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The purpose of this report is to analyse the All-Wheel Drive systems that were employed within the production of the Ferrari GT car in March 2011. This, therefore, will give an understanding of the vehicle dynamics of the vehicle from the torque vectoring system used and will allow an evaluation to the performance of the vehicle in a number of different driving conditions. 
Vehicle specifications will be researched and then used to calculate certain performance aspects of the vehicle that can be used to analyse the capabilities of the torque vectoring system on the front axle of the vehicle. 
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The Ferrari FF, also known as ‘Ferrari Four’ for its four passenger seats and its four wheel drive capabilities, was unveiled in 2011 with its all wheel drive system being ‘50% lighter than comparable systems’. (Meiners, 2011)
The FF’s V12 engine sits just behind the front axle which has its own front-wheel-drive transmission which can utilise ‘up to 20% of the engine’s total torque output’. The rear-wheel-drive seven-speed gearbox is situated over the rear axle of the vehicle with the main body weight to the rear of the rear axle. The positioning of these masses results in a front weight distribution of 47% and therefore rear weight distribution of 53% which improves the handling and so the performance of the vehicle. The two-speed front transmission is a helical gearset which is driven by the crankshaft. Its first gear covers the rear’s first and second gears, and the front’s second covers the rear’s third and fourth gears. From fifth gear in the rear transmission, there is no front-wheel drive. But this system is in place to improve the performance of the vehicle in speeds below 60mph. The power to the front axle is controlled by the hydraulic wet multiplate clutches, meaning the slip can be regulated. Torque vectoring can then be used to control the power from the left to the right. This adaptability of the power to each of the four wheels means that the car can perform to a high standard in all weather conditions. (Austin, 2011)     
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Torque vectoring systems are used to improve the handling performance of vehicles by improving the grip under cornering or in slippery conditions. This is done by redistributing torque between the driven wheels to where it is needed most. So, to take a car when cornering as an example, the torque can be redistributed to the outside wheel which allows a yaw moment to be generated which aids the car to turn into the corner. There are two types, torque vectoring by braking and by differential. The FF uses the by differential method. (Kingston, 2018)
A normal differential cannot manage the distribution of torque between wheels. If one wheel loses traction to the surface, then it will continue to spin due to the power taking the path with the least amount of resistance. However, a torque vectoring system electronically manages the distribution between wheels using small clutch packs so that power goes to the wheel where it is needed to avoid any slip depending on the grip available and the control from the driver. (Hirons, 2022)
The clutches are ‘planetary gearsets’ which means the output gear is turning quicker than the input. When the car is travelling in a straight line then the clutches are not engaged, but under cornering, the clutch on the side of the outside wheel engages which directs the drive more towards this side of the axle, increasing its speed. This creates a ‘yawing effect’ which helps turn the vehicle into the corner. The same system can be used in a way to redirect the power from the differential to improve the grip of the tyres under low-traction conditions by reducing the slip. (Kingston, 2018)
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3.1 Lumped mass model
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[bookmark: _Toc98739653]Figure 2 – Ferrari FF (n.d)

Figure 1 above illustrates a lump mass model for the FF. The main large masses for the vehicle have been modelled to illustrate their size and position within the anatomy of the car. 
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To find the longitudinal position of the centre of gravity, ‘a’ must be found. As the values for the weight of the vehicle, the wheelbase and the longitudinal weight distribution are known, and as shown in Table 1, this can easily be calculated using the equation below.




As Boyle (2021) calculated for a fully loaded Ford Mustang the height of the CoG would be at 10.57 inches which is 0.267m. The height for the FF would be around 0.2m too. 
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The moment of inertia can be calculated using the equation below:






The position for inertial conjugate can be calculated by:



The inertial conjugate is 1.41m from the CoG. It is in line with the rear axle.

The dynamic index can be worked out as follows:



With the vehicle having a long wheelbase at almost 3m and a weight distribution of close to 50/50, it gives the vehicle a low dynamic index. These factors mean that the car is very stable at high speeds which is suitable for this type of car, a GT car. But accompanied with torque vectoring it is more than capable of cornering well at high speeds.

With the location of the FF’s V12 engine being just behind the front axle, the torque produced by the engine does not need to travel far to reach the front wheels of the vehicle. The front axle transmission is driven by a conical gear right off the crankshaft of the engine. The torque then feeds to each sides of the axle to reach the left and right wheels. This all means not much torque is lost in the process of it reaching the wheels which results in better grip being achieved for the vehicle. 
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Vehicle Data
Length (mm)
Width (mm)
Height (mm)
Wheelbase (mm)
Front track (mm)
Rear track (mm)
Kerb weight (kg)
(weight inc. full
tank petrol)

front weight
distribution (%)
Rear weight
distribution (%)

4907
1953
1379
2990
1676
1660

1880

47

53

4.907
1.953
1.379
2.99
1.676
1.66

333333

883.6 kg

996.4 kg
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Ferrari FF (2012)
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