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5



Automatic transmission

Â The concept of automatic transmission exhibits remarkable 
advantages with regards to the driver comfort, especially in 
urban driving and heavy traffic conditions:

Â Smooth start from standstill using hydraulic couplers/converters

Â Easy change of gear ratio taking advantage of planetary gear trains

Â The mental load reduction for the driver reduces drastically the 
accident occurrence and improves road safety.

Â There are also other advantages, for instance the average
improvement of fuel economy and the reduction of pollutant 
emissions for a fleet of vehicles since, in average, the automatic 
systems have a better performance than the average driver.
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Automatic transmission

Â The AT systems are appreciated on luxury and high-power 
vehicles. Market shares are different in Europe, USA and Japan:

Â 90% of the market in the USA

Â 20% of the market in Europe

Â The AT systems are as old as the beginning of automobiles in 
1920ies

Â But AT has taken benefit of a continuous improvement of the 
technology: increasing number of gear ratios with a fixed or 
even reducing volume.
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Automatic transmission

Â Several solutions are possible for automatic transmissions:

Â Automated manual transmission

Â Conventional AT transmission using epicyclic gear trains and a 
hydraulic converter.

Â Continuous variable transmissions (CVT)

Â Infinite variable transmission (IVT)
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Automatic transmission

Â Automatic transmissions mostly combine a hydraulic torque 
transmission and several epicyclical gear trains

Â A hydraulic torque converter

Â A mechanical system enabling the variable reduction ratio mostly 
planetary gear trains

Â A hydraulic actuation and control system including clutches and 
band brakes using lubricated discs to operate the gear changes
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Planetary gears

Â The fundamental building bloc of AT is the planetary gear

Sun = planétaire Planet = satellite Annulus = Couronne
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Planetary gears
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The solution is very compact



Â Relations between the radii of the planet and of the planet carrier 
and the radii of the sun and of the annulus

Â It comes

Planetary gears

Â Geometrical consideration

Â S: sun

Â PC: planet carrier (or arm)

Â A: annulus (or ring)
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Â It comes: 

Â In terms of the number of teeth of the sun and the annulus

Planetary gears

Â Equality of the velocities between the sun 
and the planet 

Â Equality of the velocities of the annulus and 
the planet
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Planetary gears

Â Two factors that control the number and the spacing of the 
planets

Â 1/ Maximum number of planets is limited by the space available: 
Tooth tips must not interfere

Â 2/ The teeth of the planet must align simultaneously with teeth
of the sun and the annulus

Â A necessarycondition for the possibility of equidistant assembling

Â NS and NR the number of teeth on the sun and the ring

Â n: the number of planets

Â i: an integer
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Planetary gears

Â Or under the alternative form

Â Willys formula establishes the relation between the rotation speeds 
of the three gear sets and the reduction ratio

16

Â If one defines the reduction ratio

Â One finds the Willys formula



Â If the sun is fixed

Â The Willys formula gives 
the reduction ratio 
between the planet carrier 
and the annulus

Â For ZA/Zs=2

Planetary gears

Â If we clamp together the planet carrier 
and the sun

Â One finds
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The planetary gear set 
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Planetary gear sets

Â Letôs define

Â For the sake of convenience, we also note by 1, 3, 4 
respectively the Sun, the Annulus and the Planet Carrier

Â The Willys formula writes
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Planetary gear sets

Â Equilibrium and conservation of power are given by

Â We are going to show that:
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Planetary gear sets

Â These formulae can be established as follows. 

Â Letôs eliminate the velocity and the torque of the planet carrier (4) 

Â Then insert into the torque equilibrium
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Planetary gear sets

Â These formulae can be established as follows. 

Â After some algebra, we have:

Â Finally, the result is: 
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Planetary gear sets

Â A similar formula can be established between the torques 1 & 4

Â Letôs eliminate the annulus quantities

Â Inserting into the power conservation

Â Finally, the result is
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Planetary gear sets

Â The relations between the torques 

Â can be reformulated to put forward the powers 
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Planetary gear sets

Â Using the usual reduction ratio, one has the relation between 
the torques

Â And the powers
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