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In March  2011 Ferrari unveiled its first AWD vehicle the FF, As if working for a rival vehicle manufacturer, you have been asked by the engineering director to analyse the Ferrari FF vehicle All Wheel Drive systems in order to understand the effects on vehicle dynamics and potential control strategies from the torque vectoring front wheel drive system.
This is an engineering report trying to explain the system of the vehicle, trying to find out how such system behaves and works, and what consequences they would have if different testing figures were inputted into the equations.
In the report, mass and force figures are shown to one decimal points, while length and timefigures will be shown to 3 decimal points, where abled.
For detailed calculation, other than the text and captured images of tables in this document, please also refer to the MS Excel Files enclosed with this report.
[bookmark: _Toc40825386]Abstract
The FF is an abbreviation in the name “Ferrari FF” which stands for Ferrari Four, four for both four passenger seats and 4WD capability.
The FF is a replacement to the company's flagship model the 612 Scaglietti which weights the same as the FF at 1790kg even though the FF offers 4WD, the FF is slightly bigger in size and roomier inside.
Since the success of Ferrari’s F355 range of models, which continued by its GT model the F612 Scaglietti introduced in 2004, a vehicle which still consider to be sporty, yet is a combination of a hatchback with the quality of an estate car.
There were 3,025 units of Scaglietti sold at $200,000 each, representing a 605 million dollars of revenue to the company. But the market was changing, it demanded a faster yet luxury and comfortable vehicle, after nearly 10 years of research came the FF, Ferrari’s first 4WD model vehicle.
The aim of this report is to review the technical design characteristics of the FF, its marketability and to identify its merits and also areas where there can be of further improvement.
The report begins by introducing the basics of Vehicle Dynamics, then then it will move on to the detail investigation and calculation to establish some of the fundamentals of this vehicle’s design, and identify how the vehicle will respond under different testing parameters, even to the vehicles limit.
[bookmark: _Toc40825387]Base Vehicle Data
[bookmark: _Toc40825454]Table 1 Ferrari Models Production Numbers (Dealer, 2020)
[image: ]

Since the first Ferrari-badged car in 1947, there had been numerous Ferrari car models in production from 1956 onwards.
The above number of Ferrari models in the table were selected for this report because they are representative of the whole range of Ferrari models. But coincidentally they are also the only models with their Vector Drawings freely available to download from the internet, which are useful for later DI calculation in this report.
The FF does out perform all its predecessors, yet remains a vehicle designed for the GT mass market, it is not a Sports Car.

[bookmark: _Toc40825455]Table 2 Ferrari FF and Competitor Car Models (Carfolio, 2020)
[image: ]

Looking at the market in 2011, the closest 4WD competitors in the luxury car segment were Porsche and Bentley.
Porsche Panamera range of cars priced at $75,000 to $100,000 per unit had sold 9,394 units globally in 2011, reaching 25,000 units by 2014.
Bentley Continental range of cars priced at 175,000 to $200,000 per unit had sold 1,303 units globally in 2011, steadily reaching 1,595 units by 2014.
These figures compare to the Ferrari FF selling at 275,000 to $300,000 per unit, managed to sell a grand total of only 3,091 units from 2011 to 2016 before production ended.
Though it is not clear whether the FF had eventually managed to achieve what the designers had initially set out to achieve, nevertheless the market had accepted the FF for Ferrari did managed to create an impact to global luxury car market.
[bookmark: _Toc40825388]Explanation of generic Torque Vectoring Systems
The Torque Vectoring concept in automobile system is to redistribute torque between the driven wheels when the vehicle is cornering or slipping.
[bookmark: _Toc40825389]Torque Vectoring
When a vehicle is cornering, the outside wheels travels at a larger circle than the inside wheel, so the outside wheels will have to travel faster to catch up, otherwise it will be under steered.
Also, the outer wheels are experiencing greater force acting on it due to the turn.
To overcome this, manufacturers will use torque vectoring to compensate via the use of Electronic Torque Sensing differentials, it is done by redistribution of torque between the driven wheels of the turning vehicle.  Though this can also be done by breaking, but normally it is done by redistribution of torque only.
[image: ]
[bookmark: _Toc40825500]Figure 4‑1 Torque Vectoring system in action on an Audi 4WD vehicle (caricos, 2020)

The above diagram shows the torque vectoring system at work on an Audi 4WD vehicle, the colour coded arrows represents the drive forces.
[bookmark: _Toc40825390]Friction Dynamics and Static Friction
Static Friction occurs when two objects are at rest to one another.
Static Friction can be zero. It increases as applied force is increased until it reaches a maximum. Beyond the maximum, then the two objects are in relative motion to one another.
Dynamic Friction occurs when two objects are in relative motion to one another, it can not be zero, it remains constant regardless of velocity changes.
[image: ]
[bookmark: _Toc40825501]Figure 4‑2 Friction, Force and Mass in motion Diagram
[bookmark: _Toc40825391]Friction Eclipse and Friction Circle
The Friction Circle is a mathematical representation of the frictional forces of a car, it considers the acceleration, braking and the turning left or turning right forces all in the circle.
When a vehicle having turned half a corner, and needs to continue turning the corner, but at the same time wants to accelerate out of the corner, beside needing the friction force to help it accelerate, it continues to need the friction force to avoid the car sliding totally off the road.
The friction force Fk can be represented by equation:
 
Where µ is the coefficient of friction, and N is the normal force.
N is often the reaction force to Weight WT.
 WT = m.g	= N
Where m is the mass and g is the gravitational acceleration.

Assume the vehicle weights 2.04 tonnes, its normal force acting on it will be:
 N = 2040 x 9.8 = approximately 20000Newtons
Assume µ is equal to 1, and that the acceleration and turning forces needed are the same.
Then Fk = 1 x 20000 = 20000Newtons
Then intuitively the assumed acceleration force and turning right force must be 10000N each.
[image: ]
[bookmark: _Toc40825502]Figure 4‑3 Friction Circle and Car Turning Corner

But looking at the above diagram, the friction forces is mathematically represented by the friction circle, so long as the total applied force is within the circle, the vehicle will not slide.
Note the red arrow represents the maximum normal force of the vehicle without sliding, and r is the acceleration or turn right forces.
r = Acceleration = Turn Right
Solving by isosceles triangle:
 (Red Arrow)² = (Acceleration)²+ (Turn Right)²
 (20000)² = 2(r)²
 r = 14142Newtons
Which turned out to be greater than the earlier suggested intuitive figure at 10000Newtons.
That is why race car drivers will try to keep their performance near or to the circumference of the circle, in order to gain maximum efficiency.
[bookmark: _Toc40825392]The µ Slip Curve (Slip Angle)
Slip Angle is the angle between where the tyre is headed and where it is pointing.
Mathematic formula for the slip angle is:
 
Where the vehicle is moving in the direction of (), break down to velocity components of u and v as shown, and α is the slip angle.
[image: ]
[bookmark: _Toc40825503]Figure 4‑4 Slip Angle illustrated

When the front slip angle is larger than the rear, understeering will occur, and vis versa. If both front and rear slip angles are the same, it is at a neutral state and the drive will be smooth.

[image: [​IMG]]
[bookmark: _Toc40825504]Figure 4‑5 Slip Angle Vs Coefficient of Friction Chart (Driver, 2018)

Looking at the above chart, as the slip angle changes the coefficient of friction will also change, the plateau of the graph is the ideal range for cornering force, this is where maximum load can be applied.
[bookmark: _Toc40825393]Contact Patches (CP)
Understanding of CP
Any force going through a car is going through to the Contact Patches of the tyres, the contact produce friction with the road surface, giving the car the grip for acceleration, deceleration and also keeping the car on the road while going round corners.
When the lateral force acting on the tyre exceeds its frictional force, the tyre will slip.

[image: ]
[bookmark: _Toc40825505]Figure 4‑6 Contact Patches of Tyres going round a corner

The above diagram shows the tyres’ CP of a car when turning a corner, the outer CPs are larger because more downforce are being exerted on the outer tyres. The tyres are made of flexible materials, so it can deform.
Controlling of the CP
The more tyre surface is in contact with the road will produce a larger CP.
When extreme forces are applied to the tyre the shape of its CP can also change, shapes can even be square or irregular, under such extreme the central position of the CP can also move away from the centre of the tyre treads.
Loads on CP
When the CP area can no longer be enlarged, more downforce can generate more friction with the road. race cars will harness additional downforce through aerodynamic means, see below possible fraction circle of a race car. In Formula 1 racing, car tyres are known to be inflated to only 10 to 12psi versus domestic cars at 30psi, the race car tyres will stick to the road more effectively.
Normal vehicle with less need for turning forces may have an eclipsed shape friction circle.

[image: ]
[bookmark: _Toc40825506]Figure 4‑7 Normal Car and Race Car Friction Eclipse
[bookmark: _Toc40825394]A Lumped Mass of the Vehicle
Assume mass of Ferrari FF at 1880kg is evenly distributed, then its COG becomes:
From the manufacturer’s given information about front and rear weight distribution being 47% and 53% respectively, the distance from COG to the front axle “a” was calculated.
53% of Wheelbase (at 2.99m), which equals 1.585m.
And also “b“ was calculated to be 1.405m.

[image: ]
[bookmark: _Toc40825507]Figure 5‑1 Ferrari FF base car & COG Measurement (Docs, 2020)

Then the distance of COG to Mass Evenly Distributed COG (or WB-COD) “e” can be found.
WB-COG must be halfway of car length if the vehicle has evenly distributed mass.
So, Car Body COG to front axle = 4.907m / 2 - 0.899m = 1.555m
And Car Body COG to rear axle = 4.907m / 2 – 1.018m = 1.435m
Then “e” can be calculated by:
a – e = 1.555		or	e = 1.585 - 1.555 = 0.030m
b + e = 1.435		or	e = 1.435 – 1.405 = 0.030m	Checked!

Assume the FF with 3 distinct masses on the vehicle to be considered, they are the Vehicle Body, the rear wheel Gear Transmission Unit and the Engine with the PTU for the front wheel. Vehicle Body had been assumed with evenly distributed mass.
[bookmark: _Toc40825395]Research Data
Research information collected were very piecemeal, there was no gear transmission nor engine weight found for the FF, though the PTU is said to be 40kg to 45kg, which in turn is only half the weight of a normal 4WD units on competitor’s vehicle.
To make calculations, the solution was to make estimates and calculate with the data on hand for this research project.

[bookmark: _Toc40825456]Table 3 Engine Mass in general
[image: ]

[bookmark: _Toc40825396]Calculation for Mass and COG
[bookmark: _Toc40825397]Methodology -  By Observation:
Below from publication which indicated where the location of the vehicle’s rear transmission and its engine with PTU are for Ferrari’s 4WD GT model cars.
[image: Ferrari reveals 2022 roadmap with plans of new SUV and V6 hybrid ...]
[bookmark: _Toc40825508]Figure 5‑2 Ferrari 4WD GT Engine Architecture (Firfiray, 2018)
Converted observed information to FF.
[image: ]
[bookmark: _Toc40825509]Figure 5‑3 COG location of Ferrari FF Mass Components (Docs, 2020) (Dynamics, 2020)

From derived information, the masses of all three individual components of the FF was established.
Weight of Engine and PTU together, estimated to be 226.0kg.
Weight of the Gear Transmission Unit at the rear axle, estimated to be 190.5kg.
Weight of Car Body only = 1880 – 226 – 190.5 = 1463.5kg.

[bookmark: _Toc40825398]Methodology -  By Calculation:
With all the weight figures available, the outstanding figures was calculated (see enclosed Excel) :
Taking moment at the Rear Axle, equation was formed:
Reaction at Front Axle = Total of all the Weights by their Length to the Rear Axle
WR.(a+b) = WB.(a-e) + EP.c + GU.(a+b+d)
c = (WR.(a+b) - WB.(a-e) - GU.(a+b+d)) / EP
Engine & PTU COG to Front Axle “c” = 0.339m
d = (WR.(a+b) - WB.(a-e) - EP.c) / GU - (a+b)
Rear Gear Transmission COG to Rear Axle “d” = 0.306m
[bookmark: _Toc40825399]Mass and COG of Vehicle with Passengers
As the purpose of the vehicle was to be driven, it was important that the vehicle design has taken into consideration of accommodating passengers in the vehicle.
[bookmark: _Toc40825400]With two adults sitting in the front seats:
[image: ]
[bookmark: _Toc40825510]Figure 5‑4 Ferrari FF with Front Passengers

Assume two front passengers each weighing at 100kg total 200kg.
Assume sitting position be at COG of the vehicle. So, this will not pose any problem to the car’s designed stability due to the balance weight share to both the front and rear axles.
[bookmark: _Toc40825401]Passengers of two adults and two children.
Two children passengers at the rear each weighing at 50kg total 100kg.
COG of children at distance “g” from the rear axle. Since there are now additional mass to the vehicle, the COG of the Vehicle will change by a distance “ f ” from original COG position towards the rear axle.
[image: ]
[bookmark: _Toc40825511]Figure 5‑5 Ferrari FF with Front and Rear Passengers

From observation, assume “g“ to be 0.37m.
[bookmark: _Toc40825402]Calculation of Longitudinal COG Position
The new loaded vehicle’s longitudinal COG position will change:
Taking moment about the rear axle: where 
WF~ = (EP.(a+b-c) + WB.(b+e) + PA.b + PC.g - GU.d) / (a+b)= 1044.5kg
Taking moment about the front axle:
WR~.= (EP.c + WB.(a-e) + PA.a + PC.(a+b-g) + GU.(a+b+d)) / (a+b) = 1190.0kg
WT~ is the NEW total Reaction (or weight) including all the passengers.
WT~ = WF~ + WR~ = 2234.5kg, which is 54.5kg out form the sum of the weight of the car and passenger at 2180kg, or 2.5% out.

Looking for the new COG:
Taking moment about the rear axle:
WT~.(b-f) = WF~.(a+b)
f = (WT~.b – WF~.(a+b)) / WT~ = 0.008m
Taking moment about the front axle:
WT~.(a+f) = WR~.(a+b)
f = (WR~.(a+b) – WT~.a)) / WT~ = 0.008m

Finding new a & b represented by “a~” and  “b~” :
a~ = a + f = 1.592m		b~ = b – f = 1.398m
[bookmark: _Toc40825403]Calculation of Vehicle Moment of Inertia
The Moment of Inertia when the car is carrying passengers.

[image: ]
[bookmark: _Toc40825512]Figure 7‑1 Moment of Inertia when car carrying passengers

Moment of Inertia about the Z-Axis is represented by equation:
.
Where I = Rotational Inertia, m = mass, r = radius from a point.
When there are more than one body of mass involved, below equation applies:
.

Moment of Inertia at the Original COG of the vehicle with only Adult Passengers … (I) :
I = EP.(a-c)² + mx1.(rx1)² + mb1.(rb1)²/2 + PA.(rPA)² + GU.(b+d)² 
I = 3255.2 Nm

Moment of Inertia at the New COG of the vehicle with Adult and Children Passengers … (II) :
I = EP.(a-c+f)² + mx2.(rx2)² + mb2.(rb2)²/2 + PA.(rPA)² + PC.(b-f-g)² + GU.(b+d-f)²
I = 3372.9 Nm
[bookmark: _Toc40825404]Establish position of the Inertial Conjugate
Inertial Conjugate, or “Centre of Percussion”, it is the spinning about point, represented by:
 
(I) C = 0.988m			(II)	C = 0.972
[image: ]
[bookmark: _Toc40825513]Figure 8‑1 Ferrari FF Inertial Conjugate

[bookmark: _Toc40825405]Established “dynamic index” (DI) of vehicle
The Dynamic Index is represented by :
 	
(I) DI = 0.703			(II)	DI = 0.695

For sport car, the DI is in front of the rear axle, this is to allow the vehicle to gain greater agility and nimbleness. However, an excessively low DI can cause the car to be twitchy and unmanageable, so a vehicle with higher DI tend to be more manageable and easier to be in control, such as regular family saloons.
Industry aim for DI at 0.9 to 0.92, a good compromise between vehicle agility and control.

[image: ]
[bookmark: _Toc40825514]Figure 9‑1 DI Comparison of various vehicles from The Market (Sandford, 2020)

Ferrari design concept continues to embraced low DI. trading passenger comfort in favour of vehicle agility.

[image: ]
[bookmark: _Toc40825515]Figure 9‑2 DI Comparison of various Ferrari Models of vehicles
[bookmark: _Toc40825406]Comment on the Base Vehicle Specification

[bookmark: _Toc40825457]Table 4 Ferrari and Competitors  I  C and DI findings (Specs, 2020) (Database, 2020)
[image: ]

Ferrari 550 and FF are designed with low DI and centre of percussion in front of its rear axle, in line with competition, enable these vehicles to be much livelier than the older Ferrari models.
FF with its front and rear weight distribution at 47/55 is very different to competitor which are usually front heavy, Porsche with 52/48 and Bentley with 55/45. This can be a contribution from its newly designed lighter PTU, and also having its rear transmission unit hanging way behind its rea axle.
[bookmark: _Toc40825407]The Mechanical Torque Path to the front wheels
[image: AWD vs FWD vs RWD vs 4WD car drivetrain 2020 – ReviewStories]
[bookmark: _Toc40825516]Figure 11‑1 Different Car Drive Systems (Girish, 2017)

Above diagrams shows how different vehicle drive systems design their Torque Path to transfer energy from its engine to their wheels.
The traditional 4WD system would feed its front wheels with torque from the main drive shaft that is going in to the transmission unit at the rear axle. The problem with this approach is having to install a second drive shaft from the transfer case back to the front axle, with a weight penalty to the design.

[image: ]
[bookmark: _Toc40825517]Figure 11‑2 Ferrari FF Patented 4WD (European Patent No. EP 2 826 657 A1, 2014)

The Ferrari’s approach is to feed the front wheels directly from the engine as is illustrated from the above diagram, through Ferrari’s own patented Power Transfer Unit design which is only half the weight of conventional 4WD system.

[bookmark: _Toc40825458]Table 5 Ferrari FF Gear Ratio and rpm Analysis 
[image: ]

Without the additional drive shaft and the transfer case, the car body can have more room to accommodate the desired 4 passengers in its GT design, as well as being lighter in the vehicle’s overall weight. But the compromise of such a design means there is 2 clutch patches for the vehicle, with the front clutch patch always with some slippage. The front PTU system offers only 2 gears means that there is a much taller gearing jump between the front and the back at 65.3% and 33.9% for the First Gear and the Third Gear respectively.
[bookmark: _Toc40825408]Calculate the Clutch Pack(s) torque capacity
To simplify the calculation, other ROLLING RESISTANCE + AERO RESISTANCE + GRADIENT RESISTANCE etc. which can also influence the DRIVE FORCE needed was not taken into consideration in this report.
To calculate each wheel’s clutch pack’s Torque Capacity, possible maximum torque to each wheel must be considered.
Front wheels maximum only 20% of Torque, thus each front wheel has 10%. So, each rear wheel can have 40%. Of the total max Torque of the vehicle at 683Nm.
Front PTU where first gear is 6% taller than second gear of the rear gearbox. Also true for second front gear to rear fourth gear.
Torque Capacity = Number of clutch plates (z) x coefficient of friction of wet clutch (µ) x Normal (or Clamp) force (F) x mean radius of clutch plate [of gyration] (r)
 Tc = z.µ.F.r
Assume 	z = 7		µ = 0.05		r = 0.1m
Then Clamping Force for each wheel 	F = Tc / (z.µ.r)  can be derived.
[bookmark: _Toc40825459]Table 6 Clamping Force findings
[image: ]

Consider equation 	F = m.a 	Let F here be equals to Clamping Force, to help find acceleration potential.
[bookmark: _Toc40825460]Table 7 Check and Varify Acceleration findings
[image: ]
To check the above finding, assume Ferrari FF applying maximum Torque can achieve its maximum acceleration from stand still to 100km/hr (or 27.2m/s) in just 3.5s as advertised.
Acceleration 	= V¹ - Vº / t		Vº at stand still = 0
So, Acceleration = 27.2 / 3.5 = 7.9m/s	which is comparable to the figures in the above table.
[bookmark: _Toc40825409]Calculate Acceleration Improvements on Surfaces
Traction Force = Traction Coefficient x Normal Force	Fk = µ.N
Assume vehicle is with two adult passengers 	Weight = 2080kg
Front and rear weight ratio is 	47/53
[bookmark: _Toc40825461]Table 8 Different Road Surfaces Acceleration
[image: ]
Under the dry and wet condition, since the front wheel clamping force on a 4WD vehicle is smaller than the road traction available to the front wheels (Torque Limited), the vehicle performance improvement is limited, the gain is much more substantial under icy conditions (Grip Limited) with gains of 88.7%.
[bookmark: _Toc40825410]Establish YAW Rate in relation to Handwheel Position
Using the Tractive Forces found from earlier calculation.
Consider Inertia of the front and rear part of the vehicle separately by equation:
 I = MR²/2 	where assume each part is an evenly distributed circular disks, with COG at the centre of each axle, so moment of inertia is found for each body part. M is the mass of the particular car part, and R is the radius of the particular car part.
 Applying equations:
 T = rF		where T is the torque to the wheels, r is the radius from wheel to the middle of the axle, and F is the Tractive Force difference between the two wheels on the same axle.
 T = Iα		where α is the YAW rate increase.
 To find Yaw rate increase:
 α = T/I = 2rF/ MR²
With a left/right torque division at 60/40, the Yaw rate increase was found to be 4.415.
With a left/right torque division at 35/65, the Yaw rate increase was found to be 6.622.
[bookmark: _Toc40825462]Table 9 YAW Rate Increase
[image: ]
[bookmark: _Toc40825411]Possible Control and Vehicle Dynamic Improvement
The aim of modern in car sensors is to turn vehicles into even more intelligent than they had been, the areas where such intelligence applies can be categorised into:
Transport Efficiency ---
The 4WD is able to interact with its ABS (anti-lock braking system), both oven seen by the vehicles ESP (Electronic stability program), fuel efficiency can be achieved as the system switches to 2WD (2 wheel drive) when the vehicle is at Steady State, and the 4WD function is not needed. European Automobile Manufacturers Association observed that 4WD vehicles sales has shown a steady increase since 1990, due to its efficiency gain by design.
With Auto Start and Stop function of engine the engine, the vehicle emission has decreased, this has become a standard function in today’s production car.
Safety ---
Much emphasis is put on the need to minimise the potential in causing harm to both passengers inside the car and to people and properties outside of the car.
Deploying passive devises such as seat belt sensors to alert the passenger and driver, to the design of crash behaviours of the car components to ensure safety. Active devises such as the Lane Change Adaptive Cruise control, can reduce vehicle speed to avoid danger, and yet be able to pick up speed to meet the desired cruise speed when there is no obstacle nor further danger in front.
Another welcoming area of development is the Optical Driver Kinematics sensor and alert system, which detects driver’s tiredness and prevent driver from sleeping while on the wheel.
Driver and passenger experiences ---
Though there are much mechanical limitations to a vehicle, nevertheless designers try to use sensors and algorithms to improve the handing of the vehicle, such as allowing driver input to select between Sport, Comfort and other mode settings for the vehicle.
When driver input becomes unreliable, to override the system to maintain drivability and continue to secure the driver’s trust to the vehicle systems.
Yaw Damping
To tighten the turning trajectory of the vehicle, Yaw moment can be increased by driving the rear wheels faster than front, and the outside wheels faster than inside wheels. Such Yaw damping and Torque Vectoring techniques are becoming common in production cars. 


[bookmark: _Toc40825412]Findings Summary and Conclusion
Ferrari had seen the growth of the GT market, that is why they had invested heavily both in time and finance into its first production 4WD model the FF, the FF had a low DI, though it was not a sports car, but it was still lively and still a well-made car.
It lasted only five years not because it was a badly designed car, but more of the reason that the car market, or more specifically the GT market competition was extremely unforgiving.
The GT market has since moved on to the SUV market with SUV Sales in the USA representing 60% of all its passenger car sales. This sales pattern has replicated itself in the European market, and the trend continues into the Asian market as well.
[bookmark: _Toc40825463]Table 10 USA SUV Sales 2018 Vs 2017 (Greenfield, 2020)
[image: ]

SUV stand for Sport Utility Vehicle, it’s a car looking like an off-road vehicle, but it is really for regular road usage.
The SUV market has grown substantially over the past years, there is three major reasons whey buyers like SUV:
· Economical to run – improved mechanics and better electronics enable the vehicle fuel consumption to drop dramatically.
· Hi sitting position – passenger visibility advantage over low to the ground vehicles.
· More Space – for shopping, pets and for general carriage usage.
Consumer research found that the majority of public prefer SUV over regular sedan or hatchback, especially after they had experienced the vehicle in person. The road leading them on was a road with no return.
Ferrari plans to launch their new Ferrari Purosangue, it is their own FUV which stands for “Ferrari Utility Vehicle” in 2022, this will be the first SUV Ferrari produces. Like the FF, it is also a 4WD aims at integrating performance and comfort, but this time it will have proper room for four full size passengers. Its direct rivals will be the Bentley Bentayga, Lamorghini Urus and Aston Martin DBX which are already selling well in the SUV market.
It is important for Ferrari to continue serving this performance and luxury market. As Ferrari’s product marketing director Marco Valentini had said “the Ferrari FF is the world's fastest four-seat model car, it had creates a segment of its own because no other competitors match the model for roominess and all-round versatility."
And believe Ferrari will continues to do so with the Ferrari Purosangue FUV.
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Model Engine

Number 

Produced

Start End Max PS

Max 

Torque

Top Speed 

(MPH)

Zero-60 

(s)

250 V12 39 1961 1964 302 246 174 5.4

355 V8 11,273 1995 1999 380 168 186 4.7

550 V12 3,083 1996 2001 486 568 199 4.4

430 V8 499 2004 2009 490 343 196 4.0

612 Scaglietti V12 3,025 2004 2011 533 434 199 4.1

Ferrari FF V12 3,091 2011 2016 660 683 208 3.5
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Ferrari FF

Porsche Panamera 

Turbo (970)

Bentley Continental 

GT Mark II

Bentley Continental 

GT SPEED Mark II

Year 2011 - 2016 2009 - 2017 2011 - 2018 2012 - date

Class GT - Coupe Super Saloon GT - Coupe/Convertible GT - Coupe/Convertible

Body type 2 Door 4 Seat 4 Door 4 Seat 2 Door 2+2 Seat 2 Door 2+2 Seat

Engine position front front front front

Drive wheels 4 Wheel Drive 4 Wheel Drive 4 Wheel Drive 4 Wheel Drive

Transmission 7 Speed Dual Clutch 7 speed automatic 6 speed automatic 8 speed automatic

Dimensions

Wheelbase 2990  2920  2746  2746 

Length 4907  4970  4806  4806 

Width 1953  1931  1943  1944 

Height 1379  1418  1403  1394 

Kerb weight 1880 kg 1995 kg 2495 kg 2320 kg

Engine

Cylinders V 12 in 65° vee V 8 W 12 in 15° vee W 12 in 15° vee

Capacity 6262 cc 4806 cc 5998 cc 5998 cc

Max Power

660 PS (650.5 bhp) 

(485 kW) @8000rpm 

550 PS (542.5 bhp) 

(405 kW) @6000rpm 

575 PS (567 bhp) 

(423 kW) @6000rpm 

625 PS (616.2 bhp) 

(460 kW) @5900rpm 

Max Torque

683 Nm (504 ft·lb) 

(69.6 kgm) @6000rpm 

800 Nm (590 ft·lb) 

(81.6 kgm) @3000rpm 

700 Nm (516 ft·lb) 

(71.4 kgm) @1700rpm 

800 Nm (590 ft·lb) 

(81.6 kgm) @2000rpm 

Top Speed 335 km/h (208 mph) 306 km/h (190 mph) 314 km/h (195 mph) 330 km/h (205 mph)

0 - 60 mph 3.5 s 3.7 s 4.4 s 3.9 s

Wheels

Wheel size front 8½J x 20 9½J x 20 9½J x 20 9½J x 21

Wheel size rear 10½J x 20 11J x 20 9½J x 20 9½J x 21

Tyres front 245/45 ZR 20 255/40 ZR 20 275/40 ZR 20 275/35 ZR 21

Tyres rear 295/35 ZR 20 295/35 ZR 20 275/40 ZR 20 275/35 ZR 21

Front brake diameter 398 mm 390 mm 405 mm 405 mm

Rear brake diameter 360 mm 350 mm 335 mm 335 mm
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Mass (kg) Engine Transmission

Combined 

System

Small Car 110 45 151

Medium Car 158 120 272

V8 in General -- 160 350

McLaren F1 266 94 --

Porsche 996 Carrera 204 -- --

Porsche 996 Turbo 260 -- --

Mercedes 5.8L -- V12 222 -- --

BMW 5.0 -- V12 240 -- --

Jaguar 5.3 -- V12 278 -- --

Ferrari 456GT -- V12 235 -- --

Ferrari F50 -- V12 (titanium rods) 198 -- --

Ferrari F430 188 -- --

Ferrari 360 Modena 184 -- --

Ferrari F355 168 -- --

Ferrari “250” V12 173 -- --
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Ferrari 250 Ferrari 355 Ferrari 430 Ferrari 550 Ferrari FF

Porsche 

Panamera 

970

Bentley 

Continental 

GT Mark II

Bentley 

Continental 

GT SPEED

Introduced to Market 1963 1997 2004 1996 2011 2011 2011 2011

Vector Drawing

Picture

Vehicle Length (m) 4.400 4.250 4.512 4.550 4.907 4.970 4.806 4.806

Vehicle Width (m) 1.674 1.900 1.923 1.940 1.953 1.931 1.943 1.944

Wheel Base (m) 2.389 2.450 2.600 2.490 2.990 2.920 2.746 2.746

Kerb Weight (kg) 1277.0 1350.0 1450.0 1690.0 1880.0 1995.0 2495.0 2320.0

Front & Rear Ratio (%/%) 52/48 41/59 43/57 50/50 47/53 52/48 55/45 55/45

Car Front to Front Axle (m) 0.786 1.032 1.100 1.085 0.899 1.025 1.030 1.030

Car Rear to Rear Axle (m) 1.225 0.768 0.812 0.975 1.018 1.025 1.030 1.030

a   (m) 1.147 1.446 1.482 1.245 1.585 1.402 1.236 1.236

b   (m) 1.242 1.005 1.118 1.245 1.405 1.518 1.510 1.510

Inertia (kgm

²

) 1906.2 2218.4 2531.9 2472.3 2936.6 3195.2 4119.6 3832.2

Inertial Conjugate (m) 1.302 1.137 1.178 1.175 0.986 1.143 1.336 1.337

Dynamic Index (dimension less) 1.048 1.132 1.054 0.944 0.701 0.753 0.885 0.885

DI Location (to rear axle) Behind Behind Behind Infront Infront Infront Infront Infront

Centre of Percussion to Rear 

Axle (m) 0.059 0.132 0.060 0.070 0.420 0.376 0.174 0.174
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At Maximum Torques of 8000rpm

Gear Number

Rear Gear 

Ratio

Engine to 

Shaft ratio

Rear Drive 

Overall Ratio

To Rearbox 

rpm

To FrontBox 

rpm

Front Drive 

Overall Ratio

F Vs R rpm 

difference

F Vs R rpm 

difference %

1 3.40 4.38 14.89 537.2 888.1 9.01 350.9 65.3

2 2.18 4.38 9.55 837.8 888.1 9.01 50.3 6.0

3 1.63 4.38 7.14 1120.5 1500.8 5.33 380.3 33.9

4 1.29 4.38 5.65 1415.9 1500.8 5.33 85.0 6.0

5 1.03 4.38 4.51 1773.3

6 0.84 4.38 3.68 2174.4

7 0.63 4.38 2.76 2899.2
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Front Left Front Right Rear Left  Rear Right Total Units

Max Torque to  

Each Wheel (Nm)

68.3 68.3 273.2 273.2 683 Nm

Torque (Nm) [15% 

lost to Slip]

58.1 58.1 232.2 232.2 580.6 Nm

Clamping Force 

Needed (N)

1951.4 1951.4 7805.7 7805.7 19514.3 N

CF1

Clamping Force (N) 

[6% lost to front]

1834.3 1834.3 7805.7 7805.7 19280.1 N

CF2

Clamping Force (N) 

[further 15% lost to 

slip] 1559.2 1559.2 6634.9 6634.9 16388.1 N
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Mass

With Front 

Passengers

2080 kg

Front+Rear 

Passengers

2180 kg

With Front Passenger With Front & Rear Passenger

F = m.a CF1 CF2 CF1 CF2

a 9.3 7.9

 m/s²

8.8 7.5

 m/s²
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Applying CF1 condition only (6% lost of force at front axle)

Regular Tyre Dry Asphalt

Gravel/Wet 

Asphalt

Hard Packed 

Snow

Ice Units

Traction 

Coefficient 0.90 0.60 0.20 0.10Dim.less

Rear Wheel Drive Normal Force 10803.5 10803.5 10803.5 10803.5 N

Traction force 9723.2 6482.1 2160.7 1080.4 N

Acceleration 4.7 3.1 1.0 0.5  m/s²

4WD Front N Force 9580.5 9580.5 9580.5 9580.5 N

Front Fk Force 8622.4 5748.3 1916.1 958.0 N

Available 

Front 

Clamping 

3668.7 3668.7 3668.7 3668.7 N

Rear N Force 10803.5 10803.5 10803.5 10803.5 N

Rear Fk Force 9723.2 6482.1 2160.7 1080.4 N

Total Fk Force 13391.9 10150.8 4076.8 2038.4 N

Acceleration 6.4 4.9 2.0 1.0  m/s²

Performance Improvement : 37.7 56.6 88.7 88.7 %
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Traction Coefficient 0.9 Front Track : 1.776 Rear Track : 1.676

Car Width :  1.953Front Track r :  0.888 Rear Track r :  0.838

Balance Left Wheel :  60% Right Wheel =  40%

Front Left Front Right Rear Left  Rear Right Total

Max Force to  Each 

Wheel (N)

1834.3 1834.3 4861.6 4861.6 13391.9

Force Diverted : 

Left and Right

2201.2 1467.5 5833.9 3889.3 13391.9

Force [6% lost to 

front]

2069.1 1379.4 5833.9 3889.3 13171.7

Moment

991.7

Yaw Rate

4.415

Force[further 15% 

lost to slip]

1758.8 1172.5 4958.8 3305.9 11196.0

Moment

991.7

Yaw Rate

3.752

466.1 525.6

1.117 2.635

525.6

3.100 1.314

466.1
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SUV Models 2017 2018 Change

Toyota RAV4 407,594 427,168 4.8%

Nissan Rogue 403,465 412,110 2.1%

Honda CR-V 378,600 379,021 0.1%

Chevrolet Equinox 290,458 332,621 14.5%

Toyota Highlander 215,775 244,511 13.3%

Jeep Wrangler 190,522 240,032 26.0%

Jeep Cherokee 169,882 239,437 40.9%

Jeep Compass 83,253 171,167 105.6%

Honda Pilot 127,279 159,615 25.4%

Hyundai Tuscon 114,735 153,792 34.0%

Mazda CX-5 127,563 150,622 18.1%

Chevrolet Traverse 123,506 146,264 18.4%

Subaru CrossTrek 110,138 144,384 31.1%

Toyota 4Runner 128,296 139,694 8.9%

GMC Terrain 85,441 114,311 33.8%

Lexus RX 108,307 111,636 3.1%

Kia Sorento 99,684 107,846 8.2%

Chevrolet Tahoe 98,961 104,152 5.2%

Volkswagen Tiguan 46,983 103,022 119.3%

Dodge Journey 89,470 94,096 5.2%

Buick Encore 88,035 93,071 5.7%

Chevrolet Trax 79,289 89,917 13.4%

Nissan Murano 76,732 83,547 8.9%

Kia Sportage 72,824 82,823 13.7%

GMC Yukon 49,183 74,678 51.8%

Others 1,617,673 1,925,977 19.1%

Total 5,383,648 6,325,514 17.5%
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