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The"Engine Downsizer" 

This new and very simple device makes it possible to downsize motors in order to save energy, space, 
weight, and lower the cost of motorization. 

 

How it works 

THE PRINCIPE OF THE SELECTOR OR UNIQUE SNAP  
able to connect several different elementary transmissions IS  

A CENTRAL ELEMENT OF THIS INNOVATION 

A video featuring the first functional model is available at  
http://www.oppertus.com/video/Engine-Downsizer.m4v 

In normal or cruising conditions, the motor shaft rotates the sun gear of a planetary gear train, itself in 
direct contact with the output shaft, without any friction because the entire device rotates at the same 
speed. 

When it is necessary to withstand the significant take-off torque of a stationary vehicle or machine, or a 
mechanical overload, the sun gear cooperates in rotation with the satellites, which rotates the planet 
carrier, which in turn rotates the output shaft at a lower speed, without slipping, without friction, and 
without any acyclism. 

 

http://www.oppertus.com/video/Engine-Downsizer.m4v
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The output shaft has a screw that cooperates with a nut, the "input selector". 

The increase in the torque to which this shaft is subjected moves this selector along the axis of rotation 
of the shaft, to make it cooperate either with the input shaft or with the planet carrier of the planetary 
gear. 

Below a certain torque, the spring pushes the selector towards the input shaft, which then directly 
drives the output shaft. 

 

When the torque increases, the screw moves the selector away from the input shaft, and it is then the 
planet carrier that drives the output shaft.  

 

The ring gear of the planetary gear set can rotate freely in the engine direction, so that there is not the 
slightest friction in cruising speed when the transmission is in direct drive, but a free wheel prevents it 
from turning in the opposite direction. so that the planet carrier is rotated when the input shaft no 
longer directly drives the output shaft by the selector. 

                   

The freewheel is preferably a sprag clutch (cams or rollers) as shown above so that there is no rattling or 
friction in cruising speed and great resistance in the event of mechanical overload or when starting. 
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Use of planetary trains with stepped satellites 

This solution shows that a Downsizer, whose highest transmission ratio is the direct drive, may have a 
first speed whose transmission ratio is close to 1. 

To do this, a planetary gear train with stepped satellites replaces the simple planetary gear set out 
above, which had the drawback of always having a very high gear ratio when leaving the direct gear 
ratio. 

 
 

The primary shaft is shown here in green. It turns the sun gear, also green. 

This sun gear rotates the three stepped satellites (oranges) which in turn drive the ring gear which is 
now with external toothing (yellow). 

The satellite carrier (blue) has a freewheel allowing it to turn in the motor direction only. 

When the resistance of the secondary shaft (red) is low, the selector (purple) is pushed by its spring 
towards the satellite carrier and is driven by the pushers of the green sun gear, that is to say directly by 
the primary shaft. The device is in direct engagement and all its elements rotate at the same speed, 
without friction. 

In the event of an overload, or at start-up, the selector moves away from the satellite carrier and is only 
driven by the pushers of the yellow outer gear ring gear. The latter turns slightly slower than the green 
sun gear. 

It should be noted that there is also no limitation here as to the choice of transmission ratios, since the 
choice of the diameters of the sun gear, the satellites and the ring gear with external toothing is 
completely free. 

It is possible, according to the same principle, to design planetary gear trains with sun gears with 
internal teeth, and to have a number of transmission ratios greater than two. 
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Increase in the number of transmission ratios 

It is possible to have a larger number of transmission ratios which are automatically selected according 
to the resisting torque. 

This makes it possible to combine two advantages: the efficiency of stepped gearboxes, and the 
progressiveness of continuously variable transmissions, since the number of transmission ratios can 
easily be increased. 

Here is an application of a 4-speed gearbox used for a sailing boat winch. 

The gears automatically change from one to the other, depending on the resistance opposed by the 
rope that the winch is used to border. 

The advantage sought is, for example, to be able to border a sail very quickly when the resistance of the 
sheet is weak, when the sail is dying or in light weather, but very quickly when it is necessary to tow it or 
when the wind strengths. 

Externally, nothing distinguishes it from a classic winch, but inside, the mechanics are quite different. 

To simplify the manufacture of this functional 
model, the gears have a smaller dimension than 
what they will have in reality, but we have all the 
space necessary to use larger ones, and many other 
arrangements are proposed to save the available 
space. 

The doll of the model winch has recesses so that 
one can see how it works.  

 

 

 

 

 

 

The doll is driven by a screw of which it is integral,  
and this screw which drives the doll is itself rotated 
by the selector, which is a nut cooperating with the 
screw. 

The torque to which the headstock is subjected 
makes this selector go up, and a spring makes it go 
down again when this torque decreases.  
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Here is a detailed description of the operation of this transmission whose input and output shafts are 
aligned. 

 

The input shaft, actuated by the winch handle or by 
a motor, passes through the interior of the screw 
and passes through the entire transmission. The 
crank can therefore be arranged conventionally 
above the winch, but the motor can be either 
above or below. 

The lower part of this input shaft has a central gear 
which drives the various planetary gear trains each 
corresponding to a transmission ratio. 

The base of the winch is a satellite holder which is 
fixed. In this first model, it includes four axes of 
satellites. It might as well have only two, regardless 
of the desired number of transmission ratios. 

Each gear of satellites rotates a central gear which 
is integral with an upper ring, and this ring comprises two pushers which rotate the lugs of the selector 
and therefore ultimately the doll. 

We therefore understand that it is the height at which the selector is located which determines which 
ring drives it in rotation, and that it is this what finally determines the transmission ratio. 

As the height of the selector varies according to the resistance, it gradually increases from the fourth 
speed, then to the third, to the second and to the first when the resistance increases. The selector 
automatically descends as the resistance decreases.  

 

Let's start with fourth gear. Its two satellites, which 
are each secured to an input satellite and therefore 
rotated by them, make the headstock rotate 2.7 
times faster than the crank.  
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Now here are the gears of the third speed satellites 
which rotate the headstock at the speed of the 
crank, by a second ring of pushers. 

 

 

 

 

 

 

 

 

 

Those of the second speed make it turn three times 
slower than the crank, by a third ring with pushers. 

  

 

 

 

 

 

 

 

 

 

And those of the first speed 9 times slower than the 
crank, by a fourth and last ring with pushers. 
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A quite important detail is that the gears of the elementary transmissions can only rotate as fast or 
faster than those that are driven directly by the sun gear of the input shaft. 

This is due to the fact that freewheels are placed between the satellites driven by the sun gear of the 
input shaft and the set of elementary transmission gears which are located above and which are integral 
with each other. 

The advantage of these freewheels is that this allows a selector to find itself straddling two rings, two 
series of elementary transmission pushers corresponding to different transmission ratios, without this 
being able to cause any conflict. 

Each satellite driving a central gear associated with pushers capable of driving the lugs of the selector is 
stepped: it is made up of several gears integral with one another, for example even gears and odd gears. 

There are therefore at least two kinds of stepped satellites, and to use the same example, those which 
have gears of even speeds and those which have gears of odd speeds. 

 

 

This specific architecture has an important advantage which is that there is only one freewheel for a 
stepped even gear satellite, and another for a stepped odd gear satellite. This remains the case 
regardless of the number of different transmission ratios offered by the winch. 

For additional speed, all one has to do is add two gears, a gear and a sun gear fitted with a ring of 
pushers. 

This method therefore makes it possible to design automatic winches having as many transmission 
ratios as desired, which can either be less than or greater than 1. It is suitable for winches actuated by a 
central crank or by a coffee grinder, or else by a motor. 

These winches make it possible to border a sail more quickly, but the advantage is also very important in 
the case of a halyard which opposes a weak resistance when the sail begins to be hoisted but stronger 
then when the halyard supports all the weight of the sail. 

The same principle obviously applies to all winches and for example to windlasses which need a 
significant reduction when an anchor is stuck under a rock but must then raise the anchor as quick as 
possible as soon as it is released. 
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The mechanics are the same for all types of gearboxes, the winch doll being replaced by an exit shaft, 
shown here in red. This exit shaft is not in solidarity in rotation of the box casing, shown here in 
transparent purple. 

  

 

Instead of using a fixed satellite carrier, as for the winch described 
above, it is possible to let it rotate, but only in the opposite 
direction to the motor direction. On the left is a ratchet freewheel 
mechanism installed between the housing and the satellite carrier. 

When the engine spins in one direction, it has many different 
transmission ratios that automatically shift, but if it spins in the 
other direction, the whole mechanism spins in reverse. 

There is however a condition to be respected to have this reverse gear in direct drive, which is that all 
the ratios of the automatic gearbox must be greater than 1. This does not pose any difficulty for an 
electric motor which one reduces in a fixed way the torque before connecting it to the automatic 
gearbox. 

The only consequence is that the reverse gear ratio is therefore always lower in absolute value than the 
ratio of the first forward gear. 

Variants with parallel input and output shafts 

The motor, top right, rotates the “primary” toothed 
gears by means of a free wheel and a shock 
absorber which is a spiral spring to limit the shock 
during the commissioning of a transmission stage. 
These gears are shown here in red. 

Each of these primary gears is permanently 
engaged with a secondary gear, shown here in 
white. 

These secondary gears transmit their movement to 
the output shaft by means of a selector, not visible 
in this illustration. 

The movement is therefore always transmitted by 
the combination of the two primary and secondary toothed gears selected by the selector, depending 
on the torque to which the secondary shaft is subjected. 

The ratios therefore change automatically depending on the torque to which the output shaft is 
subjected. 
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Bidirectional gearboxes   

 

This parallel shaft model has two forward and two reverse gears which change automatically depending 
on the direction in which the motor shaft rotates, and the resistance to rotation of the output shaft. 

 

The input shaft rotates a gear and two freewheels, which engage in opposite directions, one for forward 
and the other for reverse. 

The largest input gear is fixedly connected to the input shaft, and therefore always rotates at the speed 
of the input shaft, regardless of the direction of rotation of the motor. 

It is the one that corresponds to the highest transmission ratio, the second gear forward and second 
gear reverse, since it is the largest input gear and it rotates the output gear which is the smallest. 
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The other two input gears are smaller and each connected to the input shaft by a freewheel. 

 

If the motor turns in one direction, the first forward speed gear and the fixed gear rotate in its direction 
of rotation, while if it turns in the other direction, these are the first reverse speed gear and the fixed 
gear that rotate in reverse. 

Another important consequence of having freewheels is that the front and rear first speed input gears 
can rotate faster than the second speed fixed input gear. 

This point is very important, and we will come back to this later, because it is also what makes it possible 
to select two elementary transmissions simultaneously (a set composed of two toothed gears), without 
risk of causing a conflict. 

As with the Engine Downsizer, the output gear has a screw. 

 

This screw cooperates with a nut which is the selector responsible for driving the output shaft through 
one or the other of the secondary gears. 
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This selector is held elastically, by two springs, in the central position, that in which it is driven by the 
central secondary gear, itself driven in rotation by the fixed input gear of second speed between these 
two elementary transmissions which have different transmission ratios. 

 

 

The three secondary gears are held in place by four ball bearings, which thus make them independent in 
rotation from each other. 
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Here we see the selector which rotates the secondary shaft, by cooperation with the screw of the latter. 

The central part of the secondary gears has a 
mechanical stop which is rotated by the selector 
when the latter is in the plane of the secondary 
gear in question  

When the motor starts to rotate, the input shaft 
therefore drives the gear which drives the second 
speed fixed input gear, which in turn drives the 
second speed secondary gear, but the resistance 
opposed by the output moves the selector to the 
right if the engine is running in reverse, and to the 
left if the engine is running in reverse. The devise 
is in both cases in first gear to start, until the 
acceleration having occurred, the resistive torque 
decreases and the transmission changes to second 
speed, in the direction of rotation of the engine. 

 

 

As an optional extra, the selector can be fitted 
with rollers which facilitate its cooperation with 
the stops of the secondary gears. 

An improvement is that the selector has two small 
springs, a first above its lug nut and another 
below, so that these lugs are preferably wedged in 
the plane of a ring and therefore only cooperate 
with a single ring , that is to say with a single 
elementary transmission. 

 

 

The shape of the selector and the stops of the output gears plays a lot on the ease with which the 
transmission changes the transmission ratio. It is thus possible to widen the field in which a gear 
continues to be selected in order to avoid untimely speed changes when the transmitted torque is very 
close to the torque ratio change threshold. 

It is also possible to dampen the movement of the selector so that the torque ratios cannot change until 
after a certain delay, which is useful when the motorization is acyclic, such as that of a heat engine or a 
bicycle crankset. 

When the resistance is low, the movement is transmitted by the largest input gear to the central output 
gear, with the R1 transmission ratio, regardless of the direction of rotation of the motor. 
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When the resistance is strong, the movement is transmitted by one of the other two input gears to the 
gear n opposite, with the R2 transmission ratio, according to the direction of rotation of the motor. 

 

 

It is assumed here that the transmission ratio is the same for the first forward speed and for the first 
reverse speed, but this is not compulsory. 

When the resistance is medium, the selector can be straddling two adjacent secondary gears. It is not 
possible that there is a conflict between the selector and a secondary gear, due to the presence of the 
freewheels, since if it is the secondary gear which rotates most quickly which turns the shaft of output, 
the other gear in contact with the selector can rotate as fast as it. 

 

Indeed, as explained above, the freewheels allow the primary gears of first speed to rotate faster than 
the fixed input gear of second speed. 

In this organization with parallel shafts, it is also very easy to add as many ratios as desired since it is 
sufficient for each ratio of two additional gears, the primary gear comprising a free wheel, and the 
secondary gear comprising a means of drive of the satellite sliding along the output shaft inside the 
secondary gears. 

CHOICE OF TRANSMISSION RATIOS AND SELECTION RULES 

There is no limitation as to the choice of transmission ratios since the choice of the diameters of the two 
gears of a ratio is completely free. 

The front and rear torque ratios are freely set by choosing the corresponding gears. The second speed 
ratio is however the same for forward and reverse. 

The rules which control the change of torque 
ratio are freely determined by the choice of 
the thread of the output shaft, as well as by 
the resistance of the springs. If one wants to 
remove the second speed in reverse, it is 
enough to use a very flexible spring allowing 
very easily the selection of the first speed in 
reverse. 

In practice, to go from first to second, one just 
has to take his foot off the accelerator, and 
conversely to go from second to first, to ask 
the engine to momentarily provide more 
torque by pressing the accelerator. 
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ENGINE BRAKE 

When the output shaft rotates faster than the speed of rotation communicated to it by the input shaft, 
which corresponds for example to a motorized vehicle in a descent or deceleration, it all depends on the 
resistive torque opposed by the input shaft to that provided by the output shaft. 

• If this torque is low, the input shaft is driven in a torque ratio opposite to that of the second 
speed. 

• When it exceeds the value at which the reverse gear goes into first gear, it is the opposite of the 
torque ratio chosen for the reverse gear that the input shaft is driven by the output shaft. 

This therefore provides an engine brake which is all the more multiplied by the resistance opposed by 
the engine. 

These rules can be thwarted by limiting in real time the positions that the selector can take, either by 
manual control or by electromagnetic means controlled electronically. The gearbox can thus become 
manual at any time. 

MORE GENERALLY 

It can therefore be seen that when the resistive torque increases, it is possible to obtain both a 
reduction in the torque ratio and an increase in this ratio when the input shaft and the output shaft are 
inverted. 

The applications are different, the first of the two options is intended to transmit the movement of an 
engine to a wheel while the second mainly concerns energy recovery during deceleration and braking. 

The designer of a transmission according to the invention can advantageously combine what has just 
been described with adjustable mobile stops or electromagnets making it possible to modify the 
position of the selector to place it in the plane of the desired elementary transmission. 

Manual and / or robotic transmissions 

 

By replacing the output shaft screw with a profile along which the selector can slide on command of a 
fork (yellow), the gear is put into service and therefore the ratio of its choice. 
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This fork, or any other equivalent device, can be controlled manually or by a computer. 

            

 

A notching means (here in purple) makes it possible to 
favor, by an elastic return, the positions of the mobile 
satellite so that it is always in the plane of one of the gears. 

Such a device also makes it possible to release the change in 
transmission ratio, or on the contrary to block or limit it on 
demand, by simple electromagnetic means. 

Numerous other solutions have been provided to limit the 
effects of an unexpected gear change. 

 

 

The selector or movable snap and its control means can be placed either on the output shaft, as shown 
here, and on the input shaft, or on both, depending on the nature of the automation sought. 

Automatic gearboxes with manual limitation  

By combining the two principles set out above, an automatic 
gearbox is obtained, the user of which can limit the 
automation by a fork (or movable stops that are not shown). 

The principle of the selector which moves along a shaft to 
activate or deactivate an elementary transmission therefore 
also applies to manual or robotic transmissions. It is enough 
to modify manually or by computerized control the position 
of the selector with a fork (here in green) 

It is obviously possible to have as many pairs of input and 
output gears as desired, to multiply the number of 
transmission ratios made available. 
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Dual-clutch transmissions 

The principle of these transmissions is compatible with the dual clutch transmission method. Two sets of 
elementary transmissions can correspond to so-called even and odd transmission ratios, and each 
transmits its movement to a different clutch disc. One or the other of the two clutch discs is then 
alternately coupled with the clutch disc of a general output shaft. 

This architecture is particularly suitable for power transmissions. 

Rules for changing the transmission ratio 

It is the strength of the elastic return of the spring which determines at what torque the transmission 
changes gear. This force can be determined by the choice of the spring, and even modified in real time, 
for example by modifying the position of the support surface of the spring which is opposite the 
selector. 

For a vehicle, this allows the driver to choose in real time between economical driving and one that is 
more “sporty”. 

The modification in real time of the strength of the elastic return also makes it possible to change gears 
manually by causing a modification of the torque at which the gear change occurs. 

Clutch and variable transmission ratios 

Multiplying the number of elementary transmissions, each comprising a gear of two toothed gears, 
allows a greater number of transmission ratios, but an elementary transmission can also have a clutch 
function. 

It can be a centrifugal clutch, or a CVT like the one shown below. 

 

The rotation of the primary shaft (left) causes a back and forth movement of the connecting rod (shown 
in yellow). 

The orange lever is flexible and can rotate the secondary shaft via a freewheel, in the motor direction. 

When the resistance of the secondary shaft is too high, the lever bends without causing the slightest 
rotation of the secondary shaft. This CVT thus has the clutch function at startup. 
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Parallel or serial assembly 

The proposed transmissions can be assembled in series or in parallel. 

An assembly in series makes it possible to endow a transmission with a number of possible reports 
which is equal to the multiplication of the number of reports of each one of them. 

A parallel assembly allows two energy sources to be combined, for example for electric bikes and for 
hybrid vehicles. It also allows two transmissions to drive two wheels on the same axle separately, and 
therefore do without a differential. 

Main applications 

They concern the powertrain for single engines or hybrid solutions, as well as energy storage and 
recovery. 

Most industrial fields are concerned: aeronautics, automotive, cycles and motorcycles, railways, 
machine tools, textile machines, agricultural machinery, construction machines, tools, household 
appliances, toys, vacuum pumps, wind turbines, etc.. 

 

 

 

 

 

 

 

 

 

 

 

 

This publication is made following two other partial publications on LinkedIn, the first on January 22, 2020 at 
https://lnkd.in/dzXvJCi and the second on March 1, 2020 at https://lnkd.in/d9EUE3J. 

PCT-FR-2019-000030 patent applications, FR1911575, FR1913430, FR1914782, FR1915654, FR2000424, FR2000853, 
FR20010199 FR2001398 and FR2001919 and confidential information are held by the SC-GUIGAN private company.  
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