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This report focuses on the Ferrari FF and its unique 4RM AWD system. As road cars became more powerful and the demand for safety increases developments in torque delivery and distribution methods are expected. The Ferrari ff features a torque vectoring to maximise traction under acceleration while also helping the car take tighter lines when cornering and accelerating. This report will look at the dynamic nature of the Ferrari and how it uses its cleaver design layout and control systems to provide a rewarding and safe driving experience. 

[bookmark: _Toc98754070]Base vehicle Data 

The Ferrari FF incorporated a new four-wheel drive system call the 4RM. This system differed to conventional front engine four-wheel drive systems in a few ways. It consists of a front mounted V12 engine, a 7-speed dual clutch rear trans axle connected to the engine by one drive shaft going through a torque tube. A second two speed gearbox mounted over the front axle powered from the nose of the crankshaft. Individual clutch packs deliver torque to the front wheels when deemed necessary. It is claimed to provide a lower centre of gravity whilst also saving space and reducing weight by 50% compared to a conventional system. The total car weighs 1790KG with 47% front and 53% rear, this is due the front mid mounted engine and rear mounted transaxle providing an excellent weight distribution considering the driveline layout.
The advantage of this system is it is not a permanent all-wheel drive system therefore it has the benefits of selecting rear drive only for most of the time which increases the power to the rear wheels and increases overall efficiency by reduced driveline losses. This also enables the driver to select certain driving modes to experience different driving characteristics. 
The front gearbox is a two-speed unit that can be used up to 4th gear in the main transaxle before the gearing runs out and the car becomes rear drive only. This is due to not only to space constraints but also because higher gearing above 4th do not produce enough torque to the rear wheels to lose traction therefore it is not necessary. The front wheels are driven completely independent of each other and the rear wheels due to the individual multi plate clutch packs. This allows for toque vectoring to help the car in different situations, the inside or outside wheel can be provided with more or less power depending on steering angle, wheel slip and throttle position. This is done by having 6% higher front gear ratios than the rear wheels which is then controlled by slipping or engaging the clutch packs to provide the precise amount of torque required. This higher gear ratio means that the clutch packs will always be slipping when they are transferring torque, however it allows for the matching of different gear ratios.
The system is fully computer controlled and has a variety of driving modes to suit the driver and situations, ranging from comfort with full ESC to ESC off. Different driving modes are achieved suing various control systems found of the vehicle. Magnetic field dampers are used to alter damping rates by changing the thickness of the damper oil to suit the terrain or driving style. Anti-lock braking is also used on each wheel individually with assistance from stability control to ensure the car is controlled under braking and kept in the desired direction. Traction control is used on the rear axle to distribute torque to the rear diff while also distributing it evenly across the rear axle. All these systems are blended with the addition of the front axle to accurately distribute the correct amount of torque to each individual wheel without any wheel slip. The front wheels will have torque sent to them if traction on the rear wheels is exceeded.
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Torque vectoring allows varying levels of torque to be assigned to individual wheels. Torque vectoring is often controlled by separate clutch packs on the axle one for each wheel, inputs such as wheel speed, throttle position, steering angle and yaw moment are used to calculate how much torque is supplied to an individual wheel. This is done by an electromagnetic plates which compress the clutch packs, the more the plates are compressed the more torque is transferred. Similar results can be achieved by using the vehicles ABS system and an open differential. As the unloaded wheel begins to slip the brake is applied to that wheel therefore power is sent to the opposite wheel with more traction. While this is a cheap and simple way to achieve torque vectoring it provides less control and will wear out the vehicles brakes quickly. Some cheap soft road vehicles use this only in off road situations. (Vieweg+Teubner Verlag. 2010)
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Lumped mass model shows that the FF has been designed to keep the mass low down and central in the chassis. A front mid mounted engine and a transaxle are key to this. The gearbox on the front of the engine also means that the engine can sit further back and lower down, AWD systems in vehicles such as Mitsubishi evos and Nissan skylines shift the engine further towards the front axle while also raising it up. The Nissan skyline also features a AWD and a rear transaxle however an extra driveshaft is needed to send torque back to the front wheels, it also means the engine sits above the front axle. 
(Alex Gorodji, 2008)
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COG = + 0.442m towards the rear axle from the centreline of the car
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The car has a high dynamic index which would make it more stable and less twitchy to drive. This is suited to the type of car is it is a long-distance GT cruiser where comfort is prioritised. However due to the different driving modes which change damping rates and torque vectoring along with other system adjustments, the car can be tuned to feel more eager to turn when the driver desires it to be. This effectively gives the feel of having a low dynamic index, therefore a low dynamic index is not necessarily needed.

[bookmark: _Toc98754079]Mechanical Torque PathTwo speed overdriven gearbox. 1st gear is 15% greater than rear 2nd gear. Front 2nd gear is 15% greater than rear 4th. 
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Engine Crank Shaft 



90-degree pinion and gear 




Twin Multi plate clutch pack, one clutch pack per wheel. This clutch pack only delivers a maximum of 20% of maximum engine torque to the wheel. This is controlled by the clutch slip.
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Wheel 




The Torque path for the front of the Ferrari FF is unique compared to a conventional for wheel drive systems as there is a separate gearbox on the nose of the crankshaft. This eliminates the need for multiple driveshafts going throughout the car which distribute the drive from one gearbox. This dual gearbox layout allows for the components to sit closer to the ground therefore lowering the centre of gravity while also maintaining a transaxle at the rear for better weight distribution. On the front axle there is not a conventional differentia, instead there is a pinion and gear which is locked as there differential operation is done by the clutch packs. 
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7 speed gearbox  

Engine Crank Shaft 

E-Diff  
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Dual Clutch for quick gear changes  



The rear torque path is more traditional than the front however it still maintains some unique features. Torque is sent from the back of the crankshaft through a dual clutch then into a 7 speed trans axle. The input drive for the transaxle is lower than the output allowing for it to mounted lower in the car. Drive is then sent forward into an E-diff. 
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14) Discuss possible control algorithms, sensors required and potential vehicle dynamic improvements, 

[bookmark: _Toc98754086]- on power and off power
As the vehicle accelerates throttle position, g meter, suspension load, wheel slip are used to calculate the amount of slip given to the front axle and the control of the e diff on the rear axle, this will give the result of perfectly straight line acceleration on any surface. When decelerating it is important to open the differentials so that the car can decelerate safely. 
[bookmark: _Toc98754087]-  cornering
When cornering the inside wheel unloads as the outside wheel gains traction, the magnetic dampers can calculate the vertical force on the wheel to estimate grip levels depending on what road surface setting has been chosen by the driver. Therefore, torque can be accurately distributed to eliminate wheel slip and provide maximum traction while also helping the car turn round the corner
[bookmark: _Toc98754088]- on-limit lane change manoeuvres.
On limit lane change manoeuvres will likely not use torque vectoring as there is little acceleration, however ESP would be effective in stopping the back end of the car from oversteering. Active dampers can instantly stiffen up to maintain body control. These systems have been proven effective in situations like the moose test. 
[bookmark: _Toc98754089]- How the AWD system will inter-react with other vehicle dynamic control system
Inter reaction can be used to simulate different driving characteristics. Rear drive only can be selected to offer a more traditional driving style along with reducing the inputs from other dynamic control systems. This will make the car more challenging and engaging to drive. The opposite can also be done to maximise the vehicles stability.
[bookmark: _Toc98754090]Conclusion 
Overall, the report has shown that torque vectoring is an effective way to maintain vehicle balance and safety on higher powered vehicles. However, its use on low powered vehicles is limited as it is simply not necessary unless in offroad situations. The Ferrari ff system is advantageous is it is not a permanent AWD system that produces driveline drag while also maintaining a low centre of gravity. 
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