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(57) Abstract: A planetary gear (1) is disclosed which comprises at least a first hollow wheel (2) with a helical gearing (34) and a
second hollow wheel (4) with a helical gearing (34), wherein the first hollow wheel (2) and the second hollow wheel (4) are adapted
to rotate in a first rotational direction (30) and a second opposite rotational direction (32), and a first double planet (6) having a first
wheel (14) with a helical gearing (34) meshing with the helical gearing (34) of the first hollow wheel (2) and having a second wheel
(16) with a helical gearing (34) meshing with the helical gearing (34) of the second hollow wheel (4), wherein each helical gearing (34)
has a first side face and a second side face opposite to the first side face, wherein a surface normal of the first side face is directed to
the first rotational direction (30) and a surface normal of the second side face is directed to the second rotational direction (32), further
comprising a first force exerting element (36) exerting a first force in a first direction so that the first side faces of the helical gearings

[Continued on next page]
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(34) of the first wheel (14) of the first double planet (6) are in contact with the second side faces of the helical gearing (34) of the first
hollow wheel (2) and that the second side faces of the helical gearings (34) of the second wheel (16) of the first double planet (6) are
in contact with the first side faces of the helical gearing (34) of the second hollow wheel (4), thereby providing a preload to the hollow
wheels (2, 4) in the first and the second rotational direction (30, 32).
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Description

PLANETARY GEAR WITHOUT BACKLASH

The present invention relates to a planetary gear comprising at least a first hollow wheel

and a second hollow wheel and a first double planet according to the preamble of claim 1.

Planetary gears typically comprise multiple wheels or gears. If the gearings of the wheels
of such a planetary gear are meshing, there is often backlash between the gearings. For
gears that are only running into one rotational direction, this is of no further relevance as
the gearings of two meshing wheels come once into contact during start up and then rotate
while keeping this contact. Further additional contacting between the gearings does not

occur during the further operation.

When the wheels change their rotational direction, i.e. perform a forward and backward
motion and/or perform an oscillating movement between the two directions, the backlash
between the gearings may cause an uneven motion profile of the wheels. This may lead to

an unwanted wear of the wheels.

It is thus an object of the present invention to reduce the backlash between the gearings of

the wheels of a planetary gear.

This object is solved by a planetary gear according to claim 1.

The planetary gear comprises at least a first hollow wheel with a helical gearing and a sec-

ond hollow wheel with a helical gearing, wherein the first hollow wheel and the second
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hollow wheel are adapted to rotate in a first rotational direction and a second opposite rota-
tional direction. The planetary gear further comprises a first double planet having a first
wheel with a helical gearing meshing with the helical gearing of the first hollow wheel and
having a second wheel with a helical gearing meshing with the helical gearing of the sec-

ond hollow wheel.

Each helical gearing of the hollow wheels and the double planets has a first side face and a
second side face opposite to the first side face. A surface normal of the first side face is
directed to the first rotational direction and a surface normal of the second side face is di-

rected to the second rotational direction.

To minimize the backlash between the helical gearings of the wheels of the first double
planet and the hollow wheels, a first force exerting element is provided. The first force ex-
erting element exerts a first force in the first direction so that the first side faces of the heli-
cal gearings of the first wheel of the first double planet are in contact with the second side
faces of the helical gearings of the first hollow wheel and so that the second side faces of
the helical gearings of the second wheel of the first double planet are in contact with the
first side faces of the helical gearings of the second hollow wheel. Due to this contact, a
preload to the hollow wheels in the first rotational direction is provided. By pressing the
first double planet into the direction of the first hollow wheel, the helical gearings of the
first double planet are in contact with the helical gearings of the first and the second hollow
wheel. Due to the preload, a contact between the helical gearings of the hollow wheels and
the helical gearings of the wheels of the double planet exists already during start up. In ad-
dition, this contact can be kept by means of the first force exerting element during opera-
tion by maintaining the preload and thus, a backlash between the helical gearings may be

avoided.

The first wheel and the second wheel of the first double planet are fixed in relation to each
other. By this fixation, it is possible to exert the first force simultaneously to both wheels
of the first double planet so that the first side faces of the helical gearings of the first wheel
as well as the second side faces of the second wheel of the first double planet are in contact
with the second side faces of the helical gearings of the first hollow wheel and the first side

faces of the helical gearings of the first hollow wheel, respectively.
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One of the hollow wheels may be implemented as an input which is typically used in plan-
etary gear, 1.e. an element which is driven by a shaft, wherein the other hollow wheel may
act as output. As the first double planet is in contact with the first hollow wheel with the
first wheel and is in contact with the second hollow wheel via the second wheel, the
movement of the hollow wheel acting as input is transferred to the hollow wheel acting as
output. Also, other combinations are possible. For example, a planetary carrier may be
provided which acts as input. In addition, the planetary gear may comprise a sun wheel or

one of the hollow wheels may act as a sun wheel.

If only one double planet is used, the two hollow wheels may move in relation to each oth-
er. To avoid such a movement, the planetary gear may comprise a second double planet
having a first wheel with a helical gearing meshing with the helical gearing of the first hol-
low wheel and a second wheel with a helical gearing meshing with the helical gearing of
the second hollow wheel, and may comprise a second force exerting element exerting a
second force in a second direction opposite to the first direction so that the second side fac-
es of the helical gearings of the first wheel of the second double planet are in contact with
the first side faces of the helical gearing of the first hollow wheel and that the first side fac-
es of the helical gearings of the second wheel of the second double planet are in contact
with the second side faces of the helical gearing of the second hollow wheel thereby

providing a preload to the hollow wheels in the second rotational direction.

By using a first and a second double planet, the stability in the planetary gear may be im-
proved. Using the second double planet, it may be avoided that the first double planet
moves in relation to the first and the second hollow wheel. For this purpose, the first and
the second double planet may also be coupled via a planetary carrier. The planetary carrier
may act as an input for transferring a force from the shaft to the double planets and thus to

the hollow wheels.

The backlash between the two hollow wheels and the double planets is avoided due to the
usage of the preloaded double planets. Due to the preload of the second double planet
which is in the opposite direction to the preload of the first double planet, backlash be-
tween the gearings may be avoided and further improved. In addition, the equal distribu-

tion of the force due to the two double planets may keep the hollow wheels in place.
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According to a further embodiment, the planetary gear comprises an even number of dou-
ble planets, wherein a first half of the double planets is preloaded in the first rotational di-
rection and wherein a second half of the double planets are preloaded in the second rota-
tional direction. By providing an even number of double planets, the first force and the
second force may be equally distributed over the number of double planets. Also, the pre-
load in the first rotational direction and the preload in the second rotational direction may

be equally distributed.

In a preferred embodiment, the first half and the second half of the double planets are al-
ternatingly arranged. This may further improve the equal distribution of the first and sec-
ond force as well as of the preload in the first rotational direction and the preload in the

second rotational direction.

According to a further embodiment, the first force and the second force are higher than an
axial force being exerted by the meshing of the helical gearings of the double planets and
the hollow wheels during rotation. By such a distribution between the first and second
force and the axial forces, an elastic behavior of the system may be reduced. This means
that it may be avoided that the double planets move in the first and second direction during

operation of the planetary gear.

In the planetary gear, the first force and the second force are preferably equal. Also, when
an uneven number of double planets is used, the total amount of the first force and the total

amount of the second force are preferably equal.

According to a further embodiment, the force exerting element may be a spring element, a
magnetic element and/or hydraulic element. Also, any other kind of force exerting element

may be possible.

According to a further embodiment, the planetary gear further comprises at least one force
exerting limiting element for allowing a movement of the double planets in one direction,
in particular wherein a movement in the other direction may be locked. The force exerting
limiting element may be used for allowing the double planets to move in the direction of

the first force and the second force, only, wherein the other direction is locked.
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The locking element can consist of a ratchet mechanism which may use force or form clo-
sure. Such a mechanism may be based on principle solutions like self-jamming cams or

asymmetric teeth.

Further advantages and preferred embodiments are disclosed in the claims, the description
and the figures. It should be further noted that a person skilled in the art may regard or use
the presented features individually or combine the presented features otherwise than indi-

cated without extending the scope of the invention.

In the following, the present invention will be described by means of embodiments shown
in the figures. The shown embodiments are exemplarily, only, and are not intended to limit

the scope of protection. The scope of protection is solely defined by the attached claims.

Fig. 1 shows a top view of a planetary gear; and

Fig. 2 shows a sectional view of the planetary gear of Fig. 1.

In the following same or similar functioning elements are indicated with the same refer-

ence numerals.

Fig. 1 shows a planetary gear 1, which comprises a first hollow wheel 2 and a second hol-
low wheel 4. The planetary gear 1 further comprises a first double planet 6, a second dou-
ble planet 8, a third double planet 10, and a fourth double planet 12. The double planets 6,
8, 10, 12 may be coupled by means of a planetary carrier (not shown), which may be ar-

ranged between the double planets 6, 8, 10, 12. The planetary gear 1 may also comprise

only one double planet 6, or any other number of double planets 6, 8, 10, 12. Furthermore,
a sun wheel (not shown) in addition to or as replacement of one or both hollow gears may

be used.

In the embodiment shown in Fig. 1, the first hollow wheel 2 is greater than the second hol-
low wheel 4. The first hollow wheel 2 may act as an input and the second hollow wheel 4
may act as an output. Also, other embodiments as well as proportions of the hollow wheels

2, 4 and the double planets 6, 8, 10, 12 are possible.
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The double planets 6, 8, 10, 12 each comprise two wheels 14, 16; 18, 20; 22, 24; 26, 28.
The first wheels 14, 18, 22, 26 are in contact with the first hollow wheel 2 and the second
wheels 16, 20, 24, 28 are in contact with the second hollow wheel 4. Due to this contact
between the double planets 6, 8, 10, 12 and the hollow wheels 2, 4, a movement of the first
hollow wheel 2 in a first rotational direction 30 or a second rotational direction 32 is trans-
ferred to the second hollow wheel 4 and vice versa. The rotational directions 30, 32 of the

hollow wheels 2, 4 are indicated by arrows 30, 32 in the figures.

Fig. 2 shows sectional views of each double planet 6, 8, 10, 12 in combination with the
hollow wheels 2, 4. As can be seen in Fig. 2, the hollow wheels 2, 4 and the double planets
6, 8, 10, 12 each have a helical gearing 34. Each helical gearing 34 has a first side face and
a second side face opposite to the first side face. A surface normal of the first side faces is
directed to the first rotational direction 30 of the first and second hollow wheel 2, 4 and a
surface normal of the second side faces are directed to the second rotational direction 32 of

the hollow wheels 2, 4.

When the wheels (the hollow wheels 2, 4 and thus also the wheels 14, 16; 18, 20; 22, 24;
26, 28 of the double planets 6, 8, 10, 12) change their rotational direction 30, 32, i.e. per-
form a forward and backward motion and/or perform an oscillating movement between the
two rotational directions, a backlash between the gearings 34 may cause an uneven motion

profile of the wheels.

To minimize the backlash between the helical gearings 34 of the wheels 14, 16; 18, 20; 22,
24; 26, 28 of the double planets 6, 8, 10, 12 and the hollow wheels 2, 4, one or more force
exerting elements 36, 38 may be provided. A first force exerting element 36 exerts a first
force in a first direction and a second force exerting element 38 exerts a second force in a
second direction opposite to the first direction. The first direction and the second direction

are perpendicular to the first and the second rotational direction 30, 32.

In the embodiment shown in Figs. 1 and 2, the first force is applied to the first and fourth
double planet 6, 12 and the second force is applied to the second and third double planet 8,
10. Due to the first force, the first side faces of the helical gearings 34 of the first wheels
14, 26 of the first and fourth double planet 6, 12 are in contact with the second side faces

of the helical gearings of the first hollow wheel 2. In addition, the second side faces of the
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helical gearings 34 of the second wheels 16, 28 of the first and fourth double planet 6, 12
are in contact with the first side faces of the helical gearings of the second hollow wheel 4.
Due to this contact, a preload to the hollow wheels 2, 4 in the first rotational direction 30 is

provided.

In addition, due to the second force, the second side faces of the helical gearings 34 of the
first wheels 18, 22 of the second and third double planet 8, 10 are in contact with the first
side faces of the helical gearings of the first hollow wheel 2. In addition, the first side faces
of the helical gearings 34 of the second wheels 20, 24 of the second and third double planet
8, 10 are in contact with the second side faces of the helical gearings of the second hollow
wheel 4. Due to this contact, a preload to the hollow wheels 2, 4 in the second rotational

direction 32 is provided.

By pressing the first and fourth double planet 6, 12 into the direction of the first hollow
wheel 2, the helical gearings 34 of the first and fourth double planet 6, 12 are in contact
with the helical gearings of the first and the second hollow wheel 2, 4. By pressing the sec-
ond and third double planet 8, 10 into the direction of the second hollow wheel 4, the heli-
cal gearings 34 of the second and third double planet 8, 10 are in contact with the helical

gearings of the first and the second hollow wheel 2, 4.

Due to this preload, a contact between the helical gearings 34 of the hollow wheels 2, 4
and the helical gearings 34 of the wheels 14, 16; 18, 20; 22, 24; 26, 28 of the double plan-
ets 6, 8, 10, 12 exists already during start up. In addition, this contact can be kept by means
of the force exerting elements 36, 38 during operation by maintaining the preload and thus,

a backlash between the helical gearings 34 may be avoided.

The force exerting elements 36, 38 may be implemented for example as springs, magnetic
elements, hydraulic elements or any other kind of element being able to exert a force to the
double planets 6, 8, 10, 12. Preferably, the total amount of the first force exerted by the
first force exerting elements 36 and the total amount of the second force exerted by the

second force exerting elements 38 is equal.
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Due to the preload of the double planets with respect to the hollow wheels in the first
and/or the second rotational direction, backlash between the gearings of the double planets

and the hollow wheels may be minimized.
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Claims

Planetary gear (1) comprising at least

a first hollow wheel (2) with a helical gearing (34) and a second hollow wheel (4)
with a helical gearing (34), wherein the first hollow wheel (2) and the second hollow
wheel (4) are adapted to rotate in a first rotational direction (30) and a second oppo-
site rotational direction (32), and

a first double planet (6) having a first wheel (14) with a helical gearing (34) meshing
with the helical gearing (34) of the first hollow wheel (2) and having a second wheel
(16) with a helical gearing (34) meshing with the helical gearing (34) of the second
hollow wheel (4),

wherein each helical gearing (34) has a first side face and a second side face opposite
to the first side face, wherein a surface normal of the first side face is directed to the
first rotational direction (30) and a surface normal of the second side face is directed
to the second rotational direction (32),

characterized by

a first force exerting element (36) exerting a first force in a first direction so that the
first side faces of the helical gearings (34) of the first wheel (14) of the first double
planet (6) are in contact with the second side faces of the helical gearing (34) of the
first hollow wheel (2) and that the second side faces of the helical gearings (34) of
the second wheel (16) of the first double planet (6) are in contact with the first side
faces of the helical gearing (34) of the second hollow wheel (4), thereby providing a
preload to the hollow wheels (2, 4) in the first and the second rotational direction (30,

32).
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Planetary gear according to any one of the preceding claims, comprising a second
double planet (8) having a first wheel (18) with a helical gearing (34) meshing with
the helical gearing (34) of the first hollow wheel (2) and having a second wheel (20)
with a helical gearing (34) meshing with the helical gearing (34) of the second hol-
low wheel (4), and comprising a second force exerting element (38) exerting a sec-
ond force in a second direction opposite to the first direction so that the second side
faces of the helical gearings (34) of the first wheel (18) of the second double planet
(8) are in contact with the first side faces of the helical gearing (34) of the first hol-
low wheel (2) and that the first side faces of the helical gearings (34) of the second
wheel (20) of the second double planet (8) are in contact with the second side faces
of the helical gearing (34) of the second hollow wheel (4), thereby providing a pre-
load to the hollow wheels (2, 4) in the first and the second rotational direction (30,

32).

Planetary gear according to any one of the preceding claims, comprising an even
number of double planets (6, 8, 10, 12), wherein a first half of the double planets (6,
12) are preloaded in the first rotational direction (30) and wherein a second half of

the double planets (8, 10) are preloaded in the second rotational direction (32).

Planetary gear according to claim 3, wherein the first half and the second half of the

double planets (6, 8, 10, 12) are alternatingly arranged.

Planetary gear according to any one of the preceding claims, wherein the first force
and the second force are higher than an axial force being exerted by the meshing of
the helical gearings (34) of the double planets (6, 8, 10, 12) and the hollow wheels
(2, 4) during rotation.

Planetary gear according to any one of the preceding claims, wherein the first force

and the second force are equal.

Planetary gear according to any one of the preceding claims, wherein the force exert-
ing element (36, 38) is a spring element, a pneumatic element, a magnetic element

and/or a hydraulic element.

Planetary gear according to any one of the preceding claims, further comprising at

least one force exerting limiting element for allowing a movement of the double
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planets (6, 8) in one direction, in particular wherein a movement in the other direc-

tion is locked.
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