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Roller Transmission and Gearing Mechanism

The invention relates to a roller transmission and gearing mechanism that
comprises a driving body, roller means having respective centres or central axes, and a
driven body, wherein the driving body is coupled to the driven body by means of the
roller means, the driving and driven body are guided for movement having a single
degree of freedom, the driving and driven bodies both define respective roller guide
tracks thereon, the tracks contact the roller means and determine the relative movement
of the roller means with respect to the associated body, the roller means contact the
roller guide tracks along respective rolling curves, the roller guide tracks start and
terminate on the driving and driven bodies at respective pairs of limit surfaces, the roller
means move along their associated roller guide tracks, wherein the-roles of the driving
and driven bodies can be interchanged.

Power transmission and gearing systems are fundamental to the mechanical
engineering industry and there are a large variety of them available. Most of them can
be characterised by among other things their gearing ratio, the maximum transmissible
power, their structural design and dimensions, in particular, the relative position and
size of the driving and driven bodies, the changeability of the direction of rotation of the
driven body relative to the driving body, and last but not least their power transmission
efficiency.

Worm gears for example are notorious for their particularly low power transmis-
sion efficiency. They dissipate significant amounts of energy due to large frictional
energy losses as a result of extensive sliding between their contact suffaces. There have
been various propositions made in the past to reduce the extent of sliding via the
introduction of rolling balls between the contact surfaces of the grooves of the worm
and the teeth of the worm wheel. Thus the worm and the worm wheel were not in direct
contact any more but the coupling between them was established via a set of rolling
balls. The balls while in coupling position moved along a path between the worm and
the worm wheel. When they reached the end of the path they exited the path and
disengaged from coupling. Then they were led back through an external device to the
beginning of the path where they re-established coupling again.

Such propositions can be found e.g. in US patents 3,365,974, 2,664,760,
4,656,384 and 4,283,329, These designs, however, have not managed to bring on all the
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benefits that could have been expected from the application of rolling balls because the
conditions for pure rolling motion for the balls were not met. In the absence of these
conditions the balls were forced to slide extensively along their tracks resulting in sub-
optimal transmission efficiency due to significant frictional energy losses.

In the case of classical ball screws that are used for linear movements, for example
those used for table movements in machine tools, the conditions for pure rolling motion
for the rollers are automatically satisfied. This is because the driving and driven bodies
have collinear rotational axes and the roller guide tracks are concentric. In terms of pure
rolling motion for the rollers this is the only known example for a roller transmission
and gearing system that is used widely for its small frictional energy losses and other
advantages of pure rolling motion. The fact, however, that ball-screws can only be
applied for transforming rotational movement to a linear displacement along a path
parallel to the axis of rotation, makes them inapplicable in providing movements of
higher degrees of freedom such as those along two- or three-dimensional paths; and due
to such limitations this particular gearing system has not become more generally
applicable and widespread.

The most widespread gearing mechanism is trivially the one using toothed wheéls.
It has numerous advantages and also quite a few disadvantages. One of the disad-
vantages is that the engagement factor i.e. the number of teeth in simultaneous contact
at any given time is relatively small and cannot be increased significantly. This means
that the mechanical load is concentrated on a small number of engaging teeth and
therefore the maximum transmissible power is relatively low compared to the size and
space used, and difficult to increase significantly. Besides the limitations for the
maximum transmissible power, there is not much room for manoeuvring to vary the
distance and the angle between the driving and driven shafts either. Another constraint
for the design is that for a given structural configuration of commecting wheels the
relative direction of rotation for the wheels is predetermined. In order to change the
relative direction of rotation an extra wheel must be inserted among the wheels. This, on
one hand, increases the size of the set-up and, on the other hand, introduces extra
frictional energy losses. One of the most important disadvantages of the toothed wheels
is frictional energy losses arising from the fact that the connecting teeth of the wheels
slide on each other most of the time of their engagement. This causes a significant

reduction in the power transmission efficiency even if proper lubrication is applied.



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-3-

It is a primary objective of the present invention to provide a novel transmission
and gearing mechanism, that is free of most of the aforementioned drawbacks and
limitations of the existing transmission and gearing systems, has a higher power-trans-
mission efficiency, requires smaller space and can transmit higher torques.

For solving this object according to the invention it has been recognized that a
novel rolling tnransmission and gearing mechanism should be provided, wherein a pure
rolling motion is realized between the driving, rolling and driven bodies.

Accordingly a roller transmission and gearing mechanism has been provided that
comprises a driving body, roller means having respective centres or central axes, and a
driven body, wherein the driving body is coupled to the driven body by means of the
roller means, the driving and driven body are guided for movement having a single
degree of freedom, the driving and driven bodies both define respective roller guide
tracks thereon, the tracks contact the roller means and determine the relative movement
of the roller means with respect to the associated body, the roller means contact the
roller guide tracks along respective rolling curves, the roller guide tracks start and
terminate on the driving and driven bodies at respective pairs of limit surfaces, the
roller means move along their associated roller guide tracks, wherein the roles of the
driving and driven bodies can be interchanged, wherein according to the invention the
distances defined between respective points of the rolling curve on the driving body and
the rolling curve on the driven body are different, the roller means are moved along the
roller guide tracks following their entries till leaving the tracks substantially with pure
rolling motion, and for all point-pairs on the rolling curves when being contacted by the
roller means it is true that the respective tangential planes drawn at these pairs of points
are substantially parallel to each other, the velocities of the contacting pairs of points
when defined in the coordinate system of the roller means are substantially identical but
have opposite signs, in the contacting points the respective action lines of forces acting
on the roller means pass through or intersect the centres or central axes of the roller
means, the lengths of the rolling curves of the driving body are substantially equal to
the lengths of the rolling curves of the driven body, and the rolling curves have
tangential planes before and after the contact points which are angularly inclined with
respect to each other.

In this definition the term “single degree of freedom” is not limited to movements

along a straight line, but any spatial movement that takes place along a line in general.
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The expression “substantially” used at several places means that the conditions
defined need not be satisfied with mathermatically perfect accuracy but small
deviations around the perfect conditions are permitted as long as the advantages of the
design justify such tolerances.

In several preferable embodiments the roller means are spherical rolling balls, or
they are rotationally symmetric bodies like cylindrical or barrel-like rollers.

The roller transmission and gearing mechanism may preferably comprise respect-
ive roller return paths for guiding the rollers means after leaving the roller guide tracks
to return and re-enter at respective entry-openings of the roller guide tracks.

It is preferable when at least one of the driving body and the driven body is
rotationally symmetric and have respective axes of rotation.

In the previous case it is more preferred when both of the driving body and the
driven body are rotationally symmetric and have respective non-parallel rotational axes.

For several applications it is preferable when at least one of the driving body and
the driven body has a rotationally symmetric frontal surface, and the roller guide tracks
are defined on the frontal surface, and the limiting surfaces are rings.

At a further preferable embodiment at least one of the driving body and the driven
body are gear racks set to move along a given line, and the roller guide tracks are
defined on the flat surfaces of the gear racks.

In a further preferable embodiment a plurality of roller guide tracks is defined on
at least one of the driving or driven bodies.

In that case it is preferable if the roller guide tracks on the same body are identical
in shape and curvature and are angularly displaced with respect to each other by
respective angular spacing around the rotational axis of the associated body.

An even angular distribution is obtained if the displacement angle is 360°/n, where
n is the number of equally spaced roller guide tracks on the body.

At a further preferable embodiment the roller guide tracks are defined on a planar
surface of the associated body and they are identical in shape and curvature and are
spaced from each other along a predetermined direction.

In a further preferable embodiment either one of the driving body and the driven
body comprises ridges with respective side surfaces, and the other body defines grooves
conforming in shape with the ridges, so that respective gaps are provided between each

of the side surfaces of the ridges and side surfaces of the grooves, the roller means are
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arranged in at least one of the gaps, the roller guide tracks are defined on the opposing
side surfaces of the ridges and the grooves wherein the roller means are arranged.

In another version of this latter embodiment a plurality of roller guide tracks are
defined in the gaps and respective roller means are guided along each of the roller guide
tracks.

For bi-directional loads it is preferable if the respective roller means are arranged
in both of the gaps.

It ié furthermore preferable if a plurality of pairs of conforming ridges and grooves
are arranged on each of the bodies.

In a further preferable embodiment the roller means are tiny balls filling
substantially the gaps. In a preferred alternative embodiment the tiny balls are sus-
pended in a lubricant fluid.

In certain designs the rollers may go astray in side directions relative to their
respective guided paths. This can be prevented if the mechanism comprises bafflers that
limit any displacement of the roller means in directions other than the path defined by
the roller guide tracks. The bafflers are arranged at respective sides of the tracks.

It is also preferred if the mechanism comprises spacers between adjacent roller
means to keep a predetermined distance therebetween.

In order to provide a smooth and noisless circulation of the roller means the
direction of the movement of the roller means when leaving the roller guide tracks and .
their direction of movement when entering the return path close an angle the cosine of
which is equal to the ratio of the velocity of the roller means in the return path to the
velocity of the roller means when leaving the roller guide tracks, furthermore the same
angle is applied between the direction of the return path at the other end thereof and the
direction of the movement of the roller means when entering the roller guide tracks.

An alternative solution for providing a well-functioning return path is when a
gradually reduced distance is provided between adjacent roller guide tracks close to the
roller guide track terminating limit surfaces, and a gradually increased distance is
provided between adjacent roller guide tracks close to the roller guide track starting
limit surfaces. }

In a further way of providing a smooth transition to and from the return path the

roller guide tracks are gradually enlarged at the starting and ending portions of the
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tracks when approaching the limit surfaces, whereby the forces acting on the roller
means are reduced and both the entry and discharge of the roller means are facilitated.

The roller transmission and gearing mechanism according to the present invention
attains all objectives set and provides a new solution to transmission and gering tasks,
wherein direct transmission can be provided in a small space between any relative
locations of the driving and driven bodies, the force and torque that can be transmitted
can be increased by increasing the engagement factor between the driving and driven
bodies. The elimination of sliding movement reduces frictional energy losses and
increases power transmission efficiency. The advantages listed are far from being
exhaustive.

The roller transmission and gearing mechanism according to the present invention
will now be described in connection with a number of exemplary embodiments thereof,

wherein reference will be made to the accompanying drawings. In the drawings:

Figure 1 is a schematic drawing of one of the basic designs for the roller
transmission and gearing mechanism according to the present invention;

Figure 2 is a schematic drawing of the same design as the one in Figure 1 but
without the first wheel 10 shown. The pair of bafflers on the two sides of
the roller coupling channel are fully visible as well as the full cycle of
the rollers including those rollers in coupling position inside the roller
coupling channel and those the roller recycling channel;

Figure 3 is a schematic drawing of the same design as the one in Figure 1 without
showing the recycling of the rollers;

Figure 4 is the top-side view of the design given in Figure 3;

Figure 5 is a schematic drawing of the same design as the one in Figure 1 but
having only one roller guide track on each body and one roller in

. coupling position;

Figure 6 is a schematic drawing of the same design as the one in Figure 1 but
without the first wheel.10 shown. Only one roller is shown that is in
coupling position inside the roller coupling channel,

Figure 7 is a schematic drawing of another example for the basic design similar to

that in Figure 1 with the first wheel 10 made transparent. The rollers in
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coupling position along the roller coupling path are shown only, but no
roller recycling;

Figure 8 is a schematic drawing of a design where one of the bodies is a ring with
roller guide tracks developed onto its inner surface;

Figure 9 is a schematic drawing of a design similar to the one in Figure 8;

Figure 10 is a schematic drawing of a design where the rotational axes of the
bodies are parallel and the roller guide tracks are developed onto the
frontal surfaces of the bodies;

Figure 11 is a schematic drawing of a design similar to the one in Figure 10;

Figure 12 is a schematic drawing of a design where one of the bodies is a
rotationally symmetric body and the other one is a gear rack. No roller
recycling is shown;

Figure 13 is a schematic drawing of a design where one of the bodies is a gear
rack and the other one is a ring with a rotational axis perpendicular to the
plane of the gear rack. The roller guide tracks are developed onto the
frontal surface of the ring and onto the side of the gear rack facing each
other. No roller recycling is shown;

Figure 14 is a schematic drawing of the same design as the one in Figure 13
without the ring 10 shown. The rollers in coupling position along the
roller coupling path are all fully visible. No roller recycling is shown;

Figure 15 is a schematic drawing of a design where the two bodies are sphere
sections set-up to rotate around intersecting rotational axes;

Figure 16 is a schematic drawing of a design similar to the one in Figure 15;

Figure 17 is a schematic drawing of a design where one-one roller guide track is
developed onto both sides of matching grooves and ridges on the driving
wheel and the driven wheel;

Figure 18 is a schematic drawing corresponding to the design depicted in Figure
17 showing the cross-sectional profile of a groove and a ridge with one-
one roller guide track developed onto their both sides. The rollers are
also shown;

Figure 19 is a schematic drawing of a design where two pairs of roller guide tracks
are developed onto both sides of matching grooves and ridges on the

driving wheel and the driven wheel,;



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-8-

Figure 20 is a schematic drawing corresponding to the design depicted in Figure
19 showing the cross-sectional profile of a groove and a ridge with two-
two roller guide tracks developed onto their both sides. The rollers are
also shown;

Figure 21 is a schematic drawing of a design where a large number of micros-
copically small rollers are used and the corresponding rolling curves
determine the surfaces of both sides of the matching grooves and ridges
on the driving wheel and the driven wheel;

Figure 22 is a schematic drawing corresponding to the design shown in Figure 21
and showing the cross-sectional profile of two-two grooves and ridges.
The rollers are too small to be shown in the Figure while the roller guide
tracks collapsing into the single-line rolling curves determine the full
profiles of the grooves and ridges;

Figure 23 is a schematic drawing of a design where cylindrical rollers are used;

Figure 24 is a schematic drawing corresponding to the design shown in Figure 23
showing the cross-sectional profile of the roller guide tracks on the two
wheels. The cylindrical rollers in the roller guide tracks are also shown;

Figure 25 is the first schematic drawing to illustrate the principle of the torque
transmission in the roller transmission and gearing mechanism according
to the present invention. In the example depicted in this Figure two
rotationally symmetric bodies z1 and z2 are used with their rotational
axes set at an arbitrary angle;

Figure 26 is the second schematic drawing to illustrate the example in Figure 25;

Figure 27 is the third schematic drawing to illustrate the example in Figure 25;

Figure 28 is the fourth schematic drawing to illustrate the example in Figure 25;

Figure 29 is the fifth schematic drawing to illustrate the example in Figure 25.
Views in the three main directions are shown;

Figure 30 is a schematic drawing of the kinematics of the roller transmission and
gearing mechanism according to the present invention. One roller, its
corresponding roller coupling path and the two rolling curves are shown
as well as the various velocities and angular velocities characteristic to

the system,

Figure 31 is a schematic drawing showing spacers between the rollers;
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Figure 32 is a schematic drawing of a line of rollers representing the angle set-up
between the roller coupling channel and the roller recycling channel;

Figure 33 is a schematic drawing of a wheel where the shape and separation of the
roller guide tracks are adjusted in order to eliminate/enlarge the space
between the rollers and eliminate/build up the force between the rollers
and the roller guide tracks as the rollers exit/enter the roller coupling
channel,;

Figure 34 is a schematic drawing of a design showing one of the bodies and the
full cycle of rollers. Section A of the Figure is magnified in Figure 33;

Figure 35 is a schematic drawing of a particular application example: roller
transmission and gearing for bicycles;

Figure 36 is a schematic drawing of a particular application example: roller
transmission and gearing for differential gears; and

Figure 37 is a schematic drawing of a particular application example: roller
transmission and gearing driving two differential gears simultaneously

for vehicles with dual axles

In order to show the main parts and the main features of the roller transmission
and gearing mechanism introduced in the present invention first an example for the
basic design will be shown where the two bodies are two rotationally symmetric wheels
set-up with their rotational axes forming skew lines with respect to each other and
including an angle. Figure 1 shows a schematic drawing of this design including first
wheel 10 and second wheel 20 and their respective rotational axes 11 and 21. In the
present description, ,,wheels” mean rotationally symmetric bodies that can rotate around
their axes of symmetry but are fixed along their axial directions. Each body has either
an inner or an outer rotationally symmetric surface centred at the rotational axis of the
body onto which the roller guide tracks are developed. These surfaces will be referred to
as track surfaces. The track surfaces are bounded by two separated limit surfaces that
are typically but not always planes normal to the axis of rotation. In the example shown
in Figure 1 both wheels 10 and 20 have outer rotationally symmetric track surfaces onto
which the roller guide tracks 12 and 22 are developed and all the limit surfaces 14 and
15 for the wheel 10 and 24 and 25 for the wheel 20 are planes normal to the axis of

rotation. The rotationally symmetric track surface of the first wheel 10 is considered
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only between the two limit surfaces 14 and 15. The two limit surfaces 14 and 15 make
the two ends i.e. the two frontal surfaces of the first wheel 10. Similarly, the second
wheel 20 has limit surfaces 24 and 25.

In the example shown in Figure 1 the distance between the two rotationally
symmetric track surfaces of the first wheel 10 and the second wheel 20 is typically very
small yet the two bodies are never in direct contact with each other. Instead, the first
wheel 10 and the second wheel 20 are coupled via a number of rollers 30. In the present
example, in fact, the rollers are spherical balls. The relative position of the two
rotationally symmetric bodies 10 and 20 and also the position of the rollers 30 are best
viewed in the schematic drawing in Figure 5. For both of the two rotationally symmetric
bodies there is a line of points on their track surfaces such that the distance between the
planes tangential to the track surfaces at these points is equal to the minimum distance
between the track surfaces of the two bodies themselves. These two particular tangential
planes cut across the rollers 30. Part of the body of each roller 30 is located on the side
of the tangential plane of the first wheel 10 that is towards the body of the first wheel 10
and it extends towards and fits into the roller guide track 12 of the first wheel 10.
Another part of the body of the same roller 30 is located on the side of the tangential
plane of the second wheel 20 that is towards the body of the second wheel 20 and it
extends towards and fits into the roller guide track 22 of the second wheel 20. Between
the two tangential planes separated by a very small distance as mentioned above the
rollers 30 have a very narrow section of their bodies that are outside of both roller guide
tracks 12 and 22 of the respective wheels 10 and 20.

It is apparent in Figure 1, that the roller guide tracks 12 and 22 are developed
along a helical line onto the rotationally symmetric track surfaces of the respective
wheels 10 and 20. The roller guide tracks 12 and 22 in fact resemble conventional screw
threads where the ratio of the number of separate threads on the track surfaces of the
first wheel 10 and the second wheel 20 corresponds to the gearing ratio.

As it will be shown in detail below, the number, shape and size of the rollers as
well as the number, shape and curvature, and the cross-sectional profile of the roller
guide tracks 12 and 22 on the respective wheels 10 and 20 are the results of detailed

quantitative design and dimensioning.



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-11 -

The rollers 30 by fitting into the corresponding roller guide tracks on the first
wheel 10 and the second wheel 20 establish a rigid coupling between the two wheels. In
this way, the rollers do not allow the two wheels to rotate independently of one another.

In the case of the basic design depicted in Figure 1 the two wheels 10 and 20 are
rotationally symmetric bodies where a pair of bafflers 31, 32 is placed in the free space
between the track surfaces of the two bodies on the two sides of and directly next to the
roller coupling channel. The bafflers 31, 32 are to protect the rollers 30 from going
astray in side directions relative to the roller coupling channel. Note, the application of
bafflers is not always necessary for all the cases of the various designs of the roller
transmission and gearing mechanism according to the present invention because the
roller coupling channel in many cases holds the rollers in their channels naturally
without the help of external devices. This is the case for example for most of the designs
with two parallel rotational axes where the roller guide tracks are developed onto the
frontal surfaces as in Figures 10-11 and also for most of the designs with grooves and
ridges on their track surfaces such as those shown in Figures 17-22.

Looking at the example in Figure 1, when we rotate (drive) for example the first
wheel 10 with a certain angular velocity, the rollers 30 will roll along the roller guide
tracks 12 and 22 and at the same time transmit torque from the first driving wheel 10 to
the second driven wheel 20. The length of the roller guide tracks 12 and 22 is finite —
and equal. When the rollers 30 reach the end of the roller guide tracks at the limit
surfaces of the wheels, they exit the roller coupling channel and disengage from the
coupling between the wheels 10 and 20. In order to keep up a continuous coupling
between the wheels 10 and 20 and to make sure that the roller coupling channel is never
empty at any point in time, new rollers 30 need to enter the roller guide tracks 12 and 22
at the other limit surfaces of the wheels and roll to the end of the tracks in a new
coupling cycle. The new rollers enter the roller guide tracks at the limit surfaces of the
wheels when the roller guide tracks on one wheel and the corresponding roller guide
tracks on the other wheel together open up an entrance to the roller coupling channel. In
order to continuously feed the roller coupling channel with rollers, a closed and
continuous loop for the rollers has been set up that recycles the rollers exiting the roller
coupling channel back to the beginning of the channel. To emphasise the continuous
nature of the recycling of the rollers 30 a continuous line of rollers was shown in Figure

1. The line of rollers determines roller recycling channel 33. The position of the roller
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recycling channel 33 should be such as to avoid the wheels 10 and 20. For the roller
recycling channel 33 the simplest solution is to use a well-positioned pipe or a basket-
like tubular guide inside of which the rollers form a continuous line pushing each other
as they move along the recycling path.

In Figure 2, the first wheel 10 is not present and only the second wheel 20 is
shown. On the second wheel 20 the roller guide tracks 22 can be seen that are placed
side by side to each other and at an angle relative to the rotational axis of the wheel 21.
In the Figure we can see eight rollers 30 sitting one by one in adjacent roller guide
tracks 22 with their centres aligned along the roller coupling path. The distance between
the adjacent roller guide tracks 22 (and also 12) is apparently larger than the diameter of
the rollers. It can also be seen in Figure 2 that the two bafflers 31 and 32 are placed on
the two sides of the roller coupling path to help to keep the rollers on their roller
coupling path and on their roller guide tracks 12 and 22. The bafflers 31, 32 are placed
directly next to the roller coupling channel and their edges closest to the roller coupling
channel are made sharp and follow in shape the line of the roller coupling channel. It
can be seen in the Figure that one roller denoted by 30a is just entering the roller
coupling channel and the corresponding two roller guide tracks 12 and 22 at the limit
surfaces of the two wheels 10 and 20. Another roller denoted by 30b is just disengaging
from coupling and exiting the roller coupling channel and the two corresponding roller
guide tracks 12 and 22 at the other limit surfaces of the two wheels 10 and 20. After
travelling the whole path of the roller recycling channel 33 the roller 30b re-enters the
roller coupling channel again at the entry point of the channel where currently the roller
30a can be seen in the Figure and re-establishes coupling between the two wheels 10
and 20.

Figures 3 and 4 show the respective front- and top-side views of the same design
as the one in Figure 1. It is apparent in the top-side view in Figure 4 that in the case of
this design there is a multiple of roller guide tracks 12 and 22 developed onto both the
first wheel 10 and the second wheel 20, viz. six tracks 12 on the first wheel 10 and
twelve tracks 22 on the second wheel 20. The frontal surfaces of both wheels show a
multiple of openings for the roller guide tracks evenly distributed along the perimeters
making the frontal areas look like polygons. At the openings of the roller guide tracks
on the frontal surfaces what we see are the cross-sections of the roller guide tracks’

profiles made by the planes of the frontal surfaces of the wheels, and between the
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openings the crc;ss-sections of the roller guide tracks’ walls made also by the same
planes. In Figure 4, we can see both of the bafflers 31 and 32 while in Figure 3 we can
only see the baffler 31 because the first wheel 10 covers the other one 32. The rollers 30
do not exert any significant force or pressure on the bafflers 31 and 32 because the
plates are only used to keep the rollers on their roller guide tracks. Since the interaction
between the rollers and the bafflers is insignificant, frictional energy losses arising
between them will be negligibly small.

In Figure 5 a simplified schematic drawing of the first wheel 10 and the second
wheel 20 coupled by the single roller 30 is shown to illustrate the shape and the
characteristic features of the roller guide tracks 12 and 22 developed onto the two
respective wheels 10 and 20. This is the same design as the one depicted in Figure 1. In
coupling position the roller guide tracks 12 and 22 turn to face each other and together
create a roller coupling channel that contains the single roller 30 shown in Figure 5. The
central line of the roller coupling channel defined by the travel path of the centre points
of the rollers (in the exemplary case that of the foller 30) is called as roller coupling
path and illustrated by reference numeral 34. Two curves: one on the first wheel 10 and
the other on the second wheel 20 along which the roller 30 makes contact With the two
respective roller guide tracks 12 and 22 are called the rolling curves and are denoted
respectively by 13 and 23 in Figure 5. Obviously, the rolling curves 13 and 23 are part
of the respective roller guide tracks 12 and 22. On each wheel the roller guide tracks
start and end at the two opposite end surfaces of the associated wheels and in this way
these end surfaces limit the surfaces containing the tracks. The rollers enter the roller
guide tracks at a first limit surface where the tracks start, then roll along the rolling
curves on the roller guide tracks, and finally exit the roller guide tracks at the other limit
surface where the tracks end. A so-called engagement factor can be defined which is the
number of the rollers 30 that are in simultaneous coupling position on and along the
roller coupling path 34. In the case of Figure 2 the engagement factor is eight while in
the case of a similar design depicted in Figure 7 it is eighteen but in principle, this
number can be higher and in certain applications much higher.

Figure 6 is similar to Figures 1 and 2 but for better illustration only the second
wheel 20 and a single roller 30 is shown. The roller coupling path 34 is apparent in this
Figure along which the centre of the roller 30 travels while maintaining its coupling

position between the wheels.
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Based on Figures 1 to 6, the operation and the operating conditions of the roller
transmission and gearing mechanism according to the present invention will be
explained as follows. In driving operation one of the two wheels is the driving wheel
that provides the incoming torque and the other is the driven wheel that receives the
transmitted torque. Either the first wheel 10 is the driving wheel and the second wheel
20 is the driven wheel or vice versa. When the driving wheel turns around its own
rotational axis, as a result of the incoming torque the roller guide tracks on the driving
wheel exert force on the rollers 30. The rollers pass the force on to the roller guide
tracks on the driven wheel and thus produce a torque that turns the driven wheel around
its own axis of rotation. As the driving and the driven wheels rotate, the rollers 30 retain
their coupling positions and roll along the two corresponding roller guide tracks 12 and
22 on the respective wheels 10 and 20. The rollers 30 make contact with the two roller
guide tracks at single points and define thereby the two rolling curves 13 and 23. As the

rollers 30 roll along the rolling curves 13 and 23, the centres of the rollers 30 travel

along the roller coupling path 34. The rollers 30 roll to the end of the roller guide tracks

and during their travel they transmit force from the driving wheel to the driven wheel.
When they reach the end of the roller guide tracks at the limit surface, fhey disengage
from coupling and exit the tracks. Following that, in most of the cases, they are taken
back to the beginning of the roller coupling path 34 at the other limit surface of the
wheels through roller recycling path 33. Here, the rollers 30 re-enter the roller guide
tracks again and re-establish coupling between the driving wheel and the driven wheel.
They start a new coupling cycle wherein they transmit force from the driving wheel to
the driven wheel. The cycles repeat perpetually.

It should be noted here based on Figures 1 to 6 that in the case of the roller
transmission and gearing mechanism according to the present invention the direction of
rotation of the driven wheel relative to that of the driving wheel is determined simply by
the particular shape and curvature of the roller guide tracks on the surfaces of the
wheels. That is, given the same two rotational axes for the driving and driven wheels,
when applying a different set of roller guide tracks on the surfaces of the wheels:
different in shape and curvature, we can change the direction of rotation of the driven
wheel relative to that of the driving wheel. This freedom of freely changing the
direction of rotation is not the case at conventional tooth-wheeled gear drives because

there the relative direction of rotation for the driving and the driven wheels for a given
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structural set-up of wheels is fixed. It can only be changed by the introduction of a new
idle wheel between the driving and driven wheels causing potential problems such as
the expanded size of the system and increased frictional energy losses.

Before describing the conditions for a never-sliding frictionless operation of the
roller transmission and gearing mechanism according to the present invention, the large
variety of the possible structural designs will be illustrated by showing a few examples.

In Figure 7 an embodiment for the roller transmission and gearing mechanism
according to the present invention is shown where the axes of the two wheels form skew
lines. The first wheel 10 is depicted by using the contour outline of the roller guide
tracks 12 but otherwise shown as transparent. The second wheel 20 can be seen behind
the transparent first wheel 10 as well as all the rollers 30 that are in coupling position.
The centres of the rollers 30 outline the roller coupling path 34. The roller coupling path
34 is defined only between the limit surfaces 24 and 25, and 14 and 15. The roller
recycling channel 33 for the rollers 30 is not shown. It is apparent from Figure 7 that the
coupling between the first wheel 10 and the second wheel 20 is established via a large
number of rollers 30 viz. eighteen rollers. The number and the size of the rollers 30 is
not determined directly by the diameter or the ratio of the diameters of the two wheels
10 and 20 (as it is the case concerning the number of teeth at conventional gear wheel
drives) but can be set in a relatively flexible way. In other words, for the same two
wheels 10 and 20, various numbers and sizes of rollefs 30 can be selected within a
relatively wide range of values, and the corresponding roller coupling path and the set
of roller guide tracks can be calculated. Note, the larger the number of the rollers 30 is,
i.e. at larger engagement factors, the larger the transmissible torque will be. The ratio of
the wheel diameters does not directly determine the gearing ratio. In other words, two
designs with different wheel diameter ratios can still produce the same gearing ratio. In
fact, the shape and the size of the wheels, and the shape, the size and the number of the
rollers, together with the shape, the curvature and the number of the roller guide tracks
collectively specify the system. These parameters as variables can be varied flexibly
within a relatively wide range of values to make up the most optimal structural set-up
that satisfies the required system specifications.

Figures 8 and 9 show two further examples of the roller transmission and gearing
mechanisms according to the present invention where the roller guide tracks 22 on the

second wheel 20 are developed onto the inner rotationally symmetric surface of the
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wheel 20, and the wheel 20 is in fact a ring in this case. The first wheel 10 has its roller
guide tracks 12 developed onto its outer surface similarly to the previous embodiments,
and it is positioned inside the second ring-shaped wheel 20. In these two figures the
second wheel 20 (similar to Figure 7) is depicted using the contour outline of its roller
guide tracks 22 and its outer contours, but otherwise depicted transparent. The rollers 30
in coupling positions and the roller coupling path 34 are also depicted in Figures 8 and
9. In the two examples depicted in Figures 8 and 9 there is a different number of rollers
30 used and the lengths of the roller coupling paths are different, too. As a result, the
transmissible torque as well as the gearing ratio is different for the two set-ups.

Figures 10 and 11 show two examples for the roller transmission and gearing
mechanisms according to the present invention where the rotational axes of the two
wheels 10 and 20 are parallel. The second wheel 20 is depicted using the contour
outline of its roller guide tracks 22 and its outer contours and otherwise made look
transparent. Thus the rollers 30 and the roller coupling path 34 have become visible
through the second wheel 20. In these two examples the roller guide tracks are
developed onto the respective frontal surfaces of the wheels 10 and 20. These surfaces
facing each other are planes normal to the respective rotational axes of the wheels and”
are bounded by limit surfaces 14 and 15 and also 24 and 25. The limit surfaces are
concentric rotationally symmetric surfaces with axes collinear with the axes of rotation.
As aresult of their particular curvatures the corresponding roller guide tracks on the two
wheels 10 and 20 safely hold the rollers 30 inside the associated roller coupling
channels. This means that the rollers 30 are not at risk to go astray in side directions
relative to their associated roller coupling channel and, therefore, the application of
bafflers or other external devices to keep the rollers in their roller coupling channels is
not necessary. The main difference between the two examples shown in Figures 10 and
11 is that the driven wheels 20 rotate in different relative directions at these two
embodiments compared to the rotational directions of the driving wheels 10. In other
words, in one of the examples the direction of rotation for the driven wheel 20 is the
same as that of the driving whee] 10 while in the other embodiment it is the opposite.
This is achieved by the application of a different system of roller guide tracks: different
in shape and curvature,

In Figures 12 to 14 two further embodiments are shown, one in Figure 12 and

another in Figures 13 and 14, where a given rotational motion is transformed into
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motion along a given line or vice versa. In Figure 12, similarly to most of the cases
shown above, the first wheel 10 has its roller guide tracks 12 developed onto its outer
rotationally symmetric surface (not the frontal surface). The wheel 10 rotates around its
rotational symmetry axis 11 but the longitudinal position thereof is fixed along the axial
direction of the rotational axis. Aligned with the direction of a tangential plane of the
wheel 10 there is a gear rack 40 positioned at a small distance away from the wheel 10.
The gear rack 40 is set-up to be able to move along a given line parallel to a tangential
plane of the wheel 10. There are roller guide tracks 42 developed onto the surface of the
gear rack 40 closer to the wheel 10. It can be seen in Figure 12 that the wheel 10 and the
gear rack 40 are coupled by the rollers 30 as the rollers make simultaneous contact with
the roller guide tracks 12 of the wheel 10 and the roller guide tracks 42 of the gear rack
40. Considering that the surface of the wheel 10 is curving away from the surface of the
gear rack 40 and thus free space is opening up between the two surfaces, the application
of bafflers becomes possible to keep the rollers 30 on their roller guide tracks and on the
roller coupling path. The bafflers are not shown in Figure 12 but they would be very
similar to those discussed above. The roller recycling track that leads the rollers 30 back
from the end of the roller coupling path to its beginning is not shown in' Figure 12
either. Turning the wheel 10, the roller guide tracks 12 on the wheel exert force on the
rollers 30 that subsequently exert force on the roller guide tracks 42 on the gear rack 40.
This ultimately makes the gear rack 40 move along a given line specified by the set-up
of the gear rack. The direction of the movement of the driven gear rack 40 depends, on
one hand, obviously on the direction of the rotation of the driving wheel 10 and, on the
other hand, also on the particular shape and curvature of the roller guide tracks 12 on
the wheel 10 and the roller guide tracks 42 on the gear rack 40. Naturally, the roles of
the wheel 10 and the gear rack 40 as driving body and driven body are interchangeable.
Figures 13 and 14 show another example for the roller transmission and gearing
mechanism according to the present invention where a given rotational motion is
transformed into a motion along\a given line. Here, however, the rotational axis of the
wheel 10 is normal to the plane surface of the gear rack 40 and the roller guide tracks on
the wheel are located on the frontal surface of the wheel. Figure 14 is the same as
Figure 13 except that the wheel 10 has beeﬁ taken off in order to show the rollers 30
directly as they line up along the roller coupling path 34. The driving wheel 10 in this

set-up is similar to those in Figures 10 and 11: it is a ring with concentric rotationally
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symmetric limit surfaces 14 and 15, and the roller guide tracks (not visible) are
developed onto its frontal surface similar to those in Figures 10 and 11. The roller guide
tracks on the ring 10 and the roller guide tracks on the gear rack 40 are coupled,
similarly to the cases above, by a set of rollers 30. The rollers 30 are shown directly in
Figure 14. Turning the ring 10 around its vertical axis, the rollers 30 make the gear rack
40 move along a given line specified by the particular set-up of the gear rack 40. The
direction of the motion of the driven gear rack 40 depends, on one hand, obviously on
the direction of the rotation of the driving wheel 10 and, on the other hand, also on the
particular shape and curvature of the roller guide tracks on the wheel 10 and on the gear
rack 40,

In Figures 15 and 16 another kind of structural design has been shown, where the
rotational axis of the driving wheel 10 and that of the driven wheel 20 intersect each
other. The resulting shapes of the track surfaces for the driving wheel 10 and the driven
wheel 20 are both sphere sections where the centres of the spheres for both wheels are
located at the intersection point of the rotational axes of the driving wheel 10 and the
driven wheel 20. In the two embodiments shown in Figures 15 and 16, respectively the
two transmissions exhibit the same operational features such as the gearing ratio, the
maximum transmissible power and the relative directions of rotation even though their
structural designs differ in terms of the relative position of the driving wheels 10 with
respect to the driven wheels 20. This example highlights the flexibility of the me-
chanism of the transmission according to the invention, since a variety of structural
designs can be used to achieve the same operational features.

In Figures 17 and 18 an example for a new kind of structural design for the rolier
transmission and gearing mechanism according to the present invention has been
shown, wherein both of the driving body 10 and the driven body 20 comprise helical
grooves and ridges on their track surfaces similar to conventional screw threads, and the
ridges on one body extend freely into the grooved recesses on the other body and vice
versa. The roller guide tracks are formed on the two sides of the grooves and ridges on
both wheels as illustrated in the cross-sectional view in Figure 18. In the Figures 17 and
18, the two wheels are denoted respectively by reference numerals 10 and 20, wherein
groove 16 is defined on the first wheel 10, and two roller guide tracks 17 and 18 are
made on the two sides of the groove 16. Similarly, ridge 26 extends out of the second

wheel 20 having a profile complementary to the groove 16. Respective, roller guide
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tracks 27 and 28 are defined on the two sides of the ridge 26 on the second wheel 20. A
pair of rollers 30a and 30b are arranged to run along the two roller guide tracks 17, 18
on the two opposingly positioned sides of the groove 16 and of the ridge 26. The roller
guide track 17 on the groove 16 on the first wheel 10 and the roller guide track 27 on
the corresponding complementary ridge 26 on the second wheel 20 are for the roller 30a
on one side of the grooves and ridges, and similarly the roller guide track 18 on the
groove 16 and the roller guide track 28 on the ridge 26 are for the roller 30b on the other
side of the grooves and ridges. Note, for any given direction of the workload the rollers
on only one side of the grooves and ridges, for example those denoted by 30a but not
30b, are in action to transmit force from the driving wheel 10 to the driven wheel 20
while the rollers on the other side of the grooves and ridges, i.e. 30b in this example, are
inactive with no force acting on them. On the other hand, when the direction of the
workload changes, the roles of the rollers will also be changed and the previously
inactive rollers i.e. roller 30b will become active to transmit force from the driving
wheel 10 to the driven wheel 20, and the previously active rollers 30a will become
inactive with no force acting on them. Thus, if the direction of the workload is always
the same such as in the case of elevators or cranes, it is sufficient to use one set of the
rollers only that are active in the coupling e.g. rollers 30a and the other ones that are
inactive i.e.the rollers 30b can in principle be omitted. On the other hand, when
designing a system with variable direction of the workload, both sets of rollers i.e. 30a
and 30b must be used even if one of the sets is always redundant at any given time. The
same interchange of the rollers takes place when the roles of the wheels 10 and 20 are
interchanged, i.e. the previously driving wheel 10 will be the driven wheel and vica
versa.

It 1s relatively easy for this design with grooves and ridges to develop a plurality
of quasi-parallel arranged roller guide tracks on the surfaces of the driving body and the
driven body viz. along the surfaces of the grooves and ridges. The roller guide tracks in
this case lead the rollers along a plurality of different roller coupling paths and roller
coupling channels. An example for this case is shown in Figures 19 and 20 where
respective pairs of roller guide tracks 17a and 17c¢ as well as 18b and 18d are developed
along each sides of the grooves 16 on the driving body 10 and the corresponding roller
guide tracks 27a and 27c¢ as well as 28b and 28d are developed along each side of the

ridges 26 on the driven body 20. These roller guide tracks drive four sets of rollers.
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Roller guide tracks 17a and 27a drive the roller 30a, tracks 17c and 27c¢ drive the roller
30c, tracks 18b and 28b drive the roller 30b aﬁd tracks 18d and 28d drive the roller 30d
as shown in the cross-sectional view of Figure 20. It is also apparent from Figures 19
and 20 that the roller guide tracks on each groove and ridge in this case are not exactly
rotated or parallel shifted copies of one another but they are separate independent
solutions of respective kinematical equations in their own rights.

This type of design for the roller transmission and gearing mechanism with
grooves and ridges on the track surfaces of the driving body and the driven body has a
few special features and advantages when compared to other designs in the present
invention. For example, the force acting perpendicular to the axes of the wheels and
striving to push them apart is relatively small in this case. Also, since the curvature of
the roller guide tracks on the driving wheel and on the driven wheel are typically
opposite in sign, the rollers are not at risk of going astray in side directions and,
therefore, there is no need for bafflers or other external devices to keep the rollers in
their respective roller coupling channels. It is relatively easy in this design to reduce the
width of the roller guide tracks at one of the bodies until it will be as narrow as a single
line so as to constitute the corresponding rolling curve. This is typically very difficult
or impossible to do in most of the cases of the other designs that have no grooves and
ridges on their track surfaces. It is also relatively easy to use small size rollers here such
as a single millimetre of diameter or even smaller and to develop a relatively large
number of roller guide tracks such as 5-10 of them or even more on the surfaces of the
grooves and ridges. Taking this case of small-size rollers to the extreme, this design
unlike the others can also be set-up to use microscopically small rollers and
microscopically narrow roller guide tracks as it is discussed in detail below. Also, this
design features relatively high engagement factors.

A special case for the above designs with grooves and ridges is depicted in Figures
21 and 22 where a very large number of microscopically small rollers are used with
each roller having a diameter of a few micrometers only. In fact, a ,,reservoir” of the
rollers is used that has a macroscopically large volume such as a litre of rollers meaning
that the number of rollers in the reservoir is in the order of thousands of billions or even
more. The individual rollers are obviously not visible in the Figures because they are
too small to see but the volume of rollers can be imagined as a certain kind of

»lubricating liquid” in which the coupling area of the wheels viz. the volume of the
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roller coupling channels is immersed. The roller guide tracks corresponding to the
rollers are microscopically narrow and practically collapse into the single lines of the
rolling curves. They are also very large in number, tightly spaced and cover the entire
surface of both sides of the grooves and ridges in fine detail. In other words the full
profile as given in the cross-sectional view in Figure 22 as well as the shape and
curvature of the grooves and ridges on the driving body 10 and the driven body 20 as
shown in Figure 21 are determined by the ensemble of the microscopically narrow roller
guide tracks. It may be possible to use a composite mixture of spherical objects
suspended in a lubricant liquid as described e.g. in US patent 5,549,743. In Figure 22 in
particular, surfaces 17 and 18 of the groove 16 on the driving wheel 10 as well as the
corresponding surfaces 27 and 28 of the ridge 26 on the driven wheel 20 define a very
large number of tightly spaced microscopically narrow roller guide tracks, and the
cross-sectional profiles of these tracks are so extremely narrow that they in fact nearly
collapse into the single points of the rolling curves. The curves determined by the lines
of the single points of the rolling curves in the cross-sectional view in Figure 22 add up
and thus constitute the profiles of the grooves and ridges. Note, as opposed to what
Figure 22 seemingly suggests, the grooves and ridges are never in direct contact with
one another but are separated by a very thin film of the rollers, again, not visible in
Figure 22 due to their thin size. Also note, the conditions characteristic to the roller
transmission and gearing mechanism according to the present invention (which will be
described and defined in detail at a later part of the present specification, whereby
sliding between the opposite surfaces cannot take place) are still present and ensure that
the rollers carry out pure rolling motion when being in coupling position between the
driving body 10 and the driven body 10 resulting in extremely small frictional energy
losses. In this particular case, there is no need for a roller recycling device as described
earlier because the driving body and the driven body are making contact with one
another only while immersed in a reservoir of rollers. All what needs to be done is to
ensure that a sufficient amount of roller ,,liquid” be constantly available to ,,lubricate”
the system.

Returning again to rollers with normal size, it should be noted that in the
foregoing embodiments of the roller transmission and gearing mechanism according to
the present invention the rollers were spherical balls. In fact, however, other rotationally

symmetric bodies such as cylindrical rollers and barrel rollers can also be used as



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-22.

rollers. Cylindrical and barrel rollers are typically useful in the case of exceptionally
large workloads. Such an embodiment is shown in Figures 23 and 24 where the rollers
30 coupling the roller guide tracks 12 and 22 are cylindrical rollers with spherically
shaped fronts. Figure 24 illustrates that the rollers 30 can be divided in two groups i. e.
rollers 30a and 30b, having axes 31a and 31b, respectively. Their cylindrical surfaces
32a and 32b are limited by spherical caps 33a and 33b. The first driving wheel 10 and
the second driven wheel 20 have parallel rotational axes as shown in Figure 23. Figure
24 shows that the cross-sectional profiles of the two roller guide tracks 12 and 22 on
both of the wheels 10 and 20 each include two straight lines 12a and 12b for the roller
guide track 12 as well as 22a and 22b for the roller guide track 22. One half of the
rollers such as the rollers 30a at their cylindrical surfaces 32a make contact with one of
the straight sides 12a of the roller guide track 12 on the wheel 10 and 22a of the roller
guide track 22 on the wheel 20. The angle between the axes 31a of the rollers 30a and
the rotational axis of the wheel is the same for all of these rollers 30a. The other half of
the rollers 30b at their cylindrical surfaces 32b make contact with the other straight side
12b of the roller guide tracks 12 on the wheel 10 and 22b of the roller guide track 22 on
the wheel 20. The angle between the axes 31b of these rollers 30b and the axis of
rotation of the wheel is the same for all of these rollers 30b but different than that for
the first half of the rollers 30a. For a given direction of the workload only one half of
the rollers such as e.g. 30a are active in coupling and transmitting force between the two
wheels and the other half 30b thereof are inactive with no force acting on them. For the
opposite direction of the workload the second half of the rollers 30b are active and the
first half 30a thereof are inactive. In the case of a design where the direction of the
workload never changes, it is enough to use only one set of rollers only that are active in
coupling such as e.g. rollers 30a and only one corresponding straight line in the profile
of the roller guide tracks such as e.g. 12a on the wheel 10 and 22a on the wheel 20 will
then contact the rollers 30a. In this case, all the rollers contact the wheels at the single
given straight side of the profile and all contribute to coupling in the same way all the
time. The frontal surfaces of the rollers such as 33a for the rollers 30a and 33b for the
rollers 30b are typically never in direct contact with the wheels and even if they
occasionally and temporarily get into contact at the axial apex points of the rollers both
the transmitted force and the strength of such a coupling will remain negligibly small.

The lines 12a and 22a or 12b and 22b of the profiles of the roller guide tracks where the
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main contacts with the rollers occur need not be necessarily straight in every
embodiment, and in some special applications they can have a slight curvature
depending on the workload applied and on actual strength requirements of the design.
The mechanism is set up similarly for the cases of barrel rollers too.

In connection with Figures 25 to 29 certain basic characteristic properties of the
invention will be explained by showing a schematic outline of the characteristic forces
acting between the roller guide tracks and the rollers as torque is transmitted from the
driving body to the driven body. In Figure 25 a driving body z1 is shown rotated with
an angular velocity of w1. Part of the driving body z1 is a roller guide track that is in
contact with roller G. The roller is represented by a spherical ball.. The roller guide
track and the roller G are in contact with each other at a single point that forms part of
the rolling curve defined on the driving body z1. At this point the plane tangential to the
surface of the roller guide track and the plane tangential to the surface of the roller G
coincide. This tangential plane is denoted by reference symbol E1 and represented by a
small quadrangle in the drawing.

Similarly, in Figure 25, driven body 22 is rotated with an angular velocity of w?2.
In the most general case the rotational axis of the driven body z2 is a skew line relative
to the rotational axis of the driving body z1. The roller guide track on the driven body
z2 is in contact with the roller G at one single point. This is a point on the rolling curve
on the driven body z2 and at this point the plane tangential to the surface of the roller
guide track and the plane tangential to the surface of the roller G coincide. The common
tangential plane for the roller and the roller guide track is represented in Figure 25 by a
small quadrangle and is denoted by reference symbol E2. Figure 26 corresponds to
Figure 25 but for the sake of easier illustration the tangential planes E1 and E2 are
shifted away parallel from the contact points. In the case of pure rolling motion with no
sliding and no frictional energy losses, the forces acting on the roller G should point
exactly to the centre of the roller G. In such a case the driving body z1 can be represent-
ed by a single force vector F acting on the roller G at the contact point of the roller G
and the roller guide track, and pointing towards the centre of the roller G as it is shown
in Figure 27. It follows that the force vector F is normal to the tangential plane E1.
Following the same argument on no sliding and no frictional energy losses it is apparent
that the force acting on the driven body z2 should also be the same force vector F as it is

shown in Figure 28. Force vector F is acting on the driven body z2 at the contact point
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of the roller G and the roller guide track on the driven body z2. It also follows that the
force vector F must be normal to the tangential plane E2, too.

Figure 29 shows the front-, top- and side-views of the driven body z2 based on
Figure 28 to illustrate the torque arising on the driven body z2 as a result of the force
vector F acting on the driven body z2. In the most general case, force vector F is acting
along a line that is a skew line with respect to the rotational axis of the diiven body z2.
The vector component of the force vector F that is in the plane perpendicular to the
rotational axis of the driven body z2 multiplied by the distance between this vector
component of force vector F and the rotational axis of the driven body z2 gives the
torque arising on the driven body z2. In the most general case, the force vector F may
also have a vector component acting parallel to the rotational axis of the driven body z2.
This vector component of the force vector, however, bears no significance in terms of
the basic operation of the roller transmission and gearing mechanism according to the
present invention because it does not produce torque. This component of the force
vector only provides extra load and stress acting on the driven body z2 that is
counteracted by a force acting on the bearings of the driven body z2.

Above we have shown the forces and the torque acting on the driven body z2
considering a single roller G in a given coupling position along the roller coupling path.
In Figure 30 the kinematics of the mechanism considering the same roller G in the same
position has been illustrated. The driving body z1 has an angular velocity vector of w]1.
The contact point P1 of the roller G and of the roller guide track on the driving body z1
has a velocity vector of v1. Contact point P1 is part of the rolling curve on the roller
guide track of the driving body z1 and its velocity vector v1 is therefore tangential to
the rolling curve. Similarly, the driven body z2 has an angular velocity vector of w2.
The contact point P2 of the roller G and of the roller guide track on the driven body z2
has a velocity vector of ¥v2. Contact point P2 is part of the rolling curve on the roller
guide track of the driven body z2 and its velocity vector v2 is therefore tangential to the
rolling curve. The centre of the roller G has a velocity vector of v that in the case of
pure rolling motion with no frictional energy losses equals the arithmetic average of the
velocity vectors vl and v2, that is v = % * (vl + v2). We can also look at the
kinematics from the point of view of the coordinate system attached to the centre of the
roller G. In this case the velocity vector ul is the velocity vector of the contact point P1

and the velocity vector u2 is the velocity vector of the contact point P2. Since the roller
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G in its own coordinate system carries out a simple circular motion, the velocity vectors
ul and u2 are of equal magnitude and perpendicular to the radius vectors pointing
respectively to the contact points P1 and P2. Also since the contact points P1 and P2 are
located diagonally opposite of one another on the surface of the roller G velocity
vectors ul and u2 are parallel and pointing in the opposite directions, that is ul =-u2.

Figure 30 also shows one of the rolling curves gl created from the continuous
ensemble of contact points P1 between the roller G and one of the roller guide tracks of
the driving body z1. The rolling curve gl obviously follows the corresponding roller
guide track on the driving body z1 and the roller G rolls along this rolling curve while in
contact with the driving body z1. Similarly, Figure 30 also shows rolling curve g2
created from the continuous ensemble of contact points P2 between the roller G and one
of the roller guide tracks of the driven body z2. The rolling curve g2 obviously follows
the corresponding roller guide track on the driven body z2, and the roller G rolls along
this curve while in contact with the driven body z2. Note, the roller G rolls simul-
taneously along the two rolling curves gl and g2 located on the respective driving body
z1 and driven body z2. While the contact points P1 and P2 move along the respective
rolling curves gl and g2, the centre point of the roller G travels along a different curve
called the roller coupling path denoted as gp in Figure 30. The roller coupling path gp as
well as the rolling curves gl and g2 located on the corresponding roller guide tracks on
the driving body z1 and the driven body z2 are of finite length. The starting and the
ending points of the curves and of the tracks are located at the two limit surfaces of the
driving and driven bodies, and these points determine the respective entry and exit
locations for the rollers G into the roller guide tracks of the driving and driven bodies z1
and z2. These are the start and end points for the rollers G where they respectively
establish and terminate coupling between the driving and the driven bodies z1 and z2. It
should be noted that the contact points P1 and P2 move in synchrony along the
respective rolling curves gl and g2 and, in particular, they move without any sliding.

In Figure 30 it is apparent how different in shape and position the two rolling
curves gl and g2 are. At the same time it follows from the analysis above that the same
kinematical conditions for non-sliding frictionless motion apply to both of the curves
and, therefore, the tangential planes (i.e. E1 and E2) to the two curves at the
simultaneous contact points P1 and P2 are always parallel. The velocity vectors ul and

u2 point in the direction of the two tangential planes El and E2 and are therefore
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parallel themselves; moreover, they have the same magnitude and opposite in direction.
Furthermore, since the roller G enters the two roller guide tracks on the driving and
driven bodies z1 and z2 at the same time and also exits them at the same time, the roller
G spends exactly the same time on the two rolling curves gl and g2. Based on the same
magnitude for the velocities ul and u2 at which the two contact points for the roller G
are travelling along the rolling curves and also based on the same time the roller G
spends on the rolling curves, it follows that even though the two rolling curves gl and
g2 are apparently of very different shape and position they must have exactly the same
lengths.

Using the kinematical conditions for frictionless motion and also based on the
specific requirements for the structural design including in particular the direction of the
rotational axes of the driving and driven bodies z1 and z2, and also the number and size
of the rollers G, the shape and size of the driving and driven bodies z1 and z2, the roller
coupling path gp and the rolling curves gl and g2 and the corresponding roller guide
tracks on the driving and driven bodies z1 and z2 can be calculated. This means that the
roller transmission and gearing mechanism according to the present invention can be
designed and dimensioned in full detail.

Reference will be made now to Figures 31 and 32 and to the way how the rollers
are returned after having disengaged from coupling. As it is apparent in Figures 1, 2 and
6, after the rollers 30 have reached the end of the roller coupling path 34 in the roller
coupling channel and have disengaged from coupling by exiting the channel, they are
guided back to the beginning of the roller coupling channel through the roller recycling
channel 33. The rollers 30 in the roller coupling channel are driven by the roller guide
tracks 12 and 22 and follow each other at a finite non-zero distance. The main reason
for the non-zero gapping between the rollers 30 is that the direction of the roller guide
tracks 12 and 22 and the direction of the roller coupling path 34 at the points of the
rollers involves an angle that is not a right angle. The velocity of each roller 30 within
the roller coupling channel is determined by the roller guide tracks 12 and 22 rotating
with the wheels 10 and 20, respectively. Obviously, as the angular velocities of the two
wheels 10 and 20 change, the velocities of the rollers 30 change as well. On the other
hand, for given constant angular velocities for the wheels, the velocities of the rollers 30
in coupling position within the roller coupling channel are close to constant throughout

the roller coupling channels and are also very similar for each roller. Inside the roller
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recycling channel 33, however, as it is illustrated in Figures 1 and 2 the movement of
the rollers 30 is not controlled by any external device and the rollers move because they
push each other along the roller recycling channel 33. As a result, the distance between
the rollers 30 disappears and the rollers form a continuous line in the roller recycling
channel 33. Also, once the continuous line is formed, the rollers 30 are bound to move
at the same exact velocity in the roller recycling channel 33 as they are in direct contact
with one another. Nevertheless, since the movement of the rollers is not controlled
externally, there can be temporary opening of gaps and collisions occurring between the
rollers that can introduce potentially hectic uncontrolled movements for the rollers and
noise in the system. This can be particularly the case in the area where the rollers make
their transition from the roller coupling channel to the roller recycling channel (or vice
versa from the roller recycling channel to the roller coupling channel) where external
control and gapping between the rollers suddenly disappears (or appears). In the
examples below we provide a few solutions to this problem where it is ensured that the
movements of the rollers remain smooth and controlled in both the roller coupling
channel and the roller recycling channel, and whereby a continuous feed of rollers into
the roller coupling channel is provided.

One idea is, as shown in Figure 31, to introduce spacers 35 between adjacent
rollers 30c and 30d to keep a constant distance therebetween. The length of the spacers
35 is equal to the distance between the rollers measured while being in coupling posi-
tion inside the roller coupling channel. The spacers 35 are placed between the rollers
30d and 30c and follow them all the way along their entire journey in the system.

An alternative idea is shown in Figure 32. Here, the distance between the centres
of the consecutive rollers 30c and 30d in the roller recycling channel is equal to the
diameter of the rollers 30c and 30d as long as the rollers contact each other and in the
roller coupling channel the distance h between the rollers equals to the diameter of the
rollers D plus the gaps between the rollers in the roller coupling channel. Thus the
velocity of the rollers within the roller coupling channel should be higher than the
velocity of the rollers in the roller recycling channel. In order to bring the higher
velocity down to the level of the lower one we have introduced an angle between the
beginning section of the roller recycling channel and the ending section of the roller
coupling channel as shown schematically in Figure 32 such that the cosine of this angle

is equal to the ratio of the velocities of the rollers in the respective sections of the
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channels. In this way a smooth transition for the rollers from the roller coupling channel
to the roller recycling channel is ensured. Similarly, an angle should be provided
between the ending section of the roller recycling channel and the beginning section of
the roller coupling channel, wherein the cosine of this angle is equal to the ratio of the
velocities of the rollers within the respective sections of the channels.

Figures 33 and 34 show another way to optimise the transition for the rollers from
the roller coupling channel to the roller recycling channel where, in the ending section
of the roller coupling channel, we gradually eliminate the space between the rollers by
gradually reducing the distance between the adjacent roller guide tracks. Such an end
section A of the wheel 10 is shown in Figure 34 and is also illustrated in Figure 33 in an
enlarged view. As it can be seen in Figure 33, by the time the rollers reach the end of
the roller coupling channel, the gap between the rollers disappears and the rollers enter
the roller recycling channel forming a continuous line. Thus, the chances for the rollers
to collide with each other and move in an uncontrolled way are reduced significantly. In
a similar way, at the beginning section of the roller coupling channel at the other end of
the wheel 10 where the rollers make their way from the roller recycling channel to the
roller coupling channel, a gapping between the rollers is introduced by gradually
enlarging the distance between the roller guide tracks 12. While the rollers form a
continuous line with no gaps between them as they exit the roller recycling channel,
they are separated gradually in the beginning section of the roller coupling channel so
that their separation reaches the ideal level of gapping required by the operating
conditions for the mechanism. In Figures 33 and 34 one wheel is shown only but
obviously similar adjustments are made to the roller guide tracks on the other wheel as
well that correspond directly to the adjustments made on the wheel in the Figures.
Changing the direction of the rotation for the wheels the mechanism operates exactly
the same way as above except that the rollers’ movement changes direction and the
beginning and the ending sections of the wheels interchange. Adjusting the distance
between the roller guide tracks could result in slight deviation for the system from the
ideal operating conditions such as those for pure rolling motion. The deviation is
typically very small though and should not alter the characteristic features of the
mechanism significantly. In addition, the idea below can also be used to among other

things eliminate the effect of the deviation completely.
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Figures 33 and 34 show that in this example we adjust not only the distance
between the roller guide tracks 12 at the beginning and ending sections of the roller
coupling channel but also the cross-sectional profile of the roller guide tracks at the
same time. In particular, in the ending section of the roller coupling channel, the cross-
sectional profile of the roller guide tracks is gradually enlarged in such a way that the
corresponding points on the two rolling curves on the two roller guide tracks where the
rollers make simultaneous contact with the two wheels gradually move further apart and
ultimately become separated by a distance larger than the diameter of the rollers. As a
result, the rollers gradually lose contact with the wheels and the forces acting between
the rollers and the wheels gradually disappear. In this way, the rollers gradually
disengage from coupling while still inside the ending section of the roller coupling
channel. This has at least two major benefits. On one hand, the rollers disengage from
coupling smoothly with no major shocks during the process. On the other hand, this
procedure reduces and ultimately eliminates the negative effects arising from the
adjustment of the spacing between the roller guide tracks as given above. The
adjustment of the spacing and the adjustment of the cross-sectional profile of the roller
guide tracks should be done simultaneously (and gradually) to achieve the greatest
effect: on one hand, we gradually move the rollers closer to one another and ultimately
eliminate the distance between them by gradually shortening the distance between the
roller guide tracks and, simultaneously with this, we gradually disengage the rollers
from coupling and ultimately de-couple them from the wheels by gradually expanding
the cross-sectional profile of the roller guide tracks. In this way, the rollers make their
transition from the roller guide channel to the roller recycling channel in a smooth and
orderly fashion causing much less frequent collisions among themselves and as a
consequence much less noise in the system. At the same time, the ideal operating
conditions for the mechanism such as those for pure rolling motion are maintained. This
procedure works exactly the same way albeit in the opposite order at the other end of
the wheel where the rollers exit the roller recycling channel and enter the roller coupling
channel. We gradually introduce a gapping between the rollers in the beginning section
of the roller coupling channel by gradually enlarging the distance between the roller
guide tracks and, simultaneously with this, we gradually introduce a coupling between
the rollers and the wheels by gradually tightening the cross-sectional profile of the roller

guide tracks around the rollers and building up contact and force between the rollers and



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-30 -

the wheels. In this way the rollers gradually re-engage into coupling within the roller
coupling channel in a smooth and orderly fashion causing much less collisions between
the rollers and much less noise in the system. The same adjustments are applied to both
ends of both wheels in the mechanism. Changing the direction of rotation for the wheels
the mechanism operates exactly the same way except that the rollers’ movement
changes direction and the beginning and the ending sections of the wheels interchange.
As it is illustrated in the examples above, the roller transmission and gearing
mechanism according to the present invention can provide one or more alternative
solutions for most of the transmission and gearing tasks and problems that are
apparently superior to existing solutions with numerous comparative advantages and
benefits. It is characteristic to the mechanism that either or both of the driving and the
driven bodies between which the coupling is established by the rollers are set up to
rotate around a given rotational axis or move along a given line or a combination of
these. The characteristic axes, i.e. the rotational axes and/or the given lines of
movement can be set up at practically any relative angle including perpendicular,
parallel and other angles. The characteristic axes can be intersecting each other in a
plane or can as well be evasive. In typical cases of applications in practice the driving
and driven bodies are rotationally symmetric bodies or wheels and the rollers are rolling
balls. In some cases, however, one or both of the bodies can be gear racks and also the
rollers can be sometimes non-spherical rollers such as cylindrical rollers or barrel
rollers. The transmissible torque can be increased if the engagement factor i.e. the
number of rollers in simultaneous coupling is increased. A typical feature of the roller
transmission and gearing mechanism according to the present invention is that the
relative direction of rotation between the driving and driven bodies can be changed
arbitrarily by simply applying a different pair of bodies with a different set of roller
guide tracks. There is no need to introduce an additional (third idle) wheel in the system
like in the case of tooth-wheeled gear drives. One of the main advantages of the roller
transmission and gearing mechanism according to the present invention is that it
features extremely small frictional energy losses and high power transmission efficiency |
as a result of the pure rolling motion carried out by the rollers coupling the driving and
driven bodies. This remains to be true even in the case of high transmissible torque
systems and high gearing ratios. In the case of pure rolling motion energy dissipation

due to frictional energy losses is extremely small, in fact it is much smaller than in the
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case when moving bodies slide along each other’s contact surfaces typical for the great
majority of the currently existing transmission and gearing systems.

The roller transmission and gearing mechanism according to the present invention
provides solutions for practically all of the currently existing transmission and gearing
tasks and problems. For the sake of illustrationg the possible applications of the
invention, three examples for respective typical applications will be shown in Figures
35 to 37. Figure 35 shows a bicycle where the new roller transmission and gearing
mechanism according to the present invention is applied at two points H1 and H2. The
gearing ratio of H1 is 2.625:1 and that of H2 is 1:1. The engagement factor for both
drives is about 9. The application of the new mechanism at H1 and H2 makes the
bicycle drive simple, compact and robust. No sprocket wheels, no chains unlike in the
case of practically the entire bicycle drives today. As a result, the operation is smooth
and reliable. The size of each drive H1 and H2 is smaller than the size of the
conventional sprocket wheels because due to the high engagement factor the torque is
applied to 9 rolling balls simultaneously as opposed to the sprocket wheels where it is
applied to only one sprocket at a time. Since there is no chain, the size of the full system
is smaller too, and it can be conveniently covered in order to make it more compact,
protected and reliable. To make it even more compact axle 43 connecting the drives H1
and H2 can be put inside the frame of the bicycle. The new drive mechanism can also
be advantageous for bicycles with foldable frames because due to the simplicity and
compactness of the system the bicycle can be easily and quickly folded up whenever
necessary. This is not the case for conventional designs because the chain makes the
procedure complicated and messy.

Figure 36 illustrates how the new roller transmission and gearing mechanism
according to the present invention can be applied in the case of differential gears. Half-
axles ktl and kt2 in the Figure are the wheel axles for the vehicle. Drive shaft ht rotates
around its axis and delivers the torque coming from the engine to driving wheel hk. The
driving wheel hk drives a driven wheel tk according to an appropriate embodiment of
the new roller transmission and gearing mechanism according to the present invention.
The driving wheel hk corresponds to the wheels 10 and the driven wheel tk to the
wheels 20 shown in several previous embodiments. The diameter of the wheel hk is
relatively small and the roller guide tracks are developed onto its outer surface while the

diameter of the wheel tk is relatively large and the roller guide tracks are developed
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onto its frontal surface. The axis of the driven wheel tk is perpendicular to that of the
driving wheel hk and the two axes form skew lines with respect to each other. This new
solution for speed reducing differential gears compares against conventional bevel gears
with toothed wheels typical for differential gears currently. The connecting teeth of the
wheels in the bevel gear are under great stress in the conventional design even if arc-
toothed wheels are applied. In addition, the problem with arc-toothed bevel gears is that
they tend to exhibit power transmission efficiency that is much lower than even that of
normal toothed-wheel gears with straight teeth. This is because their teeth besides
,»normal” radial sliding along the profile of the teeth also slide along the arcs of the teeth
introducing significant extra frictional energy losses. Applying the new roller
transmission and gearing mechanism according to the present invention these problems
can be solved naturally. On one hand, the transmissible torque can be greatly increased
by increasing the engagement factor in the system without putting much extra stress on
the structure, the wheels or the individual rollers themselves. On the other hand, the
power transmission efficiency remains to be extremely high since the conditions for
pure rolling motion remain to be in effect in exactly the same way as for lower-torque
applications

The design of differential gears is particularly difficult in the case of vehicles with
two driven rear axles. In order to drive both axles simultaneously, gears with axes
forming skew lines must be applied. Using conventional toothed-wheel gears these
designs exhibit particularly low power transmission efficiency. The new roller
transmission and gearing mechanism according to the present invention provides a very
advantageous solution as shown in the schematic drawing of Figure 37. The first axle
consisting of the two half-axles kt1 and kt2 is driven by the differential gear dm1 and
the second axle consisting of the two half-axles kt3 and kt4 is driven by the differential
gear dm2. Both differential gears dm1 and dm?2 are driven by the same driving shaft ht
simultaneously. The rotational axes of both differential gears viz. the rotational axes of
the two half-axles ktl and kt2 and also of kt3 and kt4 are both skew lines with respect to
the rotational axis of the driving shaft ht. The driving shaft ht first connects to the first
driving wheel hk1 and then to the second driving wheel hk2. Between the two driving
wheels hkl and hk2 the driving shaft ht goes through a cardan joint kes. The two
driving wheels hk1 and hk2 are the first driving wheels in two gears designed according

to the roller transmission and gearing mechanism according to the present invention
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where they respectively drive the wheels tk1 and tk2. The first driving wheels hk1 and
hk2 correspond to the first wheels 10 of the previous examples and the second driven
wheels tk1 and tk2 correspond to the second driven wheels 20. The driving wheel hk1
and the driven wheel tk1 as well as wheels hk2 and tk2 are coupled by one of the
several embodiments of the roller transmission and gearing mechanism according to the
present invention. All the wheels including hk1 and hk2 as well as tkl and tk2 exhibit
roller guide tracks on their surfaces. The driven wheels tk1 and tk2 are connected
directly to the respective differential gears dml and dm2. Applying this design, both
differential gears and the connected half-axles can be driven by a single continuous
driving shaft ht simultaneously while at the same time the system can benefit from the
advantages of the roller transmission and gearing mechanism according to the present
invention including extreme high power transmission efficiency due to pure rolling
motion for the coupling rollers and potentially very high gearing ratio. In fact, this
design can be extended to an arbitrary number of sequentially placed differential gears
where a single driving shaft drives a series of gears with axes forming skew lines with
respect to each other. The extreme high power transmission efficiency and other
benefits provided by the roller transmission and gearing mechanism according to the
present invention can still be maintained even in extreme cases like this.

Besides the three examples shown above the roller transmission and gearing
mechanism according to the present invention has lots of other potential applications in
practically the entire area of the machinery industry, especially vehicles and transport
and handling machinery, machine tools and precision machinery, and also in various
other fields of the mechanical engineering industry. Potential applications include a
large variety of structural designs and set-ups showing great flexibility for various
different positions and angles, forms, shapes and dimensions for the driving and driven
bodies, also different kinds of rollers, a large variety of gearing ratios, directions of
rotation, transmissible power etc. We believe that the new mechanism can provide
superior solutions to probably all of the currently existing transmission and gearing
tasks and problems showing major benefits and advantages compared to the currently
existing mechanisms and designs. Benefits and advantages include high power
transmission efficiency and gearing ratio, compact size and reliability, precise
movements and changeable direction of rotation. In addition we also believe that this is

such a fundamentally new mechanism that it can also provide solutions in such areas of
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applications where the currently existing systems are not practically applicable. As a
result of its apparently major benefits and advantages we believe that the new roller
transmission and gearing mechanism according to the present invention has a great
potential to spread over a wide area of applications in various fields of different
industries.

Due to inescapable production inaccuracies in practice, the conditions that
determine the roller transmission and gearing mechanism according to the present
invention including, in particular, those for pure rolling motion for the coupling rollers
can only be satisfied to a certain degree of accuracy but never perfectly. In addition to
the unwanted but inescapable ,natural” inaccuracies, one can imagine possible
applications for the roller transmission and gearing mechanism according to the present
invention where for various reasons operating conditions are made to deviate from the
perfect ones deliberately i.e. inaccuracies are ,,wanted.” In both the wanted and
unwanted cases, however, for a relatively wide range of inaccuracies the operational
features characteristic to the roller transmission and gearing mechanism according to the
present invention can be maintained even if partially and moderately. The present
invention is, therefore, not restricted to the roller transmission and gearing mechanism
that satisfies the operating conditions mathematically perfectly but also covers those
with a certain degree of imperfection. We can measure the degree of imperfection in the
roller transmission and gearing mechanism according to the present invention by, for
example, looking at the two planes tangential to the two rolling curves at the two points
where the rollers simultaneously make contact with the roller guide tracks on the
driving and driven bodies and measure how close to parallel the angle between these
two planes is. At perfect conditions they should be exactly parallel. Another equivalent
measure of imperfection can be the amount by how much the lengths of the two rolling
curves differ. At perfect conditions they should be exactly the same, no difference. A
moderate amount of imperfection such as a 5-10° deviation from parallel for the above-
mentioned tangential planes or a 5-10% difference between the lengths of the above-
mentioned rolling curves does not significantly affect the major characteristics of the
roller transmission and gearing mechanism according to the present invention. In
particular, the conditions for pure rolling motion for the coupling rollers do not
deteriorate significantly and the main benefits and advantages of the system are

maintained. Thus the present invention is not restricted to the roller transmission and
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gearing mechanism that works at perfect operating conditions with mathematically
exact accuracy but also covers those designs, conditions and situations where although
operating conditions deviate to a certain degree from the perfect ones determined by the
mathematical equations, the main characteristics of the perfect system including the
benefits arising from pure rolling motion for the coupling rollers can be at least partially

and moderately maintained.
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Claims

1. Roller transmission and gearing mechanism, comprising a driving body, roller
means having respective centres or central axes, and a driven body, wherein said
driving body is coupled to said driven body by means of said roller means, said driving
and driven body are guided for movement having a single degree of freedom, said
driving and driven bodies both defining respective roller guide tracks thereon, said
tracks contacting said roller means and determining the relative movement of said roller
means with respect to the associated body, said roller means contacting said roller
guide tracks along respective rolling curves, said roller guide tracks starting and
terminating on said driving and driven bodies at respective pairs of limit surfaces, said
roller means moving along their associated roller guide tracks, wherein the roles of said
driving and driven bodies being interchangeable, characterized in that the distances
defined between respective points of said rolling curve (g1) on said driving body (10,
z1) and said rolling curve (g2) on said driven body (20, z2) being different, said roller
means (G) being moved along said roller guide tracks (12, 22) following their entries
till leaving the tracks substantially with pure rolling motion, and for all point-pairs on
said rolling curves (gl, g2) when being contacted by said roller means (G) the
respective tangential planes (E1, E2) drawn at these pairs of points being substantially
parallel to each other, the velocities (ul, u2) of said contacting pairs of points when
defined in the coordinate system of said roller means (G) being substantially identical
but having opposite signs, in said contacting points the respective action lines of forces
(F) acting on said roller means (G) intersecting the centres or central axes of said roller
means (G), the lengths of said rolling curves (gl) of said driving body (10, z1) being
substantially equal to the lengths of said rolling curves (g2) of said driven body (20,
z2), and said rolling curves (gl, g2) having tangential planes before and after said

contact points being angularly inclined with respect to each other.

2. The roller transmission and gearing mechanism according to claim 1, charac-
terized in that said roller means are spherical rolling balls (30, 30a and 30d).
3. The roller transmission and gearing mechanism according to claim 1, charae-

terized in that said roller means are rotationally symmetric bodies.
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4. The roller transmission and gearing mechanism according to claim 1, charac-
terized by comprising respective roller return paths for guiding said roller means after
leaving said roller guide tracks to return to said roller guide tracks.

5. The roller transmission and gearing mechanism according to claim 1, charac-
terized in that at least one of said driving body (10, z1) and the driven body (20, z2)
being rotationally symmetric defining respective axes of rotation.

6. The roller transmission and gearing mechanism according to claim 5, charac-
terized in that both of said driving body (10, z1) and the driven body (20, z2) being
rotationally symmetric and having respective non-parallel rotational axes (11 and 21),

7. The roller transmission and gearing mechanism according to claim 5, charac-
terized in that at least one of the driving body (10, z1) and the driven body (20, z2)
having a rotationally symmetric frontal surface, and said roller guide tracks (12 or 22)
being defined on said frontal surface, and said limiting surfaces being rings (14, 15).

8. The roller transmission and gearing mechanism according to claim 1, charac-
terized in that at least one of the driving body (10, z1) and the driven body (20, z2) are
gear racks set to move along a given line and having a flat surface, and the roller guide
tracks are defined on said flat surfaces of the gear racks.

9. The roller transmission and gearing mechanism according to claim 1, charac-
terized in that a plurality of roller guide tracks are defined on at least one of said
driving and driven bodies (10, z1; 20, z2).

10. The roller transmission and gearing mechanism according to claim 9, charac-
terized in that said plurality of roller guide tracks on the same body are identical in
shape and curvature and being angularly displaced with respect to each other by
respective angular spacings around the rotational axis of the respective body.

11 The roller transmission and gearing mechanism according to claim 10, charac-
terized in that said displacement angle is 360°/n, where 1 is the number of equally
spaced roller guide tracks on said body.

12. The roller transmission and gearing mechanism according to claim 9, charac-
terized in that said roller guide tracks being defined on a planar surface of the
associated body (10, z1; 20, z2) and being identical in shape and curvature and being
spaced from each other.

13. The roller transmission and gearing mechanism according to claim 1, charac-

terized in that either one of the driving body (10, z1) and the driven body (20, z2)



10

15

20

25

30

WO 2007/077470 PCT/HU2006/000131

-138 -

comprises ridges (26) with respective side surfaces, and the other body defines grooves
(16) conforming in shape with said ridges (26), so that respective gaps being provided
between each of said side surfaces of said ridges (26) and said side surfaces of said
grooves (16), said roller means (30a, 30b) being arranged in at least one of said gaps,
said roller guide tracks (17, 27, 18, 28) being defined on said opposing side surfaces of
said ridges and said grooves wherein said roller means being arranged.

14. The roller transmission and gearing mechanism according to claim 13, cha-
racterized in that a plurality of roller guide tracks (17a, 27a; 18b, 28b; 17c. 27¢c; 18d,
28d), being defined in said gaps and respective roller means (30a, 30b, 30c, 30d) being
guided along each of said roller guide tracks.

15. The roller transmission and gearing mechanism according to claim 13,
characterized in that for bi-directional loads respective roller means (30a, 30b) being
arranged in both of said gaps.

16. The roller transmission and gearing mechanism according to claim 13,
characterized in that a plurality of pairs of conforming ridges and grooves being
arranged on each of said bodies.

17. The roller transmission and gearing mechanism according to claim 13,
characterized in that said roller means being tiny balls filling substantially said gaps.

18. The roller transmission and gearing mechanism according to claim 17,
characterized in that said tiny balls being suspended in a Iubricant fluid.

19. The roller transmission and gearing mechanism according to claim 1, charac-
terized by comprising bafflers (31 and 32) limiting displacement of said roller means in
directions other than the path defined by said roller guide tracks, said bafflers (31, 32)
being arranged at respective sides of said tracks.

20. The roller transmission and gearing mechanism according to claim 1, charac-
terized by comprising spacers (35) between adjacent roller means to keeping a
predetermined distance therebetween.

21. The roller transmission and gearing mechanism according to claim 4, charac-
terized in that the direction of the movement of said roller means when leaving said
roller guide tracks and their direction of movement when entering said return path close
an angle the cosine of which is equal to the ratio of the velocity of the roller means in
the return path to the velocity of the roller means when leaving said roller guide tracks,

furthermore the same angle is applied between the direction of said return path at the
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other end thereof and the direction of the movement of said roller means when entering
said roller guide tracks.

22. The roller transmission and gearing mechanism according to claim 4, charac-
terized in that a gradually reduced distance being provided between adjacent roller
guide tracks close to said roller guide track terminating limit surfaces, and a gradually
increased distance being provided between adjacent roller guide tracks close to said
roller guide track starting limit surfaces for providing smooth movement of said roller
means both along their associated roller guide tracks and return paths.

23. The roller transmission and gearing mechanism according to claim 1, charac-
terized in that said roller guide tracks being gradually enlarged at said starting and
ending portions of said tracks when approaching said limit surfaces to reduce said

forces acting on said roller means and to facilitate both their entry and discharge.



WO 2007/077470 PCT/HU2006/000131

1/18







WO 2007/077470 PCT/HU2006/000131

3/18

Figure 5




PCT/HU2006/000131

WO 2007/077470

4/18

25

34 30

15

14

20

&

~ o)
[«*] [«P]

S
Q = =
=1y B
- p—( o pi
= =




WO 2007/077470 PCT/HU2006/000131

5/18

Figure 10



WO 2007/077470 PCT/HU2006/000131

10

N\
24 ///
— 15
\\\\ \\ s\
-~ \\\\
Figure 11

Figure 12






WO 2007/077470 PCT/HU2006/000131

8/18

“'\"») ‘
&

e

,

i
gl >

N

NN
\\ \&,
=TS

N
.

Figure 15

Figure 16



PCT/HU2006/000131

WO 2007/077470

9/18

Figure 17

Figure 18



WO 2007/077470 PCT/HU2006/000131

17¢ 30¢
30a

26

10 28b

16

30b

Figure 20



WO 2007/077470 PCT/HU2006/000131

17

NN

N\
g

N

,"

Figure 22



WO 2007/077470 PCT/HU2006/000131

7
17777
G
7

ﬁ,i/t

=5
. LA s
1//‘%"’ .é'r’? L) /
7
7/

Y
g
i ,. = 30
I‘-‘ :- \‘;;.-i- -
10 \\\ \\'
Figure 23
22 22b 3la 30a 31b 39b
22a / , / 4 \‘\\

SX 7

&S

2

7

Figure 24



WO 2007/077470 PCT/HU2006/000131

13/18

Figure 26



WO 2007/077470 PCT/HU2006/000131

14/18

72—

Figure 27

Figure 28



WO 2007/077470 PCT/HU2006/000131

15/18

Figure 29
gl
g2
\ Z 112 G gp /
’ \> Pl &
\.\ ' @1
QZ J .\\0 3 //
2T P 4 X <
Z2‘ oy X Mgl
T — Y R |
v / ‘NX

Figure 30



WO 2007/077470 PCT/HU2006/000131

16/18

_____ N
N J

Figure 32



WO 2007/077470 PCT/HU2006/000131

17/18

Figure 33 Figure 34

Figure 35



WO 2007/077470

18/18

\\ s
e /,/ g //
N7 N
~ N
.
G
dm—
Figure 36
hk2
kt3 /
7>
kcs %A""
hkl\\ ’?\ «
Kt 5 {

Figure 37

PCT/HU2006/000131

kt4



INTERNATIONAL SEARCH REPORT

International application No

PCT/HU2006/000131

CLASSIIEI%I%TION OF SUBJECT MATTER

A.
INV. H1/16 F16H25/22

According to International Patent Classffication (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

F16H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 02/103220 A (SEGRETI ADOLFO [IT])

27 December 2002 (2002-12-27)

Y page 5, lines 13-15; figures 8,9

page 6, lines 7-13

page 6, line 19 - page 7, line 5

page 7, lines 21-23

page 8, line 21 - page 9, line 2

X EP 0 349 209 A (OHTSUKA NAOTOSHI [JP];
HORIYA YOSHIO [JP]; JAPAN ENGINE VALVE MFG
[JP]) 3 January 1990 (1990-01-03)

1-7,9-11
8,13-20

1-7,9-12

page 2, column 2; figure 6

Y JP 07 310802 A (TOYO KANETSU KK)
28 November 1995 (1995-11-28)
abstract; figure 1

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which Is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published afier the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed Invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
{n?rr]lts. ?tUCh combination being obvious to a person skilled
n the art,

'&" document member of the same patent family

Date of the actual completion of the international search

4 May 2007

Date of mailing of the international search report

15/05/2007

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, TX. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Schreck, Mathias

Form PCT/ISA/210 (second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/HU2006/000131

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

Category”*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

GB 209 737 A (ACHILLE PAYS)

15 May 1924 (1924-05-15)

figure 8

US 6 092 434 A (MATSUMOTO TETSUO [JP] ET
AL) 25 July 2000 (2000-07-25)

page 15, column 7, Tines 31-37; figures
10,11

US 6 095 009 A (TAKAGI HIROYUKI [JP1)

1 August 2000 (2000-08-01)

page 5, column 2, lines 38-52; figure 1

13-18

19

20

Form PCT/ISA/210 (continuation of second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/HU2006/000131

Patent document
cited in search report

Publication
date

Patent family
member(s)

Publication
date

WO 02103220 A 27-12-2002 AU 2002314534 Al 02-01-2003
IT CS20010002 Al 12-09-2001

EP 0349209 A 03-01-1990 DK 320889 A 30-12-1989
KR 950002199 Y1 29-03-1995
us 4951519 A 28-08-1990

JP 7310802 A 28-11-1995  NONE

GB 209737 A 15-05-1924  NONE

US 6092434 A 25-07-2000 DE 19749137 Al 10-06-1998
JP 10141465 A 29-05-1998

US 6095009 A 01-08-2000  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Bibliography
	Claims
	Drawings
	Description
	Abstract
	Search-Report

