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1) [bookmark: _Toc40734052]Abstract
This assignment is a look into the handling characteristics of a  Ferrari FF, and how torque vectoring can improve handling. Using a lumped mass model, the distance to the centre of gravity (CoG) was found, which allowed a dynamic index to be found the car.
The clutch packs in the front and rear diffs clamp forces were calculated which were then added to lateral and longitudinal grip calculations to find out how the torque vectoring system affected performance.


2) [bookmark: _Toc40734053]Base vehicle data
	dimensions
	
	

	length
	4907
	mm

	width
	1953
	mm

	height
	1379
	mm

	wheelbase
	2990
	mm

	front track
	1676
	mm

	rear track
	1660
	mm

	vehicle mass
	1880
	kg

	dry weight
	1790
	kg

	weight dist.
	47/53
	%

	tyres and rims
	
	

	wheels
	20"
	

	tyres
	 35 profile
	

	brakes
	
	

	front brakes
	398x38
	mm

	rear brakes
	360x32
	mm

	engine
	
	

	type
	v12  65deg
	 

	displacement
	6262
	cc

	bore
	94
	mm

	stroke
	75.2
	mm

	power
	486
	kw

	torque
	683
	Nm

	spec output
	77
	kw/L

	max rpm
	8000
	rpm

	comp ratio
	12.3:1
	

	performance
	
	

	top speed
	335
	kph

	0-62
	3.7
	s

	0-124
	11
	s

	fuel cons
	
	

	fuel cons
	15.4/100
	L/km

	co2 emissions
	360
	g/km

	transmission and gearbox
	
	

	4RM
	

	7-speed f1 dual clutch
	

	electronic controls
	
	

	4RM control
	integration of F1 trac, Ediff, and PTU control

	ABS/EBD
	
	

	ESC
	
	

	suspension
	
	

	SCM3 magnetic damping control
	




3) [bookmark: _Toc40734054]Torque vectoring systems
[bookmark: _Toc40734055]3.1 What is torque vectoring
Torque vectoring is the ability to distribute drive force to each wheel at each corner of the car independently. In a typical all-wheel drive (AWD) system, power is sent to both front and rear axles constantly (for example: Subaru Impreza), but with torque vectoring power can be varied between the front and rear axle, and then that percentage can be split further between the left and right wheels. This can be achieved via differentials with added electronically controlled clutch packs that distribute the drive force to the left or right wheel when needed by applying pressure to the clutch plates. A number of manufacturers have come up with a few different systems of how to achieve this, including BMW, Audi, Mitsubishi, Lexus, and Ferrari. 
Looking at Acura’s Super Handling All Wheel Drive (SH-AWD) system, under straight line acceleration on a high grip surface, the power will be split 50/50 between the front and rear axles, this gives the car the maximum amount of traction to pull away as quickly as possible. As the car reaches a corner, sensors in the car that monitor vehicle speed, gear position,  steering, yaw rate, wheel speed, lateral G force, and other factors tell the computer to activate the electromagnetically controlled clutch pack in the rear diff so that the 50% of power that is sent to the rear is split and a higher portion is sent to the outer wheel, creating a moment around the cars vertical axis that aids turn in. (McGraw, 2009)
Torque vectoring can be extremely useful for vehicles that come up against all sorts of extreme conditions such as off road, or snow and ice, as it can send just the right amount of torque to each wheel so that the car can pull away without breaking traction due to a number of onboard sensors. 


4) [bookmark: _Toc40734057][image: ][image: 2011 Ferrari FF - Side - 1600x1200 - Wallpaper]Lumped mass model of the Ferrari FFF
M2=90kg
centreline
Driver
0.089m
B = 1.405m
A = 1.584m
L=2.99m
Rear gearbox
Tank
PTU
Engine


53%
1880x0.53
M3= 996.4kg
47%
1880x0.47
M1= 883.6kg
 =  = 1.584m


5) [bookmark: _Toc40734058]Centre of gravity position
[image: ][image: ]
CoG = wheelbase x 0.47 = 1.405m
Centre of car = wheelbase / 2 = 1.495m
CoG distance from centre = 1.495 – 1.4053 = 0.0897m or 89.7mm toward the rear
89.7mm
53%
47%
996.4 / 2
 = 498.2kg
883.6 / 2
 = 441.8kg
996.4 / 2
 = 498.2kg
883.6 / 2
 = 441.8kg

6) [bookmark: _Toc40734059]Moment of inertia about ZZ
I = mk2
I = (M1x F2) + M2(A-F)2 + M3(L-F)2
I = (883.6 x 1.58472) + 90(1.5847 – 1.5847)2 + 996.4(2.99-1.5847)2
I = 2218.96 + 0 + 1967.76 = 4186.72 Kgm


7) [bookmark: _Toc40734060]Inertial conjugate position
[image: ]α = (F/M) + (MxB)/I 
α = (1.5847/(1880 +90)) + (((1880+90) x 1.405)/4186)
α = 0.66

α = F/M 
α = 1.5847/(1880+90) 
α = 8.04x10-4

α = (F/M) – (MxB)/I
α = (1.5847/(1880 +90)) - (((1880+90) x 1.405)/4186)
α = -0.66
C = I/(M x A)
C = 4186 / ((1880+90)x1.5847)
C = 1.34m (behind CoG)

[image: ]
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[bookmark: _Toc40734061]8) Dynamic index calculation
DI = I / (M x A x B)
DI = 4186 / ((1880+90) x 1.5847 x 1.405)
DI = 0.95

[bookmark: _Toc40734062]9) Base vehicle specification discussion
The calculations above were then used again to find other Ferrari models handling calculations. Table 9.1 below shows the values calculated for each model
Table 9.1 - Table showing the values calculated for other Ferraris
	Model
	FF
	458 Italia
	Enzo
	California

	F value (M)
	1.584
	1.536
	1.486
	1.415

	CoG behind centerline (M)
	0.0897
	0.212
	0.162
	0.080

	Inertia (KgM)
	4186.72
	2361.18
	2559.6
	3072.14

	Alpha
	-0.66
	-0.649
	-0.67
	-0.7

	Centre of percussion (M)
	1.34
	1.113
	1.16
	1.254

	Dynamic index
	0.95
	1
	1
	1



The FF has a lower dynamic index than other Ferraris, which means the vehicle is more agile overall compared to other models. It was also noticed that Ferraris seem to design their cars with the driver as close to the centre of gravity as possible. 

[bookmark: _Toc40734063]10) Mechanical torque path
[image: ]Power to rear wheels
Power to rear wheels
differential
Gears
Clutches
Figure 10.0.1 - Torque path from the engine to the rear wheels of the
 Ferrari FF. (FERRARI S.p.A., 2010)
Torque from engine

[image: ]Clutch packs


PTU gears
differential
Figure 10.2 - Torque path from the engine to the front wheels of the 
Ferrari FF (FERRARI S.p.A., 2010)

[bookmark: _Toc40734064]11) Clutch pack torque capacity, approximate sizing’s, axial force application values, power loss characteristics
[bookmark: _Toc40734065]11.1 Front torque capacity
Max torque @ 6k = 683N/m
ω = 2π/60 x 6000 = 628.3 rad/s
P = T/ω = 683 x 628.3 = 429.129KW 
power to front wheels = 20% = 429129 x 0.2 = 85.825KW or 42.912KW to each front wheel
So putting that back into T = P/ω gives: 42912 / 628 = 68.33N/m through each clutch pack
[bookmark: _Toc40734066]11.2  Front clamping force
Taking the clutch plate inner and outer radii as: rin = 0.07m  rout = 0.12m
F = 2T / μ x (rinner + router)
F = (2 x 68.33) / (0.05 x (0.07 + 0.12))
F = 14.385KN
there is 4 clutch plates, so divide by 8 surfaces
F/8 = 1798N clamp force at each plate.
11.3 Rear torque capacity
Max torque @ 6k = 683N/m
ω = 2π/60 x 6000 = 628.3 rad/s
P = T/ω = 683 x 628.3 = 429.129KW 
power to rear wheels = 80% = 429129 x 0.8 = 343.303KW or 171.6515KW to each front wheel
putting that back into T = P/ω gives: 171651.5 / 628 = 273.33N/m through each clutch pack
11.4 Rear clamping force
Taking the clutch plate inner and outer radii as: rin = 0.07m  rout = 0.12m
F = 2T / μ x (rinner + router)
F = (2 x 273.33) / (0.05 x (0.07 + 0.12))
F = 57.543KN
there is 4 clutch plates, so divide by 8 surfaces
F/8 = 7192.89N clamp force at each plate.
[bookmark: _Toc40734067]12) Potential longitudinal acceleration improvements on a variety of surfaces



[bookmark: _Toc40734068]13) Yaw rate increase generated by system
Relate to handwheels position 
Find potential moment caused by offset drive – work out moment drive force is pulling car round    Additional rotational accel you can get with asymmetrical driveAngular acceleration
a = V2 / r
a = 202 / 36
a = 11.1 m/s
Weight transfer
WTF = (M a H)/ Tf            assume front CoG height at 0.5m
        = (883.3 x 11.1 x 0.5) / 1.676
WTF = 2926N
WTR = (M a H) / TR          assume rear CoG height at 0.6m
        = (996.4 x 11.1 x 06) / 1.660
WTR = 3997N
Yaw rate
D = 72m     circumference = π x 72 = 226.2m
t = 226.2 / 20  = 11.3s for a full lap
yaw = 360 / 11.3 = 31.85 deg/s


V =20 m/s
M= 883.6 Additional rotational accel you can get with asymmetrical drive kg

[image: ]
[image: ]
(883.6/2) x 9.81
 = 4331N
(996.4/2) x 9.81
 = 4885N
Lateral grip right
888/9770 = 9%

Lateral grip left
8882/9770 = 90%

Lateral grip rear
8882+888 = 9770N
Lateral grip front
7256+1405 = 8661N
Lateral grip right
1405/8661 = 16%

Lateral grip left
7256/8661 = 83%

4331-3997
=888N
4331+3997
=8882N
4331-2926
=1405N
4331+2926
=7257N
r = 36m
M= 996.4kg Additional rotational accel you can get with asymmetrical drive kg

[bookmark: _Toc40734069][image: ]

longitudinal grip circles front
AFL =√(72572 – 35952)
= 6303.97N 
AFR = √(14052 – 6932)
= 1222.2N



longitudinal grip circles rear
ARL = √(88822 – 43962)
= 7717.39N
ARR = √(8882 – 429.72)
= 771.49N
A
A
A
A
888
7257
439.7
4396.8
693
8882
1405
3595
RR000
FR
RL
FL
4885.4 x 0.09
= 439.69N
4331.12 x 0.83
= 3595.83N
4331.12 x 0.16
= 692.98N
4885.4 x 0.90
= 4396.86N

[bookmark: _Toc40734070]AFL =√(72572 – 35952)
= 6303.97N plus up to an extra 1798N from the torque vectoring = 8101.97N
AFR = √(14052 – 6932)
= 1222.2N plus up to an extra 1798N from the torque vectoring = 3020.3N
ARL = √(88822 – 43962)
= 7717.39N plus up to an extra 7192.89N from torque vectoring = 14910.28N
ARR = √(8882 – 429.72)
= 771.49N plus up to an extra 7192.89N from torque vectoring = 7964.38N 


14) Control algorithms, sensors required and potential vehicle dynamics improvements 


[bookmark: _Toc40734071]15) Summary
In summary, this assignment has tried to understand and calculate how a Ferraris 4RM torque vectoring system works. A mass model was made to work out the position of the centre of gravity. Which then allowed the inertia about the ZZ axis, and dynamic index to be worked out. Other Ferraris dynamics were also calculated and compared to the FF, and it was found that Ferraris design attempts to put the CoG as close to the drive as possible whilst also aiming for as close a dynamic index to 1 as possible. 
Clutch pack torque and clamping force to find out how much extra wheels could be sent to the front and back wheels was also calculated.  And the car was put into a cornering situation to find the lateral and longitudinal grip and how much extra longitudinal grip could be added to each wheel through torque vectoring. 
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