s complex suspension. Available at: https://www.motorauthority.com/news/1122169_the-i-c-e-event-puts-ferrari-f50s-lamborghini-countachs-and-more-on-frozen-lake (Accessed 19.3.2020)

Compare.parts (2019) Our guide to rose joints and bushes, Available at https://compare.parts/torque/our-guide-to-rose-joints-and-bushes/  (Accessed 20/3/2020)

Fenske, J. (2015) Engineering Explained: 10 Aerodynamic Features Of Race Cars. Available at: https://www.carthrottle.com/post/engineering-explained-10-aerodynamic-features-of-race-cars/
(Accessed: 22/3/2020)
2

image1.png
™ Prifysgol Cymru
g Y Drindod Dewi Sant
L)/ University of Wales

Trinity Saint David




image2.png




