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Abstract 
This report looks at and analyses the all-wheel-drive system for a Ferrari FF along with looking into torque vectoring systems and their controls. In the report, the CoG, inertia/inertia conjugate, dynamic index, longitudinal acceleration and yaw of the vehicle were calculated and assessed by applying different road conditions and masses to see the effect on them. From this, it was seen that by adding mass to the vehicle, the CoG, inertia, inertia conjugate and dynamic index changed due to the centre of mass changing in the vehicle. With the Cog and inertia rising by 0.1m and 52.29 Km^2 along with the dynamic index and inertial conjugate decreasing by 0.02m and 0.06m it could be seen the effects mass location has on the Ferrari. Again, looking at how factors change it was seen threw calculating the longitudinal acceleration how the road surfaces affect acceleration.
From all this data, two outcomes were achieved:
1. Looking at the result it could be stated that a large level of error can be assumed due to the estimation of dimensions, distances and masses used within the equations. 
2. The relevant control systems needed for a Torque Vectoring system. The main controls needed were found to be wheel speed sensor, steering sensor and yaw sensor; this all helps the torque vectoring system understand if the vehicle is under/over steering or skidding and helps rectify the problem.
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This report will look at and analyse the all-wheel-drive system for a Ferrari FF. In this report, the CoG, inertia/inertia conjugate, dynamic index, longitudinal acceleration and yaw of the vehicle will be calculated and assessed on how road conditions/the adding of mass will affect them. This information will then pinpoint what kind of systems need to be used for a torque vectoring system to work. A look into the torque pathways of the Ferrari and how the torque vectoring system works will also be carried out in this report. 


[bookmark: _Toc99205963]2.0 Research 

[bookmark: _Toc99205964]2.1 Torque vectoring
[bookmark: _Toc99205965]2.1.1 How it Works 
Torque vectoring (TV) systems translates inputs such as wheel/vehicle speed, yaw rate, steering angle, braking and accelerating into torque commands for the wheels. Using these torque commands, the system takes the engine torque and splits it front to rear and side to side using a control unit differential, this distribution of torque allows for better performance and traction control (Maharun, 2014).
An example of this system would be during turning. If the vehicle turns left with understeer, the TV system will transmit the input torque of the driveshaft from the left rear to the right rear wheel with the use of a Gear train and multi-clutch system. This produces a greater torque on the outer wheel allowing for the vehicle to correct its steering angle. This will also affect the longitudinal driving force between the right and left wheel with the difference producing a yaw moment helping the vehicle bend into the corner more sharply. In the case of the vehicle driving straight ahead, the TV acts as a simple differential (Maharun, 2014).
[bookmark: _Toc99205966]2.1.2 Types of Torque Vectoring 
2.1.2.1 Differential 
A differential takes power/torque and distributes it evenly between the vehicle’s wheels, but is unable to control which wheel receives the most torque. This means during wheel spin, the torque will take the path of least resistance and spin the slipping wheel instead of providing torque to the wheel that still has traction (Carwow, 2022).
The TV system will use a set of clutches within the differential to precisely control how much torque is sent to each wheel, thereby controlling the slip of the wheels. This is all controlled according to driver input and grip availability (Carwow, 2022).
The difference between TV and LSD systems is that an LSD distributes power between the wheels mechanically by limiting the power that Is not required, an electrical system distributes the power to the wheel that has the most grip (Carwow, 2022).
2.1.2.2 brakes 
In vehicles where it proves to be inefficient to install a differential, a braking system would be implicated. This system uses the vehicle's brakes as a way of torque vectoring, allowing for more power/torque to go to the wheel with more grip (Carwow, 2022).
[bookmark: _Toc99205967]2.1.3 Pros and Cons
The prose of using a TV system are as follows:
· Helpful in slippery conditions 
· Improves cornering stability 
· Good for use on tracks 
Cons of using TV systems are as follows:
· Benefits of the systems will not be seen in most driving conditions
· Although performance vehicles come with TV it is expensive to produce, install and repair. 

[bookmark: _Toc99205968]2.2 Vehicle Information 
The vehicle chosen for this report Is a 2011 Ferrari FF with a V12 engine. This car uses 2 gearboxes, a 7-speed in the rear and a 2-speed in the front (Car and Driver, 2011). 
[bookmark: _Toc99205969]2.2.1 Specific Torque Vectoring System 
The front-wheel-drive system sits at the front of the vehicle in line with the axle (the engine is located behind the front wheels in a front-mid arrangement) and is capable of handling 20 per cent of the engine's total torque output. The system is driven by a conical gear coming off the crankshaft (this can be seen in figure 3), the front transmission is a helical gearset with two forward speeds plus reverse (Car and Driver, 2011; Advanced Motorsport, Sandford (b)).
Engine power is routed through a gear set (figure 3) and into two electronically-controlled, hydraulic multi-plate wet clutch packs, these are located off to the driver’s side of the front-mounted transmission with one pack per wheel (Car and Driver, 2011). The system works by varying the level of slip of the clutch, allowing for wheel speeds/Power delivery front to rear and side to side (Car and Driver, 2011).

[bookmark: _Toc99205970]2.2.2 Masses and Vehicle Information
The masses used in this report were estimated based on the following information:
· Mass of a single male and female were found to be 83.6Kg and 70.2Kg respectively (BBC News, 2010).
· The average mass of a V12 engine is 294 Kg, this was rounded to 300 Kg (ADJUSTMYCAR.COM, 2022).
· The mass of the 7-speed gearbox was estimated to be 60Kg with the rear Gearbox being estimated to be 45 Kg
Along with the masses other pieces of information needed to be calculated or estimated, this information can be seen in Table 1.


[bookmark: _Toc99205991]Table 1: Information used in Calculations 
	Variable
	Figures
	Unit

	Engine
	300
	Kg

	Front Gear Box
	45
	Kg

	Rear Gear Box
	60
	Kg

	Passengers (1 male/1 Female)
	153.8
	Kg

	Kerb Mass
	1880
	Kg

	Overall Mass +Passengers
	2033.8
	Kg

	Chassis Mass
	1475
	Kg

	Front Chassis Mass
	693.25
	Kg

	Rear Chassis Mass
	781.75
	Kg

	Fuel Tank Mass
	67.1
	Kg

	Wheelbase
	2.99
	Kg

	CoG From Front
	1.58
	m

	CoG From Rear
	1.41
	m

	Max RPM
	8000
	rpm

	Max Torque
	683
	Nm

	Torque to Front
	20
	%

	Torque to Rear
	80
	%

	Number of Clutch Plates
	8
	N/A

	Outer Radius
	0.075
	m

	Inner Radius
	0.02
	m

	Coefficient of Friction
	0.15
	N/A

	Performance Values
	0-62 mph in 3.70 seconds over 35.00 Meters

	Vehicle Velocity
	9.46
	m/s

	Mu on Motorway (1)
	0.96
	N/A

	Mu on Snow (2)
	0.03
	N/A

	Dry Asphalt (3)
	0.9
	N/A

	Dirt Road (4)
	0.68
	N/A

	Road Angle
	0.261799
	Radians

	Corner Radius
	15
	Degrees

	Speed
	9.46
	m/s

	Corner Circumferences
	94.25
	m


Car Specs A-Z,2020; Gallaway & Rose, 1970; Rasul, 2007; HPWizard.com, n.a; Holgerson,1999; Advanced Motorsport, Sandford (b).


[bookmark: _Toc99205971]3.0 Methodology 
From the information shown in Table 1, the following calculations could be carried out; the relevant symbols along with their meanings and any given value can be seen in Table 2.
[bookmark: _Toc99205992]Table 2:Definition/Values of Equation Symbols (Advanced Motorsport, Sandford (b))
	Variable
	Figures and meaning
	Unit

	M1
	Chassis Mass (693.25)
	Kg

	M2
	Engine and Gear Box (345)
	Kg

	M3
	Rear Gear Box (60)
	Kg

	M4
	Rear Chassis Mass (781.75)
	Kg

	M
	Passenger Mass (153.8)
	Kg

	A
	Distances of M1 to CoG (0.79235)
	m

	B
	Distances of M2 to CoG (1.0)
	m

	C
	Distances of M4 to CoG (1.036)
	m

	D
	Distances of M3 to CoG (1.41)
	m

	E
	Distances of Passengers to CoG (0.5)
	m

	F
	Distance of M from Front Wheel (2.08)
	

	G
	Distances of Passengers from vehicle centre line (0.3)
	m

	VMtotal
	Vehicle mass with or without passenger (2033.8/1880)
	Kg

	Tmax
	Max Engine Torque (683)
	Nm

	R1
	Outer Clutch Plate Radius (0.075)
	m

	R2
	Inner Clutch Plate Radius (0.02)
	m

	n
	Number of Clutch Plates
	N/A

	μp
	Mu of clutch plate (0.15)
	N/A

	μx
	Mu of Road Surface
	N/A

	ϴ
	Road Angle
	Degrees

	Rcorner 
	Corner Radius
	Degree

	z
	Number of Frictional Surfaces (2)
	N/A

	V
	Velocity
	m/s

	V1
	Start Velocity (0)
	m/s

	V2
	End Velocity (62)
	m/s

	C
	Corner Circumferences
	m



[bookmark: _Toc99205972]3.1 Centre of Gravity 
Calculating the unladen centre of gravity from the front of the vehicle was as simple as multiplying the wheelbase by the rear mass distribution. Once CoG was found the new CoG needed to be calculated, this time taking into consideration the passengers' mass; this was done with the use of a lump mass model (figure 1, this figure is not an accurate representation of the mass around the car).
[image: ]Before any calculations are carried out to find the new CoG, it first needs to be checked that the vehicle is inertially balanced, this is done by multiplying the mass by its distances from the unladen CoG; this results in the inertia of the vehicle. [bookmark: _Toc99205988]Figure 1:Lump Mass Model (Side View)

These inertias are then added together depending on whether they are before or after the CoG. The inertias in front of the CoG must be equal to the inertias behind the CoG.
Once the vehicle is inertially balanced the following equation can be carried out to find the new CoG. (Equation 1).

[image: ]Equation 1: calculation for new CoG with Passenger mass added, Advanced Motorsport, Sandford (c); Advanced Motorsport, Sandford (d); Advanced Motorsport, Sandford (e).
[bookmark: _Toc99205989]Figure 2:Lump Mass Model (Top View) (Advanced Motorsport, Sandford (a))
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Once the new CoG was found, the moment of inertia around the Z-Z axis needed to be calculated (Equation 2 and 3). Two inertia values were calculated, one with and one without the passengers.

Equation 2: Calculation for Inertia without passenger mass, Advanced Motorsport, Sandford (c); Advanced Motorsport, Sandford (d); Advanced Motorsport, Sandford (e).
One assumption with Equation 2 is that both engine and gearboxes are located at the centre of the axis.
When calculating Equation 3 the distances of the passengers from the centre axis needed to be known (Figure 2), this could be calculated using Pythagoras’s Theorem. Once this was known the inertia of the vehicle could be calculated.

Equation 3: Calculation for Inertia with passenger mass, Advanced Motorsport, Sandford (c); Advanced Motorsport, Sandford (d); Advanced Motorsport, Sandford (e).
[bookmark: _Toc99205974]3.3 Inertia Conjugate 
Once inertia is calculated it can be used to find the inertial conjugate (Equation 4). Again, this equation can be altered to involve passenger masses.

Equation 4: Calculation for Inertia Conjugate, (Advanced Motorsport, M. Sandford (c); Advanced Motorsport, M. Sandford (d); Advanced Motorsport, M. Sandford (e).
[bookmark: _Toc99205975]3.4 Dynamic Index
The final value to calculate for the vehicle's base specifications is the dynamic index, the equation for this can be seen in Equation 5.

Equation 5: Dynamic Index, Advanced Motorsport, Sandford (c); Advanced Motorsport, Sandford (d); Advanced Motorsport, Sandford (e).
The following equations are based on the multi-plate wet clutch system used on the front gearbox. This gearbox has two clutch packs with a total of 4 clutch plates per pack resulting in 8 friction faces in one pack.
[bookmark: _Toc99205976]3.5 Axle Force
When calculating values for the clutch, the first thing needed to be found is the axle force application value, this can be calculated using Equation 6.
 
Equation 6: Axle Force Advanced Motorsport, Sandford (c); Advanced Motorsport, Sandford (d); Advanced Motorsport, Sandford (e).


[bookmark: _Toc99205977]3.6 Clutch Pack Torque Capacity
Once the axle force was calculated the torque capacity for a single clutch pack can be calculated (Equation 7), this can later be multiplied by 2 to get the toque capacity for the entire clutch system. (X-Engineer, 2022)

Equation 7: Clutch Pack Torque Capacity, (X-Engineer, 2022)
[bookmark: _Toc99205978]3.7 Longitudinal Acceleration 
When calculating the longitudinal acceleration different values for the coefficient of friction were used, this will allow for comparison on how different frictional values affect longitudinal acceleration. Equation 8 shows the acceleration calculated from the data provided, this is calculated for comparison later. Before acceleration is calculated the vehicle’s final velocity (V2) needed to be calculated (Equation 8).

Equation 8: Velocity (Mucha & Czarina (b), 2022)

Equation 9: Acceleration (Mucha & Czarina (a), 2022)  
When calculating the longitudinal acceleration for the vehicle a different equation was used (Equation 10), the new equation took into account road surfaces and angle.

Equation 10: Longitudinal Acceleration  
[bookmark: _Toc99205979]3.8 Yaw Rate
The final equations used was to find Cornering Force (Equation 11) and Yaw Rate (Equation 12)

Equation 11: Cornering Force

Equation 12: Cornering Force


[bookmark: _Toc99205980]4.0 Results and Analysis 

Table 3 shows the base vehicles specification calculate.
[bookmark: _Toc99205993]Table 3: Vehicle Specification, CoG, Inertia and Dynamic Index
	Variable
	Figures
	Unit

	CoG
	1.58
	m

	New CoG Front (With Passenger)
	1.68
	m

	Inertia without passengers
	1737.78
	Kgm^2

	Inertia with passengers
	1790.07
	Kgm^2

	Inertial Conjugate without passengers
	0.58
	m

	Inertial conjugate with passengers 
	0.52
	m

	Dynamic index without passengers
	0.42
	m

	Dynamic index with passengers
	0.40
	m



The CoG of a vehicle (centre of mass) is the focal point of all the weight and forces acting on the vehicle, this focal point can change when additional masses/forces are applied to it. This can affect the handling of the vehicle due to the shifting of the CoG affecting the moment of the vehicle itself (Carsblog, 2022).
An example of this can be seen when looking at how the CoG shifts when a passenger enters the vehicle. Before the passenger gets into the vehicle, the CoG was just over halfway. The CoG then shifted further back as the passengers entered the vehicle; this is due to the passengers sitting behind the initial CoG.
The shift of the CoG affects the inertia of the vehicle with there being a 52.29 Kgm^2 rise in inertia once the passengers get in. When looking at the equation for inertia (equation 13) it can be seen that an increase in mass will cause an increase in inertia.

Equation 13: Inertia
The inertial conjugate is the location in which no movement takes place when a vehicle moves in a direction that does not pass through its centre of gravity (i.e a spinout). With the centre of gravity moved further back, it moves closer to the inertial conjugate, causing the values to decrease (Blundell & Harty, 2004).
If the dynamic index is less than 1 it means that the inertial conjugate is behind the CoG and ahead of the rear axle. This means the rear of the car will move outwards during cornering; this is the case with the Ferrari FF.


[bookmark: _Toc99205994]Table 4: Axle Force and Clutch Pack Torque
	Variable
	Figure
	Units

	Axle Force Application
	5991.23
	N

	Clutch Pack Torque Capacity
	379.655
	Nm



379.655 Nm was calculated for clutch pack torque capacity (Table 4), this value was calculated for a single clutch pack. Multiplying this value by 2 you get 759.31 Nm; this is the torque capacity of both clutch packs for the front wheel gearbox. This value compared to the max torque of the engine (683 Nm) comes out to 76.31 Nm, this could be due to the estimated figures for the size of the clutch plate or the values used as the coefficients of friction.
[bookmark: _Toc99205995]Table 5: Longitudinal Acceleration on Different Surfaces
	Variable
	Longitudinal Acceleration

	Longitudinal Acceleration from Base Data
	2.56

	Motorway
	2.44

	Snow
	0.08

	Dry Asphalt
	2.29

	Dirt Road
	1.73



Table 5 shows the longitudinal acceleration of a car on a 15-degree slope with different road surfaces, the coefficient of friction values used for this can be seen in Table 1. 
As Table 5 shows, for surfaces such as asphalt and motorway, the acceleration is not far from that calculated from base data. When looking at the looser surfaces such as dirt roads the acceleration is less than that of asphalt/motorway, this is due to the lack of grip on the road surface. Looking at the final surface, snow it can be seen that the longitudinal grip drops off almost instantly; this is due to the lack of grip on the icy surface. 
When a vehicle corners or undergoes a lateral tilting motion, yaw is produced in which the vehicle performs a rotary angular movement around the vehicle’s axis. For most vehicles, the yaw rate varies linearly depending on the steering angle during cornering at low speeds. To allow for driver comfort/safety the yaw rate should be suppressed during high speeds (Cars Explained, n.a; Huang & Tsai, 2019). The yaw rate for Ferrari FF going round a 15-degree corner was calculated to be 0.63, this value could be argued to be inaccurate due to assumptions made.
To see full results along with variables, refer to appendices 1.


[bookmark: _Toc99205981]5.0 Discussion 

[bookmark: _Toc99205982][image: ]5.1 Mechanical Torque Pathway [bookmark: _Toc99205990]Figure 3: Ferrari FF Torque Pathway (Advanced Motorsport, Sandford (a))

As mentioned in the research section of this report, the system connecting the front half shafts to the front Gearbox is a multi-plate wet clutch system.
Following from the engine the red line shows the torque path to the rear gearbox, this is then passed through a self-locking differential and out to the wheels. The blue line passes through a gear train into the multi-plate clutch system and out through the front differential (Advanced Motorsport, Sandford (a)).
The 1st and 2nd gear of the front gear train is 6% greater than the 2nd and 4th of the rear gearbox, this means the front transmissions 1st gear covers the rear’s 1st and 2nd and the 2nd gear at the front covers the rears 3rd and 4th gears (Car and Driver, 2011; Advanced Motorsport, Sandford (a)).
“The system does not operate above 4th gear; this is due to Ferrari stating the torque delivered in 5th gear can be easily handled by the rear tires. Ferrari also mentions that the system is designed to make the vehicle more usable in varying conditions” Car and Driver, 2011
[bookmark: _Toc99205983]5.2 Possible Control Algorithms 
A TV system uses many different forms of input to ensure efficient distribution of power and torque from the engine to the wheels of the car.
· Yaw and steering sensor: From the steering sensor the TV system can identify the pathway wanted by the driver for a given corner. Once the TC system knows the pathway it can use the yaw/steering sensor to recognise when the vehicle is understeering or oversteering, from this it will provide extra torque/power to the relevant wheel to correct the angle of the vehicle as it turns.
· Throttle pedal sensor: this sensor will Inform the system of throttle input allowing it to know the power coming from the engine along with any changes in acceleration. 
· Brake pedal sensor: this will inform the system when deceleration takes place and the severity of the braking needed. This will also be used for the ABS to prevent skidding or wheel lock-up.
· Wheel speed sensor: this is one of the most important sensors. Using this sensor, the Tv system can tell if a wheel is spinning faster than the other, from this it is then able to redirect torque/power to the needed wheel allowing for increased performances in a 4-wheel drive vehicle. This can best be applied when comparing it to the longitudinal acceleration of the vehicle calculated in Table 5.
Mathworks, 2017; Maharun, 2014; Carwow, 2022; Huang & Tsai, 2019

[bookmark: _Toc99205984]5.3 Validity of Results Produced 
From looking at the result produced for this report it can be stated that a large level of error can be assumed due to the estimation of dimensions, distances and masses used within the equations. This means that with all results no comparison can be made along with any solid conclusions. Although no comparisons can be made from the results found, it is clear that the equations used are relevant to the topic of TV.


[bookmark: _Toc99205985]6.0 Conclusion
Looking at the data calculated two conclusions can be made:
1. The validity of the information used within the equations should be queried due to them being estimated or assumed.
2. Despite the incorrect figures the equations used correctly demonstrate the expected pattern. This can be seen best in how the CoG/inertia increase with the adding of mass, it can also be seen when looking at the effect of mu on lateral acceleration.
By adding mass to a vehicle, the CoG, inertia, inertia conjugate and dynamic index all change; this is due to the centre of mass changing in the vehicle. This change due to mass can be seen in Table 3. By adding the mass of the passengers into equations 1-5 it can be seen that the CoG and inertia increase (CoG buy 0.1 m and inertia by 52.29 Kgm^2) along with the dynamic index reducing (0.02m for dynamic index and 0.06m for inertia conjugate).
When comparing the calculated longitudinal acceleration (2.56) to that calculated using different road conditions the following can be stated. With a harder surface such as a motorway or asphalt, the acceleration is closed to that calculated (2.44 and 2.29), this is different when compared to that calculated on slicker/looser surfaces like snow and gravel (0.08 and 1.73).
Yaw is experienced during cornering and is the result of the cornering forces acting on the vehicle coursing it to rotate around its axis.
A TV system works by altering the power/torque flow between the 4 wheels of the Ferrari FF. If one wheel is seen spinning, or during cornering the vehicle sees understeer, the TV system will provide extra torque/power to the needed wheel to readjust the steering angle or provide needed traction to overcome slip. This type of system needs sensory input to be able to respond correctly, from the calculations above along with research 3 main inputs are seen to be needed; steering, yaw and wheel speed. With the use of the steering sensor, the TV system can predict the chosen pathway for the corner, then using the yaw sensor in conjunction with the steering the TV system will be able to predict any under or oversteer and adjust accordingly. The wheel speed sensor will tell the TV system when the wheel slip or an imbalance of forces is experienced between the tyres, from this the TV system can adjust accordingly. 
In summary, the TV system should be implemented in both 2-wheel and 4-wheel drive vehicles due to the improved performance in handling the system provides to the driver.
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[ Rear H032 o
Engine Fx Kg
Type V265 degrees
Tolal Displacement 6252 3
Bore and Stroke 94 > 757
Madmurm Poner 85 660 CV ol BI00 AP
Mairmum Toraus 693 Nim - 504 670 Kg) of 6000 FPMA
Specific Dulput KWitre - 105 CViltre
Maxirmurm revs per mine 8000 FPM
Compression ratio 31
Performaces
[ iimumSpesd 208 mph
062 mph in 37 sec ()
}—m in TTsec
Dy WeighiFower Ralio 27 kgCV
Fuel Consumplionf 02 emissions
[_Fuel Consurmption 4L 00Km
[ CozEmissions 0 gk
Transmission and Gearbox 000 Kg
[ 1Y) 4500 Kg
[ 7-5pesd F1Dual-Clutch gearbox
Elelectronic Contralls
4RV contral (inegralion of Frac. ediff and PTU conlrls]
ABSIEED
ESC
spension
[(SCM3 ird generstion of magnelorhedlogical suspension cotrall
Humans
[ Vi £ Ka 836 Kg
[ formen 702 Ka 02 Ka
Tvre Data
[ ToresF 58 2R 2085020 |

[ Tores F

35 2R 20102 x 20 ]

Engine
Fron Gear Box
Rear Gear Box
ople (1man + 1Woman)
Kerb Mass
Overall mass + People
Chassis Mass
Fron Chassis
Flear Chassis Mass
Fuel Tark Mass.
Wheel base
Cog From Front
Cog From Rear

Max FPM
Max Torque
Torque to Front
Torque to Rear
Number of Plates
Outer Radius
Inner Radius
Cosfficent of Friction

mph
062mph

Velocity
Mu on Molorway 1
Muon snow2
Dry Asphalt 3
Dirt Fload 4
Poad Angle

Cormer Fdius
Speed
Corner Circumfrances

Seconds
a7

a4
0%
003
03
088

0261733

5
£
4%

Kg
Kg
Kg
Kg
Kg
Kg
Kg
Kg
Kg
Kg

m

m

m

APM

NA
Rads

Deg
s
m

Front

Mass
M1 Chassis Mass
M2 (Engine and Gear Box)
M (People)
M3 Rear Chassis mass
Mé (Rear Gear Box)

Inetial Balance Without People

Cog
New Cog From Front With Passenger
New Cog From Rear With Passenger

Inertia zz Without People
Inertia zz With People

Inertia conjugate vithout People
Inertia conjugate with People

Dianmic Index Without People
Diarmic Index With People

Asil Force Application
Clutch Pack Torque Capacity

Acceleration from Sources Data
Longitudinal Acceleration Surface 1
Longitudinal Acceleration Surface 2
Longitudinal Acceleration Surface 3
Longitudinal Acceleration Surface 4

Comering Force With People
Lap Time
Lap Time (Deg'Sec)
Yo Rte

Mass (Kg]  Distance from Cog (m)
69325 079235

35
538
8175
60

Front
8343

158
168
131

737.778424
1790068424

0858
052

042
040

599122807
379654663

286
244
008
22
173

S17.4823472
3

3613247367
0630830631

1000
05
103
141

Rear
8342

333

Moment _ Distance From Front Wheel
5432966375 079235
34500 100
769 7 208
803833 1036
8438 233
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