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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a speed reduc-
er designed to obtain an output rotation reduced from an
input rotation and to be used for speed reduction in a
robot, a traveling or revolving device for construction ma-
chines or the like, or a windmill.

2. Description of the Related Art

[0002] Heretofore, three has been known a differen-
tial/wobbling or oscillating type speed reducer, such as
a cyclo speed reducer, which is designed to revolve an
externally-toothed gear fitted onto an eccentric portion
while being meshed with an internally-toothed gear, so
as to obtain an output rotation reduced from an input
rotation. Typically, in this differential/oscillating type
speed reducer, a crankshaft is provided with two eccen-
tric portions with a given phase difference therebetween,
and two externally-toothed gears each fitted onto a cor-
responding one of the eccentric portions is in meshing
engagement with the pin teeth. The pin teeth are ar-
ranged along an inner peripheral surface of a case at
given circumferential intervals, and the phase difference
between the two eccentric portions is set at 180 degrees.
Thus, in conjunction with a rotation of the crankshaft, the
two externally-toothed gears are revolved with the phase
difference while being meshed with the pin teeth, so as
to obtain an intended output rotation. Each of the pin
teeth in meshing engagement with the externally-toothed
gears is adapted to be rotated on its axis by a force re-
ceived from each of the externally-toothed gears during
the above movement. This prevents the externally-
toothed gears from being slidingly moved relative to the
pin teeth, so as to reduce a rotational resistance of the
externally-toothed gears. In addition, the externally-
toothed gears each designed to be in meshing engage-
ment with the pin teeth in an angular range of 180 degrees
make it possible to reduce a load to be imposed on each
of the pin teeth.
[0003] There has also been known a differential/oscil-
lating type speed reducer which is provided with three
eccentric portions and three externally-toothed gears
each arranged on a corresponding one of the eccentric
portions, as disclosed, for example, in Japanese Patent
Laid-Open Publication No. 64-15556. In this speed re-
ducer, the three eccentric portions are arranged to have
a phase difference of 120 degrees with respect to each
other.
[0004] In a differential/oscillating type speed reducer
provided with three externally-toothed gears as disclosed
in the Japanese Patent Laid-Open Publication No.
64-15556, if each of the three externally-toothed gears
is designed to be in meshing engagement with the pin

teeth in an angular range of 180 degrees as in the con-
ventional manner, the three externally-toothed gears will
be in meshing engagement with the pin teeth in a total
angular angle of 540 degrees. This means that there exist
certain ones of the pin teeth are simultaneously in mesh-
ing engagement with two of the externally-toothed gears.
Thus, each of the certain pin teeth simultaneously re-
ceives respective forces from the two externally-toothed
gears, and these forces are different from each other in
direction and magnitude. Consequently, at least one of
the two externally-toothed gears will be slidingly moved
relative to the certain pin teeth. As above, if a differen-
tial/oscillating type speed reducer is designed to have
three externally-toothed gears under the condition that
an angular range of meshing engagement between each
of the externally-toothed gears and the pin teeth is set at
180 degrees without modification, the effect of allowing
each of the pin teeth to be rotated on its axis so as to
reduce a rotational resistance of the externally-toothed
gears, as in the differential/oscillating type speed reducer
provided with two externally-toothed gears, cannot be
obtained to cause a problem about an increase in rota-
tional loss of the differential/oscillating type speed reduc-
er.
[0005] In the conventional differential/oscillating type
speed reducer disclosed in the Japanese Patent Laid-
Open Publication No. 64-15556, each of the three exter-
nally-toothed gears is fitted onto a corresponding one of
the three eccentric portions of the eccentric shaft through
a bearing comprising a retainer adapted to hold a plurality
of rollers (rolling elements). Further, each of the three
externally-toothed gears is in meshing engagement with
an internally-toothed gear. Thus, when a certain torque
is given from an input shaft to the externally-toothed
gears through the respective eccentric portions of the
eccentric shaft, the externally-toothed gears will be re-
volved while being meshed with the internally-toothed
gear.
[0006] In this conventional differential/oscillating type
speed reducer, the three eccentric portions have a phase
difference with respect to each other. Thus, when one of
the bearings is attached from the side of one end of the
eccentric shaft along an axial direction of the eccentric
shaft and then fitted onto an intermediate one of the ec-
centric portions, the rollers of the bearing are liable to
interfere with the eccentric portion on the side of the end,
i.e., the first eccentric portion. In order to avoid this inter-
ference, the retainer of the bearing is designed to have
a wobbling movement for allowing the rollers to be dis-
placed radially outward. Specifically, before the bearing
is moved to pass through the first eccentric portion, the
rollers of the bearing are displaced radially outward.
Then, the bearing in this state is moved to pass through
the first eccentric portion and fitted onto the intermediate
eccentric portion. This allows the bearing to be moved
along the eccentric shaft and fitted onto the intermediate
eccentric portion having a phase difference relative to
the remaining eccentric portions.
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[0007] With a view to downsizing a differential/oscillat-
ing type speed reducer, a diameter of each of the exter-
nally-toothed gears is reduced to allow the differential/os-
cillating type speed reducer to have a smaller diameter,
in some cases. In these cases, a load to be imposed from
the eccentric portions of the eccentric shaft onto the roll-
ers of the bearings is increased to cause a disadvantage
of deterioration in durability of the rollers. As measures
for solving this disadvantage, there has been known a
so-called full-type roller bearing. This bearing is dis-
closed, for example, in Japanese Patent Laid-Open Pub-
lication No. 2005-265126.
[0008] In the bearing disclosed in the Japanese Patent
Laid-Open Publication No. 2005-265126, only a plurality
of rollers are disposed along an outer peripheral surface
of an eccentric portion without interposing any other
member therebetween. This makes it possible to in-
crease the number of rollers to be disposed around the
eccentric portion, so as to further disperse a load to be
imposed from the eccentric portion onto each of the roll-
ers to solve the above disadvantage. Further, the bearing
disclosed in the Japanese Patent Laid-Open Publication
No. 2005-265126 is provided with a plurality of presser
arms for pressing each of the plurality of rollers disposed
around the eccentric portion, inward from an outward side
of the rollers. That is, the rollers are held by the presser
arms so as not to fall out of the eccentric portion.
[0009] However, in the conventional differential/oscil-
lating type speed reducer disclosed in the Japanese Pat-
ent Laid-Open Publication No. 64-15556, the retainer of
the bearing to be fitted onto the intermediate eccentric
portion is designed to have a wobbling movement, as
mentioned above. Thus, even after the bearing is fitted
onto the intermediate eccentric portion, the rollers of the
bearing will wobble to cause a disadvantage of difficulty
in arranging the rollers around the intermediate eccentric
portion at even intervals.
[0010] As measures for solving this disadvantage, it is
contemplated that only an intermediate one of the three
eccentric portions is formed to have a larger diameter so
as to absorb wobbling movements of the rollers to sup-
press wobbling movements of the rollers after the fitting
of the bearing. However, in this structure, a mounting
hole of the externally-toothed gear to be fitted onto the
intermediate eccentric portion is required to be increased
in diameter in conformity to a diameter of the intermediate
eccentric portion. Consequently, among the three eccen-
tric portions, only the intermediate eccentric portion will
have a different configuration to cause problems about
an increase in number of component types and complex-
ities in production process and component management
during production.
[0011] The full-type roller bearing disclosed in the Jap-
anese Patent Laid-Open Publication No. 2005-265126
has a disadvantage in that there is the difficulty in sup-
pressing inclination of the rollers when a certain force is
applied from the eccentric portion to the rollers. Specifi-
cally, in the bearing disclosed in the Japanese Patent

Laid-Open Publication No. 2005-265126, each of the
presser arms is deformable in response to a certain force
applied thereto, because one end of the presser arm is
not fixed. Thus, when a certain force is applied from the
eccentric portion to the rollers, the presser arms are dis-
placed from their proper positions due to the force to
cause a disadvantageous phenomenon that each of the
rollers wobbles and inclines in an oblique direction. If the
roller inclines in an oblique direction, an excessive load
is likely to be imposed from the eccentric portion onto the
roller to cause a problem about breakage of the roller.
[0012] Heretofore, there has been a camshaft integral-
ly having a plurality of cams. This camshaft is disclosed,
for example, in Japanese Patent Laid-Open Publication
No. 2004-36662.
[0013] In the camshaft disclosed in the Japanese Pat-
ent Laid-Open Publication No. 2004-36662, a camshaft
material is subjected to a polishing process using a grind-
stone or the like, to form each portion of the camshaft
into a given shape. In a camshaft designed such that first
and second adjacent cams are disposed closer to each
other, when an edge of the first cam is formed, an accu-
rate polishing operation is likely to be hindered by inter-
ference between the grindstone and the second cam.
Thus, the above conventional camshaft is designed such
that first and second adjacent cams are disposed spaced
apart from each other by a given distance, and connected
to each other by a shaft portion formed in a given area
less than an overlapping area between the first and sec-
ond cams when viewed in an axial direction of the cam-
shaft. More specifically, in this camshaft, the first and
second adjacent cams are connected to each other
through the shaft portion in such a manner as to avoid
interference between a grindstone and a camshaft ma-
terial even if the grindstone protrudes toward the second
cam during an operation of polishing an edge of the first
cam. Thus, the cams including edges thereof can be sub-
jected to a polishing process with a high degree of accu-
racy.
[0014] The structure of the camshaft disclosed in the
Japanese Patent Laid-Open Publication No. 2004-36662
may be applied to the crankshaft integrally formed with
the plurality of eccentric portions each having a different
rotational phase. In this case, a connection portion for
connecting the adjacent eccentric portions to each other
is formed in a given area less than an overlapping area
between the adjacent eccentric portions when viewed in
an axial direction of the crankshaft. However, in this struc-
ture, a sectional area of the connection portion becomes
smaller, and therefore the strength of the connection por-
tion will be lowered. This causes a problem about dete-
rioration in strength of the crankshaft.
[0015] Heretofore, there has also been known a differ-
ential/oscillating type speed reducer designed to revolve
an externally-toothed gear member while being meshed
with an internally-toothed gear member, through an ec-
centric portion, so as to obtain an output rotation reduced
or increased from an input rotation. This differential/os-
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cillating type speed reducer is disclosed, for example, in
Japanese Patent Laid-Open Publication No.
2003-83400. As shown in FIGS. 34 and 35, the differen-
tial/oscillating type speed reducer disclosed in the Jap-
anese Patent Laid-Open Publication No. 2003-83400
comprises a cylindrical-shaped outer case (internally-
toothed gear member) 381 provided with internal teeth
381a along an inner periphery thereof, a carrier 382 dis-
posed coaxially with the outer case 381 in a rotatable
manner relative to the outer case 381, and a pinion (ex-
ternally-toothed gear member) 383 in meshing engage-
ment with the internal teeth 381a of the outer case 381.
The carrier 382 serves as an output shaft, and includes
a base member 382a, a sectionally approximately-trian-
gular-shaped column portion 382b provided on the base
member 382a, and an end plate 382c fastened to the
column portion 382b. Two of the pinions 383 are disposed
in an axial direction of the outer case 381. Each of the
pinions 383 is penetrated by the column portion 382 b
and a crankshaft 384 provided with an eccentric portion
384a. Four of the crankshafts 384 and four of the column
portions 382 b are arranged in a circumferential direction
of the outer case 381. Each of the crankshafts 384 is
rotatably supported by a pair of upper and lower crank-
shaft bearings 385, 386 disposed, respectively, at upper
and lower ends thereof. The upper crankshaft bearings
385 are provided on the end plate 382c, and the lower
crankshaft bearings 386 are provided on the base mem-
ber 382a. Each of the crankshafts 384 is adapted to be
rotated in conjunction with an input shaft 388 through a
gear 387. When the crankshafts 384 are rotated in con-
junction with a rotation of the input shaft 388, each of the
pinions 383 is revolved while being meshed with the in-
ternal teeth 381a of the outer case 381, according to a
rotation of a corresponding one of the eccentric portions
384a. Then, according to the revolutions of the pinions
383, the column portions 382 b are revolved to rotate the
carrier 382.
[0016] An attempt to reduce an outer diameter of the
above differential/oscillating type speed reducer involves
the need for arranging each of the crankshafts 384 at a
position closer to the axis of the outer case 381 and re-
ducing each diameter of the pinions 383. In this case,
when each of the crankshafts 384 is arranged at a posi-
tion closer to the axis of the outer case 381, a load acting
on each of the crankshafts 384 will be increased. Further,
when each diameter of the pinions 383 is reduced, a load
acting on each of the pinions 383 will be increased, and
therefore a load acting on each of the crankshafts 384
through the pinions 383 will be increased. Thus, an at-
tempt to reduce an outer diameter of the differential/os-
cillating type speed reducer while maintaining an output
torque involves the need for increasing a supporting ri-
gidity for each of the crankshafts 384. To this end, the
crankshaft bearings 385, 386 are inevitably increased in
size to place limits on reduction in outer diameter of the
differential/oscillating type speed reducer.
[0017] EP 0 291 052 A2, which constitutes the closest

prior art, discloses a planetary gear system comprising
a plurality of external gears swingably rotated by at least
three eccentric members juxtaposed axially with their
phases offset from each other.
[0018] GB 2 184 490 A discloses an eccentric shaft in
a rotary piston internal combustion engine, the shaft be-
ing made by a hydraulic pressure process and being con-
nected to a coolant circuit in order to cool the bearings
thereof.
[0019] US 4 599 922 discloses a method of manufac-
turing an eccentric shaft formed from a cylindrical billet
and having cylindrical bearing sections at opposite ends
thereof.
[0020] It is an object of the present invention to provide
a speed reducer capable of solving the above problems.
[0021] It is another object of the present invention to
provide a speed reducer having three externally-toothed
gears arranged therein, capable of suppressing an in-
crease in rotational loss.
[0022] It is yet another object of the present invention
to provide a speed reducer capable of allowing a bearing
member to be readily moved along an eccentric shaft
and fitted on an intermediate one of three eccentric por-
tions, and simplifying a production process and a com-
ponent management during production.
[0023] It is another further object of the present inven-
tion to provide a crankshaft capable of solving the afore-
mentioned problems.
[0024] It is still a further object of the present invention
to provide a crankshaft capable of accurately polishing
an eccentric portion including an edge thereof and en-
suring enhanced strength thereof.
[0025] According to an aspect of the present invention,
there is provided a speed reducer comprising a crank-
shaft which integrally comprises a first shaft portion
adapted to be rotatably supported by a bearing, a second
shaft portion formed to have an axis located coaxially
with an axis of the first shaft portion and adapted to be
rotatably supported by a bearing, a plurality of eccentric
portions provided between the first shaft portion and the
second shaft portion and each formed to have an axis
eccentrically deviated from the axes of the first and sec-
ond shaft portions, and a connection portion provided
between adjacent ones of the eccentric portions to con-
nect the adjacent eccentric portions to each other. In this
crankshaft, each of the adjacent eccentric portions has
a different rotational phase, and the connection portion
has a concave region formed to continue from a first one
of the adjacent eccentric portions and located radially
inward relative to the first eccentric portion. The connec-
tion portion is formed at least over an overlapping area
between the adjacent eccentric portions and an area of
the other second eccentric portion protruding from the
overlapping area, when viewed in an axial direction of
the first and second shaft portions. Further, the connec-
tion portion has an outer periphery partially defined by
an arc which extends within the protruding area of the
second eccentric portion and has a center located coax-
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ially with the axis of the first eccentric portion, in a section
perpendicular to the axial direction.
[0026] It is an additional object of the present invention
to provide a speed reducer having a reduced diameter
based on improvement in a support structure of a crank-
shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]

FIG 1 is a sectional view showing the entire structure
of a differential/oscillating type speed reducer ac-
cording to a first embodiment of the present inven-
tion.
FIG. 2 is a sectional view taken along the line II-II in
FIG 1.
FIG 3 is an explanatory diagram showing a state
when a first externally-toothed gear is in meshing
engagement with pin teeth located at a phase angle
ranging from - 120 degrees (or 240 degrees) to 60
degrees, in a conventional differential/oscillating
type speed reducer.
FIG 4 is an explanatory diagram showing a state
when a second externally-toothed gear is in meshing
engagement with pin teeth located at a phase angle
ranging from zero degree to 180 degrees, in the con-
ventional speed reducer.
FIG 5 is an explanatory diagram showing a state
when a third externally-toothed gear is in meshing
engagement with pin teeth located at a phase angle
ranging from 120 degrees to 300 degrees, in the con-
ventional speed reducer.
FIG 6 is an explanatory diagram of an angular range
where the plurality of externally-toothed gears are
overlappingly in meshing engagement with pin teeth,
in the conventional speed reducer.
FIG. 7 is a schematic diagram partially showing a
teeth profile of the externally-toothed gear in the con-
ventional speed reducer.
FIG 8 is an explanatory diagram of an angular range
where one of a plurality of externally-toothed gears
is in meshing engagement with pin teeth, in the
speed reducer according to the first embodiment.
FIG. 9 is a schematic diagram partially showing a
teeth profile of the externally-toothed gear in the
speed reducer according to the first embodiment.
FIG. 10 is an explanatory diagram of respective po-
sitions of first and second externally-toothed gears
in meshing engagement with a certain one of the pin
teeth, in the speed reducer according to the first em-
bodiment.
FIG. 11 is a sectional view showing the entire struc-
ture of a differential/oscillating type speed reducer
according to a second embodiment of the present
invention.
FIG. 12 is a sectional view of the speed reducer il-
lustrated in FIG. 11, taken along the line XII-XII.

FIG. 13 is a perspective view showing the structure
of a crankshaft and a (first, second or third) bearing
of the speed reducer illustrated in FIG 11.
FIG. 14 is a schematic diagram showing the crank-
shaft and the bearing illustrated in FIG 13, viewed
from an axial direction thereof.
FIG. 15 is an explanatory diagram of a detailed struc-
ture of the crankshaft and the bearing illustrated in
FIG. 14.
FIG. 16 is a schematic diagram showing the structure
of a (first, second or third) bearing in a differential/os-
cillating type speed reducer according to a third em-
bodiment of the present invention.
FIG. 17 is a sectional view of the bearing illustrated
in FIG. 16, taken along the line XVII-XVII.
FIG. 18 is a sectional view of the bearing illustrated
in FIG. 17, taken along the line XVIII-XVIII.
FIG 19 is a sectional view showing the entire struc-
ture of a differential/oscillating type speed reducer
according to a fourth embodiment of the present in-
vention.
FIG. 20 is a sectional view of the speed reducer il-
lustrated in FIG. 19, taken along the line XX-XX.
FIG. 21 is a perspective view showing the entire
structure of a crankshaft for use in the speed reducer
illustrated in FIG 19.
FIG. 22 is a front view showing the crankshaft illus-
trated in FIG. 21.
FIG. 23 is a bottom view showing the crankshaft il-
lustrated in FIG 21.
FIG. 24 is a schematic diagram showing respective
configurations of a first eccentric portion and a sec-
ond eccentric portion in the crankshaft illustrated in
FIG. 21.
FIG. 25 is a schematic diagram showing respective
configurations of the second eccentric portion and a
third eccentric portion in the crankshaft illustrated in
FIG. 21.
FIG. 26 is a fragmentary enlarged view showing a
third connection portion connecting the first and sec-
ond eccentric portions of the crankshaft in the speed
reducer according to the fourth embodiment.
FIG. 27 is a sectional view showing the structure of
a differential/oscillating type speed reducer accord-
ing to a fifth embodiment of the present invention.
FIG. 28 is a sectional view taken along the line XXVI-
II-XXVIII in FIG 27.
FIG. 29 is a sectional view taken along the line XXIX-
XXIX in FIG 27.
FIG. 30 is a top plan view of an intermediate bearing
member in the speed reducer according to the fifth
embodiment.
FIG. 31 is a sectional view taken along the line XXXI-
XXXI in FIG 30.
FIG. 32 is a fragmentary sectional view showing a
differential/oscillating type speed reducer according
to another embodiment of the present invention.
FIG. 33 is a fragmentary sectional view showing a
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differential/oscillating type speed reducer according
to another embodiment of the present invention.
FIG 34 is a sectional view showing a conventional
differential/oscillating type speed reducer.
FIG. 35 is a sectional view taken along the line XXXV-
XXXV in FIG 34.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS OF THE INVENTION

[0028] With reference to the drawings, a preferred em-
bodiment of the present invention will now be specifically
described.

[FIRST EMBODIMENT]

[0029] A differential/oscillating type speed reducer
(hereinafter referred to simply as "speed reducer") 10
according to a first embodiment of the present invention
is designed for use, for example, as a pitch controller of
wind power generation equipment. The speed reducer
10 may also be used for speed reduction in a robot, a
traveling or revolving device for construction machines
or the like, etc. The speed reducer 10 includes an outer
case 12. This outer case 12 is composed of a cylinder
member 13 formed in a cylindrical shape, and a cover
14 formed in a bottomed tubular shape, which are fas-
tened together. The cylinder member 13 is formed with
a flange 13a for allowing the speed reducer 10 to be
mounted to a stationary frame (not shown), for example,
of power generation equipment. The cylinder member 13
is fastened to the stationary frame through the flange
13a. A drive motor 16 serving as a drive unit is fixed to
the cover 14.
[0030] The speed reducer 10 includes an input shaft
21, and a carrier 22 as one example of an output shaft
unit. A drive shaft 25 of the drive motor 16 is coupled to
the input shaft 21 to give a rotational driving force from
the drive motor 16 to the input shaft 21. The carrier 22 is
disposed to be rotatable about the same axis as that of
the input shaft 21. For example, the speed reducer 10
may be disposed such that the input shaft 21 is located
on an upper side, and the carrier 22 is located on a lower
side, as shown in FIG. 1. In this case, the carrier 22 will
be rotated about a vertical axis. The following description
will be made on the assumption that the speed reducer
10 is disposed in this posture.
[0031] The input shaft 21 includes a speed reduction
mechanism 26 for reducing a rotational speed by a given
ratio relative to the drive shaft 25 of the drive motor 16,
and an intermediate shaft unit 27 adapted to receive a
driving force through the speed reduction mechanism 26.
The drive shaft 25 extends downward from the drive mo-
tor 16 and penetrates through a central region of the cov-
er 14. The drive shaft 25 is rotatably supported relative
to the cover 14 by a bearing (not shown).
[0032] The speed reduction mechanism 26 comprises
a sun gear 26a fixed to a lower end of the drive shaft 25,

an internally-toothed gear 26b fixed to an inner surface
of a sidewall of the cover 14, and a planetary gear 26c
in meshing engagement with the sun gear 26a and the
internally-toothed gear 26b. The planetary gear 26c is
adapted to be revolved around the sun gear 26a along
with a rotation of the drive shaft 25.
[0033] The intermediate shaft unit 27 comprises an in-
termediate shaft body 27a disposed coaxially with the
drive shaft 25, and an arm 27b extending radially outward
from the intermediate shaft body 27a. The intermediate
shaft body 27a is disposed immediately below the drive
shaft 25 and rotatably supported by an after-mentioned
end plate member 36. The arm 27b has a distal end in-
serted through a through-hole 26d formed in a central
region of the planetary gear 26c. In conjunction with the
revolution of the planetary gear 26c, the arm 27b is re-
volved, and thereby the intermediate shaft body 27a is
rotated at a rotational speed reduced by the given ratio
relative to a rotational speed of the drive shaft 25. The
intermediate shaft body 27a has a lower portion provided
with an externally-toothed drive gear 29.
[0034] A plurality of pin teeth 31 are arranged circum-
ferential over the entire inner peripheral portion of an ax-
ially intermediate region of the cylinder member 13. Each
of the pin teeth 31 is disposed to extend in the axial di-
rection, and the pin teeth 31 are arranged at even inter-
vals. Each of the pin teeth 31 serves as an internal tooth
of an internally-toothed gear, and the cylinder member
13 constitutes an internally-toothed gear having internal
teeth disposed along an inner peripheral portion thereof.
[0035] The carrier 22 is disposed radially inside the
cylinder member 13. The carrier 22 is rotatably supported
by the cylinder member 13 through two bearings 32, 33
disposed in axially spaced-apart relation to each other.
The carrier 22 is adapted to be rotated about an axis
coaxial with an axis of the cylinder member 13.
[0036] The carrier 22 comprises a base member 35,
an end plate member 36 disposed above the base mem-
ber 35, and a shaft portion 37 integrally formed with the
base member 35 to extend toward the end plate member
36. The base member 35 has a lower end formed to pro-
trude downward from the cylinder member 13. A transfer
gear 39 is fitted onto the lower end of the base member
35 in such a manner that it is disposed coaxially with the
axis of the cylinder member 13. The transfer gear 39 is
adapted to give a rotational driving force, for example, to
a pivot shaft of wind power generation equipment.
[0037] The shaft portion 37 is formed in a columnar
shape extending axially upward from a top surface of the
base member 35. As shown in FIG 2, the carrier 22 has
three of the shaft portions 37 arranged in a circumferential
direction of the base member 35 at given intervals, and
each of the shat portions 37 is formed in a sectionally
approximately-triangular shape.
[0038] Each of the shaft portions 37 is formed with a
bottomed bolt hole 37a, as shown in FIG. 1, and the end
plate member 36 is formed with three bolt insertion holes
36b at respective positions corresponding to the bolt
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holes 37a. Then, three bolts 52 are inserted through the
bolt insertion holes 36b and screwed with the bolt holes
37a of the shaft portions 37a, respectively. Further, each
of the shaft portions 37 is formed with a pin hole 37 b,
and the end plate 36 is formed with three pin holes 36c
at respective positions corresponding to the pin holes
37b. Then, three pins 53 are inserted across the pin holes
37 b and the corresponding pin holes 36c, respectively.
In this manner, the base member 35 and the end plate
member 36 are fastened together to avoid a displace-
ment therebetween. Thus, the base member 35 and the
end plate member 36 can be integrally rotated about the
axis of the cylinder member 13.
[0039] On the inside of the cylinder member 13, a
closed space is defined between the base member 35
and the end plate member 36. A first externally-toothed
gear 44a, a second externally-toothed gear 44b and a
third externally-toothed gear 44c are disposed within the
closed space in this order in an upward direction. Each
of the first, second and third externally-toothed gears
44a, 44b, 44c has the same shape and the same outer
diameter. The externally-toothed gear (44a, 44b or 44c)
is formed to have an outer diameter slightly less than an
inner diameter of the cylinder member 13, and formed
with a plurality of external teeth 44d (see FIG. 2) mesh-
ingly engageable with the pin teeth 31 of the cylinder
member 13. The number of external teeth 44d of the ex-
ternally-toothed gear (44a, 44b or 44c) is set to be slightly
less than that of the pin teeth 31, for example, only by one.
[0040] A crankshaft 48 is disposed to penetrate
through the first to third externally-toothed gears 44a to
44c. The speed reducer 10 has three of the crankshafts
48 arranged in the circumferential direction at given in-
tervals (see FIG. 2). As shown in FIG. 1, each of the
crankshafts 48 is rotatably supported by a pair of upper
and lower crankshaft bearings 56, 57. The upper crank-
shaft bearing 56 is fitted into a through-hole 36a formed
in the end plate member 36. The lower crankshaft bearing
57 is fitted into a concave portion 35a formed in the top
surface of the base member 35. In other words, each of
the crankshafts 48 has an upper portion supported by
the end plate member 36 through the upper crankshaft
bearing 56, and a lower portion supported by the base
member 35 through the lower crankshaft bearing 57.
[0041] Each of the crankshafts 48 has an upper end
protruding upward from the upper crankshaft bearing 56,
and the upper end is provided with an externally-toothed
driven gear 59. Each of the externally-toothed driven
gears 59 is in meshing engagement with the externally-
toothed drive gear 29. Thus, each of the crankshafts 48
is revolved together with a corresponding one of the ex-
ternally-toothed driven gears 59 while being rotated at a
speed reduced by a gear ratio between the externally-
toothed drive gear 29 and the externally-toothed driven
gear 59.
[0042] Each of the crankshafts 48 is formed with three
eccentric portions 48a, 48b, 48c. These eccentric por-
tions 48a, 48b, 48c are arranged along the axial direction.

Specifically, the first eccentric portion 48a, the second
eccentric portion 48b and the third eccentric portion 48c
are disposed in this order in an upward direction. Each
of the first to third eccentric portions 48a to 48c is formed
in a columnar shape having an axis deviated from an axis
of the crankshaft 48 by the same eccentric distance. Fur-
ther, the first to third eccentric portions 48a to 48c are
formed to have substantially the same outer diameter,
and a phase difference of 120 degrees with respect to
each other.
[0043] The first externally-toothed gear 44a, the sec-
ond externally-toothed gear 44b and the third externally-
toothed gear 44c are fitted, respectively, onto the first
eccentric portion 48a, the second eccentric portion 48b
and the third eccentric portion 48c. Except for the phase
difference, the first to third eccentric portions 48a to 48c
have the same configuration.
[0044] As shown in FIG. 2, each of the first to third
externally-toothed gears 44a, 44b, 44c is formed with a
first through-hole 44e and a second through-hole 44f.
The first through-hole 44e is formed correspondingly to
the crankshaft 48. That is, three of the first through-holes
44e are formed in each of the first to third externally-
toothed gear 44a, 44b, 44c in the circumferential direction
at even intervals. Each of the first through-holes 44e is
formed in a circular shape. Specifically, the first eccentric
portion 48a in each of the crankshafts 48 is inserted into
a corresponding one of the first through-holes 44e of the
first extenally-toothed gear 44a through a first bearing
49a. In the same manner, the second eccentric portion
48b is inserted into a corresponding one of the first
through-holes 44e of the second externally-toothed gear
44b through a second bearing 49b, and the third eccentric
portion 48c is inserted into a corresponding one of the
first through-holes 44e of the third externally-toothed
gear 44c through a third bearing 49c.
[0045] The second through-hole 44f of the first to third
externally-toothed gears 44a, 44b, 44c is designed to
allow the shaft portion 37 to be inserted thereinto. Spe-
cifically, the second through-hole 44f is formed in an ap-
proximately triangular shape having an area greater than
a sectional area of the shaft portion 37 to define a given
gap therebetween. The second through-hole 44f is
formed correspondingly to the shaft portion 37. That is,
three of the second through-holes 44f are formed in each
of the first to third externally-toothed gears 44a to 44c in
the circumferential direction at even intervals.
[0046] A difference between the speed reducer 10 ac-
cording to the first embodiment and a conventional speed
reducer will be described below. As shown in FIGS. 3 to
5, in the conventional speed reducer, each of first, second
and third externally-toothed gears 71, 72, 73 is in mesh-
ing engagement with pin teeth 75 in an angular range of
180 degrees. For example, given that the number of pin
teeth 75 is forty two, twenty one of the pin teeth 75 is in
contact with each of the externally-toothed gears 71, 72,
73. In this state, the externally-toothed gears 71, 72, 73
are arranged with a phase difference of 120 degrees with
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respect to each other. For example, when the first exter-
nally-toothed gear 71 is in meshing engagement with pin
teeth 75 located at a phase angle ranging from - 120
degrees (or 240 degrees) to 60 degrees (see FIG. 3), the
second externally-toothed gear 72 is in meshing engage-
ment with pin teeth 75 located at a phase angle ranging
from zero degree to 180 degrees (see FIG. 4), and the
third externally-toothed gear 73 is in meshing engage-
ment with pin teeth 75 located at a phase angle ranging
from 120 degrees to 300 degrees (see FIG 5). Thus, as
shown in FIG 6, the first and second externally-toothed
gears 71, 72 are in meshing engagement with pin teeth
75 located at a phase angle ranging from zero degree to
60 degrees, and the second and third externally-toothed
gears 72, 73 are in meshing engagement with pin teeth
75 located at a phase angle ranging from 120 degrees
to 180 degrees. Further, the first and third externally-
toothed gears 71, 73 are in meshing engagement with
pin teeth 75 located at a phase angle ranging from 240
degrees to 300 degrees. That is, two of the externally-
toothed gears 71, 72, 73 are overlappingly in meshing
engagement with the above pin teeth 75.
[0047] When a certain one of the pin teeth 75 is meshed
with either one of the first to third externally-toothed gears
71 to 73, the certain pin tooth 75 is rotated on its axis by
a force received from the externally-toothed gear. If two
of the first to third externally-toothed gears 71 to 73 are
overlappingly in meshing engagement with the certain
pin tooth 75, at least one of the two externally-toothed
gears will be slidingly moved relative to the certain pin
tooth 75, because respective forces received from the
two externally-toothed gears are different from each oth-
er in direction and magnitude. In the first to third exter-
nally-toothed gears 71 to 73, each of a tip 76a and a root
76b of each external tooth 76 has a curved shape.
[0048] In contrast, the speed reducer 10 according to
the first embodiment is designed such that only one of
the first to third externally-toothed gears 44a to 44c is
meshed with one of the pin teeth 31 even if each of the
first to third externally-toothed gears 44a to 44c is at any
phase position. Specifically, the cylinder member 13 is
provided with forty two of the pin teeth 31, and each of
the first to third externally-toothed gears 44a to 44c is
provided with the same number of external teeth. Further,
three groups each consisting of fourteen of the pin teeth
31 are in contact with and in meshing engagement with
the first to third externally-toothed gears 44a to 44c, re-
spectively. More specifically, as shown in FIG 8, each of
the first to third externally-toothed gears 44a to 44c is in
meshing engagement with pin teeth 31 in an angular
range of 120 degrees, and the first to third externally-
toothed gears 44a to 44c are arranged with a phase dif-
ference of 120 with respect to each other. Thus, two or
more of the first to third externally-toothed gears 44a to
44c are almost never simultaneously in contact with a
certain one of the pin teeth 31.
[0049] As above, in order to allow first, second and
third one-thirds of the entire pin teeth 31 to be in meshing

engagement, respectively, with the first, second and third
externally-toothed gears 44a, 44b, 44c, each of the first
to third externally-toothed gears 44a to 44c is designed
to have external teeth each formed such that a length of
an addendum 61 is less than that of a dedendum 62, as
shown in FIG 9. Further, a tip of the external tooth is
formed in a flat shape or a gentle curved shape.
[0050] In order to allow the addendum 61 to have a
length less than that of the dedendum 62, each of the
first to third externally-toothed gears 44a to 44c may be
subjected to a post-machining process for shaving off
the tip 76a of the addendum 61 on the outside of a pitch
circle P. The process of shaving off the tip 76a can be
performed without difficulty. In the post-machining proc-
ess, an existing externally-toothed gear may be used.
Instead of the post-machining process, external teeth
44d having a profile as shown in FIG. 9 may be formed
in advance.
[0051] An operation of the speed reducer 10 according
to the first embodiment will be described below.
[0052] In response to a rotation of the drive shaft 25 of
the drive motor 16, the externally-toothed gear drive gear
29 is rotated at a speed reduced by the given speed re-
duction ratio through the speed reduction mechanism 26.
In conjunction with the rotation of the externally-toothed
gear drive gear 29, each of the externally-toothed gear
driven gears 59 is rotated. A speed of the externally-
toothed gear driven gear 59 is reduced relative to the
speed of the externally-toothed gear drive gear 29 by the
given speed reduction ratio. In conjunction with the re-
spective rotations of the externally-toothed gear driven
gears 59, each of the crankshafts 48 is rotated together
with a corresponding one of the externally-toothed gear
driven gears 59. Thus, the first to third eccentric portions
48a to 48c are rotated, and thereby the first to third ex-
ternally-toothed gears 44a to 44c are oscillatingly re-
volved while being meshed with the pin teeth 31. In this
process, first, second and third one-thirds of the pin teeth
31 are meshed, respectively, with the first, second and
third externally-toothed gears 44a, 44b, 44c, and each
of the first to third externally-toothed gears 44a to 44c
will be revolved while maintaining this meshing engage-
ment. Thus, two or more of the first to third externally-
toothed gears 44a to 44c are almost never simultane-
ously in contact with a certain one of the pin teeth 31.
[0053] For example, as shown in FIG. 10, when the
first externally-toothed gear 44a is located at a phase
angle of zero degree where a bottom of one external
tooth thereof comes in contact with a specific one of the
pin teeth 31, the second externally-toothed gear 44b is
located at a phase angle of 120 degrees, and the external
tooth 44d (addendum 61) of the second externally-
toothed gear 44b is in a state just after being moved to
be spaced apart from the specific pin tooth 31. Further,
a sum of respective numbers of the pin teeth 31 in mesh-
ing engagement with the first to third externally-toothed
gears 44a to 44c at any phase angle is equal to the total
number (forty two) of the entire pin teeth 31. Thus, two
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or more of the first to third externally-toothed gears 44a
to 44c are never simultaneously in contact with a certain
one of the pin teeth 31.
[0054] A revolution speed of each of the first to third
externally-toothed gears 44a to 44c is largely reduced
relative to that of each of the crankshafts 48. Then, in
conjunction with the revolution of each of the first to third
externally-toothed gears 44a to 44c, the shaft portions
37 are revolved to rotate the entire carrier 22. Thus, the
transfer gear 39 is rotated at a speed significantly re-
duced relative to the rotational speed of the drive motor
16.
[0055] As described above, the speed reducer accord-
ing to the first embodiment is designed such that an an-
gular range of meshing engagement between the pin
teeth 31 and each of the first to third externally-toothed
gears 44a to 44c is 120 degrees, and the speed reducer
a sum of respective numbers of the pin teeth 31 in mesh-
ing engagement with the first to third externally-toothed
gears 44a to 44c is equal to the total number of the entire
pin teeth 31. This makes it possible to maximally prevent
each of the first to third externally-toothed gears 44a to
44c from being slidingly moved relative to the pin teeth
31 so as to suppress an increase in rotational resistance.
Thus, while a rotational loss is likely to increase when
the first to third externally-toothed gears 44a to 44c are
rotated in meshing engagement with the pin teeth 31,
this problem can also be suppressed. In addition, two or
more of the first to third externally-toothed gears 44a to
44c are never simultaneously in contact with a certain
one of the pin teeth 31. Thus, a load to be imposed on
each of the pin teeth 31 can be reduced. This makes it
possible to reduce a diameter of the pin tooth 31 and
thereby facilitate downsizing of the entire speed reducer.
The capability to reduce a diameter of the pin tooth 31
also allows the number of pin teeth 31 to be increased
so as to extend a selectable range of speed reduction
ratio to provide enhanced flexibility in design.
[0056] Further, the speed reducer according to the first
embodiment is designed such that the first to third exter-
nally-toothed gears 44a to 44c are arranged with a phase
difference of 120 degrees with respect to each other, and
first, second and third one-thirds of the pin teeth 31 are
in meshing engagement, respectively, with the first, sec-
ond and third externally-toothed gears 44a, 44b, 44c.
Thus, the first to third externally-toothed gears 44a to 44c
are evenly disposed around the crankshafts. This makes
it possible to reduce an eccentric load to be imposed on
each of the crankshafts 48 and thereby reduce vibration.
[0057] In the first embodiment, a tip of each addendum
61 in the first to third externally-toothed gears 44a to 44c
is shaved off. Thus, the first to third externally-toothed
gears 44a to 44c can be obtained through a simple ma-
chining process. That is, the intended externally-toothed
gear can be obtained only by shaving off tips of a part of
external teeth of an existing externally-toothed gear
adapted to be in contact with the pin teeth in an angular
range of 180 degrees. In addition, in a production proc-

ess, the existing externally-toothed gear adapted to be
in contact with the pin teeth in an angular range of 180
degrees can be used as a common component before
the machining.
[0058] Generally, in a tip region of first to third exter-
nally-toothed gears 44a to 44c meshed with pin teeth 31,
a load component in a radial direction is relatively large,
and a load component in a rotation (torque) direction is
relatively small. In the first embodiment, tips of a part of
external teeth in each of the first to third externally-
toothed gears 44a to 44c are shaved off to set an angular
range of meshing engagement with the pin teeth 31 at
120 degrees. Thus, a bottom of each external tooth hav-
ing a relatively large load component in a rotation (torque)
direction can be meshed with the pin teeth to provide
enhanced torque transfer efficiency. In addition, the an-
gular range of meshing engagement set at 120 degrees
makes it possible to disperse a load to be imposed on
each of the pin teeth 31 and reduce a load per unit area
to be imposed on the cylinder member 13 from the pin
teeth 31.

[SECOND EMBODIMENT]

[0059] In a speed reducer 10 according to a second
embodiment of the present invention, each of first, sec-
ond and third eccentric portions 48a, 48b, 48c of a crank
shaft 48 is formed in a columnar shape having an axis
deviated from an axis of the crankshaft 48 by an eccentric
distance "e". Further, the first to third eccentric portions
48a to 48c are arranged to have a phase difference of a
given degree θ (in the second embodiment, θ = about
120 degrees) with respect to each other, and formed to
have substantially the same outer diameter "d" (see FIG.
15).
[0060] In the speed reducer 10 according to the second
embodiment, first, second and third bearings 49a, 49b,
49c have a distinctive feature. Specifically, as shown in
FIGS. 11 to 15, each of the first to third bearings 49a to
49c comprises a plurality (in the second embodiment,
twelve) of columnar-shaped rollers 50, and a retainer 51.
[0061] In each of the first to third bearings 49a to 49c,
the retainer 51 holds the rollers 50 around an associated
one of the first to third eccentric portions 48a to 48c of
the crank shaft 48 at given intervals. The retainer 51 al-
lows the rollers 50 to be evenly disposed around the as-
sociated one of the first to third eccentric portions 48a to
48c so as to receive a load from the crankshaft 48 by the
entire rollers 50 disposed around the eccentric portion,
in a well balanced manner. This makes it possible to sup-
press progression of wear in specific ones of the rollers
50 so as to provide enhanced durability of the rollers 50.
[0062] Each of the retainers 51 has a pair of circular
ring portions 51a and a plurality of column portions 51b.
The pair of circular ring portions 51a are fitted onto the
associated one of the first to third eccentric portions 48a
to 48c of the crankshaft 48, and disposed in axially
spaced-apart relation to each other. As shown in FIG.
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13, the pair of circular ring portions 51a are disposed to
clamp the rollers 50 from above and below so as to set
out respective positions of the rollers 50 along an axial
direction of the crankshaft 48. Further, in the second em-
bodiment, each of the circular ring portions 51a has an
inner diameter allowing each of the first to third eccentric
portions 48a to 48c to fully fall therewithin when viewed
in the axial direction of the crankshaft 48. Alternatively,
the inner diameter of the circular ring portion 51a may be
set at a value allowing only the first eccentric portion 48a
and the second eccentric portion 48b or only the second
eccentric portion 48b and the third eccentric portion 48c
to fall therewithin when viewed in the axial direction of
the crankshaft 48.
[0063] More specifically, each of the circular ring por-
tions 51a has an inner diameter greater than a value of
the following formula: d + 2e · sin (θ / 2), wherein: d is an
outer diameter of the second eccentric portion 48b or the
first eccentric portion 48a; e is an eccentric distance be-
tween the axis of the crankshaft 48 and an axis of each
of the first to third eccentric portions 48a to 48c; and θ is
an angle of the phase difference between the first eccen-
tric portion 48a and the second eccentric portion 48b or
between the second eccentric portion 48b and the third
eccentric portion 48c. The value of 2e · sin (θ / 2) is equiv-
alent to a distance between the respective axes of the
first eccentric portion 48a and the second eccentric por-
tion 48b or between the respective axes of the second
eccentric portion 48b and the third eccentric portion 48c.
[0064] As shown in FIG. 13, the plurality of column por-
tions 51b are formed to bridge between the pair of circular
ring portions 51a, and disposed along a circumferential
direction of the circular ring portions 51a at given inter-
vals. Each of the column portions 51a is formed in the
same configuration. Thus, the plurality of column portions
51b can set out respective positions of the rollers 50 along
a circumferential direction of the associated one of the
first to third eccentric portions 48a to 48c.
[0065] Each of the column portions 51b has two pro-
trusions 51c, 51c each disposed at a position away from
a corresponding one of the pair of circular ring portions
51a by a given distance and formed to protrude in both
circumferential directions of the circular ring portions 51a.
The protrusions 51c, 51c of the column portions 51b are
in contact with given positions on respective outer pe-
ripheral surfaces of the rollers 50. Specifically, the pro-
trusions 51c, 51c are in contact with a region located
inside a circle A illustrated in FIG. 14, in each of the outer
peripheral surfaces of the rollers 50. The circle A in FIG.
14 is a circle passing through respective axes 50a of the
rollers 50 disposed around the associated one of the first
to third eccentric portions 48a to 48c of the crankshaft
48. In this manner, the inside region relative to the circle
A passing through respective axes 50a of the rollers 50
is supported by the column portions 51b.
[0066] Further, each of the rollers 50 is supported by
two of the column portions 51b on opposite sides of the
roller, in such a manner as to be clamped from both cir-

cumferential directions. This makes it possible to set out
respective positions of the rollers 50 along the circum-
ferential direction of the associated one of the first to third
eccentric portions 48a to 48c and evenly arrange the roll-
ers 50 around the associated one of the first to third ec-
centric portions 48a to 48c, while supporting the rollers
50 without wobbling movements. As above, in the second
embodiment, the column portions 51b of the retainer 51
are in contact with only the inside region relative to the
circle A passing through respective axes 50a of the rollers
50, and no object is in contact with an outside region
relative to the circle A. Thus, each of the rollers 50 can
be moved radially outward and detached from the retain-
er 51.
[0067] In the second embodiment, each of the first to
third eccentric portions 48a to 48c of the crankshaft 48
has substantially the same outer diameter, as described
above. Further, the first, second and third bearings 49a,
49b, 49c each comprising the rollers 50 and the retainer
51 are attached, respectively, to the first, second and
third eccentric portions 48a, 48b, 48c, in such a manner
as to have substantially the same outer diameter. In con-
formity to this configuration, respective first through-
holes 44e of first to third externally-toothed gears 44a to
44c are formed to have the same inner diameter.
[0068] Except for the above structure/configuration,
the speed reducer 10 according to the second embodi-
ment has the same structure/configuration as that of the
speed reducer 10 according to the first embodiment.
[0069] A process of installing the first to third bearings
49a to 49c and the first to third externally-toothed gears
44a to 44c onto one of the crankshafts 48 will be de-
scribed below.
[0070] As a first step of this installation process, the
third bearing 49c is attached from the side of the third
eccentric portion 48c of the crankshaft 48 along an axial
direction of the crankshaft 48 and fitted onto the third
eccentric portion 48c. In this operation, the third bearing
49c having all of the rollers 50 held by the retainer 51
thereof is attached to the crankshaft 48 and fitted onto
the third eccentric portion 48c. Then, the third externally-
toothed gear 44c is installed in such a manner as to re-
ceive the third eccentric portion 48c and the third bearing
49c in the first through-hole 44e of the third externally-
toothed gear 44c.
[0071] Then, the second bearing 49b is attached from
the side of the first eccentric portion 48a of the crankshaft
48 along the axial direction and fitted onto the second
eccentric portion 48b. Specifically, in the second embod-
iment, the second bearing 49b in a state after detaching
all of the rollers 50 from the retainer 51 thereof, i.e., only
the retainer 51, is moved to pass through the first eccen-
tric portion 48a, and fitted onto the second eccentric por-
tion 48b. In this operation, it is not essential to detach all
of the rollers 50 from the retainer 51, but a part of the
rollers 50, i.e., only specific one or more of the rollers 50
which are likely to interfere with the first eccentric portion
48a, may be appropriately detached. In this alternative,
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the second bearing 49b can also be fitted onto the second
eccentric portion 48b while allowing the rollers 50 held
by the retainer 51 to pass through the first eccentric por-
tion 48a without interference therewith. Then, the de-
tached rollers 50 are returned or re-attached to the re-
tainer 51. Subsequently, the second externally-toothed
gear 44b is installed in such a manner as to receive the
second eccentric portion 48b and the second bearing
49b in the first through-hole 44e of the second externally-
toothed gear 44b.
[0072] Then, the first bearing 49a is attached from the
side of the first eccentric portion 48a of the crankshaft 48
along the axial direction and fitted onto the first eccentric
portion 48a. In this operation, the first bearing 49a having
all of the rollers 50 held by the retainer 51 thereof is at-
tached to the crankshaft 48 and fitted onto the first ec-
centric portion 48a. Finally, the first externally-toothed
gear 44a is installed in such a manner as to receive the
first eccentric portion 48a and the first bearing 49a in the
first through-hole 44e of the first externally-toothed gear
44a.
[0073] As described above, in the second embodi-
ment, the retainer 51 of the second bearing 49b is de-
signed to hold the rollers 50 around the second eccentric
portion 48b at given intervals and hold the rollers 50 de-
tachably in the radially outward direction of the second
eccentric portion 48b. Thus, in advance of the operation
of attaching the second bearing 49b from the side of the
first eccentric portion 48a along the crankshaft 48 and
fitting the second bearing 49b onto the second eccentric
portion 48b, the rollers 50 can be detached from the re-
tainer 51. In this detaching operation, all of the rollers 50,
or only a part of rollers 50 which are likely to interfere
with the first eccentric portion 48a, are detached from the
retainer 51 to avoid interference between the rollers 50
and the first eccentric portion 48a. Thus, the second bear-
ing 49b can be moved to pass through the first eccentric
portion 48a, and fitted onto the second eccentric portion
48b. Then, the detached rollers 50 are returned to the
retainer 51. In this manner, the second bearing 49b can
be moved along the crankshaft 48 and fitted onto the
second eccentric portion 48b which is an intermediate
one of the three eccentric portions, without any difficulty.
[0074] Further, in the second embodiment, each of the
first to third eccentric portions 48a to 48c has substantially
the same outer diameter, and the first, second and third
bearings 49a, 49b, 49c are attached, respectively, to the
first, second and third eccentric portions 48a, 48b, 48c,
in such a manner as to have substantially the same outer
diameter. Thus, respective the first through-holes 44e of
the first to third externally-toothed gears 44a to 44c can
have substantially the same inner diameter. This makes
it possible to form each of the first to third externally-
toothed gears 44a to 44c into a common configuration
so as to reduce the number of component types for use
in the speed reducer 10. Therefore, a production process
and a component management during production can be
simplified. In addition, a torque transfer section compris-

ing the first eccentric portion 48a, the first bearing 49a
and the first externally-toothed gear 44a, a torque trans-
fer section comprising the second eccentric portion 48b,
the second bearing 49b and the second externally-
toothed gear 44b, and a torque transfer section compris-
ing the third eccentric portion 48c, the third bearing 49c
and the third externally-toothed gear 44c, are formed in
the same configuration and the same dimensions. This
makes it possible to prevent uneven distribution of load
during torque transfer and provide enhanced strength
and quality to the torque transfer sections. Further, the
first to third bearings 49a to 49c have a common structure
capable of detaching the rollers 50. Thus, the number of
bearing types can be reduced to one so as to simplify a
component management.
[0075] In the second embodiment, the retainer 51 of
the second bearing 49b has the pair of circular ring por-
tions 51a adapted to set out respective positions of the
rollers 50 in the axial direction of the second eccentric
portion 48b, and the plurality of column portions 51b
adapted to set out respective positions of the rollers 50
along the circumferential direction of the second eccen-
tric portion 48b. The pair of circular ring portions 51a are
fitted onto the second eccentric portion 48b and disposed
spaced apart from each other in the axial direction of the
second eccentric portion 48b by a given distance. Fur-
ther, the plurality of column portions 51b are formed to
bridge between the pair of circular ring portions 51a, and
disposed along the circumferential direction of the circu-
lar ring portions 51a at given intervals. The above retainer
51 of the second bearing 49b makes it possible to reliably
hold the rollers 50 around the second eccentric portion
48b in a simplified structure comprised of the circular ring
portions 51a and the column portions 51b.
[0076] In the second embodiment, each of the circular
ring portions 51a of the retainer 51 has an inner diameter
allowing each of the first eccentric portion 48a and the
second eccentric portion 48b to fall therewithin when
viewed in the axial direction of the crankshaft 48, i.e., an
inner diameter greater than a value of the following for-
mula: an outer diameter of the second eccentric portion
48b + 2e · sin (θ / 2). Thus, in the operation of attaching
the second bearing 49b from the side of the first eccentric
portion 48a along the crankshaft 48 and fitting the second
bearing 49b onto the second eccentric portion 48b, the
interference between the first eccentric portion 48a and
each of the circular ring portions 51a can be avoided.

[THIRD EMBODIMENT]

[0077] Except that first, second and third roller bear-
ings 149a, 149b, 149c are used in place of the first, sec-
ond and third bearings 49a, 49b, 49c in the second em-
bodiment, a differential/oscillating type speed reducer
according to a third embodiment of the present invention
is the same as the speed reducer 10 according to the
second embodiment illustrated in FIG 11.
[0078] Specifically, in the speed reducer according to
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the third embodiment, the first, second and third eccentric
portions 48a, 48b, 48c (shaft member) of the crankshaft
48 after being inserted, respectively, into the circular-
shaped first through-holes 14e formed in the first to third
externally-toothed gears 44a to 44c, are supported, re-
spectively, by first, second and third roller bearings 149a,
149b, 149c, as shown in FIGS. 16 to 18.
[0079] Each of the first to third roller bearings 149a to
149c has the same structure, and comprises fifteen roll-
ers 150 and a retainer 151. The rollers 150 are disposed
along an outer peripheral surface of an associated one
of the first to third eccentric portions 48a to 48c and be-
tween an inner wall surface of the first through-hole 44e
and the outer peripheral surface of the associated one
of the first to third eccentric portions 48a to 48c. In this
manner, the rollers 150 can receive a load from the as-
sociated one of the first to third eccentric portions 48a to
48c in a well balanced manner.
[0080] The retainer 151 is adapted to hold the rollers
150 around the associated one of the first to third eccen-
tric portions 48a to 48c. The retainer 151 has a pair of
upper and lower circular ring portions 151a and three
column portions 151b. The pair of circular ring portions
151a are fitted onto the associated one of the first to third
eccentric portions 48a to 48c or fitted into the through-
hole 44e, and disposed adjacent, respectively, to axially
opposite ends of each of the rollers 150. The pair of cir-
cular ring portions 151a can come into contact, respec-
tively, with the opposite ends of the roller 150, to restrict
an axial movement of the roller 150. Each of the circular
ring portions 151a has an outer diameter set to be ap-
proximately equal to an inner diameter of the first through-
hole 44e, and an inner diameter set to be slightly less
than a diameter of a circle A passing through respective
axes 150a of the rollers 150. The outer diameter of the
circular ring portion 151a may be set to be greater than
the circle A, and the inner diameter of the circular ring
portion 151a may be set to be approximately equal to the
outer diameter of the associated one of the first to third
eccentric portions 48a to 48c.
[0081] The three column portions 151b are disposed
along a circumferential direction of the circular ring por-
tions 151a, i.e., a circumferential direction of the associ-
ated one of the first to third eccentric portions 48a to 48c
at even 120° intervals. Each of the column portions 151b
has opposite ends connected, respectively, to the pair of
circular ring portions 151a. Each of the column portions
151b is disposed between first and second ones of the
rollers 150 which are located in adjacent relation to each
other. Each of the column portions 151b can come into
contact with the first and second rollers 150 to restrict a
movement of the rollers 150 in the circumferential direc-
tion of the associated one of the first to third eccentric
portions 48a to 48c. Five of the rollers 150 are disposed
between the adjacent column portions 151b, 151b. The
five rollers 150 may be disposed in evenly spaced-apart
relation to each other with a small clearance. This makes
it possible to suppress the occurrence of frictional resist-

ance between the adjacent rollers 150.
[0082] As shown in FIG. 17, each of the column por-
tions 151b has a shape bended from a radially outward
side to a radially inward side of the circular ring portions
151, in such a manner as to integrally form an interme-
diate region 151c and first and second connection re-
gions 151d, 151e. The intermediate region 151c corre-
sponds to a longitudinally intermediate region of the col-
umn portion 151b, and extends linearly along the axial
direction of the rollers 150 inside the circle A. The first
connection region 151d connects an upper edge of the
intermediate region 151c and an outer edge of the upper
circular ring portion 151a, and the second connection
region 151e connects a lower edge of the intermediate
region 151c and an outer edge of the lower circular ring
portion 151a. The first connection region 151d extends
downward from the outer edge of the upper circular ring
portion 151a, and extends obliquely downward on a ra-
dially inward side of the circular ring portion 151a. The
second connection region 151e extends upward from the
outer edge of the lower circular ring portion 151a, and
extends obliquely upward on a radially inward side of the
circular ring portion 151a. Each region adjacent to two
junctions between the intermediate region 151c and the
first connection regions 151d and between the interme-
diate region 151c and the second connection region 151e
is located on the circle A, and side surfaces of the junction
regions are in contact, respectively, with an outer periph-
eral surface of the first or second roller 150 on the circle A.
[0083] Further, each side edge of the connection por-
tions 151d, 151e is curved in conformity to a shape of
the outer peripheral surface of the roller 150 to allow each
side surface of the connection portions 151d, 151e to
conformably come into contact with the outer peripheral
surface of the first or second roller 150. This makes it
possible to increase a contact area between the side sur-
faces of the connection portions 151d, 151e and the outer
peripheral surface of the first or second roller 150 so as
to allow the column portions 151b to stably suppress the
movement of the rollers 150 in the circumferential direc-
tion of the associated one of the first to third eccentric
portions 48a to 48c.
[0084] Furthermore, each of the connection portions
151d, 151e is formed to have a width which gradually
increases in a direction from the intermediate region 151c
to each of the circular ring portions 151a. In view of sup-
pressing the movement of the rollers 150 in the circum-
ferential direction of the associated one of the first to third
eccentric portions 48a to 48c, the column portion to be
disposed between the first and second rollers 150 on the
circle A may have any shape. That is, the column portion
may have a shape simply bridging or connecting between
the pair of circular ring portions 151a along the axial di-
rection of the rollers 150 linearly or with the same width.
In this case, over the entire length of the column potion,
the width of the column portion becomes less than a dis-
tance between respective outer peripheral surfaces of
the first and second rollers 150 located on the circle A.
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This causes difficulty in ensuring enhanced strength of
the support portion. In the third embodiment, each of the
connection portions 151d, 151e is formed to have a width
which gradually increases in the direction from the inter-
mediate region 151c to each of the circular ring portions
151a. Thus, as compared with above case, the strength
of the column portion can be increased. Further, each of
the intermediate region 151c and the connection regions
151d, 151e of the column portion 151b is formed to have
approximately the same thickness.
[0085] In combination with the first to third roller bear-
ings 149a to 149c having the aforementioned configura-
tion, a roll loading rate of the rollers between the inner
wall surface of the first through-hole 44e and the outer
peripheral surface of the associated one of the first to
third eccentric portions 48a to 48c is in the range of 87%
to 98%. The roll loading rate means a rate calculated by
the following formula: a diameter of the roller 150 3 the
number of the rollers 150 / a length of the circle A 3 100.
[0086] In an operation of installing the first to third ec-
centric portions 48a to 48c and the first to third roller
bearings 149a to 149c in the first through-holes 44e of
the first to third externally-toothed gears 44a to 44c, the
retainer 151 of the first roller bearing 149a is fitted onto
the first eccentric portion 48a or into the first through-hole
44e. Then, three sets of the five rollers 150 are fitted,
respectively, into three spaces between the column por-
tions 151b of the retainer 151, from the radially outward
side of the retainer 151, so that the fifteen rollers 150
held by the retainer 150 are disposed around the first
eccentric portion 48a. Then, the first eccentric portion
48a and the first roller bearing 149a are inserted into the
first through-hole 44e of the first externally-toothed gear
44a, while holding the rollers 150 from therearound. In
the same manner, the second roller bearing 149b and
the third roller bearing 149c are attached. In this manner,
the first to third eccentric portions 48a to 48c and the first
to third roller bearings 149a to 149c are installed, respec-
tively, in the first through-holes 44e of the first to third
externally-toothed gears 44a to 44c.
[0087] The process of installing the first to third eccen-
tric portions 48a to 48c and the first to third roller bearings
149a to 149c are installed, respectively, in the first
through-holes 44e, is not limited to the above manner.
For example, the process may comprise attaching the
retainers 151, respectively, to the first through-holes 44e,
fitting three sets of the five rollers 150, respectively, three
spaces between the column portions 151a of each of the
retainers 151, and inserting the first to third eccentric por-
tions 48a to 48c.
[0088] Except for the above differences, the speed re-
ducer according to the third embodiment and the first to
third roller bearings 149a to 149c used therein have the
same structure/configuration as that of the speed reducer
10 according to the second embodiment and the first to
third roller bearings 49a to 49c.
[0089] As described above, in the third embodiment,
the five rollers 150 are disposed between the adjacent

column portions 151b of the retainer 151. Thus, as com-
pared with a retainer designed to arrange column por-
tions, respectively, in all spaces between the rollers 150,
the number of column portions is reduced, and thereby
the number of rollers 150 to be disposed around each of
the first to third eccentric portions 48a to 48c, i.e., the
roller loading rate of the rollers between the inner wall
surface of each of the first through-holes 44e and the
outer peripheral surface of each of the first to third ec-
centric portions 48a to 48c, can be increased. This makes
it possible to disperse a load to be imposed on the rollers
150 from the first to third eccentric portions 48a to 48c
so as to provide enhanced durability of the rollers 150.
[0090] Further, in each of the retainers 151 in the third
embodiment, the opposite ends of each of the column
portions 151b are connected, respectively, to the pair of
circular rings 151a. Thus, differently from the convention-
al retainer where one end of the column portion 151b is
not fixed, the column portions 151b in the third embodi-
ment can suppress the problem that when a certain force
is applied from the rollers 150 to the column portion, the
column portion is pressed by the force and undesirably
displaced. This makes it possible to suppress wobbling
of the rollers 150 due to the displacement of the column
portions 151b, and prevent the rollers 150 from being
obliquely inclined due to the wobbling, so as to avoid
problems that an excessive load is imposed on the rollers
150 from the first to third eccentric portions 48a to 48c
due to the inclination of the rollers 150, and the rollers
150 are damaged due to the excessive load.
[0091] In the third embodiment, the retainer 151 adapt-
ed to hold the rollers 150 for each of the first to third roller
bearings 149a to 149c, around an associated one of the
first to third eccentric portions 48a to 48c has the three
column portions 151b each disposed between first and
second ones of the rollers 150 which are located in ad-
jacent relation to each other, to restrict the movement of
the rollers 150 in the circumferential direction of the as-
sociated one of the first to third eccentric portions 48a to
48c. These column portions 151b can restrict the move-
ment of the rollers 150 in the circumferential direction of
the associated one of the first to third eccentric portions
48a to 48c. Thus, as compared with a roller bearing where
only the plurality of rollers 150 are disposed around each
of the first to third eccentric portions 48a to 48c without
interposing the column portions 151b therebetween, the
retainer 151 in the third embodiment can suppress the
problem that a clearance between the rollers 150 is un-
evenly defined, i.e., a large clearance is defined at one
position, in the circumferential direction of the associated
one of the first to third eccentric portions 48a to 48c. This
makes it possible to reduce a burden required for evenly
adjusting the clearances between the rollers 150 during
the operation of installing the first to third roller bearings
149a to 149c in the first to third eccentric portions 48a to
48c, and the entire burden in the operation of installing
the first to third roller bearings 149a to 149c in the first
to third eccentric portions 48a to 48c.
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[0092] In the third embodiment, each of the column
portions 151b includes the intermediate region 151c lo-
cated on the circle A passing through respective axes
150a of the rollers 150, and the intermediate region 151c
is in contact with the outer peripheral surfaces of the first
and second rollers 150 on the circle A. Thus, even if a
force in the circumferential direction of the associated
one of the first to third eccentric portions 48a to 48c, i.e.,
in a direction along the circle A, acts on the rollers 150,
the outer peripheral surfaces of the rollers 150 is never
slidingly moved relative to the column portion 151b. This
makes it possible to effectively suppress the movement
of the rollers 150 in the circumferential direction of the
associated one of the first to third eccentric portions 48a
to 48c so as to effectively prevent wobbling of the rollers
150 in the circumferential direction of the associated one
of the first to third eccentric portions 48a to 48c.

[FOURTH EMBODIMENT]

[0093] A speed reducer 10 according to a fourth em-
bodiment (see FIG. 19) has a distinctive feature in the
structure/configuration of a crankshaft 248 (eccentric
shaft) disposed to penetrate first, second and third ex-
ternally-toothed gears 44a, 44b, 44c.
[0094] Specifically, as shown in FIG. 20, the speed re-
ducer 10 includes three of the crankshafts 248 arranged
along a circumferential direction of the first to three ex-
ternally-toothed gears 44a to 44c at given intervals. As
shown in FIGS. 21 and 22, each of the crankshafts 248
integrally includes a gear mounting portion 248a, a first
shaft portion 248b, a second shaft portion 248c, a first
eccentric portion 248d, a second eccentric portion 248e,
a third eccentric portion 248f, a first connection portion
248g, a second connection portion 248h, a third connec-
tion portion 248i and a fourth connection portion 248j.
[0095] The gear mounting portion 248a is located at
an upper end of the crankshaft 248, and disposed to pro-
trude upward relative to an upper crankshaft bearing 56
(second crankshaft bearing: see FIG 19). An externally-
toothed driven gear 59 in meshing engagement with an
externally-toothed drive gear 29 is fitted onto the gear
mounting portion 248a. The crankshaft 248 is adapted
to be revolved together with the externally-toothed driven
gear 59 while being rotated at a speed reduced by a gear
ratio between the externally-toothed drive gear 29 and
the externally-toothed driven gear 59.
[0096] The first shaft portion 248b is formed in a co-
lumnar shape, and located at a lower end of the crank-
shaft 248. The first shaft portion 248b is rotatably sup-
ported by a lower crankshaft bearing 57 (first crankshaft
bearing: see FIG. 19). The second shaft portion 248c is
formed in a columnar shape, and located just below the
gear mounting portion 248a. As shown in FIG. 22, the
second shaft portion 248c is formed to have an axis C2
coaxial with an axis C1 of the first shaft portion 248b and
rotatably supported by the upper crankshaft bearing 56.
The axes C1 and C2 of the first shaft portion 248b and

the second shaft portion 248c serves as a rotational axis
of the crankshaft 248.
[0097] The first to third eccentric portions 248d to 248f
are located between the first shaft portion 248b and the
second shaft portion 248c. The first to third eccentric por-
tions 248d to 248f are disposed upward along the axial
direction in this order. Each of the first to third eccentric
portions 248d to 248f is formed in a columnar shape. The
first, second and third eccentric portions 248d, 24e, 248f
have, respectively, axes C3, C4, C5 each deviated from
the axes C1, C2 of the first and second shaft portions
248b, 248c by an eccentric distance "e" (see FIG. 23).
Each of the adjacent first and second eccentric portions
248d, 248e has a different rotational phase. Further, each
of the adjacent second and third eccentric portions 248e,
248f has a different rotational phase. That is, the first,
second and third eccentric portions 248d, 24e, 248f are
arranged to have a phase difference of an angle θ (see
FIG 23: in this embodiment, θ = about 120°).
[0098] The first connection portion 248g is formed be-
tween the first shaft portion 248b and the first eccentric
portion 248d, to connect the first shaft portion 248b and
the first eccentric portion 248d to each other. The first
connection portion 248g is formed to have an axis C6
coaxial with the axis C1 of the first shaft portion 248b,
and a diameter less than that of the first shaft portion
248b. The second connection portion 248h is formed be-
tween the second shaft portion 248c and the third eccen-
tric portion 248f, to connect the second shaft portion 248c
and the third eccentric portion 248f to each other. The
second connection portion 248h is formed to have an
axis C7 coaxial with the axis C2 of the second shaft por-
tion 248c, and a diameter less than that of the second
shaft portion 248c.
[0099] The third connection portion 248i is formed be-
tween the first eccentric portion 248d and the second
eccentric portion 248e, to connect the first eccentric por-
tion 248d and the second eccentric portion 248e to each
other. The third connection portion 248i is formed in a
shaded area in FIG. 24, viewed in the axial direction.
Specifically, the third connection portion 248i is formed
over an overlapping area A1 between the first and second
eccentric portions 248d, 248e located on both sides
thereof, an area A2 of the first eccentric portion 248d
protruding from the overlapping area A1, and an area A3
of the second eccentric portion 248e protruding from the
overlapping area A1, when viewed in the axial direction.
The third connection portion 248i has an outer periphery
partially defined by an arc which extends within the pro-
truding area A2 of the first eccentric portion 248d and
has a center located coaxially with the axis C4 of the
second eccentric portion 248e, in a section perpendicular
to the axial direction. Further, the remaining outer periph-
ery of the third connection portion 248i is defined by an
arc which extends within the protruding area A3 of the
second eccentric portion 248e and has a center located
coaxially with the axis C3 of the first eccentric portion
248d, in the section perpendicular to the axial direction.
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[0100] As shown in FIG. 22, the third connection por-
tion 248i includes two concave regions 258a, 258b, and
two inclined regions 259a, 259b. The concave region
258a is formed to continue from an edge of the first ec-
centric portion 248d on the side of the second eccentric
portion 248e and extend over the entire circumference
of the third connection portion 248i. Further, the concave
region 258a is located radially inward relative to the first
eccentric portion 248d. The concave region 258a has an
axial width which gradually decreases in a direction from
the protruding area A3 of the second eccentric portion
248e to the protruding area A2 of the first eccentric por-
tion 248d.
[0101] The inclined region 259a is formed to continue
from an edge of the concave region 258a on the side of
the second eccentric portion 248e. The inclined region
259a is formed within the protruding area A3 of the sec-
ond eccentric portion 248e. Further, the inclined region
259a is formed in a linear taper shape having an axial
sectional area which expands radially outward, toward
the second eccentric portion 248e, and a taper angle of
about 15°. Each of the inclined region 259a and the con-
cave region 258a has a center on the axis C3 of the first
eccentric portion 248d.
[0102] The concave region 258b is formed to continue
from an edge of the second eccentric portion 248e on
the side of the first eccentric portion 248d and extend
over the entire circumference of the third connection por-
tion 248i. Further, the concave region 258b is located
radially inward relative to the second eccentric portion
248e. The concave region 258b has an axial width which
gradually decreases in a direction from the protruding
area A2 of the first eccentric portion 248d to the protrud-
ing area A3 of the second eccentric portion 248e.
[0103] The inclined region 259b is formed to continue
from an edge of the concave region 258b on the side of
the first eccentric portion 248d. The inclined region 259b
is formed within the protruding area A2 of the first eccen-
tric portion 248d. Further, the inclined region 259b is
formed in a linear taper shape having an axial sectional
area which expands radially outward, toward the first ec-
centric portion 248d, and a taper angle of about 15°. Each
of the inclined region 259b and the concave region 258b
has a center on the axis C4 of the second eccentric por-
tion 248e.
[0104] The fourth connection portion 248j is formed be-
tween the second eccentric portion 248e and the third
eccentric portion 248f, to connect the second eccentric
portion 248e and the third eccentric portion 248f to each
other. The fourth connection portion 248j is formed in a
shaded area in FIG. 25, viewed in the axial direction.
Specifically, the fourth connection portion 248j is formed
over an overlapping area A4 between the second and
third eccentric portions 248e, 248f located on both sides
thereof, an area A5 of the second eccentric portion 248e
protruding from the overlapping area A4, and an area A6
of the third eccentric portion 248f protruding from the
overlapping area A4, when viewed in the axial direction.

The fourth connection portion 248j has an outer periphery
partially defined by an arc which extends within the pro-
truding area A5 of the second eccentric portion 248e and
has a center located coaxially with the axis C5 of the third
eccentric portion 248f, in a section perpendicular to the
axial direction. Further, the remaining outer periphery of
the fourth connection portion 248j is defined by an arc
which extends within the protruding area A6 of the third
eccentric portion 248f and has a center located coaxially
with the axis C4 of the second eccentric portion 248e, in
the section perpendicular to the axial direction.
[0105] The fourth connection portion 248j includes two
concave regions 268a, 268b, and two inclined regions
269a, 269b. The concave region 268a is formed to con-
tinue from an edge of the third eccentric portion 248f on
the side of the second eccentric portion 248e and extend
over the entire circumference of the fourth connection
portion 248j. Further, the concave region 268a is located
radially inward relative to the third eccentric portion 248f.
The concave region 268a has an axial width which grad-
ually decreases in a direction from the protruding area
A5 of the second eccentric portion 248e to the protruding
area A6 of the third eccentric portion 248f.
[0106] The inclined region 269a is formed to continue
from an edge of the concave region 268a on the side of
the second eccentric portion 248e. The inclined region
269a is formed within the protruding area A5 of the sec-
ond eccentric portion 248e. Further, the inclined region
269a is formed in a linear taper shape having an axial
sectional area which expands radially outward, toward
the second eccentric portion 248e, and a taper angle of
about 15°. Each of the inclined region 269a and the con-
cave region 268a has a center on the axis C5 of the third
eccentric portion 248f.
[0107] The concave region 268b is formed to continue
from an edge of the second eccentric portion 248e on
the side of the third eccentric portion 248f and extend
over the entire circumference of the fourth connection
portion 248j. Further, the concave region 268b is located
radially inward relative to the second eccentric portion
248e. The concave region 268b has an axial width which
gradually decreases in a direction from the protruding
area A6 of the third eccentric portion 248f to the protrud-
ing area A5 of the second eccentric portion 248e.
[0108] The inclined region 269b is formed to continue
from an edge of the concave region 268b on the side of
the third eccentric portion 248f. The inclined region 269b
is formed within the protruding area A6 of the third ec-
centric portion 248f. Further, the inclined region 269b is
formed in a linear taper shape having an axial sectional
area which expands radially outward, toward the third
eccentric portion 248f, and a taper angle of about 15°.
Each of the inclined region 269b and the concave region
268b has a center on the axis C4 of the second eccentric
portion 248e.
[0109] Except for the above differences, the speed re-
ducer 10 according to the fourth embodiment has the
same structure/configuration as that of the speed reducer
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10 according to the first embodiment.
[0110] A method of producing the crankshaft 248 of
the speed reducer 10 according to the fourth embodiment
will be described below.
[0111] In this method, a material 200 (see FIG. 24) of
the crankshaft 248 is firstly prepared. As the crankshaft
material 200, a columnar-shaped metal member having
a diameter capable of encompassing respective portions
of the crankshaft 248 when viewed in the axial direction
is prepared. Then, the crankshaft material 200 is held by
a chuck, and a region for forming the first shaft portion
248b and a region for forming the second shaft portion
248c in the crankshaft material 200 is cut by a turning
tool 500 (cutting tool) while rotating the crankshaft ma-
terial 200 about the axes C1, C2 of the first and second
shaft portions 248b and 248c. Thus, the first shaft portion
248b and the second shaft portion 248c are formed in
the crankshaft material 200.
[0112] Then, the crankshaft material 200 is held by an
eccentric chuck, and a region for forming the first eccen-
tric portion 248d in the crankshaft material 200 is cut by
a turning tool 500 while rotating the crankshaft material
200 about the axis C3 of the first eccentric portion 248d.
During this cutting process, the turning tool 500 is moved
relative to the crankshaft material 200 in a direction from
the first shaft portion 248b to the second shaft portion
248c. Thus, the first eccentric portion 248d is formed in
the crankshaft material 200.
[0113] Successively, a region for forming the concave
region 258a closer to the first eccentric portion 248d on
the side of the second shaft portion 248c is cut by the
same turning tool 500 while rotating the crankshaft ma-
terial 200 about the axis C3. Further successively, the
crankshaft material 200 is cut by the same turning tool
500 while being rotated about the axis C3, to form a taper-
shaped region continuing from an edge of the concave
region 258a on the side of the second shaft portion 248c.
This taper-shaped region is formed to have a linear taper
shape in axial section having an outward edge which
expands outward, toward the second eccentric portion
248e.
[0114] Then, a rotational axis of the crankshaft material
200 held by an eccentric chuck is moved to the axis C4
of the second eccentric portion 248e, and then a region
for forming the second eccentric portion 248e is cut by a
turning tool 500 while rotating the crankshaft material 200
about the axis C4 of the second eccentric portion 248e.
During this cutting process, the turning tool 500 is moved
relative to the crankshaft material 200 in a direction from
the second shaft portion 248c to the first shaft portion
248b. Thus, the second eccentric portion 248e is formed
in the crankshaft material 200.
[0115] Successively, a region for forming the concave
region 258b closer to the second eccentric portion 248e
on the side of the first eccentric portion 248d is cut by
the same turning tool 500 while rotating the crankshaft
material 200 about the axis C4. During this cutting proc-
ess, a part of the above taper-shaped region is cut away.

Specifically, during this cutting process, the area A2 of
the first eccentric portion 248d protruding from the over-
lapping area A1 between the first eccentric portion 248d
and the second eccentric portion 248e when viewed in
the axial direction is largely cut away. Further, the taper-
shaped region is less removed toward the area A3 of the
second eccentric portion 248e protruding from the over-
lapping area A1 between the first and second eccentric
portions 248d, 248e, when viewed in the axial direction,
i.e., a cutting or removal amount in the taper-shaped re-
gion is reduced toward the area A3. In this manner, the
concave region 258b closer to the second eccentric por-
tion 248e on the side of the first eccentric portion 248d
is formed.
[0116] Further successively, the crankshaft material
200 is cut by the same turning tool 500 while being rotated
about the axis C4, to form a taper-shaped region contin-
uing from an edge of the concave region 258b on the
side of the first eccentric portion 248d. This taper-shaped
region is formed to have a linear taper shape in axial
section having an outward edge which expands outward,
toward the first eccentric portion 248d. During this cutting
process, on the side of the protruding area A2 of the first
eccentric portion 248d, the taper-shaped region is cut
away. In contrast, on the side of the protruding area A3
of the second eccentric portion 248e, the taper-shaped
region is not cut away because the turning tool 500 is not
in contact with the crankshaft material 200. In this man-
ner, the inclined region 259b continuing from the concave
region 258b to the first eccentric portion 248d is formed
in the protruding area A2 of the first eccentric portion
248d, and the inclined region 259a continuing from the
concave region 258a to the second eccentric portion
248e is formed in the protruding area A3 of the second
eccentric portion 248e. Thus, the third connection portion
248i is made up of the inclined regions 259a, 259b and
the concave regions 258a, 258b.
[0117] Then, a region for forming the concave region
268b closer to the second eccentric portion 248e on the
side of the second shaft portion 248c is cut by the same
turning tool 500 while rotating the crankshaft material 200
about the axis C4. Further successively, the crankshaft
material 200 is cut by the same turning tool 500 while
being rotated about the axis C4, to form a taper-shaped
region continuing from an edge of the concave region
268b on the side of the second shaft portion 248c. This
taper-shaped region is formed to have a linear taper
shape in axial section having an outward edge which
expands outward, toward the second shaft portion 248c.
[0118] Then, a rotational axis of the crankshaft material
200 held by an eccentric chuck is moved to the axis C5
of the third eccentric portion 248f, and then a region for
forming the third eccentric portion 248f is cut by a turning
tool 500 while rotating the crankshaft material 200 about
the axis C5 of the third eccentric portion 248f. During this
cutting process, the turning tool 500 is moved relative to
the crankshaft material 200 in a direction from the second
shaft portion 248c to the first shaft portion 248b. Thus,
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the third eccentric portion 248f is formed in the crankshaft
material 200.
[0119] Successively, a region for forming the concave
region 268a closer to the third eccentric portion 248f on
the side of the second eccentric portion 248e is cut by
the same turning tool 500 while rotating the crankshaft
material 200 about the axis C5. During this cutting proc-
ess, a part of the taper-shaped region formed to continue
from an edge of the concave region 268b on the side of
the second shaft portion 248c is cut away. Specifically,
during this cutting process, the area A5 of the second
eccentric portion 248e protruding from the overlapping
area A4 between the second eccentric portion 248e and
the third eccentric portion 248f when viewed in the axial
direction is largely cut away. Further, the taper-shaped
region is less removed toward the area A6 of the third
eccentric portion 248f protruding from the overlapping
area A4 between the second and third eccentric portions
248e, 248f, when viewed in the axial direction, i.e., a cut-
ting amount in the taper-shaped region is reduced toward
the area A6. In this manner, the concave region 268a
closer to the third eccentric portion 248f on the side of
the second eccentric portion 248e is formed.
[0120] Further successively, the crankshaft material
200 is cut by the same turning tool 500 while being rotated
about the axis C5, to form a taper-shaped region contin-
uing from an edge of the concave region 268a on the
side of the second eccentric portion 248e. This taper-
shaped region is formed to have a linear taper shape in
axial section having an outward edge which expands out-
ward, toward the second eccentric portion 248e. During
this cutting process, on the side of the protruding area
A5 of the second eccentric portion 248e, the taper-
shaped region formed to continue from an edge of the
concave region 268b on the side of the second shaft por-
tion 248c is cut away. In contrast, on the side of the pro-
truding area A6 of the third eccentric portion 248f, the
taper-shaped region is not cut away because the turning
tool 500 is not in contact with the crankshaft material 200.
In this manner, the inclined region 269a continuing from
the concave region 268a to the second eccentric portion
248e is formed in the protruding area A5 of the second
eccentric portion 248e, and the inclined region 269b con-
tinuing from the concave region 268b to the third eccen-
tric portion 248f is formed in the protruding area A6 of
the third eccentric portion 248f. Thus, the fourth connec-
tion portion 248j is made up of the inclined regions 269a,
269b and the concave regions 268a, 268b.
[0121] Then, an rotational axis of the crankshaft ma-
terial 200 is moved to the axes C1, C2 of the first and
second shaft portions 248b, 248c, and then a region for
forming the first connection portion 248g between the
first shaft portion 248b and the first eccentric portion 248d
and a region for forming the second connection portion
248h between the second shaft portion 248c and the sec-
ond eccentric portion 248h are cut while rotating the
crankshaft material 200 about the axes C1, C2. Thus,
the first connection portion 248g and the second connec-

tion portion 248h are formed in the crankshaft material
200.
[0122] Subsequently, the crankshaft material 200 is
subjected to a carburizing treatment, and then respective
surfaces of the first to third eccentric portions 248d to
248f is polished by a buff 600 (see FIG 26) serving as a
polishing tool. In this polishing process, the first eccentric
portion 248d is polished while rotating the crankshaft ma-
terial 200 about the axis C3 of the first eccentric portion
248d and bringing the buff 600 into contact with the sur-
face of the first eccentric portion 348d. Further, as shown
in FIG 26, when an edge of the first eccentric portion
248d on the side of the third connection portion 248i is
polished, the concave region 258a of the third connection
portion 248i acts as an undercut for avoiding interference
with the buff 600. For example, if the third connection
portion 248i has only the inclined region 259b continuing
from the first eccentric portion 248d without the concave
region 258a, it is difficult to accurately polish the first ec-
centric portion 248d including its edge by the buff 600.
In this embodiment, the concave region 258a makes it
possible to avoid interference between the buff 600 and
the third connection portion 248i even if the buff 600 pro-
trudes from the first eccentric portion 248d toward the
third connection portion 248i to some extent. Thus, the
first eccentric portion 248d including its edge on the side
of the third connection portion 248i can be accurately
polished.
[0123] The second eccentric portion 248e is polished
while rotating the crankshaft material 200 about the axis
C4 of the second eccentric portion 248e and bringing the
buff 600 into contact with the surface of the second ec-
centric portion 348e. As with the concave region 258a,
the concave region 258b of the third connection portion
248i acts as an undercut for avoiding interference with
the buff 600 when an edge of the second eccentric portion
248e on the side of the third connection portion 248i is
polished, and the concave region 268b of the fourth con-
nection portion 248j acts as an undercut for avoiding in-
terference with the buff 600 when an edge of the second
eccentric portion 248e on the side of the fourth connec-
tion portion 248j is polished. Thus, the surface of the sec-
ond eccentric portion 248e including its edges on the side
of the third and fourth connection portions 248i, 248j can
be accurately polished.
[0124] The third eccentric portion 248f is polished while
rotating the crankshaft material 200 about the axis C5 of
the third eccentric portion 248f and bringing the buff 600
into contact with the surface of the third eccentric portion
348f. As with the concave region 258a, the concave re-
gion 268a of the fourth connection portion 248j acts as
an undercut for avoiding interference with the buff 600
when an edge of the third eccentric portion 248f on the
side of the fourth connection portion 248j is polished.
Thus, the surface of the third eccentric portion 248f in-
cluding its edge on the side of the fourth 248j can be
accurately polished. Through the above process, the
crankshaft 248 in this embodiment is produced.
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[0125] As described above, in the crankshaft 248 of
the speed reducer 10 according to the fourth embodi-
ment, the third connection portion 248i has the concave
region 258a formed to continue from the first eccentric
portion 248d and located radially inward relative to the
first eccentric portion 248d, and the concave region 258b
formed to continue from the second eccentric portion
248e and located radially inward relative to the second
eccentric portion 248e. Thus, in the process of polishing
the edge of the first eccentric portion 248d, the concave
region 258a makes it possible to avoid interference be-
tween the buff 600 and the third connection portion 248i
even if the buff 600 protrudes on the side of the second
eccentric portion 248e. In the process of polishing the
edge of the second eccentric portion 248e, the concave
region 258b makes it possible to avoid interference be-
tween the buff 600 and the third connection portion 248i
even if the buff 600 protrudes on the side of the first ec-
centric portion 248d. Further, in the crankshaft 248 of the
speed reducer 10 according to the fourth embodiment,
the fourth connection portion 248j has the concave region
268b formed to continue from the second eccentric por-
tion 248e and located radially inward relative to the sec-
ond eccentric portion 248e, and the concave region 268a
formed to continue from the third eccentric portion 248f
and located radially inward relative to the third eccentric
portion 248f. Thus, in the process of polishing the edge
of the second eccentric portion 248e, the concave region
268b makes it possible to avoid interference between the
buff 600 and the fourth connection portion 248j even if
the buff 600 protrudes on the side of the third eccentric
portion 248f. In the process of polishing the edge of the
third eccentric portion 248f, the concave region 268a
makes it possible to avoid interference between the buff
600 and the fourth connection portion 248j even if the
buff 600 protrudes on the side of the second eccentric
portion 248e. This makes it possible to accurately polish
the first, second and third eccentric portions 248d, 248e,
248f including their edges.
[0126] In the crankshaft 248 of the speed reducer 10
according to the fourth embodiment, the third connection
portion 248i is formed over the overlapping area A1 be-
tween the first eccentric portion 248d and the second
eccentric portion 248e located on both sides thereof, the
area A2 of the first eccentric portion 248d protruding from
the overlapping area A1, and the area A3 of the second
eccentric portion 248e protruding from the overlapping
area A1, when viewed in the axial direction. Thus, as
compared with a crankshaft where a connection portion
is formed only the overlapping area A1 between the first
eccentric portion 248d and the second eccentric portion
248e when viewed in the axial direction, a sectional area
of the third connection portion 248i in the section perpen-
dicular to the axial direction can be increased. Further,
the fourth connection portion 248j is formed over the over-
lapping area A4 between the second eccentric portion
248e and the third eccentric portion 248f located on both
sides thereof, the area A5 of the second eccentric portion

248e protruding from the overlapping area A4, and the
area A6 of the third eccentric portion 248f protruding from
the overlapping area A4, when viewed in the axial direc-
tion. Thus, as compared with a crankshaft where a con-
nection portion is formed only the overlapping area A4
between the second eccentric portion 248e and the third
eccentric portion 248f when viewed in the axial direction,
a sectional area of the fourth connection portion 248j in
the section perpendicular to the axial direction can be
increased. This configuration in the fourth embodiment
makes it possible to increase the strength of the third
connection portion 248i and the fourth connection portion
248j so as to provide enhanced strength of the crankshaft
248.
[0127] In the crankshaft 248 of the speed reducer 10
according to the fourth embodiment, the third connection
portion 248i has an outer periphery partially defined by
an arc which extends within the protruding area A2 of the
first eccentric portion 248d and has a center located co-
axially with the axis C4 of the second eccentric portion
248e, in the section perpendicular to the axial direction.
Further, the remaining outer periphery of the third con-
nection portion 248i is defined by an arc which extends
within the protruding area A3 of the second eccentric
portion 248e and has a center located coaxially with the
axis C3 of the first eccentric portion 248d, in the section
perpendicular to the axial direction. Thus, the second ec-
centric portion 248e, and the outer periphery of the third
connection portion 248i within the protruding area A2 of
the first eccentric portion 248d, can be formed by cutting
the crankshaft material 200 while rotating the crankshaft
material 200 about the axis C4 of the second eccentric
portion 248e. Further, the first eccentric portion 248d,
and the outer periphery of the third connection portion
248i within the protruding area A3 of the second eccentric
portion 248e, can be formed by cutting the crankshaft
material 200 while rotating the crankshaft material 200
about the axis C3 of the first eccentric portion 248d. This
makes it possible to form the second eccentric portion
248e and the outer periphery of the third connection por-
tion 248i within the protruding area A2 of the first eccentric
portion 248d, through a continuous process without
changing the rotational axis of the crankshaft material
200, and to form the first eccentric portion 248d and the
outer periphery of the third connection portion 248i within
the protruding area A3 of the second eccentric portion
248e, through a continuous process without changing
the rotational axis of the crankshaft material 200. In the
crankshaft 248 of the speed reducer 10 according to the
fourth embodiment, the fourth connection portion 248j
has an outer periphery partially defined by an arc which
extends within the protruding area A5 of the second ec-
centric portion 248e and has a center located coaxially
with the axis C5 of the third eccentric portion 248f, in a
section perpendicular to the axial direction. Further, the
remaining outer periphery of the fourth connection por-
tion 248j is defined by an arc which extends within the
protruding area A6 of the third eccentric portion 248f and
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has a center located coaxially with the axis C4 of the
second eccentric portion 248e, in the section perpendic-
ular to the axial direction. Thus, the third eccentric portion
248f, and the outer periphery of the fourth connection
portion 248j within the protruding area A5 of the second
eccentric portion 248e, can be formed by cutting the
crankshaft material 200 while rotating the crankshaft ma-
terial 200 about the axis C5 of the third eccentric portion
248f. Further, the second eccentric portion 248e, and the
outer periphery of the fourth connection portion 248j with-
in the protruding area A6 of the third eccentric portion
248f, can be formed by cutting the crankshaft material
200 while rotating the crankshaft material 200 about the
axis C4 of the second eccentric portion 248e. This makes
it possible to form the third eccentric portion 248f and the
outer periphery of the fourth connection portion 248j with-
in the protruding area A5 of the second eccentric portion
248e, through a continuous process without changing
the rotational axis of the crankshaft material 200, and to
form the second eccentric portion 248e and the outer
periphery of the fourth connection portion 248j within the
protruding area A6 of the third eccentric portion 248f,
through a continuous process without changing the ro-
tational axis of the crankshaft material 200. Thus, the
crankshaft 248 of the speed reducer 10 according to the
fourth embodiment makes it possible to reduce a process
time and operational burden required for changing the
rotational axis of the crankshaft material 200 during ma-
chining of the crankshaft 248, so as to simplify the pro-
duction process of the crankshaft 248.
[0128] In the crankshaft 248 of the speed reducer 10
according to the fourth embodiment, the third connection
portion 248i includes the inclined region 259b having an
axial section formed in a linear taper shape within the
protruding area A2 of the first eccentric portion 248d, and
the inclined region 259a having an axial section formed
in a linear taper shape within the protruding area A3 of
the second eccentric portion 248e. Thus, the third con-
nection portion 248i can have a shape smoothly connect-
ed to the first eccentric portion 248d and the second ec-
centric portion 248e. This makes it possible to reduce
stress concentration occurring in each junction between
the third connection portion 248i and the first eccentric
portion 248d/the second eccentric portion 248e, as com-
pared with a crankshaft where a step is formed in each
junction between the third connection portion 248i and
the first eccentric portion 248d/the second eccentric por-
tion 248e. Further, in the crankshaft 248 of the speed
reducer 10 according to the fourth embodiment, the
fourth connection portion 248j includes the inclined re-
gion 269a having an axial section formed in a linear taper
shape within the protruding area A5 of the second ec-
centric portion 248e, and the inclined region 269b having
an axial section formed in a linear taper shape within the
protruding area A6 of the third eccentric portion 248f.
Thus, the fourth connection portion 248j can have a
shape smoothly connected to the second eccentric por-
tion 248e and the third eccentric portion 248f. This makes

it possible to reduce stress concentration occurring in
each junction between the fourth connection portion 248j
and the second eccentric portion 248e/the third eccentric
portion 248f, as compared with a crankshaft where a step
is formed in each junction between the fourth connection
portion 248j and the second eccentric portion 248e/the
third eccentric portion 248f. Thus, the crankshaft 248 of
the speed reducer 10 according to the fourth embodiment
makes it possible to suppress the occurrence of cracks
due to stress concentration in each junction between the
third connection portion 248i and the first eccentric por-
tion 248d/the second eccentric portion 248e and between
the fourth connection portion 248j and the second eccen-
tric portion 248e/the third eccentric portion 248f.
[0129] In the production method for the crankshaft 248
of the speed reducer 10 according to the fourth embod-
iment, the process of forming the outer periphery of the
third connection portion 248i within the protrusion area
A2 of the first eccentric portion 248d, and the process of
forming the second eccentric portion 248e, are per-
formed as a continuous process of cutting the crankshaft
material 200 using the bite 500 while rotating the crank-
shaft material 200 about the axis C4 of he second ec-
centric portion 248e. In addition, the process of forming
the outer periphery of the third connection portion 248i
within the protrusion area A3 of the second eccentric por-
tion 248e, and the process of forming the first eccentric
portion 248d, are performed as a continuous process of
cutting the crankshaft material 200 using the bite 500
while rotating the crankshaft material 200 about the axis
C3 of he first eccentric portion 248d. Further, in the pro-
duction method for the crankshaft 248, the process of
forming the outer periphery of the fourth connection por-
tion 248j within the protrusion area A5 of the second ec-
centric portion 248e, and the process of forming the third
eccentric portion 248f, are performed as a continuous
process of cutting the crankshaft material 200 using the
bite 500 while rotating the crankshaft material 200 about
the axis C5 of the third eccentric portion 248f. In addition,
the process of forming the outer periphery of the fourth
connection portion 248j within the protrusion area A6 of
the third eccentric portion 248f, and the process of form-
ing the second eccentric portion 248e, are performed as
a continuous process of cutting the crankshaft material
200 using the bite 500 while rotating the crankshaft ma-
terial 200 about the axis C4 of he second eccentric portion
248e. This makes it possible to reduce a process time
and operational burden required for changing the rota-
tional axis of the crankshaft material 200 and the cutting
tool during machining of the crankshaft 248, so as to sim-
plify the production process of the crankshaft 248. In ad-
dition, the number of cutting tool types required for ma-
chining the crankshaft 248 can also be reduced.
[0130] The speed reduce 10 according to the fourth
embodiment employing the above crankshaft 248 can
utilize the above feature of the crankshaft 248 having
enhanced strength. Generally, if each diameter of the
first to third externally-toothed gears 44a to 44c is re-
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duced to facilitate reduction in size of the speed reducer,
a torque required for rotating the first to third externally-
toothed gears 44a to 44c will be increased, and thereby
a load to be imposed on the crankshaft 248 when trans-
ferring a torque from the crankshaft 248 to rotate the first
to third externally-toothed gears 44a to 44c will be in-
creased. In the speed reduce 10 according to the fourth
embodiment, the crankshaft 248 can have enhanced
strength as described above to suppress damages there-
of. Thus, the speed reduce 10 according to the fourth
embodiment can facilitate reduction in size while sup-
pressing damages of the crankshaft 248.

[FIFTH EMBODIMENT]

[0131] Differently from the first to fourth embodiments,
in addition to the crankshaft bearings 56, 57 for support-
ing a crankshaft 48, a speed reducer 10 according to a
fifth embodiment includes an intermediate bearing mem-
ber 346 disposed between the crankshaft bearings 56,
57 to further support the crankshaft 48.
[0132] Specifically, as shown in FIG. 27, two external-
ly-toothed gears 344, 344 (externally-toothed gear mem-
bers) and the intermediate bearing member 346 are dis-
posed within a closed space defined between a base
member 35 and an end plate member 36 inside a cylinder
member 13. Three crankshafts 348 are disposed to pen-
etrate the externally-toothed gears 344, 344 and the in-
termediate bearing member 346.
[0133] Further, in the fifth embodiment, a shaft portion
337 serving as a carrier 22 is divided into a base-side
shaft portion 341 fixed to the base member 35, and an
end-side shaft portion 342 fixed to the end plate 36. The
base-side shaft portion 341 is formed in a columnar
shape extending axially upward from a top surface of the
base member 35, and the end-side shaft portion 342 is
formed in a columnar shape extending axially downward
from a bottom surface of the end plate member 36. The
base-side shaft portion 341 and the end-side shaft por-
tion 342 are disposed in opposed relation to each other.
The speed reducer 10 according to the fifth embodiment
includes three of the shaft portions 337, and each of the
shaft portions is formed in a sectionally approximately-
rectangular shape.
[0134] The two externally-toothed gears 344 are dis-
posed in an axial direction of the speed reducer 10 (in a
vertical direction). Each of the externally-toothed gears
344 has the same structure/configuration. As shown in
FIG. 28, each of the externally-toothed gears 344 is
formed to have a diameter slightly less than an inner di-
ameter of the cylinder member 13, and formed with ex-
ternal teeth 344a meshingly engageable with pin teeth
31 of the cylinder member 13. The number of external
teeth 344a of the externally-toothed gear 344 is set to be
slightly less than that of the pin teeth 31, for example, by
one.
[0135] Each of the externally-toothed gears 344 is
formed with a first through-hole 344b and a second

through-hole 344c. The first through-hole 344b is formed
in a circular shape. The first through-hole 344b is formed
correspondingly to the crankshaft 48. That is, three of
the first through-holes 344b are formed in each of the
externally-toothed gears 344 in the circumferential direc-
tion at even intervals, and each of the crankshafts 348
is inserted into a corresponding one of the first through-
holes 344b through a roller bearing 350.
[0136] The shaft portion 337 is inserted through the
second through-hole 344c. The second through-hole
344c is formed in an approximately rectangular shape
having an area slightly greater than that of the shaft por-
tion 337 to define a given gap therebetween. The second
through-hole 344c is formed correspondingly to the shaft
portion 337. That is, three of the second through-holes
344c are formed in each of the externally-toothed gears
344 in the circumferential direction at even intervals.
[0137] As shown on FIG 27, each of the crankshafts
348 is rotatably supported by the pair of upper and lower
crankshaft bearings 56, 57 and the intermediate bearing
member 346. Each of the crankshafts 348 has an upper
end protruding upward from the upper crankshaft bearing
56, and the upper end is provided with an externally-
toothed driven gear 59. Each of the externally-toothed
driven gears 59 is in meshing engagement with an ex-
ternally-toothed drive gear 29. Respective structures of
the crankshaft bearings 56, 57 for supporting the crank-
shaft 348 and respective structure of the externally-
toothed driven gear 59 and the externally-toothed drive
gear 29 are the same as those in the first embodiment.
[0138] The crankshaft 348 is formed with two eccentric
portions 348a, 348a disposed correspondingly to the ex-
ternally-toothed gears 344, and a large-diameter portion
348b disposed between the eccentric portions 348a. The
large diameter portion 348b is formed in a columnar
shape having an axis coaxial with that of the crankshaft
348. Each of the eccentric portions 348a is formed in a
columnar shape having an axis eccentric to that of the
crankshaft 348. Further, the eccentric portions 348a are
formed to have a phase difference of 180 degrees with
respect to each other. The eccentric portions 348a are
disposed, respectively, in the first through-holes 344b of
the externally-toothed gears 344. Thus, the externally-
toothed gears 344, 344 are revolved while being meshed
with the pin teeth 31, with the phase difference of 180
degrees therebetween
[0139] As shown in FIGS. 29 and 30, the intermediate
bearing member 346 is formed in a disk shape. A certain
gap is defined between an outer periphery of the inter-
mediate bearing member 346 and the pin teeth 31 dis-
posed in a circumferential pattern.
[0140] The intermediate bearing member 346 is dis-
posed between the externally-toothed gears 344, 344.
Further, the intermediate bearing member 346 is
clamped between and supported by the base-side shaft
portion 341 and the end-side shaft portion 342. More spe-
cifically, the intermediate bearing member 346 is sup-
ported by the three shaft portions 337. That is, the inter-
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mediate bearing member 346 is integrally formed with
three intermediate bearing members to be used for the
three crankshafts 348 individually, and shared by the
three crankshafts 348.
[0141] As shown in FIG. 31, a portion of the interme-
diate bearing member 346 corresponding to the base-
side shaft portion 341 and the end-side shaft portion 342
are formed to have a thickness greater than that of the
remaining portion. This thick-walled portion 346a has an
approximately-rectangular shape. Each of the base-side
shaft portions 341 has a top surface (top end face) formed
with a protrusion 341a. Each of the protrusions 341a is
formed at one apex of the rectangular-shaped top end
face to be located on the side of the center of the exter-
nally-toothed gears 344, and adapted to be engageable
with a side surface region of the thick-walled portion 346a
of the intermediate bearing member 346 to be located
on the side of the center of the externally-toothed gears
344. Thus, the three base-side shaft portions 341 are
fittingly engaged with the intermediate bearing member
346. Further, in the same manner, a protrusion 342a is
formed in each bottom surface (bottom end face) of the
end-side shaft portions 342, and the three end-side shaft
portions 342 are fittingly engaged with the intermediate
bearing member 346.
[0142] The base-side shaft portion 341 is formed with
a bottomed bolt hole 341b, and the end-side shaft portion
342 and the intermediate bearing member 346 are
formed, respectively, with bolt insertion holes 342b, 346b
in alignment with the bolt hole 341b. A bolt 52 inserted
into the bolt insertion holes 342b, 346b is screwed with
the bolt hole 341b of the base-side shaft portion 341. The
base-side shaft portion 341, the end-side shaft portion
342 and the intermediate bearing member 346 are
formed, respectively, with pin holes 341c, 342c, 346c
aligned with each other, and a pin 53 is inserted across
the pin holes 341c, 342c, 346c. In this manner, the base
member 35, the intermediate bearing member 346 and
the end plate member 36 are fastened together to avoid
a displacement therebetween. Thus, the base member
35, the intermediate bearing member 346 and the end
plate member 36 can be integrally rotated about the axis
of the cylinder member 13.
[0143] The intermediate bearing member 346 is
formed with a crankshaft insertion hole 346d for allowing
the crankshaft 348 to be inserted therethrough. The
number of the crankshafts 348 in this embodiment is
three, and therefore three of the crankshaft insertion
holes 346d are formed in the intermediate bearing mem-
ber 346. A roller bearing 354 is fitted in each of the crank-
shaft insertion holes 346d, and the large-diameter portion
348b of the crankshaft 348 is supported by the interme-
diate bearing member 346 through the roller bearing 354.
[0144] The intermediate bearing member 346 is dis-
posed at a center position between the crankshaft bear-
ings 56, 57 in the axial direction of the crankshaft 348.
All of the crankshafts 348 are supported by the crankshaft
bearings 56, 57 at a position between the crankshaft

bearings 56, 57.
[0145] Except for the above differences, the speed re-
ducer 10 according to the fifth embodiment has the same
structure/configuration as that of the speed reducer 10
according to the first embodiment.
[0146] An operation of the speed reducer 10 according
to the fifth embodiment will be described below.
[0147] An operation in a period from activation of the
drive motor 16 through until each of the crankshafts 348
starts rotating in response to a rotation of the drive shaft
25 of the drive motor 16 is the same as that in the first
embodiment. Then, in conjunction with the rotation of the
crankshaft 348, the eccentric portions 348a are rotated
to induce a revolution of the externally-toothed gears 344
being in meshing engagement with the pin teeth 31 and
thereby a revolution of the crankshafts 348. In this move-
ment, the externally-toothed gears 344 are revolved at a
speed largely reduced relative to a revolution speed of
the crankshaft 348. Then, in conjunction with the revolu-
tion of the externally-toothed gears 344, the shaft por-
tions 337 are revolved to rotate the entire carrier 22. Thus,
the transfer gear 39 is rotated at a speed significantly
reduced relative to the rotational speed of the drive motor
16.
[0148] As above, in the fifth embodiment, in addition
to the crankshaft bearings 56, 57 for supporting the crank-
shaft 348, the intermediate bearing member 346 is dis-
posed between the crankshaft bearings 56, 57 to further
support the crankshaft 348. Thus, a load to be received
by the crankshaft bearings 56, 57 can be reduced to allow
the crankshaft bearings 56, 57 to be reduced in diameter
while suppressing bending and deformation of the crank-
shaft 348. This makes it possible to arrange the crank-
shaft 348 at a position closer to the center of the career
22 so as to facilitate reduction in size of the speed reducer
10.
[0149] In the fifth embodiment, the intermediate bear-
ing member 346 can be fixed to the plurality of shaft por-
tions 337 arranged along the circumferential direction, to
effectively prevent the intermediate bearing member 346
from being wobbled or deformed. In addition, the shaft
portion 337 is divided into two parts, and the intermediate
bearing member 346 is clamped therebetween. Thus,
the supporting strength for the intermediate bearing
member 346 can be effectively increased to reliably pre-
vent wobbling of the intermediate bearing member 346.
[0150] In the fifth embodiment, a certain gap is defined
between the intermediate bearing member 346 and the
cylinder member 13. Alternatively, the intermediate bear-
ing member 346 may be supported by the cylinder mem-
ber 13. In this case, the intermediate bearing member
346 may be supported only by an internally-toothed gear
member, or may be supported by both the internally-
toothed gear member and the support portions 337. This
makes it possible to increase an area of the intermediate
bearing member 346 to be supported, and support the
entire outer periphery of the intermediate bearing mem-
ber 346. Thus, the supporting strength for the intermedi-

39 40 



EP 1 895 191 B1

22

5

10

15

20

25

30

35

40

45

50

55

ate bearing member 346 can further be increased to fa-
cilitate reduction in diameter of the intermediate bearing
member 346. The intermediate bearing member 346 sup-
ported through its outer periphery can avoid the occur-
rence of wobbling to suppress wobbling of the crankshaft
348. Thus, a load to be received by the crankshaft bear-
ings 56, 57 can be reduced to allow the crankshaft bear-
ings 56, 57 to be further reduced in diameter. In addition,
the cylinder member 13 having relatively high rigidity can
be utilized to effectively support the intermediate bearing
member 346 without increasing the number of compo-
nents.
[0151] In the fifth embodiment, the intermediate bear-
ing member 346 is disposed at a center position between
the crankshaft bearings 56, 57 in the axial direction of
the crankshaft 348. Thus, respective load to be received
by the crankshaft bearings 56, 57 can be equalized. This
makes it possible to support the crankshaft 348 in well
balanced manner, and prevent crankshaft 348 from being
increased in size.
[0152] In the fifth embodiment, the plurality of crank-
shafts 348 are supported by the single intermediate bear-
ing member 346. This makes it possible to provide en-
hanced supporting strength for the crankshafts 348 while
preventing an increase in the number of components.
While a plurality of intermediate bearing members 346
arranged for each of the crankshafts 348 involves the
need for allowing the intermediate bearing members 346
to be aligned with each other in the axial direction so as
to avoid interference therebetween, the single common
intermediate bearing member 346 as in the fifth embod-
iment makes it possible to support all of the crankshafts
348 at a single position between the crankshaft bearings
56, 57 so as to eliminate the need for increasing a length
of the crankshaft 348.

[Other Embodiment]

[0153] It is to be understood that the disclosed embod-
iments of the invention has been presented for purposes
of illustration in all aspects but is not intended to be ex-
haustive or limited to the invention in the form disclosed.
On the contrary, the invention is intended to cover alter-
natives, modifications and equivalents, which may be in-
cluded within the spirit and scope of the invention as de-
fined by the appended claims.
[0154] For example, instead of the structure in the first
embodiment where first, second and third one-thirds of
the pin teeth 31 are in meshing engagement, respective-
ly, with the externally-toothed gears 44a, 44b, 44c, the
number of pin teeth 31 to be in meshing engagement
with each of the externally-toothed gears 44a to 44c may
be changed. For example, the externally-toothed gears
44a, 44b, 44c may be designed to be in meshing engage-
ment with the pin teeth 31, respectively, in angular ranges
of 115 degrees, 115 degrees and 130 degrees. Even in
the case of making a difference between angular ranges
for meshing with the pin teeth 13 as in the above example,

as long as a sum of the three angular ranges is set just
at 360 degrees, a load to be imposed on each of the pin
teeth 31 can be reduced. Thus, such a setting is prefer-
able. However, as long as an angular range for meshing
between the pin teeth 31 and each of the externally-
toothed gears 44a to 44c is less than 180 degrees, even
if a sum of the three angular ranges becomes greater
than 360 degrees, the number of pin teeth to be simul-
taneously in meshing engagement with two of the exter-
nally-toothed gears 44a to 44c can be reduced to reduced
a rotational resistance as compared with the convention-
al techniques. Thus, it is not essential to set a sum of the
angular ranges at 360 degrees.
[0155] Further, in the case of making a difference be-
tween angular ranges for meshing with the pin teeth 13,
an angular range for meshing between the pin teeth 31
and each of the externally-toothed gears 44a to 44c is
preferably set at 90 degrees or more. Generally, a mech-
anism where two or more pin can come into meshing
engagement with each of the externally-toothed gears
44a to 44c is operable as a speed reducer 10.
[0156] While the first embodiment has been described
in connection with one example of shaving off a tooth
top, the present invention is not limited to such a manner.
For example, the dedendum 62 may be shaved off, or
both the addendum 61 and the dedendum 62 may be
shaved off. In the case of shaving off both the addendum
61 and the dedendum 62, pin teeth 31 will be in non-
contact with a tooth top and a tooth bottom. A circumfer-
ential force hardly acts on the tooth top and the tooth
bottom. Thus, when both a tooth top and a tooth bottom
are shaved off, a deterioration in rotational efficiency of
the externally-toothed gears 44a to 44d can be sup-
pressed.
[0157] While the second embodiment has been de-
scribed in connection with one example where the third,
second and first bearings 49c, 49b, 49a are attached to
the crankshaft 48 in this order, the present invention is
not limited to this process. For example, the first, second
and third bearings 49a, 49b, 49c may be attached to the
crankshaft 48 in this order. Alternatively, the second, first
and third bearings 49b, 49a, 49c, or the second, third and
first bearings 49b, 49c, 49a, may be attached to the
crankshaft 48 in this order.
[0158] While the second embodiment has been de-
scribed in connection with one example where the sec-
ond bearing 49b is attached from the side of the first
eccentric portion 48a along the axial direction and fitted
onto the second eccentric portion 48b of the crankshaft
48, the present invention is not limited to this process,
but the second bearing 49b may be attached from the
side of the third eccentric portion 48c along the axial di-
rection and fitted onto the second eccentric portion 48b
of the crankshaft 48.
[0159] While the retainer 51 in the second embodiment
has been designed to allow the rollers 50 to be detached
in a radially outward direction of the crankshaft 48, the
present invention is not limited to this structure, but the
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retainer 51 may be designed to allow the rollers 50 to be
detached along an axial direction of the crankshaft 48
[0160] While the retainer 51 in the second embodiment
has been designed to allow all of the rollers 50 to be
detached therefrom, the present invention is not limited
to this structure, but the retainer 51 may be designed to
allow at least one or more of the rollers 50 to be detached
therefrom. In this case, the retainer 51 may be designed
to allow specific one or more of the rollers 50 to be de-
tached therefrom, and fixedly hold the remaining rollers
50.
[0161] While all of the first to third bearings 49a to 49c
in the second embodiment has been designed to allow
the rollers to be detached therefrom, the present inven-
tion is not limited to this structure, but the first bearing
49a or / and the third bearing 49c may be designed to
preclude any roller 50 from being detached therefrom.
[0162] Further, in addition to the structure in the second
embodiment, a support device for preventing drop-off of
the roller 50 from the retainer 51 may be attached to the
retainer 51. This structure makes it possible to prevent
the rollers 50 from dropping out of the retainer 51 during
an operation of attaching to the crankshaft 48 the retainer
51 holding the rollers 50. This supporting device may be
designed to be detachable after the first to third eccentric
portions 48a to 48c of the crankshaft 48 and the first to
third bearings 49a to 49c are installed in the first through-
holes 44e of the externally-toothed gears 44a to 44d.
[0163] While the second embodiment has been de-
scribed in connection with one example where the three
crankshafts 48 adapted to be rotated in conjunction with
the input shaft 21 are disposed along the circumferential
direction at even intervals, and the first to third externally-
toothed gears 44a to 44c are attached, respectively, to
the crankshafts 48 through the first to third bearings 49a
to 49c, the present invention is not limited to this structure,
but a single crankshaft adapted to be rotated in conjunc-
tion with the input shaft 21 may be disposed on an axis
of the input shaft 21, and the first to third externally-
toothed gears may be attached to the crankshaft through
the first to third bearings (e.g. the structure disclosed in
the Japanese Patent Laid-Open Publication No.
64-15556 described in the "Description of the Related
Art").
[0164] Further, while the roller bearing in the third em-
bodiment has been applied to a differential/oscillating
type speed reducer, the present invention is not limited
to such a manner, but the roller bearing in the third em-
bodiment may be applied to any other suitable type of
speed reducer.
[0165] While the roller bearing in the third embodiment
has been used for supporting the first to third eccentric
portions 48a to 48c of the crankshaft 48 of a differen-
tial/oscillating type speed reducer, the present invention
is not limited to such a manner, but the roller bearing in
the third embodiment may be used for any other suitable
purpose of supporting a shaft member inserted onto a
through-hole of a given member.

[0166] While the retainer 151 in the third embodiment
has been designed to have the three columns 151b, the
present invention is not limited to this structure, but the
number of columns 151b to be provided in the retainer
151 may be any other suitable plural number other than
three.
[0167] While the retainer 151 in the third embodiment
has been designed to arrange the five rollers 150 be-
tween the adjacent columns 151b, 151b, the present in-
vention is not limited to this structure, but the number of
rollers 150 to be interposed between the adjacent col-
umns 151b, 151b may be any other suitable plural
number other than five. In this case, the number of rollers
to be interposed between the adjacent columns 151b,
151b means a maximum number of rollers capable to
interposed therebetween.
[0168] While the fourth embodiment has been de-
scribed in connection with one example where the third
and fourth connection portions 248i, 248j having distinc-
tive features are applied to the crankshaft 248 formed
with the first to third eccentric portions 248d to 248f, in
such a manner that the third connection portion 248i con-
nects the first eccentric portions 248d and the second
eccentric portion 248e, and the fourth connection portion
248j connects the second eccentric portions 248e and
the third eccentric portion 248f, the present invention is
not limited to this structure. For example, the second and
third eccentric portion 248e, 248f may be omitted from
the crankshaft 248 in the fourth embodiment to leave only
a single eccentric portion (e.g. the first eccentric portions
248d). Then, the crankshaft 248 may be designed to align
the first shaft portion 248b, the first connection portion
248g, the first eccentric portions 248d, the second con-
nection portion 248h and the second shaft portion 248c,
along the axial direction in this order, and apply the above
feature to the first connection portion 248g and the sec-
ond connection portion 248h. More specifically, in the
crankshaft 248 formed with the first shaft portion 248b,
the first connection portion 248g, the first eccentric por-
tions 248d, the second connection portion 248h and the
second shaft portion 248c, along the axial direction in
this order, the crankshaft 248 may be designed such that:
the first connection portion 248g is formed over an over-
lapping area between the first shaft portion 248b and the
first eccentric portion 248d and an area of the first ec-
centric portion 248d protruding from the overlapping ar-
ea, when viewed in the axial direction; and the first con-
nection portion 248g has an outer periphery partially de-
fined by an arc which extends within the protruding area
of the first eccentric portion 248d and has a center located
coaxially with the axis C1 of the first shaft portion 248b,
in a section perpendicular to the axial direction.
[0169] Further, the crankshaft 248 may be designed
such that: the second connection portion 248h is formed
over an overlapping area between the second shaft por-
tion 248c and the third eccentric portion 248f and an area
of the third eccentric portion 248f protruding from the
overlapping area, when viewed in the axial direction; and
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the second connection portion 248h has an outer periph-
ery partially defined by an arc which extends within the
protruding area of the third eccentric portion 248f and
has a center located coaxially with the axis C2 of the
second shaft portion 248c, in a section perpendicular to
the axial direction.
[0170] Thus, as compared with a crankshaft designed
such that, when viewed in the axial direction, the first
connection portion 248g is formed in an area less than
the overlapping area between the first shaft portion 248b
and the first eccentric portion 248d, and the second con-
nection portion 248h is formed in an area less than the
overlapping area between the second shaft portion 248c
and the third eccentric portion 248f, respective sectional
areas of the first connection portion 248g and the second
connection portion 248h can be increased, in a section
perpendicular to the axial direction. This makes it possi-
ble to increase respective strengths in the first connection
portion 248g and the second connection portion 248h so
as to provide enhanced strength in the crankshaft 248
having the single first eccentric portion 248d.
[0171] Further, the first connection portion 248g has
an outer periphery partially defined by an arc which ex-
tends within the area of the first eccentric portion 248d
protruding from the overlapping area between the first
shaft portion 248b and the first eccentric portion 248d
and has a center located coaxially with the axis C1 of the
first shaft portion 248b, in a section perpendicular to the
axial direction. Thus, the outer periphery of the first con-
nection portion 248g within the protruding area of the first
eccentric portion 248d, and the first shaft portion 248b,
can be formed by cutting the crankshaft material 200
while rotating the crankshaft material 200 about the axis
C1 of the first shaft portion 248b. Furthermore, in the
above crankshaft 248, the second connection portion
248h has an outer periphery partially defined by an arc
which extends within the area of the third eccentric por-
tion 248f protruding from the overlapping area between
the second shaft portion 248c and the third eccentric por-
tion 248f and has a center located coaxially with the axis
C2 of the second shaft portion 248c, in a section perpen-
dicular to the axial direction. Thus, the outer periphery of
the second connection portion 248h within the protruding
area of the third eccentric portion 248f, and the second
shaft portion 248c, can be formed by cutting the crank-
shaft material 200 while rotating the crankshaft material
200 about the axis C2 of the second shaft portion 248c.
This makes it possible to form the outer periphery of the
first connection portion 248g within the protruding area
of the first eccentric portion 248d, and the first shaft por-
tion 248b, without changing a rotational axis of the crank-
shaft material 200, and to form the outer periphery of the
second connection portion 248h within the protruding ar-
ea of the third eccentric portion 248f, and the second
shaft portion 248c, without changing a rotational axis of
the crankshaft material 200. Thus, the above crankshaft
248 also makes it possible to reduce a process time and
operational burden required for changing the rotational

axis of the crankshaft material 200 during machining of
the crankshaft 248, so as to simplify the production proc-
ess of the crankshaft 248.
[0172] The features of the present invention applied to
the above first second connection portions 248g, 248h
may also be applied to the first second connection por-
tions 248g, 248h for the first to third eccentric portions
248d to 248f in the fourth embodiment.
[0173] Further, while the fifth embodiment has been
described in connection with one example where the out-
er peripheral surface of the intermediate bearing member
346 comes into contact with the pin teeth 31, the present
invention is not limited to this structure. For example, as
shown in FIG. 32, each of the pin teeth 31 is divided into
a first pin tooth 31a associated with one of the externally-
toothed gears 344, and a second pin tooth 31b associ-
ated with the other externally-toothed gear 344, and a
gap equivalent to a thickness of the intermediate bearing
member 346 is defined between the first pin tooth 31a
and the second pin tooth 31b. This structure allows the
intermediate bearing member 346 to be in contact with
an inner peripheral surface 13b of the cylinder member
13. In this structure, the outer peripheral surface of the
intermediate bearing member 346 is supported by the
cylinder member 13, as with the fifth embodiment.
[0174] While the fifth embodiment has been described
in connection with one example where each of the shaft
portions 337 is divided into the base-side shaft portion
341 and the end-side shaft portion 342, to allow the in-
termediate bearing member 346 to be clamped therebe-
tween, the present invention is not limited to this struc-
ture. For example, a gap may be formed between the
intermediate bearing member 346 and each of the shaft
portions 337, to support the intermediate bearing mem-
ber 346 only by the cylinder member 13. However, in
view of assuring high support rigidity for the intermediate
bearing member 346, it is preferable to clamp the inter-
mediate bearing member 346 between the base-side
shaft portion 341 and the end-side shaft portion 342, as
in the fifth embodiment.
[0175] Alternatively, as shown in FIG. 33, the base-
side shaft portion 341 and the end-side shaft portion 342
may be designed to be directly connectable to each other,
and the intermediate bearing member 346 may be
formed with a shaft insertion hole 346e for allowing the
shaft portion 337 to penetrate therethrough. Further, the
intermediate bearing member 346 may be designed to
be engageable with a side surface of the shaft portion
337. In this case, each of the base-side shaft portion 341
and the end-side shaft portion 342 may be formed in a
tapered shape having a sectional area which gradually
decreases toward a protrusion direction thereof to facil-
itate an engagement between the shaft insertion hole
346e and each side surface of the shaft portions 341,
342. In this case, the original one-piece shaft portion 337
before being divided into the base-side shaft portion 341
and the end-side shaft portion 342 may also be used.
Specifically, the shaft portion 337 may be formed to either
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one of the base member 35 and the end plate member
36, and the shaft portion 337 may be defined to be fas-
tened to the other member. Alternatively, the shaft portion
337, the base member 35 and the end plate member 36
may be formed as separated components individually,
and may be designed to be fastened together.
[0176] While the number of crankshafts 348 in the fifth
embodiment has been three, it may be appropriately
changed to any other suitable value, such as one or four.
[0177] While the crankshaft 348 in the fifth embodiment
has been designed to be disposed eccentrically to the
drive shaft 25, it may be disposed coaxially with the drive
shaft 25. In this case, the crankshaft 348 may be rotated
at speed reduced relative to that of the input shaft 21, or
may be connected directly to the input shaft 21.
[0178] While the above embodiments have been de-
scribed in connection with one example where the speed
reducer 10 is designed as a pitch controller of wind power
generation equipment, the present invention is not limited
to this application, but may be used, for example, as a
speed reducer for a robot arm, a traveling motor or re-
volving motor for construction machines. Further, the
present invention may be used as a speed reducer of a
type in which an internally-toothed gear is rotated to gen-
erate an output, as seen in a traveling mechanism for
construction machines.
[0179] The present invention may be summarized as
follows.
[0180] The present invention provides a speed reducer
which comprises a crankshaft adapted to be rotated in
conjunction with a drive unit, a first eccentric portion pro-
vided on the crankshaft, a second eccentric portion pro-
vided on the crankshaft, a third eccentric portion provided
on the crankshaft, a first externally-toothed gear adapted
to be moved in conjunction with the first eccentric portion,
a second externally-toothed gear adapted to be moved
in conjunction with the second eccentric portion, a third
externally-toothed gear adapted to be moved in conjunc-
tion with the third eccentric portion, a plurality of pin teeth
disposed along an inner periphery of a case to allow each
of the first, second and third externally-toothed gears to
be in meshing engagement therewith, and an output shaft
unit adapted to be rotated in conjunction with the first,
second and third externally-toothed gears. The first, sec-
ond and third eccentric portions are arranged with a given
phase difference in a rotation direction of the crankshaft
with respect to each other. In the speed reducer, each
of the first, second and third externally-toothed gears is
designed to be in meshing engagement with less than
half of the plurality of pin teeth.
[0181] According to the above speed reducer of the
present invention, the angular range of meshing engage-
ment between each of the externally-toothed gears and
the pin teeth becomes less than 180 degrees. Thus, even
if there exist certain ones of the pin teeth are simultane-
ously in meshing engagement with two of the externally-
toothed gears, the number of such pin teeth can be re-
duced. That is, the number of pin teeth to be subjected

to sliding movement of the externally-toothed gears can
be reduced to suppress an increase in rotational resist-
ance. This makes it possible to suppress an increase in
rotational loss to be caused when the externally-toothed
gears are rotated while being meshed with the pin teeth.
[0182] In the speed reducer of the present invention,
preferably, a sum of the respective numbers of pin teeth
in meshing engagement with the first, second and third
externally-toothed gears is equal to a total number of the
plurality of pin teeth.
[0183] According to this specific embodiment, a sum
of the respective numbers of pin teeth in meshing en-
gagement with the externally-toothed gears is equal to a
total number of the pin teeth. This makes it possible to
maximally prevent each pin teeth from being simultane-
ously meshed with two of the externally-toothed gears.
[0184] Further, when a total number of the plurality of
pin teeth is an integral multiple of three, and the first,
second and third eccentric portions are arranged to have
a phase difference of 120 degrees with respect to each
other, the first, second and third externally-toothed gears
are preferably in meshing engagement, respectively,
with first, second and third one-thirds of the plurality of
pin teeth.
[0185] According to this specific embodiment, the ex-
ternally-toothed gears can be evenly disposed around
the crankshaft to reduce an eccentric load to be imposed
on the crankshaft and vibration due to the eccentric load.
In addition, one-thirds of the pin teeth come into meshing
engagement with the externally-toothed gears, respec-
tively. Thus, each of the pin teeth can be reduced in di-
ameter to facilitate reduction in size of the entire reducer.
The capability to reduce a diameter of the pin tooth also
allows the number of pin teeth to be increased so as to
extend a selectable range of speed reduction ratio to pro-
vide enhanced flexibility in design.
[0186] Preferably, at least either one of the first, second
and third externally-toothed gears has external teeth
each formed such that a length of an addendum is less
than that of a dedendum.
[0187] According to this specific embodiment, the
number of pin teeth to be meshed with each of the ex-
ternally-toothed gears can be reduced to less than half
of the pin teeth arranged in the case only by reducing a
length of the addendum without the need for changing
design of other component. This makes it possible to
reduce burden in design required for narrowing the an-
gular range of meshing between each of the externally-
toothed gears and the pin teeth.
[0188] The present invention provides a speed reducer
which comprises an eccentric shaft provided with a first
eccentric portion, a second eccentric portion and a third
eccentric portion in a serial arrangement along an axial
direction thereof, and adapted to be rotated in conjunc-
tion with an input shaft, a first externally-toothed gear
attached to the first eccentric portion through a first bear-
ing and adapted to be oscillatingly moved in conjunction
with the first eccentric portion, a second externally-
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toothed gear attached to the second eccentric portion
through a second bearing and adapted to be oscillatingly
moved in conjunction with the second eccentric portion,
a third externally-toothed gear attached to the third ec-
centric portion through a third bearing and adapted to be
oscillatingly moved in conjunction with the third eccentric
portion, and an output shaft unit adapted to be rotated in
conjunction with the first, second and third externally-
toothed gears. In this speed reducer, the first, second
and third eccentric portions are arranged to have a given
phase difference with respect to each other and formed
to have substantially the same outer diameter, the first
bearing, the second bearing and the third bearing are
attached, respectively, to the first eccentric portion, the
second eccentric portion and the third eccentric portion,
in such a manner as to have substantially the same outer
diameter, and the second bearing includes a plurality of
rollers, and a retainer holding the plurality of rollers
around the second eccentric portion at given intervals
while holding at least one of the plurality of rollers de-
tachably in a radially outward direction or an axial direc-
tion of the second eccentric portion.
[0189] According to this speed reducer of the present
invention, the retainer of the second bearing holds the
rollers around the second eccentric portion at given in-
tervals, and holds at least one of the plurality of rollers
detachably in a radially outward direction or an axial di-
rection of the second eccentric portion. Thus, in advance
of an operation of attaching the second bearing from the
side of the first or third eccentric portion along the eccen-
tric shaft and fitting the second bearing onto the second
eccentric portion, the roller can be detached from the
retainer. In this case, at least one of the rollers having
the risk of interference with the first or third eccentric por-
tion can be detached to avoid interference with the first
or third eccentric portion. Thus, the remaining rollers held
by the retainer can be moved to pass through the first or
third eccentric portion. This makes it possible to move
the second bearing along the eccentric shaft and fit the
second bearing onto the second eccentric portion as an
intermediate one of the three eccentric portions, without
difficulty. Further, in this speed reducer, each of first, sec-
ond and third eccentric portions has substantially the
same outer diameter, and each of the first, second and
third bearings is attached to an associated one of the
first, second and third eccentric portions, in such a man-
ner as to have substantially the same outer diameter.
Thus, each of the first, second and third externally-
toothed gears to be attached to an associated one of the
first, second and third eccentric portions through the re-
spective first, second and third bearings can be formed
with a mounting hole having substantially the same inner
diameter. This allows each of the first, second and third
externally-toothed gears to have a common structure/di-
mension so as to reduce the number of component types
for use in the speed reducer and thereby simplify pro-
duction process and component management during
production.

[0190] In the above speed reducer of the present in-
vention, it is preferable that the retainer of the second
bearing has a pair of circular ring portions which are fitted
onto the second eccentric portion and disposed spaced
apart from each other in the axial direction of the second
eccentric portion by a given distance to set out respective
positions of the plurality of rollers in the axial direction of
the second eccentric portion, and a plurality of column
portions which are formed to bridge between the pair of
circular ring portions and disposed along a circumferen-
tial direction of the circular ring portions at given intervals
to set out respective positions of the plurality of rollers
along a circumferential direction of the second eccentric
portion. Each of the circular ring portions may have an
inner diameter allowing each of the first and second ec-
centric portions or each of the second and third eccentric
portions to fall therewithin when viewed in the axial di-
rection of the eccentric shaft. According to this specific
embodiment, when viewed in the axial direction of the
circular ring portions, the rollers can be reliably held
around the second eccentric portion at given intervals by
the retainer with a simplified structure comprising the cir-
cular ring portions and column portions. In addition, in
the retainer comprising the circular ring portions and col-
umn portions, each of the circular ring portions has an
inner diameter allowing each of the first and second ec-
centric portions or each of the second and third eccentric
portions to fall therewithin when viewed in the axial di-
rection of the eccentric shaft. This makes it possible to
avoid interference between each of the circular ring por-
tions and the first or third eccentric portion, during the
operation of attaching the second bearing from the side
of the first or third eccentric portion along the eccentric
shaft and fitting the second bearing onto the second ec-
centric portion.
[0191] Further, each of the circular ring portions of the
retainer preferably has an inner diameter greater than a
value of the following formula: d + 2e · sin (θ / 2), wherein:
d is an outer diameter of the second eccentric portion; e
is an eccentric distance between an axis of the eccentric
shaft and an axis of each of the first, second and third
eccentric portions; and θ is an angle of the phase differ-
ence between two of the first, second and third eccentric
portions. According to this specific embodiment, when
viewed in the axial direction of the circular ring portions,
each of the circular ring portions has an inner diameter
allowing each of the first and second eccentric portions
or each of the second and third eccentric portions to fall
therewithin when viewed in the axial direction of the ec-
centric shaft. This makes it possible to reliably avoid in-
terference between each of the circular ring portions and
the first or third eccentric portion, during the operation of
attaching the second bearing from the side of the first or
third eccentric portion along the eccentric shaft and fitting
the second bearing onto the second eccentric portion.
[0192] In the above holder comprising the circular ring
portions and the column portions, the column portions of
the retainer are preferably formed to support an inside
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region of the plurality of rollers relative to a circle passing
through respective axes of the plurality of rollers. Accord-
ing to this specific embodiment, the retainer with a struc-
ture capable of holding the rollers around the second
eccentric portion at given intervals and holding the rollers
detachably in the radially outward direction of the second
eccentric portion can be readily prepared.
[0193] Preferably, a method of producing the above
speed reducer, comprises detaching at least one of the
plurality of rollers from the retainer before attaching the
second bearing to the second eccentric portion, slidingly
moving the retainer devoid of the at least one detached
roller, from the side of the first or third eccentric portion
along the eccentric shaft, and fitting the retainer onto the
second eccentric portion, and then returning the at least
one detached roller to the retainer. According to this
speed-reducer production method, in advance of an op-
eration of attaching the second bearing from the side of
the first or third eccentric portion along the eccentric shaft
and fitting the second bearing onto the second eccentric
portion, at least one of the rollers having the risk of inter-
ference with the first or third eccentric portion is detached
to avoid interference with the first or third eccentric por-
tion. Thus, the remaining rollers held by the retainer can
be moved to pass through the first or third eccentric por-
tion. Then, the detached roller is retuned to the retainer.
This makes it possible to move the second bearing along
the eccentric shaft and fit the second bearing onto the
second eccentric portion as an intermediate one of the
three eccentric portions, without difficulty.
[0194] The present invention provides a roller bearing
for supporting a shaft member inserted into a circular-
shaped through-hole formed in a given member, which
comprises a plurality of rollers each disposed between
an inner wall surface of the through-hole and an outer
peripheral surface of the shaft member, and a retainer
for holding the plurality of rollers around the shaft mem-
ber. The retainer includes a pair of circular ring portions
adapted to be fitted onto the shaft member or into the
through-hole, at positions adjacent, respectively, to axi-
ally opposite ends of each of the plurality of rollers so as
to restrict an axial movement of the plurality of rollers,
and a column portion having opposite ends each con-
nected to a corresponding one of the pair of circular ring
portions, the column portion being disposed between first
and second ones of the plurality of rollers which are lo-
cated in adjacent relation to each other, to restrict a move-
ment of the plurality of rollers in a circumferential direction
of the shaft member. The retainer includes a plurality of
the column portions disposed along a circumferential di-
rection of the circular ring portions at given intervals while
interposing at least two or more of the plurality of rollers
between adjacent ones of the column portions.
[0195] According to the roller bearing of the present
invention, at least two or more of the rollers are interposed
between adjacent ones of the column portions. Thus, as
compared with a retainer designed to arrange column
portions, respectively, in all spaces between the rollers,

the number of column portions is reduced, and thereby
the number of rollers to be disposed around the shaft
member. This makes it possible to disperse a load to be
imposed on the rollers from the shaft member so as to
provide enhanced durability of the rollers. Further, ac-
cording to this roller bearing, the opposite ends of each
of the column portions are connected, respectively, to
the pair of circular rings. Thus, differently from the con-
ventional retainer where one end of the column portion
is not fixed, the column portions can suppress the prob-
lem that when a certain force is applied from the rollers
to the column portion, the column portion is pressed by
the force and undesirably displaced. This makes it pos-
sible to suppress wobbling of the rollers due to the dis-
placement of the column portions, and prevent the rollers
from being obliquely inclined due to the wobbling, so as
to avoid problems that an excessive load is imposed on
the rollers due to the inclination of the rollers, and the
rollers are damaged due to the excessive load. In addi-
tion, according to this roller bearing, the retainer adapted
to hold the plurality of rollers around the shaft member
has the plurality of column portions each disposed be-
tween first and second ones of the rollers which are lo-
cated in adjacent relation to each other, to restrict the
movement of the rollers in the circumferential direction
of the shaft member. These column portions can restrict
the movement of the rollers in the circumferential direc-
tion of the shaft member. Thus, as compared with a roller
bearing where only the plurality of rollers are disposed
around each of the shaft member without interposing the
column portions therebetween, the retainer can suppress
the problem that a clearance between the rollers is une-
venly defined in the circumferential direction of the shaft
member. This makes it possible to reduce a burden re-
quired for evenly adjusting the clearances between the
rollers during the operation of installing the roller bearing
in the shaft member, and the entire burden in the oper-
ation of installing the roller bearing in the shaft member.
[0196] In the above roller bearing of the present inven-
tion, each of the column portions preferably includes a
region located on a circle passing through respective ax-
es of the plurality of rollers, the region being adapted to
come into contact with respective outer peripheral sur-
faces of the adjacent rollers on the circle.
[0197] According to this specific embodiment, the col-
umn portion is in contact with the outer peripheral sur-
faces of the rollers on the circle. Thus, even if a force in
the circumferential direction of the shaft member, i.e., a
circumferential direction of the circle, acts on the rollers,
the outer peripheral surfaces of the rollers is never slid-
ingly moved relative to the column portion. This makes
it possible to effectively suppress the movement of the
rollers in the circumferential direction of the shaft member
so as to effectively prevent wobbling of the rollers in the
circumferential direction of the shaft member.
[0198] The present invention provides a speed reducer
which comprises the roller bearing, an internally-toothed
gear having internal teeth disposed along an inner pe-
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ripheral portion thereof, an externally-toothed gear hav-
ing external teeth disposed around an outer peripheral
portion thereof, and being in meshing engagement with
the internal teeth and having a number of teeth less than
that of the internal teeth, a crankshaft having an eccentric
portion, and a pair of crankshaft bearings supporting the
crankshaft. In this speed reducer, the externally-toothed
gear has a circular-shaped through-hole penetrating
therethrough in an axial direction thereof, and the eccen-
tric portion of the crankshaft is inserted into the through-
hole. Further, the roller bearing supports the eccentric
portion of the crankshaft. The plurality of rollers are dis-
posed between an inner wall surface of the through-hole
and an outer peripheral surface of the eccentric portion,
and the pair of circular ring portions of the retainer are
fitted onto the eccentric portion of the crankshaft or into
the through-hole. The column portions of the retainer are
adapted to restrict a movement of the plurality of rollers
in a circumferential direction of the eccentric portion.
[0199] This speed reducer employs the above roller
bearing so as to provide enhanced durability of the roller.
In addition, damages in roller due to excessive load can
be avoided. Further, as in the aforementioned effect of
the roller bearing, this speed reducer can reduce a bur-
den in the operational of installing the roller bearing in
the shaft member.
[0200] The present invention provides a crankshaft
which integrally comprises a first shaft portion adapted
to be rotatably supported by a bearing, a second shaft
portion formed to have an axis located coaxially with an
axis of the first shaft portion and adapted to be rotatably
supported by a bearing, a plurality of eccentric portions
provided between the first shaft portion and the second
shaft portion and each formed to have an axis eccentri-
cally deviated from the axes of the first and second shaft
portions, and a connection portion provided between ad-
jacent ones of the eccentric portions to connect the ad-
jacent eccentric portions to each other. In this crankshaft,
each of the adjacent eccentric portions has a different
rotational phase. The connection portion has a concave
region formed to continue from a first one of the adjacent
eccentric portions and located radially inward relative to
the first eccentric portion. The connection portion is
formed at least over an overlapping area between the
adjacent eccentric portions and an area of the other sec-
ond eccentric portion protruding from the overlapping ar-
ea, when viewed in an axial direction of the first and sec-
ond shaft portions. The connection portion has an outer
periphery partially defined by an arc which extends within
the protruding area of the second eccentric portion and
has a center located coaxially with the axis of the first
eccentric portion, in a section perpendicular to the axial
direction.
[0201] According to the above crankshaft of the
present invention, the connection portion has the con-
cave region formed to continue from the first eccentric
portion and located radially inward relative to the first
eccentric portion. Thus, in a process of polishing the edge

of the first eccentric portion, the concave region makes
it possible to avoid interference between a polishing tool
and a crankshaft material even if the polishing tool pro-
trudes on the side of the second eccentric portion. This
makes it possible to accurately polish the eccentric por-
tion including its edge. In addition, according to the above
crankshaft of the present invention, the connection por-
tion is formed at least over the overlapping area between
the first and second eccentric portions located on both
sides thereof, and the area of the second eccentric por-
tion protruding from the overlapping area, when viewed
in the axial direction. Thus, as compared with a crank-
shaft where a connection portion is formed in an area
less than the overlapping area between the adjacent first
and second eccentric portions when viewed in the axial
direction, a sectional area of the connection portion in
the section perpendicular to the axial direction can be
increased. Thus, the strength of the connection portion
can be increased so as to provide enhanced strength of
the crankshaft. Further, according to the above crank-
shaft of the present invention, when viewed in the axial
direction, in a section perpendicular to the axial direction,
the connection portion has an outer periphery partially
defined by an arc which extends within the area of the
second eccentric portion protruding from the overlapping
area between the first and second eccentric portions and
has a center located coaxially with the axis of the first
eccentric portion. Thus, the first eccentric portion and the
outer periphery of the connection portion within the pro-
truding area of the second eccentric portion can be
formed by cutting the crankshaft material while rotating
the crankshaft material about the axis of the first eccentric
portion. This makes it possible to form the outer periphery
of the connection portion within the protruding area of
the second eccentric portion, and the first eccentric por-
tion, without changing a rotational axis of the crankshaft
material. Thus, the above crankshaft makes it possible
to reduce a process time and operational burden required
for changing the rotational axis of the crankshaft material
during machining of the crankshaft, so as to simplify the
production process of the crankshaft.
[0202] In the above crankshaft of the present invention,
a section of the connection portion along the axial direc-
tion preferable includes an inclined region formed in a
linear taper shape within the protruding area of the sec-
ond eccentric portion. Thus, the connection portion can
have a shape smoothly connected to the first eccentric
portion and the second eccentric portion. This makes it
possible to reduce stress concentration occurring in each
junction between the connection portion and the eccen-
tric portion, as compared with a crankshaft where a step
is formed in each junction between the connection portion
and each of the first and second eccentric portions. Thus,
the crankshaft can suppress the occurrence of cracks
due to stress concentration in the junction between the
connection portion and each of the first and second ec-
centric portions.
[0203] Preferably, a method of producing the above
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crankshaft, comprises the step of cutting a crankshaft
material with a cutting tool while rotating the crankshaft
material about the axis of the first eccentric portion, to
form the outer periphery of the connection portion.
[0204] According to this crankshaft production method,
a connection portion formed at least over an overlapping
area between the adjacent first and second eccentric por-
tions and an area of the second eccentric portion pro-
truding from the overlapping area, when viewed in the
axial direction can be formed in a crankshaft. This makes
it possible to obtain a crankshaft having a connection
portion formed between adjacent eccentric portions with
enhanced strength.
[0205] Preferably, this method includes the step of
forming the first eccentric portion. Further, the step of
forming the outer periphery of the connection portion and
the step of forming the first eccentric portion are per-
formed by a continuous process of cutting the crankshaft
material with a common cutting tool while rotating the
crankshaft material about the axis of the first eccentric
portion. In the crankshaft of the present invention, when
viewed in the axial direction, in a section perpendicular
to the axial direction, the connection portion has an outer
periphery partially defined by an arc which extends within
the area of the second eccentric portion protruding from
the overlapping area between the first and second ec-
centric portions and has a center located coaxially with
the axis of the first eccentric portion. Thus, the outer pe-
riphery of the connection portion within the protruding
area of the second eccentric portion, and the first eccen-
tric portion can be formed as a continuous cutting process
without changing a rotational axis of the crankshaft ma-
terial and the type of cutting tool. This makes it possible
to reduce a process time and operational burden required
for changing the rotational axis of the crankshaft material
during machining of the crankshaft, so as to simplify the
production process of the crankshaft.
[0206] The present invention provides a speed reducer
which comprises the above crankshaft, an internally-
toothed gear having internal teeth disposed around an
inner peripheral portion thereof, a plurality of externally-
toothed gears having external teeth disposed around an
outer peripheral portion thereof, the external teeth being
in meshing engagement with the internal teeth and hav-
ing a number of teeth less than that of the internal teeth,
a first crankshaft bearing rotatably supporting the first
shaft portion of the crankshaft, and a second crankshaft
bearing rotatably supporting the second shaft portion of
the crankshaft. In this speed reducer, each of the plurality
of externally-toothed gears has a circular-shaped
through-hole penetrating therethrough in an axial direc-
tion thereof, and each of the plurality of eccentric portions
of the crankshaft is inserted into the through-hole of a
corresponding one of the plurality of externally-toothed
gears through a bearing.
[0207] This speed reducer of the present invention em-
ploying the above crankshaft can utilize the above feature
of the crankshaft having enhanced strength. Generally,

if each diameter of the externally-toothed gears is re-
duced to facilitate reduction in size of the speed reducer,
a torque required for rotating the externally-toothed gears
will be increased, and thereby a load to be imposed on
the crankshaft when transferring a torque from the crank-
shaft to rotate the externally-toothed gears will be in-
creased. In this speed reducer of the present invention,
the crankshaft can have enhanced strength as described
above to suppress damages thereof. Thus, this speed
reducer of the present invention can facilitate reduction
in size while suppressing damages of the crankshaft.
[0208] The present invention provides a crankshaft
which integrally comprises a first shaft portion adapted
to be rotatably supported by a bearing, a second shaft
portion formed to have an axis located coaxially with an
axis of the first shaft portion and adapted to be rotatably
supported by a bearing, a single eccentric portion pro-
vided between the first shaft portion and the second shaft
portion and formed to have an axis eccentrically deviated
from the axes of the first and second shaft portions, a
first connection portion provided between the first shaft
portion and the eccentric portion to connect the first shaft
portion to the eccentric portion, and a second connection
portion provided between the second shaft portion and
the eccentric portion to connect the second shaft portion
to the eccentric portion. In this speed reducer, the first
connection portion has a concave region formed to con-
tinue from the first shaft portion and located radially in-
ward relative to the first shaft portion. The first connection
portion is formed over an overlapping area between the
first shaft portion and the eccentric portion and an area
of the eccentric portion protruding from the overlapping
area, when viewed in an axial direction of the first and
second shaft portions. The first connection portion has
an outer periphery partially defined by an arc which ex-
tends within the protruding area of the eccentric portion
and has a center located coaxially with the axis of the
first shaft portion, in a section perpendicular to the axial
direction. The second connection portion has a concave
region formed to continue from the second shaft portion
and located radially inward relative to the second shaft
portion. The second connection portion is formed over
an overlapping area between the second shaft portion
and the eccentric portion and an area of the eccentric
portion protruding from the overlapping area, when
viewed in the axial direction. The second connection por-
tion has an outer periphery partially defined by an arc
which extends within the protruding area of the eccentric
portion and has a center located coaxially with the axis
of the second shaft portion, in a section perpendicular to
the axial direction.
[0209] According to the crankshaft of the present in-
vention, the first connection portion has a concave region
formed to continue from the first shaft portion and located
radially inward relative to the first shaft portion, and the
second connection portion has a concave region formed
to continue from the second shaft portion and located
radially inward relative to the second shaft portion. Thus,
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even if the polishing tool protrudes toward the eccentric
portion during a process of polishing the edge of the first
shaft portion, interference between a polishing tool and
a crankshaft material can be avoided. Further, even if
the polishing tool protrudes toward the eccentric portion
during a process of polishing the edge of the second shaft
portion, interference between a polishing tool and a
crankshaft material can be avoided. This makes it pos-
sible to accurately polish the eccentric portion including
its both edges. In addition, according to the crankshaft
of the present invention, the first connection portion is
formed over an overlapping area between the first shaft
portion and the eccentric portion and an area of the ec-
centric portion protruding from the overlapping area,
when viewed in an axial direction of the first and second
shaft portions. Further, the second connection portion is
formed over an overlapping area between the second
shaft portion and the eccentric portion and an area of the
eccentric portion protruding from the overlapping area,
when viewed in the axial direction. Thus, as compared
with a crankshaft where a first connection portion is
formed in an area less than the overlapping area between
the first shaft portion and the eccentric portion when
viewed in the axial direction, and a second connection
portion is formed in an area less than the overlapping
area between the second shaft portion and the eccentric
portion when viewed in the axial direction, respective sec-
tional areas of the first and second connection portions
in the section perpendicular to the axial direction can be
increased. Thus, respective strengths of the first and sec-
ond connection portions can be increased so as to pro-
vide enhanced strength of the crankshaft. Furthermore,
according to the crankshaft of the present invention, the
first connection portion has an outer periphery partially
defined by an arc which extends within the protruding
area of the eccentric portion and has a center located
coaxially with the axis of the first shaft portion, in a section
perpendicular to the axial direction, and the second con-
nection portion has an outer periphery partially defined
by an arc which extends within the protruding area of the
eccentric portion and has a center located coaxially with
the axis of the second shaft portion, in a section perpen-
dicular to the axial direction. Thus, the first shaft portion
and the outer periphery of the first connection portion
within the protruding area of the eccentric portion can be
formed by cutting the crankshaft material while rotating
the crankshaft material about the axis of the first shaft
portion, and the second shaft portion and the outer pe-
riphery of the second connection portion within the pro-
truding area of the eccentric portion can be formed by
cutting the crankshaft material while rotating the crank-
shaft material about the axis of the second shaft portion.
This makes it possible to form the outer periphery of the
first connection portion within the protruding area of the
eccentric portion, and the first shaft portion, without
changing a rotational axis of the crankshaft material, and
to form the outer periphery of the second connection por-
tion within the protruding area of the eccentric portion,

and the second shaft portion, without changing a rota-
tional axis of the crankshaft material. Thus, the above
crankshaft makes it possible to reduce a process time
and operational burden required for changing the rota-
tional axis of the crankshaft material during machining of
the crankshaft, so as to simplify the production process
of the crankshaft.
[0210] The present invention provides a speed reducer
which comprises an input shaft member, a crankshaft
provided with an eccentric portion and adapted to be ro-
tated in conjunction with the input shaft member, a pair
of crankshaft bearings supporting the crankshaft, an in-
ternally-toothed gear member having internal teeth dis-
posed around at least a part in an axial direction of an
inner peripheral portion thereof, an externally-toothed
gear adapted to be oscillatingly moved in conjunction with
the eccentric portion, and provided with external teeth in
meshing engagement with the internal teeth, an output
shaft unit adapted to be rotated in conjunction with the
externally-toothed gear, and an intermediate bearing
member rotatably supporting the crankshaft at a position
between the pair of crankshaft bearings.
[0211] According to the above speed reducer of the
present invention, in addition to the crankshaft bearings
for supporting the crankshaft, the intermediate bearing
member is disposed between the crankshaft bearings to
further support the crankshaft. Thus, a load to be received
by the crankshaft bearings can be reduced to allow the
crankshaft bearings to be reduced in diameter while sup-
pressing bending and deformation of the crankshaft, and
facilitate reduction in size of the differential/oscillation
type speed reducer.
[0212] In the above speed reducer of the present in-
vention, the intermediate bearing member preferably has
an outer peripheral surface supported by the internally-
toothed gear member. According to this specific embod-
iment, the outer peripheral surface of the intermediate
bearing member is supported by the internally-toothed
gear member. Thus, an area of the intermediate bearing
member to be supported can be increased, and the in-
termediate bearing member can be supported through
the entire periphery thereof. This makes it possible to
increase the supporting strength for he intermediate
bearing member, and facilitate reduction in diameter of
the intermediate bearing member. Further, the interme-
diate bearing member supported through the periphery
thereof can avoid displacement to suppress bending and
deformation of the crankshaft. This makes it possible to
reduce a load acting on the crankshaft bearings so as to
further facilitate reduction in diameter of the crankshaft
bearings. Furthermore, the intermediate bearing mem-
ber can be effectively supported without increasing the
number of components.
[0213] In the above speed reducer, the output shaft
unit may have a columnar portion formed in a columnar
shape extending in an axial direction thereof, and the
intermediate bearing member may be supported through
an engagement with the columnar portion. According to
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this specific embodiment, the intermediate bearing mem-
ber is supported by the columnar portion through its ra-
dially central region. Thus, a radial or circumferential
movement of the intermediate bearing member can be
restricted. This makes it possible to reduce a load acting
on the crankshaft so as to facilitate reduction in diameter
of the crankshaft. In this support structure, the interme-
diate bearing member may be engaged with the colum-
nar portion in such a manner as to allow the axial move-
ment or preclude the axial movement.
[0214] In the above speed reducer, the output shaft
unit may have a plurality of columnar portions each
formed in a columnar shape extending in an axial direc-
tion thereof, and the plurality of columnar portions may
be disposed along a circumferential direction of the out-
put shaft unit. Further, the intermediate bearing member
may be supported by each of the columnar portions. Ac-
cording to this specific embodiment, the speed reducer
includes the plurality of columnar portions. Thus, a tor-
sional deformation of the columnar portions can be sup-
pressed. Further, the intermediate bearing member can
be fixed at a plurality of circumferential positions to ef-
fectively prevent the intermediate bearing member from
being moved.
[0215] In this case, preferably, the columnar portion is
axially divided into at least two pieces in such a manner
as to clamp the intermediate bearing member from both
sides thereof in the axial direction. In this case, the co-
lumnar portions can support the intermediate bearing
member while clamping the intermediate bearing mem-
ber from both sides thereof in the axial direction. Thus,
the supporting strength for the intermediate bearing
member can be effectively increased to reliably prevent
wobbling of the intermediate bearing member.
[0216] Preferably, the intermediate bearing member is
disposed at a central position between the pair of crank-
shaft bearings in an axial direction of the crankshaft. Ac-
cording to this specific embodiment, respective load to
be received by the crankshaft bearings can be equalized.
This makes it possible to support the crankshaft in well
balanced manner, and prevent crankshaft from being in-
creased in size.
[0217] Preferably, the speed reducer includes a plu-
rality of the crankshafts each supported by one piece of
the intermediate bearing member. According to this spe-
cific embodiment, the plurality of crankshafts can be sup-
ported by a common member. This makes it possible to
provide enhanced supporting rigidity for the crankshafts
while avoiding an increase in the number of components.
While a plurality of intermediate bearing members ar-
ranged for each of the crankshafts involves the need for
allowing the intermediate bearing members to be aligned
with each other in the axial direction so as to avoid inter-
ference therebetween, the single common intermediate
bearing member makes it possible to support all of the
crankshafts at a single position between the crankshaft
bearings so as to eliminate the need for increasing a
length of the crankshaft.

Claims

1. A speed reducer comprising:
a crankshaft (248) integrally comprising:

a first shaft portion (248b) adapted to be rotat-
ably supported by a bearing;
a second shaft portion (248c) formed to have an
axis located coaxially with an axis of said first
shaft portion (248b) and adapted to be rotatably
supported by a bearing;
a plurality of eccentric portions (248d, 248e,
248f) provided between said first shaft portion
(248b) and said second shaft portion (248c) and
each formed to have an axis eccentrically devi-
ated from the axes of said first and second shaft
portions; and
a connection portion (248g, 248h, 248i, 248j)
provided between adjacent ones of said eccen-
tric portions (248d, 248e, 248f) to connect said
adjacent eccentric portions (248d, 248e, 248f)
to each other,
wherein:

each of said adjacent eccentric portions
(248d, 248e, 248f) has a different rotational
phase; and
said connection portion (248g, 248h, 248i,
248j) has a concave region formed to con-
tinue from a first one of said adjacent ec-
centric portions and located radially inward
relative to said first eccentric portion, said
connection portion being formed at least
over an overlapping area between said ad-
jacent eccentric portions and an area of the
other second eccentric portion protruding
from said overlapping area, when viewed in
an axial direction of said first and second
shaft portions (248b, 248c),

said connection portion (248g, 248h, 248i, 248j)
having an outer periphery partially defined by an
arc which extends within said protruding area
(A2; A5) of said second eccentric portion and
has a center located coaxially with the axis (C4,
C5) of said first eccentric portion, in a section
perpendicular to said axial direction;
an internally-toothed gear (26b) having internal
teeth disposed around an inner peripheral por-
tion thereof;
a plurality of externally-toothed gears having ex-
ternal teeth disposed around an outer peripheral
portion thereof, said external teeth being in
meshing engagement with said internal teeth
and having a number of teeth less than that of
said internal teeth;
a first crankshaft bearing rotatably supporting
said first shaft portion (248b) of said crankshaft
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(248); and a second crankshaft bearing rotata-
bly supporting said second shaft portion (248c)
of said crankshaft (248),
wherein:

each of said plurality of externally-toothed
gears has a circular-shaped through-hole
(44c) penetrating therethrough in an axial
direction thereof; and
each of said plurality of eccentric portions
(248d, 248e, 248f) of said crankshaft (248)
is inserted into said through-hole of a cor-
responding one of said plurality of external-
ly-toothed gears through a bearing.

2. The speed reducer as defined in claim 1, wherein a
section of said connection portion (248g, 248h, 248i,
248j) along said axial direction includes an inclined
region formed in a linear taper shape within said pro-
truding area of said second eccentric portion.

3. A method of producing the speed reducer as defined
in claim 1 or 2, comprising the step of cutting a crank-
shaft material with a cutting tool while rotating said
crankshaft material about the axis of said first eccen-
tric portion (248d), to form the outer periphery of said
connection portion (248g, 248h, 248i, 248j).

4. The method as defined in claim 3, which includes
the step of forming said first eccentric portion (248d),
wherein said step of forming the outer periphery of
said connection portion and said step of forming said
first eccentric portion (248d) are performed by a con-
tinuous process of cutting said crankshaft material
with a common cutting tool while rotating said crank-
shaft material about the axis of said first eccentric
portion (248d).

Patentansprüche

1. Ein Untersetzungsgetriebe, das Folgendes umfasst:

eine Kurbelwelle (248), die integral Folgendes
umfasst:

einen ersten Wellenabschnitt (248b), der
dazu angepasst ist, durch ein Lager drehbar
gelagert zu sein;
einen zweiten Wellenabschnitt (248c), der
so ausgebildet ist, dass er eine Achse auf-
weist, die mit einer Achse des genannten
ersten Wellenabschnitts (248b) koaxial an-
geordnet ist und angepasst ist, um durch
ein Lager drehbar gelagert zu werden;
eine Vielzahl von exzentrischen Abschnit-
ten (248d, 248e, 248f), die zwischen dem
genannten ersten Wellenabschnitt (248b)

und dem genannten zweiten Wellenab-
schnitt (248c) vorgesehen sind und jeweils
so ausgebildet sind, dass sie eine Achse
aufweisen, die exzentrisch von den Achsen
des genannten ersten und des genannten
zweiten Wellenabschnitts abweicht; und
einen Verbindungsabschnitt (248g, 248h,
248i, 248j), der bereitgestellt wird zwischen
benachbarten Abschnitten der genannten
exzentrischen Abschnitte (248d, 248e,
248f), um die genannten benachbarten ex-
zentrischen Abschnitte (248d, 248e, 248f)
miteinander zu verbinden,

wobei:

jeder der genannten benachbarten exzent-
rischen Abschnitte (248d, 248e, 248f) eine
unterschiedliche Drehphase aufweist; und
wobei
der genannte Verbindungsabschnitt (248g,
248h, 248i, 248j) einen konkaven Bereich
aufweist, der gebildet ist, um von einem ers-
ten der genannten benachbarten exzentri-
schen Abschnitte fortzufahren und radial
nach innen in Bezug auf den genannten ers-
ten exzentrischen Abschnitt angeordnet ist,
wobei der genannte Verbindungsabschnitt
mindestens über einem Überlappungsbe-
reich zwischen den genannten benachbar-
ten exzentrischen Abschnitten und einem
Bereich des genannten anderen zweiten
exzentrischen Abschnitts gebildet ist, der
aus dem Überlappungsbereich herausragt,
wenn er in einer axialen Richtung des ge-
nannten ersten und zweiten Wellenab-
schnitts (248b, 248c) betrachtet wird,
wobei der genannte Verbindungsabschnitt
(248g, 248h, 248i, 248j) einen Außenum-
fang aufweist, der teilweise durch einen Bo-
gen definiert ist, der sich innerhalb des ge-
nannten vorstehenden Bereichs (A2; A5)
des genannten zweiten exzentrischen Ab-
schnitts erstreckt und einen Mittelpunkt auf-
weist, der koaxial zur Achse (C4, C5) des
genannten ersten exzentrischen Abschnitts
in einem Schnitt senkrecht zur genannten
axialen Richtung angeordnet ist;
ein innenverzahntes Zahnrad (26b), das ei-
ne Innenverzahnung aufweist, die um einen
inneren Umfangsabschnitt davon angeord-
net ist;
eine Vielzahl von außenverzahnten Zahn-
rädern, die Außenzähne aufweisen, die um
einen äußeren Umfangsabschnitt davon
herum angeordnet sind, wobei die genann-
ten Außenzähne in kämmendem Eingriff mit
den genannten Innenzähnen stehen und ei-
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ne Anzahl von Zähnen aufweisen, die ge-
ringer als die der genannten Innenzähne ist;
ein erstes Kurbelwellenlager, das den ge-
nannten ersten Wellenabschnitt (248b) der
genannten Kurbelwelle (248) drehbar trägt;
und ein zweites Kurbelwellenlager, das den
genannten zweiten Wellenabschnitt (248c)
der genannten Kurbelwelle (248) drehbar
trägt,

wobei:

jedes der genannten Vielzahl von außen-
verzahnten Zahnrädern ein kreisförmiges
Durchgangsloch (44c) aufweist, das in einer
axialen Richtung dahindurch dringt; und
wobei
jeder der genannten Vielzahl von exzentri-
schen Abschnitten (248d, 248e, 248f) der
genannten Kurbelwelle (248) in das ge-
nannte Durchgangsloch eines entspre-
chenden Zahnrads der genannten Vielzahl
von außenverzahnten Zahnrädern durch
ein Lager eingesetzt wird.

2. Das Untersetzungsgetriebe nach Anspruch 1, wobei
ein Schnitt des genannten Verbindungsabschnitts
(248g, 248h, 248i, 248j) entlang der genannten axi-
alen Richtung einen Schrägbereich beinhaltet, der
in linearer Kegelform innerhalb des genannten vor-
stehenden Bereichs des genannten zweiten exzen-
trischen Abschnitts ausgebildet ist.

3. Ein Verfahren zur Herstellung des Untersetzungs-
getriebes nach Anspruch 1 oder 2, umfassend den
Schritt des Schneidens eines Kurbelwellenmaterials
mit einem Schneidwerkzeug, während das genannte
Kurbelwellenmaterial um die Achse des genannten
ersten exzentrischen Abschnitts (248d) gedreht
wird, um den äußeren Umfang des genannten Ver-
bindungsabschnitts (248g, 248h, 248i, 248j) zu bil-
den.

4. Das Verfahren nach Anspruch 3, das den Schritt des
Bildens des genannten ersten exzentrischen Ab-
schnitts (248d) beinhaltet, wobei der genannte
Schritt des Bildens des äußeren Umfangs des ge-
nannten Verbindungsabschnitts und der genannte
Schritt des Bildens des genannten ersten exzentri-
schen Abschnitts (248d) durch einen kontinuierli-
chen Prozess des Schneidens des genannten Kur-
belwellenmaterials mit einem gemeinsamen
Schneidwerkzeug durchgeführt werden, während
das genannte Kurbelwellenmaterial um die Achse
des genannten ersten exzentrischen Abschnitts
(248d) gedreht wird.

Revendications

1. Un réducteur de vitesse comprenant :

un vilebrequin (248) comprenant
intégralement :

une première partie d’arbre (248b) adaptée
pour être supportée en rotation par un
palier ;
une deuxième partie d’arbre (248c) formée
pour présenter un axe situé coaxialement
avec un axe de ladite première partie d’ar-
bre (248b) et adaptée pour être supporté en
rotation par un palier ;
une pluralité de parties excentriques (248d,
248e, 248f) fournies entre ladite première
partie d’arbre (248b) et ladite deuxième par-
tie d’arbre (248c) et formées chacune pour
avoir un axe qui s’écarte excentriquement
des axes desdites parties d’arbre premier
et deuxième ; et
une partie de connexion (248g, 248h, 248i,
248j) fournie entre des parties adjacentes
desdites parties excentriques (248d, 248e,
248f) afin de connecter lesdites parties ex-
centriques adjacentes (248d, 248e, 248f)
entre elles,

sachant que :

chacune desdites parties excentriques ad-
jacentes (248d, 248e, 248f) a une phase de
rotation différente ; et que
ladite partie de connexion (248g, 248h,
248i, 248j) a une région concave formée
pour s’étendre depuis une première desdi-
tes parties excentriques adjacentes, et si-
tuée radialement vers l’intérieur par rapport
à ladite première partie excentrique, ladite
partie de connexion étant formée au moins
sur une zone de recouvrement entre lesdi-
tes parties excentriques adjacentes et une
zone de l’autre deuxième partie excentrique
faisant saillie depuis ladite zone de recou-
vrement, vue dans une direction axiale des-
dites première et deuxième parties (248b,
248c) de tige,
ladite partie de connexion (248g, 248h,
248i, 248j) ayant une périphérie extérieure
partiellement définie par un arc qui s’étend
à l’intérieur de ladite zone saillante (A2 ; A5)
de ladite deuxième partie excentrique et qui
a un centre situé coaxialement avec l’axe
(C4, C5) de ladite première partie excentri-
que, dans une section perpendiculaire à la-
dite direction axiale ;
une roue à dents internes (26b) ayant des
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dents internes disposées autour d’une par-
tie périphérique interne de celle-ci ;
une pluralité de roues à dents externes
ayant des dents externes disposées autour
d’une partie périphérique externe de celles-
ci, lesdites dents externes étant en prise
d’engrènement avec lesdites dents internes
et ayant un nombre de dents inférieur à celui
desdites dents internes ;
un premier palier de vilebrequin supportant
de manière rotative ladite première partie
d’arbre (248b) dudit vilebrequin (248) ; et
un deuxième palier de vilebrequin suppor-
tant de manière rotative ladite deuxième
partie d’arbre (248c) dudit vilebrequin (248),

sachant que :

chacune de ladite pluralité de roues à dents
externes comporte un trou traversant (44c)
de forme circulaire qui la traverse dans une
direction axiale de celle-ci ; et
chacune de ladite pluralité de parties excen-
triques (248d, 248e, 248f) dudit vilebrequin
(248) est insérée dans ledit trou traversant
d’une roue correspondant de ladite pluralité
de roues à dents externes à travers un pa-
lier.

2. Le réducteur de vitesse d’après la revendication 1,
sachant qu’une section de ladite partie de connexion
(248g, 248h, 248i, 248j) le long de ladite direction
axiale comprend une région inclinée formée en for-
me de cône linéaire dans ladite zone en saillie de
ladite deuxième partie excentrique.

3. Un procédé de fabrication du réducteur de vitesse
d’après la revendication 1 ou 2, comprenant l’étape
consistant à couper un matériau de vilebrequin avec
un outil de coupe tout en faisant tourner ledit maté-
riau de vilebrequin autour de l’axe de ladite première
partie excentrique (248d), afin de former la périphé-
rie extérieure de ladite partie de connexion (248g,
248h, 248i, 248j).

4. Le procédé d’après la revendication 3, qui inclut l’éta-
pe consistant à former ladite première partie excen-
trique (248d), sachant que ladite étape consistant à
former la périphérie extérieure de ladite partie de
connexion et ladite étape consistant à former ladite
première partie excentrique (248d) sont effectuées
par un processus continu de coupe dudit matériau
de vilebrequin avec un outil de coupe commun tout
en tournant ledit matériau de vilebrequin autour de
l’axe de ladite première partie excentrique (248d).
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