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(57) Abstract: The invention relates to
a gearing assembly comprising a fixed
gearing and a gear wheel that rolls off
said fixed gearing using two toothed bars,
whereby the gear wheel is transferred
from one toothed bar to the other toothed
bar during the rolling displacement. The
aim of the invention is to provide a gearing
assembly of this type, in which the axis of
a gear wheel that rolls off the toothed bars
can pass through a trajectory comprising
a bend point. A recess is formed between

the two toothed bars (26, 28), which
prevents the gear wheel (10) from meshing
with both toothed bars (26, 28) at the same
time. A transition gearing is formed by
a toothed arc (42) that is convex or linear
in relation to the rolling gear wheel (10).
The gear wheel (10), once meshed with
the transition gearing (30), releases its
engagement with one toothed bar (26)
before meshing with the other toothed bar

(28).

(§7) Zusammenfassung: Die Erfindung
betrifft eine Verzahnungsanordnung mit
einer feststehenden Verzahnung und einem
an der {feststehenden Verzahnung mit
zwel Zahnleisten abrollenden Zahnrad,

Q wobei das Zahnrad bei seiner Abrollbewegung von der einen Zahnleiste auf die andere Zahnleiste tibergeht. Der Erfindung

e liegt die Aufgabe zugrunde, eine Verzahnungsanordnung der vorliegenden Art zu schaffen, bei welcher die Achse eines an den
ahnleisten abrollenden nrades ohne zu klemmen eine Trajektorie mit einem Knickpunkt durchlaufen kann. Zwischen den

& Zahnle; brollenden Zahnrades oh kl ine Trajektorie mit ei Knickpunkt durchlaufen k Zwischen d

O
=

beiden Zahnleisten (26,28) ist eine Aussparung gebildet, die den gleichzeitigen Kontakt des Zahnrades (10) mit beiden Zahnleisten
(26,28) ausschliesst. Eine Uberleitungsverzahnung ist von einem zu dem abrollenden Zahnrad

[Fortsetzung auf der ndchsten Seite]
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Toothing Assembly

Technical Field

The invention relates to a toothing assembly comprising a stationary toothing and a gear
rolling along the stationary toothing having two toothed racks, the gear, during its rolling

motion, passing from one toothed rack to the other one.

Prior Art

In many design tasks, the problem arises of moving the axis of a gear rolling along a
toothed rack, or a constructional element connected thereto, along a trajectory having one
or more salient points. Though the trajectary is continuous in the salient points, there is,

however, a fangent discontinuity. An example of such a trajectory is a twoangle formed

by two oppositely curved circle arcs.

Such a problem occurs, for example, with a rotary piston engine as described in
document DE 199 20 289 Cl. There, a rotary piston , the cross section of which is an
oval of second order, is movable in a chamber, the cross section of which forms an oval

of third order. A driven shaft extending centrally through the chamber serves to pick-off
the motion of the rotary piston. The driven ghaft extends through an oval aperture
through the rotary piston and carries a pinion. The pinion cngages a toothing on the inner
side of the aperture. The axis of thc driven shaft and, thereby, of the pinion moves,
during the motions of thec rotary piston, along a trajectory relative to the rotary piston,

which trajectory has the shape of a twoangle. There are problems to design the toothing
in such a way that the pinion docs not jam in the points, where the axis of the pinion

passes through the salient points of the trajectory.
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The problem of moving a gear along a toothing in such a way that its axis moves through

a trajectory having salient points, has not been solved up to now.

In the book by 1. I. Artobolevskij “Mechanisms in modem technology”, Vol III,
publisher Nauka, Moskow 1973, solutions are described, wherein attempts are made to
evade the described problem. To this end, the critical locations with the tangent
discontinuity arc replaced by continuous and smooth stretches of toothing. Another
attempt congisted in interrupting the rolling at the critical locations, Also gears, which
have no rotational symmetry or other mechanisms have been used, which are specially
adapted to the particular case.

Disclosure of the Invention

It is the object of the invention to provide a toothing assembly of the present typc,

wherein the axis of a gear rolling along the toothed racks can move without jamming

through a trajectory having a salient point.

According to the invention, this ohject is achieved in that a change-over toothing 1s

provided between the toothed racks which extends non-smoothly with respect to the
toothed racks to gencrate a trajectory of the axis of the rolling gear, which trajectory has

a discontinuity of the tangent in a salient point.

Then the gear, at first, rolls along one of the toothed racks. Its axis moves along one leg
of the trajectory up to the salient point. From here, the gear would have to roll along the
other toothed gear, such that the axis of the gear is moved through the salient point along
the other log of the trajectory. The transition from onc toothed rack to the other one has
lo occur, on one hand, instantancously. On the other hand, there must be no jamming.
Such jamming occurs, if the toothing in the region of the salient point is smoothly
continuous. If the radius of curvature of the reference circle of the “‘changc-over

toothing™ between the toothed racks is smaller than the radius of the gear, then the gear

will not be able to Toll over this change-over toothing and will jam. If the radius of

curvature of the reference circle of the change%ovcr toothing is larger than the radius of

the gear, then there will be no instantaneous transition from one toothed rack to the other
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one. The axis of the gear moves, during the rolling along the change-over toothing, along
a circular arc. No salient point will be generatcd. If the reference circles of the change-
over toothing and of the gear are equal , with smooth connection, then the gear is not able
to roll on in the region of the change-over toothing. Therefore, the invention provides for

a non-smooth transition between the toothed racks and the change-over toothing. Then

provision can be made that the gear, immediately after disengaging one toothed rack, will
again get into mesh with the other toothed rack. The change-over toothing, which joins
the racks non-smoothly and preferably is arranged to form gaps thercbetween, ensures
that always mesh between rolling on gear and stationary toothed rack is provided. At
first, the gear meshes with one of the toothed racks and with the change-over toothing. In
the next moment, the gear meshes with the change-over toothing and the other toothed
rack. Thus, while continuously maintaining the engagement, an instantaneous transition

from one toothed rack to the other one takes place. The trajectory has a salient point.

A velief is formed between the two toothed racks, which prevents simultancous contact of
the gear with the two toothed racks. The change-over toothing may be formed by a
toothed arc convex with respect to the rolling gear. In this case, prefcrably the gear has a
reference circle which has common tangents with each of the reference curves of the two
toothed racks, when the axis of the gear is in the salient point of the trajectory, and the
convex toothed arc has a reference circle which has a cormmon tangent with the reference

circle of the gear. The change-over toothing may, however, also be a linear toothed rack.

A linear toothed rack may be regarded as a convex toothed rack having a radius of
curvature of infinity, The gear, while meshing with the change-over toothing, leaves

engagement with one toothed rack immediatcly before it engages the other too thed rack.

The reference curves of the two toothed racks may be concave-arcuate.

Embodiments of the invention are described in greater detail hereinbelow with reference

to the accompanying drawings.
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4
Brief Description of the Drawings
Fig.l shows a gear, when changing-over from engagement with a first arcuate

toothed rack to engagement with a second arcuate toothed rack, the gear
meshing with a change-over toothing and meshing with just no longer with

the first toothed rack and meshing just not yet with the second toothed rack.

Fip.2 shows the toothing assembly of Fig.1, after the gear has moved further to
engage the second toothed rack.

Fig.3 shows, at an enlarged scale, a linear change-over toothing with the ends of
the toothed racks.

Fig.4 shows a convex changc-over toothing in similar representation as Fig.3.

Fig.5 shows a toothing assembly with a convex change-over toothing and the

trajcctory followed by the axis of the gear and having a salient point.

Fig.6 is 8 vector diagram for the speed of the axis of the gear, when passing the
salient point of the trajectory.

Preferred Embodiment of the Invention

In the following, the invention will be described with reference to a singular trajectory

with circular puaths in the immediate neighbourhood of the salient point, Of course, the
validity of the invention is not limited thereto,

In the Figures, numeral 10 designates a gear. The gear 10 is to roll along a toothing,
which is generally designatcd by numeral 12, in such a way that its axis A follows a
singular trajectory 14. The trajectory consists of two circular arcs 16 and 18, which
define a salient point 20). The circular arc 16 is curved about a centre of curvature 22. The
circular arc 18 is curved about a centre 24.
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To this end, the toothings 12 have two concave toothed racks 26 and 28. The toothed
rack 26 is curved about the centre of curvature 22, Its reference circlc is larger, by the
reference circle radius of the gear 10, than radius of curvature of the circular arc 16. The
toothed rack 28 is curved about the centre of curvature 24. Its reference radius is larger,
by the reference radius of the gear 10, than the radius of curvature of the circular arc 18.
When the gear 10 rolls along the toothed rack 26, then the axis A of the gear follows the
circular arc 16 up to the salient point 20. When the gear 10 rolls along the circular arc 18,
then the axis A of the gear follows the circular arc 18 from the salient point 20 to the left

in Fig.5.
The problem is the change-over from the toothed rack 26 to the toothed rack 28,

As illustrated in Figs.] and 2, there is a rclicf between the ends of the toothes racks 26
and 28. A linear “change-over toothing” 30 is located in this relief. A relief 32 is
provided between the toothed rack 26 and the lincar change-ovér toothing 30. Similarly a
relief 34 is provided between the toothed rack 28 and the linear change-over toothing 30.

As can be scen from Fig. 1, the reference citcles 36 and 38 of the toothed racks 26 and 28,

in the position corresponding to the salient point, smoothly join the reference circle 40 of
the gear 10. The toothing between the toothed racks 26 and 28, however, do not follow

this reference circle 40 but form, as described, a linear toothed rack or change-over
toothing 30. The reference line a — a of this lincar change-over toothing 30 corresponds

to the tangent at the reference circle of the gear 10.

It can be seen from Figl, that the gear, in its “salient point” position, meshes, io its
central region, with the change-over toothing 30. The gear 10 just no longer engages the
toothed ruck 26. The gear just not yet engages the toothed rack 28, Immediately
previously there was still engagement with the toothed rack 26, immediately thereafter
the gear 10 will engage the toothed rack 28. Thus a instantaneous change-over from the
toothed rack 26 to the toothed rack 2R takes place. The trajectory 14 of the axis A has a
genuine salient point with a tangent discontinuity. As the chanpc-over toothing 30 is
linear, thus is not “bent” around the gear 10, there will be no jamming. Fig.3 is an
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enlarged illustration and permits more clearly the recognition of the deviation of the

change-over toothing 30 from the reference circle of the gear 10.

Therefore, the described toothing assembly permits jamming-free and instantaneous
change-over of the gear 10 from one toothed rack 26 to the other toothed rack 28 such
that the axis A follows a trajectory 14 exhibiting a salient point 20. During this change-
over, however, driving connection between gear 10 and toothing and the transmission of’

torques is ensured, at each moment, through meshing toothings.

Fig.4 shows a toothing assembly similar to Figs.]1 to 3. Corresponding elements are
designated by the same reference numerals as there. In the toothing assembly of Fig.4, a
convex change-over toothing 42 is provided instead of a linear change-over toothing. The
change-over toothing 42 has a reference circle 44, The reference circle 40 of the gear 10,

in the “salient point” position thereof, has a common tangent a — a with the reference

circle. Prcferably, the tangent a — a is parallel to the connection line between the centres

of curvature 22 and 24.

In an extreme case, it is possible that the change-over toothing consists of one single

tooth. It may also be possible that the change-over toothing is concave, if it has a

sufficiently large radius of curvature.,

The “physics” of the guidance of the axis of a rolling gear about the salient point 20 of
the trajectory is substantially determined by the fact that the trajectory of the axis or of

the centre of gravity of the gear remains continuous in the salient point 20, while its

velocity changes its direction discontinuously.
This situation is {llustrated in Fig.6.

If frictional losses and other dynamic cffccts arc negleeted, the velocity of the axis A
immediately in front of the salient point, namely V™, jumps to thc spced of the axis

immediatcly behind the salient point VT2, The component of the velocity parallel to the

line a ~ a prior to the jump ¥, is equal to the cdmponent immediately behind the salient
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point ¥ . The component of the velocity normal to the line a — a prior to the jump V™

varies discontinunously to the opposite component immediately behind the salient point

VI Itis

Thereby, passing of the axis A of the gear 10 through the salient point is equivalent to a

mirror reflection of the mass centre of gravity at the line a - a.
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Claims

Toothing assembly comprising a stationary toothing and a gear (10) rolling along
the stationary toothing having two toothed racks (26,28), the gear, during its lolling
motion, passing from one toothed rack to the other one, characterised in that a

change-over toothing (30,42) is provided between the toothed racks (26,28) which
extends non-smoothly with respect to the toothed racks to generate a trajectory (14)
of the axis (A) of the rolling gear, which trajcctory has a discontinuity of the

tangent in a salient point.

Toothing assembly according to claim 1, characterised in that a relief is provided

between the two toothed racks (26,28), which rclief prevents simultaneous contact

of the gear (10) with the two toothed racks (26,28).

Toothing assembly according to claim 2, characterised in that the change-over

toothing is formed by a toothed arc (42) convex with respect to the rolling gear
(10). |

Toothing assembly as claimed in claim 3, characterised in that

(a) the gear (10) has a reference circle (40) which has common tangents with
each of the reference curves (36,38) of the two toothed racks (26,28), when

the axis (A) of the gear (10) is in the salient point of the trajectory (14), and

(b) the convex toothed arc (42) has a refercnce circle (44) which has a common

tangent (a - a) with the reference circle (40) of the gear (10).

Toothing assembly according to claim 2, characterised in that the change-over
toothing is a linear toothed rack (30).
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Toothing assembly according to claim 2, characterised in that the change-over

foothing consists of one singlé tooth.

Toothing assembly according to one of the claims 1 to 6, characteriscd in that the
gear (10), when engaging the change-over toothing (30), leaves the engagement
with one toothed rack (26) immediately before it engages the other toothed rack
(28).

Toothing assembly according to anyone of the claims 1 to 7, characterised in that

the reference curves (36,38) of the two toothed racks (26,28) are concave-arcuate.
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