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Abstract - Motorsport Engineering is mainly focused on achieving high speed along with stability. Nowadays, high speed 
can be achieved in various ways, but stability is quite hard to achieve. This paper primarily focuses on a mechanism that will 
take a step to increase stability. The automation in the rear car spoiler will use the aerodynamic effect of the spoiler to help 
the car during sharp turns. 
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I. INTRODUCTION 
 
When a car running at a high speed encounters a turn, 
various forces act upon it. Its previous motion was 
straight but by turning (say left) it is pulled inside i.e. 
centripetal force is acted upon it due to the friction 
between the road and the car tires. If the car's speed is 
high enough, the previous straight motions's inertia 
will overcome the centripetal force and the car will 
slip. 
To overcome this problem and to increase the car’s 
stability, the spoiler was invented. A spoiler is an 
aerofoil shaped symmetric wing that is generally 
attached to the rear part of the car. The spoiler pushes 
the car down due to its aerodynamic effect and 
thereby increases the car's stability by increasing the 
friction. Nowadays, automotive spoilers are also 
available that adjust the angle of attack of the wing 
according to the speed to vary the downward force. 
Now, what if the spoiler were to be tilted along the 
other perpendicular axis keeping the angle of attack 
constant? This paper will explain the theoretical 
details and advantages of tilting the spoiler to vary 
the direction of lift force to improve efficiency and 
stability while turning. 
 
II. THEORITICAL DETAILS 
 
2.1. Aerofoil 
An aerofoil is shown in Fig1. As seen in the figure 
the chord is the line joining the front edge and trailing 
edge. The part above the chord has a longer perimeter 
than the lower part. So, as the wind flows, the 
velocity of wind on the upper part is higher relative to 
the lower one. As the difference in velocity exists, 
there will be a difference in pressure i.e. low pressure 
above and high pressure below. This pressure 
difference will cause an upward force commonly 
known as lift.  
 
The angle at which the aerofoil is placed relative to 
the direction of wind is called angle of attack. It 
determines the amount of wind flowing above and 
below the aerofoil. 

 

 
Fig 1: Aerofoil 

 
2.2. Conventional Rear Spoiler 
A rear spoiler attached on a car is of an upside down 
aerofoil shape as shown in Fig 2. Due to this reason 
the lift force generated pushes the car down. In olden 
days the car spoiler was only attached at a fixed angle 
of attack for a particular car. Nowadays, few cars 
have even developed a mechanism to control the 
angle of attack according to the speed of the car. 
 
2.3. Proposed Dynamic Spoiler 
The dynamic spoiler which will increase the ability of 
high speed turns will not only adjust the angle of 
attack but, will also adjust the tilt of the spoiler by 
rotating about either of the pin joints of the spoiler. 
The tilting of the spoiler will direct the lift force 
generated by the aerofoil action for a particular 
benefit. The spoiler won’t tilt when the car is moving 
straight but will tilt during turns to provide extra  
turning force to the cars for better performance at 
high speeds. 
The whole process will be taken care by hydraulics 
and will be calculated and precise. It may be more 
expensive but will highly improve performance in 
motorsports. 
 

 
Fig 2:  Spoiler inverted aerofoil 
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III. APPLICATION OF FORCE 
 
3.1. Direction of Force 
The direction of the force always remains 
perpendicular to the spoiler's plane of symmetry. So, 
when the spoiler in its normal state the aerodynamic 
effect (generation of pressure difference due to 
velocity difference above and below the spoiler) will 
force the car down. But when the spoiler it tilted as 
shown in Fig 3the direction of force will vary and 
along with pushing the car down it will tend to push 
the car side ways. 
 

 
Fig 3: Direction of force 

3.2. Working of Force 
When the car will steer to the left the spoiler will tilt 
to the right as shown in Fig 4; the centripetal force 
will pull the car inwards but the inertia will keep the 
car running straight, and now the third force of the 
spoiler comes into action. It will not only increase the 
centripetal force caused by the friction but also pull 
the car inwards by the aerodynamic action. 

 

 
Fig 4: Car turning left 

The whole process of tilting the spoiler will be 
controlled by two hydraulic rods that will be actuated 
according to the direction of rotation of the car 
steering. Moreover, the angle of the tilt will also be in 
accordance to the angle of rotation of the steering 
wheel. The tilt of the spoiler is shown in Fig 5 where 
the car is turning right and the spoiler tilts to the left. 

 
Fig 5: Car turning right 

 
3.3. Optimum angle of tilt 
 Consider, 
F = Force generated by the spoiler which depends on 
speed of the car (v) and angle of attack of the aerofoil 
(b). 
u = coefficient of friction between tire and road. 

N = normal force on the ground due to the weight of 
the car. 
t = angle of tilt of the spoiler as shown in Fig 3. 
Now, 
Total centripetal force = Force due to frictional force 
of the tire + Component of spoiler force in the radial 
direction. 

 
For maximum inward force, differentiating the 
equation by tilt angle, 

 

 
Thus, the maximum centripetal force occurs at an 
angle above the angle of the tilt. Moreover, at all 
turns maximum force may not be required but 
maximum speed at a particular turn can be optimized 
using the above result and other parameters. 
 
IV. RESULT 
4.1. Advantage  
Motorsport Engineering is constantly working to 
improve high-speed stability. The above mechanism 
will be useful to increase the speed of the car at a turn 
to a particular extent. Though unimportant for regular 
usages, this will prove significant when applied to 
racecars. 
The new dynamics will impart an exquisite modern 
look to the car. The car will look more automated 
with the moving spoiler. 
The tilting spoiler will add visibility to the car, as the 
other car’s driver will be constantly alerted of the turn 
with the tilting of the spoiler as no indicators are there 
on a sports car. 
The braking stability of a car will be increased during 
turns using such automated spoiler. 
The car can be made lighter by using lighter 
materials, as the spoiler will keep the light car stable 
even at steep turns. 
4.2. Efficiency 
Spoilers had been developed in part to increase the 
efficiency. The above mechanism will not affect 
efficiency as it focuses on better performance during 
turns and not on fuel consumption. 
 
REFERENCES 
 

[1] http://www.thehenryford.org/education/erb/PhysicsAut
oRacingUnitPlanBackground2A.pdf 

[2] https://www.youtube.com/watch?v=OmM-1T0RYBk 
[3] http://www.google.com/patents/EP2631160A1?cl=en 
[4] http://www.researchgate.net/publication/262143130_Ef

fects_of_Rear_Spoilers_on_Ground_Vehicle_Aerodyna
mic_Drag 

[5] https://www.youtube.com/watch?v=TKH1DyV9vNU 
[6] https://commons.wikimedia.org/wiki/File:Airfoil.svg 
[7] http://www.ebay.com/gds/6-Benefits-of-Installing-a-

Spoiler-on-Your-Car-/10000000177633228/g.html 
[8] http://www.gmecca.com/byorc/dtipsaerodynamics.html 

 


