
GEAR SYSTEM        The invention relates to a gear system according to the
preamble rto Claim 1.   5       In  conventional  gear systems or the type
already       mentioned, such for example as are described in WO
95/22017, the output members are mounted in the basic       member via
cylindrical elements.  In this case a  10  plurality of running spaces are
provided in ehich there      are disposed either radially or axially
aligned roller      members.  The consequence of this is that, the gear
system has an unaccetable dimension in the axial      direction.  A further
disadvantage involved in the  15  conventional gear system consists in the
fact that at       least two running spaces, which must be equipped with
high-precision bearings, must be present.  This renders       manufacture
of the gear system not only complex but       cost-intensive. On the other
hand, e.g. in the US  20    Patents 1 269 235, 3 275 391, 3 814 488, 4 479
683 or      German Patent 859 699 there are disclosed bearings      which
are sutable for transmitting radial and axial      forces, and comprise an
outer ring, an inner ring and      guide members (cages or partitions) for
the cylindrical  25  roller members mounted beetween the rings.  The rings,
which are cost-intensively produced with high       precision, with defined
radial and axial wall                                      2 



thicknesses, still have the disadvantage that they take       up space even
during their insertion, at the expense of       the guided part. A
disadvantage of previously-known       bearings, finally, is to e seen in
the fact that the   5  bearings must be individually adapted to the parts.
This relates in particular to the measurements (axial      length and
radial thickness) of the rings.        Based on the above prior art, the
purpose of the  10  invention is to provide assistance here.        The set
purpose is fulfilled according to the invention      by the feaures of
Claim 1.    15  It is recognised in any case that the invention is
fulfilled if there is formed between the basic member      and the output
member at least one annular hollow      cavity, which serves as a running
space for roller      members, only cylindrical roller members preferably
20  being mounted in this running space, i.e. no additional      outer
ring, inner ring or cage, some of said roller      members being so aligned
that they absorb the forces      acting in the axial direction of the gear
system      between the basic member and the output member, while  25  the
other roller members are aligned approximately      orthogonally to the
first-named roller members, and are      provided in order to absorb the
radial forces acting                                      3       between
the basic member and the output member.  It is 



of particular advantage to provide roller members whose      radial
cross-section is circular.  This cross-section      can in this case be
constant, yet may continuously   5  increase or decrease also from the
centre of the roller      member towards both its ends.  In the simplest
construction of the invention, however, conventional.      roller members,
manufacturable at high precision, are      preferably used in the form of
cylinders.  In such  10  cases a particularly precise mounting of the
output      member is achieved if the bearing surfaces formed in      the
output member and basic member are correspondincly      machined and
desianed.  This is however already      possible with a minimum of
technical outlay, especially  15  as it is sufficient if a step is formed
respectively in      both members, said steps  defining in common the
necessary running space. Due to the measures proposed a      bearing is
provided in which the function of the      previously-known bearing rings
is taken over by the  20  basic member and the output member. The gear is
thus a      part of the bearing, or the bearing an integral      component
of the gear. The bearing is not separately      identified in relation to
the gear, nor is it any      longer necessary. The result of this however
is that  25  the roller members can be disposed in the outermost
radial area of the output member, yet without the      necessity to reduce
the outer diameter of the disc-                                      4
shaped output member. These measures are used with      advantage in gears
with a high  transmission ratio.  



Further appropriate and advantageous developments of  5  the invention will
become apparent from the secondary      claims.        Some embodiments or
the invention, given by way of      example, are shown diagrammatically in
the drawing, and  10   will be explained in more detail in the following.
Shown are:        Figure 1: an exploded view of a gear system;    15
Figure 2:  the gear system shown in Figure 1 in the
assembled state and in axial cross-section;        Figure 3:  a
cross-section along line III-III according                to Figure 2;  20
Figure 4:  an axial cross-section through a further                gear
system;        Figure    5:   a portion of the bearing shown on a larger
25            scale;        Figure 6: a cross-section through a gear with a
a cross;                Figure 7: a cross-section along line VIII
accc ding to Firgure 6, and  



Figs 8,  5  8a, 8b:   a positioning member in respective plan view,
side elevation and cross-section.        Figures 1, 2 and 3 illustrate a
gear system.  The input      shaft 10 with cylinder rollers 12 has two
eccentric  10  positions 1, which  are rotated through 180.  The
portions 17 carry rotatably mounted wheels 30 with      external teeth 33
and central openings 31.  The wheels      30 have a plurality of continuous
axial openings 32,      which are distributed  uninformly around the axis
of the  15  wheels 30.  Formed on the circumference of the      eccentrics
are tracks for cylinders, which serve as      bearing members for the
wheels 30.  The input shaft 10      is connected to the motor shaft of a
drive motor by      means of a spring not shown in further detail.  The  20
motor is connected to a basic member 40 in the form of      a wheel  with
intrernal teeth 41 by means of a member      and screws.  The wheels 30 are
located in the centre      between the output members 50, which are in the
form of      circular flanges, and which are interconnected by  25
connector members 60.  The connector members 60 pass      without contact
through  the openings 32 in wheels 30,      so that the flanges 50 may be
rigidly connected                                       6       togetner.
The flange pair 50 is rotatably mounted with      respect to the wheel 40
with internal teeth 41.  The      wheel 40 meshes with the external teeth
of wheels 30.      The axes of the wheels 30 are located parallel to the  



5  axis 40a of the wheel 40, vet off-set by a degree of      eccentricity
e.  The flanges 50 are provided with guide      faces/tracks 54a, 54b,
which define a linear guide 50b.      The guide 50b is oriented
transversely to the axis of      the flange 50.  Each wheel 30 is provided
with guide  10 tracks 34a, 34b, which define a linear guide 30b, said
linear guide being oriented transversely to the axis of      the wheel 30.
Located on either side of the gear      system, between the flange 50 and
the wheel 30, is a      transforming member 70.  The transforming member 70
15 has, in two directions orthogonal to one another,      tracks 74a, 74b
or 75a, 75b in such a way that these      tracks are movably disposed in
two directions extending      vertically to one another.  One linear guide
is formed      on the flange 50, while the member 70 is movably  20
disposed in the other direction in the guide 30b on      wheel 30.  Both
flanges 50 and the member 20 have      central openings 51 or 71
respectively.  The input      shaft 10 is mounted at both ends in the
central      openings 51 of the flanges 50.  The input shaft 10  23  passes
without contact through the opening 71 in member      70.  The internal
diameter of the  opening 71 is in this      case twice as large as the
external diameter of the                                       7
input shaft portion which passes through the opening      71.  The guide
faces 54a and 54b, with which each      flange 50 is provided, are formed
on the sides lying      opposite one another of the   stops 55a and 55b.
The   5  stops 55a and 55b are in tne form of axially-  



symmetrical pairs, and are located on the end face of      the flange.  The
guide faces 54a and 54b are formed      directly at the stops 55a and 55b
of the flange 50.      They may also be in the form of flat strips which
may  10  be secured on the oppositely-lying sides of the stops      5a,
55b.  Through the stops 55a, 55b of the flanges 50      there lead  axial
openings/bores 53a, 53b.  The guide      tracks with which each wheel 30 is
provided are formed      on the oppositely-lying ends of the stops 35b.
They  15  are formed by central oppostely-lying pairs, which are
present on the end face of the wheel 30.  The axial      openings 32 of the
wheel 30 are located on a circle      between  pairs of stops.  The guide
tracks 34a, 34b are      formed directly on the stops 55a, 55b of the wheel
30.  20  They may also however be in the form of flat strips,      which
are rigidly formed on the apposite-lying sides      of the stops.
The member 70 is provided with four legs/arms, which  25  are carried by a
circular  portion.  One pair or opposed      arms has guide tracks by means
of which the member 70      is movably disposed in the linear guide 50b of
the              flange 50.  The second pair of opposed arms likewise
has parallel guide tracks by means of which the member      70 is movably
disposed in the linear guide 30b of wheel      30.  Located between the
guide faces 54a and 54b of the   5  linear quide of the flange 50 and the
guide faces of      the member 70, by means of which the member 70 is  



movebly disposed in the linear guide 50b, are      culindrical  roller
members 80.  Exactly the same      situation is realised also with the
guide tracks 34a  10  and 34b of the linear guide 30b on wheel 30, and on
the      tracks of  member 70, in which  the member 70 is movably
disposed.  In both cases guidance of the member 70 is      ensured by means
of roller bearings, when it executes      oscillatory movements with
respect to the wheel as well  15  as with respect to the flange 50 and the
axis 40a.  The      internal toothing 41 of the wheel 40 comprises
cylinders which are mounted in axial grooves.  The      axial grooves are
uniformly distributed on the internal      circimference of the wheel 40.
These are thus gear  20  wheels whose teeth preferably consist of
cylinders.      The same also applies to the external teeth 33 of wheel
30, which consist of members with a circular cross-      section.  The
members are  likewise mounted in axial      grooves.  The axial grooves are
uniformly distributed  25  On the external circumference of the wheel 30.
In the      region of  contact of the flanges 50 and of the wheel      40,
there are formed radial revolving tnacks or running
9       spaces, in which the cylinders 47, 47' with positioning
members 49 are mounted.  The desired degree of initial      tension of the
bearings in the axial direction can be      achieved by axial spacer rings
44.        Further details relative to such a gear system are
disclosed in WO 95/22017.   



Disposed on the stops 55a and  55b of the flanae 50 are  10  spacer members
52.  These spacer memrbers 52 pass with a      degree of  play through the
axial openings 32 of wheel      30, and are provided with axial  openings.
These      openings have the connector elements 60 passing through
them.  By means of tightening the screw nuts, the end  15  faces of the
spacer members 52 define the position of      both flanges.        The
Figures further  show that there are formed between      the basic member
40 and the output members 50 (flanges)  20  two annular running spaces 1
with bearing surfaces 40e,      44b, 59a and 59b for cylinder-like roller
members 47,      47.  Some of the roller  members 47 are aligned
approximattely axially with respect to the axis of      rotation 40a of the
gear system,  while the other roller  25  members 47' are positioned
approximately radially.  The      running space 1 in  the axial
cross-section of the gear      system is quadrilateral, and in the present
embodiment                                      10       is square.  Thus
the bearing surfaces 40e, 44b, 59a and      59b form pairs of bearing
surfaces 40e, 59a and 44b,      59b.  The particular feature of these pairs
of bearing      surfaces moreover consists in the fact that they define  5
parallel surfaces lying opposed to one another, of      which one surface
respectively is formed in the basic      member 40 or spacer ring  44,
while the respective      opposed surface is formed in the output member
50.  If      the spacer ring 44 is not provided, then the bearing 



10  surface 44b is formed directly on the basic member 40.      The
situation is similar with the other bearing      sufaces 40e, 59  59b,
which on the one hand can be a      part of bearing rings (which are
operationally      connectable to the basic member 40 or output member  15
50), and on the other hand can also be part of the      basic member 40 or
output member 50. The materials for      the basic or outout member 40, 50
are selected with      this in mind. In this case the rescectively adjacent
bearing surfaces are disposed approximately at right  20  angles to one
another.  The running spaces 1 are      preferably provied in that the
output member 50 has in      the bearing region a surrounding step 59,
whose walls      define the bearing surraces 59a and 59b.  Thus the step
59 is off-set to the axis 40a of  the gear system and is  25  aligned
inwardly or outwardly.  Formed in the basic      member 40 is a
supplementary step 59'  for receiving      the ring 44.  In order to
minimise the manufacturing             costs of the gear system, the radial
bearing sur ace      44a lying opposite the radially-aligned bearing
surface      59b of the output member 50 is a part of the ring 44
located in the gear system.  Thus the radial thickness   5  of the ring 44
is selected to be greater than the      radial height of the running space.
The axial end face      of the ring may ba particularly  simply manufactued
in      order to ensure the desired properties of a bearing.    10  It may
further be seen from Figures 1, 3 and 5 that the  



axial lengtth of the  roller members 47, 47' is smaller      than their
diameter, and that there is located      respectively between two adjacent
roller members 47,      47' a rescective positioning member 49, which has
15  concave roller surfaces 49a, 49b which are in      positively locking
contact with the roller members 47,      47'.  Thus the axes of the roller
surfaces 49a, 49b are      aligned parallel to the axes of the associated
roller      members 47, 47'.  The other surfaces 49c, 49d and 49e  20  of
the positioning members 49 are in contact with the      bearing surfaces
40e, 40', 59a and 59b.        The particular feature of the gear system
illustrated      in Figure 4 consists in the fact that the basic member  25
comprises  three rings 40', 40" and 40"', which are      releasably
connectale with one another, the ring 40'      being in the form of a wheel
with internal  teeth 41.                                       12       In
this case the wheel 40' is made of high-quality      material, e.g. steel,
while the rings 40" and 40"' do      not necessarily need to satisfy these
requirements.      The rings 40" and 40" with respect to the wheel 40',   5
are not necessarily high-precision parts.  It is rather      sufficient if
their bearing surfaces 40e, which are in      contact with the roller
members 47, have the necessary      precision.  As Figure 5 shows in
particular,  the roller      members 47, 47' and the positioning member 49
form,  10  together with the basic member 40 and the output member      50
a bearing with a running space 1.  Thus the  



positionong members 49 ensure that the roller members      47 and 47'
adopt the provided position and retain it.      In general the axes of the
roller members 47 could form  15  with respect to the axis 40a of  the gear
system an      angle which comes to 5[err], 10[err] or even 30[err]. The
same      also applies to the roller members 47' which form with
respect to this axis 40a an angle of 85[err], 80[err] or 70[err].
Particularly good transmission of the forces  20  originating from the
output menbers 50 to the basic      member 40 is however achievable if  the
axes of the      roller members 47 and 47' extend parallel or at right
angles to the axis 40a.    25  The constructions acecording to Figs. 6 and
7 involve a      gear with a cross 70 and two running spaces 1 in which
there are mounted axially and radially aligned roller
13       members 47, 47' . The running spaces 1 are however      located on
only one side of the cross 70; therefore      there is in this case only
one output member 50. Thus      connector members 60 are no longer
necessary here. The   5 basic member of the gear comprises a ring 40' a
bearing      ring 40"' and a closure 40". Finally, Figures 8, 8a and
8b illustrate a positioning member 49 with an opening 2      in which
lubricant can be kept for the bearing.    10  The bearing formed from the
roller members 47, 47' and      the positioning members 49 may be
prefabricated and      then inserted  into the running space 1.  These
parts  



however may also be directly and individually inserted      into the
running space 1.  In the former case the  15  procedure may be such that
the roller members and the      positioning members are held together by
binding agents      which can dissolve during the period of use of the gear
system.  These binding agents may be embedded in the      Lubricant.  20
Quite generally, a gear system is involved with  a basic      member 40 in
the form or a wheel  with internal teeth      41, with at least one output
member 40 rotatably      mounted with respect to the wheel, and with an
input  25  shaft 10 with  at least one  eccentric  portion 17 upon
which there is mounted at lest one wheel 30 mesning      with the internal
teeth 41, and with external teeth 39.             A member 70 respectively
transform ng the epicyclic      movements or the wheel 30 into rotary
movements of the      output member 50 is in this case disposed between the
wheel 30 and the respective output member 50.  The  5  output members 50
are disposed at a spacing apart and      may be non-rotatably connected
together.        The gear system illustrated in  Figures 6 and 7 has only
one transforming member 70 and two output members 50.  10  In order to
provide  equilibrium for the unbalanced mass      of the member 70, a
counterweight is provided.      Furthermore, the eccentricity  is
indicated, i.e. the      spacing between the axis 30a of the wheel 30 and
the      axis 40a of the basic member 40. 



15      The invention also relates to a bearing for a gear      system of
this type, which has cylindrical roller      members 47, 47', which are
disposed in the running      space 1  with bearing surfaces 40e, 44b, 59a
and 59b.  2   Thus some of the roller members 47 are formed
approximately axially with respect to the axis of      rotation 40a of the
gear system, while the other roller      members 47' are positioned
approximately radially.    25              The advantages attained by the
invention can be      summarised as follows:      A considerable reduction
in the number of separate      pats intended to provide a bearing for the
output   5  member 50 with respect to the basic member 40, as rings
(outer and inner ring) and cages for tne roller members      47, 47' are no
longer required.        [err] The proposed bearing is independent of the
gearing  10     sort of gearing, particularly the type and size.      [err]
The bearing can be located in the outermost radial      area of the output
member 50, i.e. in the area  in which      the maximum transmission of
forces from the basic      member 40 to the output member 50 occurs. Thus
the  15  interior of the gear can  be better utilised.      [err]
Processing of the output and/or basic member is      simple in terms of
production of a running space 1, 



particularly as these measures are incorporated in the      design of a
step.  20   [err] Only previously-known, proven parts capable of being
mass-produced with high precision, i.e. cylinder-shaped      roller members
47, 47' are used, which need not have      individual features.      [err]
Maximisation of the outer and inner diameters in the  25  output and basic
members 50, 40, i.e. also in the      toothings 33, 41, so that the torque
(M= rxF) can be increased at constant power. Due to this               (M=
rxF) can be increased at constant power. Due to this       fact it is
possible to increase the size of other parts       of the gear, e.g. the
input  shaft 10, member 70 etc.       Production of the running space 1 is
clearly       simplified, and its measurement can be carried out
continuously as it is manufactured, Previous running       spaces, which
are inclined with respect to the axis 40       through about 45, i.e. are
in the shape of a double V       groove, one V groove be ng formed on the
output member  10  50, while the other V groove is formed in the basic
member 40, do not have such a group, of advantages. This      results from
the fact that a rectangular and axial as      well  as externally-open step
(Cf. Fig. 5) in the basic      member 40 or in the output member 50 is
according to  15  experience more simply, rapidly and precisely produced
that a radially open V-shaped groove (incision) in the      same members.
In addition, in the case of a running      space in the form of a double V
groove, either the 



basic member 40 and/or the output member 50 comprise  20  two parts which
can be placed together in the direction      of the axis 40a, this
regeularly being effected by      screws. A member 40 or 50 assembled from
two parts      however has quite different properties with respect to
the bearing for the roller members 47, 47' (strength,  25  precision,
clearance etc.) from a one-piece member      accordig to the invention,
which has a direct effect                                      17       on
the essential properties (stability, compactness,      etc.) of the gear.
Not least however, is the fact that in the running  5  space 1 according to
the invention the forces are      transmitted directly, while in the case
of V-shaped      grooves (incision) there are always present a purality
of components of force (the resultant is the sum of two      force
vectors), which is undesirable.  10          15          20 



25                             1.  Gear system, particularly epicyclic gear
system,      with a basic member (40), with  at least one output  10
member (50) rotatably mounted with respect to the basic      member (40),
and with at least one annular running      space (1) formed between the two
members (40, 50) for      cylinder-like roller  members (47, 47') with
differently-oriented axes of roatation, some roller  15  members (47)
extending roughly parallel to  the  axis      (40a) of the basic member
(40), while  the other roller      members (47') are or ented roughly
perpendicularly to      the axis (40a),       characterised in that   20
the running space 1) is provided with bearing surfaces      (40e, 44b, 59a,
59b),  



and in that the spacing between the mutually-opposed      bearing surfaces
(40e, 44b, 59a, 59b) roughly      corresponds to the diameter of the roller
members (47,  25  47').               2.  Gear system according to Claim 1,
characterised in that       the running space (1) is scuare in the axial
cross-       section of the gear system.         3.  Gear system according
to Claim 1 or 2,       characterised in that       the respectively opposed
bearing surfaces (40e, 44b,       59a, 59b) are disposed at right angles to
each other.         4.  Gear system according to one of Claims 1 to 3,
characterised in that       the output member (50) and/or the basic member
(50)       have, in the bearing area, a surrounding step (59)   15  whose
walls define the bearing surfaces (59a, 59b).         5.  Gear system
according to one of Claims 1 to 4,       characterised in that       the
step (59) is offset towards the axis (40a) of the  20   gear.         6.
Gear system according to one of Claims 1 to 5,       characterised in that
a supplementary step (59', 59") with respect to the  



25  step (59) is formed in the basic member (40) and/or in       the output
member (50).             7.  Gear system according to one of Claim 1 to 6,
characterised in  that      the radial bearing surface (44a) lying opposite
the      radially-aligned bearing surface (59b) of the output;   5  member
(50) forms part of a ring (44) disposed in the      geaar system.
8.  Gear system according to Claim 9,  10  characterised in that      the
radial thickness of the ring (44) is greater than      the radial height of
the running space (1).        9.  Gear system according to one of Claims 1
to 8 with  15  cylindrical roller members (47, 47'),      characterised in
that      the axial length of the roller members (47, 47') is      smaller
than their diameter.    20  10.  Gear system according to one of Claims 1
to 9,      characterised in that      a positioning  member (49), which
preferably has an      openoing  (2  for lubricants, is disposed
respectively      between  two adjacent  roller members (47, 47')  25
11.   Gear system according to Claim 10,      characterised in that 



the positioning member (49) has concave roller surfaces      (49a, 49b) in
positive-locking contact with the roller      members (47, 47').     5  12.
Gear system according to Claim 11,      characterised in that      the axes
of the roller surfaces (49a, 49b) extend      parallel to the axes of the
associated roller members      (47, 47').  10      13.  Gear system
according to one of Claims 10 to 12,      characterised in that      the
other surfaces (49c, 49d, 49e) of the positioning      members (49)  are
disposed at a spacing from the bearing  15  surfaces (40e, 44b, 59a, 59b).
14.  Gear system according tc one of Claims 1 to 13      with at least one
basic member (40) formed as a wheel      with internal teeth (41), with at
least one output  20  member (50) rotatably mounte  with respect to the
wheel, and an input shaft (10) with at least one      eccentric portion
(17) upon which there is rotatably      mounted at least one wheel (30)
meshing with the      internal teeth  (41), and having exernal teeth (39),
2   there being disposed between the  wheel (30) and the      output member
(50) a member (70) transforrming the     



22       epicyclic movements of the wheel (30) into rotary      movements
of the output member (50).        15.  Gear system according to Claim 14
with two output  5  members (50, 50) located at  a distance apart, which
may      be non-rotatably connected together.        16.  Bearing for gear
system according to one of Claims      1 to 15 wit h cylindrical roller
members (47, 47') which   10  are disposed in the running space (1) with
bearing      surfaces (40e, 44b, 59a, 59b),      characterised in that
some of the the roller members (47) are aligned      substantially axially
with respect to the axis of  15  rotation (40a) of the gear system, while
the other      roller members (47') are positioned substantially
radially.        17.  Bearing according to Claim 16,  20  characterised in
that      a positioning member (49) is restectively disposed      between
each two adjacent roller members (47, 47').        18.  Bearing according
to  Claim 17,  25  characterised in that       the positioning member (49)
consists of plastics or       metal.    


