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[bookmark: _Toc98751983]Abstract 
This paper is analysing the AWD system of a Ferrari ff to find the advantages it has over a conventional system this paper looks into the performance of the car and how torque vectoring effects the dynamics of the car in different manoeuvres.

[bookmark: _Toc98751984]Literature review 

[bookmark: _Toc98751985]Torque vectoring 
Torque vectoring is a method to help a vehicle achieve better cornering performance it does this by controlling the torque applied to each wheel this idea means that the car can maximise the grip from each tire.
[bookmark: _Toc98751986]brake-based torque vectoring
this systems controls the torque to each wheel by limiting torque output by using the brakes to reduces the output to each wheel this system only works by stopping the wheels from slipping. 
[bookmark: _Toc98751987]limited slip differential (LSD) 
this is a system that controls torque mechanically where it delivers power more evenly when there is more force applied trying to create a difference between each side. it locks up more when there is more torque difference between each axle.
[bookmark: _Toc98751988]e-differential 
an e-diff is a system work is the same as clutch-based diff but they are electronically controlled. These systems have control units which look though may streams of data that the car collects though its sensors and pre-emptively directs torque during the most likely times wheel slip may occur, it does this electronically with a way of controlling the amount of slippage the clutch will give at a given time. This is usually done with something like a motor that spins up and drives a ball assembly. the ball assembly activates the clutch mechanism.  (Team, 2020)
[bookmark: _Toc98751989]Electric torque vectoring
Electric vehicles have arguably the best system for torque vectoring as electric cars can monitor its wheels speed very accurately and the motors can control their torque output very quickly and precisely. This and added with a advanced control unit means that the car can maximise the available grip to a high degree add this to a car that has an electric motor on each wheel and system will have a near perfect torque vectoring system.
Torque vectoring systems can be used differently for different situations this would be the difference between straight line and cornering or power on or off situations and different sensors or control algorithms. 
[bookmark: _Toc98751990]Mass distribution 
The mass distribution makes a massive difference on the car ability to change its yaw this would be dependant of where the centre of mass is and how far away masses are acting from the centre of mass, both these make the car much more responsive if as close to the centre of the wheelbase. This is only affected by how you want weight on the wheels that power the vehicle as a RWD vehicle would benefit from a more 40%60% weight bias with 60% of the weight at the rear to aid in the propulsion of the vehicle. The Ferrari is 4-wheel drive but most of the time acts like a RWD car this is why it has a close to 50%50% weight distribution with it coming to 47%53% bias which helps drive the rear its also because the rear wheels provide most of the power. 
[bookmark: _Toc98751991]straight line 
in the situation of straight-line instances, it wouldn’t do much but with situations of limited traction like launching or snow it would be used to help to find the limit of traction of each tire, this would aid in the delivery of the power to the ground improving the performance but this system would have to ensure that it doesn’t have enough of an effect that it create a moment arm that causes to car to turn unpredictably. This system would work best with a sensor that can monitor at a high refresh rate to quickly detect if slipping has occurred and adjust the toque. 
[bookmark: _Toc98751992]on power and off power
With a power on situation the ideas are very simple with more torque output to the outside wheels to create a moment arm on the car to aid in turning. With off throttle applications a diff would need to become like an open diff as this would create slippage if it didn’t open and would become unstable.
ether need to be able to decelerate the inside wheel this would have to be done with the brakes of the vehicle to create a moment arm to turn the vehicle, or the control algorithm adds engine out put to the outside wheel regardless of what the drivers input with the throttle is this would be very closely controlled as the driver is requesting characteristics of an off-throttle vehicle which would slowly decelerate. 
Both these examples assume that the car is in a cornering at a steady state if the car was under heavy braking event it would uses a stability control system to reduce the chance of the car spinning this is not a system that helps cornering speed but is a safety system.

[bookmark: _Toc98751993]on-limit lane change manoeuvres
this situation would be similar to the moose test caried out on May cars this would help improve the performance on this test. This test works by maintaining a set speed through a lane change with speed increasing until the vehicle hits knocks down the cones or spins out and loses control as this test would take place at the limit of grip it would be able to send power to the outside wheel which has been loaded with the weight transfer from the turn and would then aid in the torque vectoring system. 

[bookmark: _Toc98751994]AWD system inter-reaction with other vehicle dynamic control systems
This would be how the car reacts to systems like dynamic dampers the Ferrari ff does have dynamic dampers that change the stiffness of them in different driving modes. This would change the cornering of the vehicle by changing the time the dampers return to the standard position this would aid in the grip of the car by helping how the vehicle maintains a good contact patch on the ground the Ferrari could uses a system like adjustable ride hight this would help the vehicle lowering its centre of gravity aiding in a reduced weight transfer the best system would be like systems used in f1 in the early 1990s where the car can control the ride high of the suspension during cornering to make the car lean into turns and help with positioning the weight in the perfect position for performance this system is also used for comfort by Bose help treat each wheel individually when traveling over bumps this system would work very well with torque vectoring as each wheel would be maximised all the time.

[bookmark: _Toc98751995]Ferrari ff 
Ferrari ff is a heavy car at 1880kg but this is relatively light weight when compared to a similar car like the Bentley continental GT which weighs 2165kg this car uses a conventional AWD system this system is a large factor in making to as light weight as it is. 
The Ferrari uses a PTU at the front which is a power transfer unit which takes power from the front of the crankshaft this then goes through a two-speed transmission then going into the clutch system which is made of two multi clutch plate packs with each controlling torque output to each of the front wheels this means that the hydraulic system that controls activation of these clutches can choose how it wants to send power to each of the wheels this gives it a torque vectoring system. 
The two-speed transmission at the front also utilises the clutch system so that it can slip the clutch to allow the front a rear wheels to travel at the same speed as the gear ratios wouldn’t be the same. This means the front clutch slips for a long duration but this clutch is a wet clutch which will have a longer life as the oil helps cool the clutch plates. It uses the 1st gear for the 1st and 2nd with the 7-speed transaxle and 2nd gear works with 3rd and 4th of the transaxle then 5th 6th 7th gear are all rear wheel drive as traction at these speeds will not be limited. (motor vehicle maintenance and repair, 2019)





[bookmark: _Toc98751996]Methodology 
[bookmark: _Toc98751997]Calculation of the longitudinal C of G position
Cog distance from front axle  
Cog distance from rear axle 

[bookmark: _Toc98751998]lumped mass model
This equation is used to find the centre of mass of something with multiple masses 

The use of this equation can be used to see how much the centre of mass changes Problem with this equation is that the position of the driver was estimated as the Ferrari ff was not measured 






This means that the cog mas moved 8.7mm backwards but as this is influenced by the position of the driver it wouldn’t be that accurate with it being an estimation it also wouldn’t be useful as the driver can easily change their seating potion and weight and the fact that this car is so large it wouldn’t be noticeable this would be more useful in instance like karting formula student or in the pursuit of a perfect weight distribution in something like f1 where the weight of the driver is considered in the design of the car.

[bookmark: _Toc98751999]vehicle’s moment of inertia (about Z-Z axis)


[bookmark: _Toc98752000][bookmark: _Hlk98744147]Establish the position of the inertial conjugate
Find the inertia about the front wheels this is the moment of inertia with a driver (shown above)
Then need to be found which is just mass × moment of inertia = 2.53
Then the inertia conjugate  = 
The inertial conjugate is the position the rear wheels rotates about this helps to show how manoeuvrable the car is with how quickly it can change its yaw 
[bookmark: _Toc98752001]Establish the ‘dynamic index’ of the vehicle

The dynamic index is stability of the car and how the mass is positioned to the centre of mass which also has a effect on the cars ability to change its yaw 
The clutch packs at the front are approximately 0.1 outer radius with a inner radius of 0.07 with 4 plates on each side of the car this give the clutch an surface of 0.01 

Area 

The pressure can be found by dividing the force on the pressure plate by the surface with this the pressure applied has to be estimated 

The normal force is found from taking the pressure and area 

Friction can be found with the coefficient of friction value and the normal force 

Then axial force is required this is worked out with 

Then the torque capacity can be found 

As show this clutch pack can manage the out put given to it and have capacity to play with to give it a higher factor of safety 

[bookmark: _Toc98752002]Conclusion 
In conclusion this assignment found the effect a driver’s mass has on the car with a lumped mass model then finding the inertial conjugate on the car with the dynamic index this helps to analyses the dynamics of the car this assignment also goes into research of different way of managing power delivery to the wheels then going into how the Ferrari ff does this and how this system may be improved with added systems and control algorithms 
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