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(54) SPEED REDUCER

(57) A speed reducer includes a case with internal
teeth, where the case has a cylindrical shape and an
outer diameter D, an inner cylinder centered around an
central axis of the case and having an inner diameter R,
where R/D falls within a range of 20% to 45%, crank
shafts arranged on a circumference of an imaginary circle
centered around the central axis of the case, where the
crank shafts are spaced away from each other in a cir-
cumferential direction of the imaginary circle, and each
crank shaft has first external teeth, an external tooth
member having second external teeth meshing with the
internal teeth, where the external tooth member is ec-
centrically movable by the crank shafts, and a carrier
supporting the crank shafts in a rotatable manner, where
the carrier is rotatable by the crank shafts relative to the
case.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based on and claims the ben-
efit of priority from Japanese Patent Application Serial
No. 2019-192963 (filed on October 23, 2019), the con-
tents of which are hereby incorporated by reference in
their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a speed reduc-
er.

BACKGROUND

[0003] Industrial machines (robots) utilize hollow
speed reducers disclosed in Japanese Patent Applica-
tion Publication No. 2013-160243. Such a hollow speed
reducer may have a cable and the like penetrating
through the hollow space.
[0004] In recent years, industrial machines (robots)
have an increased number of auxiliary devices connect-
ed thereto. This accordingly increases the number of ca-
bles penetrating through the hollow space in the hollow
speed reducer. For this reason, the hollow diameter of
the speed reducer (the diameter of the hollow space with-
in the speed reducer) has been considered to be as im-
portant an issue as the performance parameters of the
speed reducer. Additionally, in the field of robots, there
is a great deal of demand for reducing the size and elim-
inating the need of teaching, which can be achieved by
built-in cables. Such demand, however, contradicts the
recent tendency of the increased number of cables and
is difficult to be fulfilled. In order to realize these contra-
dicting goals at the same time, it is desired to increase
the diameter of the hollow space within the speed reduc-
er.

SUMMARY

[0005] The present invention is made in light of the
above and attempts to accomplish the objective of an
increased diameter of the hollow space while the output
from the speed reducer is maintained.
[0006] An aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case has a cylindrical shape and an outer diameter
D, an inner cylinder centered around an central axis of
the case and having an inner diameter R, where R/D
represents a ratio of the inner diameter R to the outer
diameter D of the case and falls within a range of 20%
to 45%, a plurality of crank shafts arranged on a circum-
ference of an imaginary circle centered around the cen-
tral axis of the case, where the crank shafts are spaced
away from each other in a circumferential direction of the
imaginary circle, and each crank shaft has first external

teeth, an external tooth member having second external
teeth meshing with the internal teeth of the case, where
the external tooth member is eccentrically movable by
the crank shafts, and a carrier supporting the crank shafts
in a rotatable manner, where the carrier rotatable by the
crank shafts relative to the case.
[0007] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range. In this way, a large hollow diameter can be ac-
complished without increasing the size of the speed re-
ducer while a predetermined reduction ratio and neces-
sary strength are maintained. As a large hollow diameter
can be accomplished in this way, it becomes easier to
pass a cable through the hollow space.
[0008] An aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case having a cylindrical shape and an outer diameter
D, an inner cylinder centered around a central axis of the
case, where the inner cylinder has an inner diameter R,
a plurality of crank shafts having a shaft axial line ar-
ranged on a circumference of an imaginary circle that is
centered around the central axis of the case and that has
a diameter D2, where (D-D2)/(D2-R) represents a rela-
tion between the outer diameter D of the case, the inner
diameter R of the inner cylinder and the diameter D2 and
falls within a range of 195% to 320%, the crank shafts
are spaced away from each other in a circumferential
direction of the imaginary circle, and each crank shaft
has first external teeth, an external tooth member having
second external teeth meshing with the internal teeth of
the case, where the external tooth member is eccentri-
cally movable by the crank shafts, and a carrier support-
ing the crank shafts in a rotatable manner, where the
carrier is rotatable by the crank shafts relative to the case.
[0009] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range while the crank shafts are arranged in the above-
described manner relative to the case. In this way, a large
hollow diameter can be accomplished without increasing
the size of the speed reducer while a predetermined re-
duction ratio and necessary strength are maintained. As
a result, the distance from the outer diameter of the case
to the inner diameter of the hollow space can be reduced
without increasing the outer diameter of the case while
the output from the speed reducer is preserved.
[0010] An aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case having a cylindrical shape and an outer diameter
D, an inner cylinder centered around a central axis of the
case, where the inner cylinder has an inner diameter R,
a plurality of crank shafts having a shaft axial line ar-
ranged on a circumference of an imaginary circle that is
centered around the central axis of the case and that has
a diameter D2, where (D-D2)/(D-R) represents how the
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diameter D2 is related to the outer diameter D of the case
and the inner diameter R of the inner cylinder and falls
within a range of 65% to 76%, the crank shafts are spaced
away from each other in a circumferential direction of the
imaginary circle, and each crank shaft has first external
teeth, an external tooth member having second external
teeth meshing with the internal teeth of the case, where
the external tooth member is eccentrically movable by
the crank shafts, and a carrier supporting the crank shafts
in a rotatable manner, where the carrier is rotatable by
the crank shafts relative to the case.
[0011] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range while the crank shafts are arranged in the above-
described manner relative to the case. In this way, a large
hollow diameter can be accomplished without increasing
the size of the speed reducer while a predetermined re-
duction ratio and necessary strength are maintained. As
a result, the distance from the outer diameter of the case
to the inner diameter of the hollow space can be reduced
without increasing the outer diameter of the case while
the output from the speed reducer is preserved. In par-
ticular, the radial size can be reduced.
[0012] According to the speed reducer relating to one
aspect of the present invention, R/D representing a ratio
of the inner diameter R of the inner cylinder to the outer
diameter D of the case may fall within a range of 30% to
45%.
[0013] The speed reducer relating to one aspect of the
present invention may include a crank journal supporting
each of the crank shafts in a rotatable manner relative to
the carrier, and an inner cylinder bearing supporting the
inner cylinder in the carrier, where the inner cylinder bear-
ing is positioned such that the inner cylinder bearing does
not overlap the crank journal in a direction along the cen-
tral axis of the case.
[0014] The speed reducer relating to one aspect of the
present invention may include a crank journal supporting
each of the crank shafts in a rotatable manner relative to
the carrier, and a main bearing supporting the carrier in
a rotatable manner relative to the case. The crank journal
may have a plurality of cylindrical needles disposed be-
tween the crank shafts and the carrier and rollable relative
to the carrier, the main bearing may have an inner lace,
and a portion of the carrier may form the inner lace of the
main bearing.
[0015] The speed reducer relating to one aspect of the
present invention may include a crank journal supporting
each of the crank shafts in a rotatable manner relative to
the carrier, and a main bearing supporting the carrier in
a rotatable manner relative to the case. The crank journal
may have a plurality of cylindrical needles disposed be-
tween the crank shafts and the carrier and rollable relative
to the carrier, the crank journal may have an outer lace,
and a portion of the carrier may form the outer lace of
the crank journal.

[0016] One aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case has a cylindrical shape and an outer diameter
D, a carrier rotatable relative to the case, where the car-
rier has a carrier inner wall, and an external tooth member
arranged within the carrier and having an external tooth
inner wall, where the external tooth member is eccentri-
cally movable. A non-interference region is defined as a
region that receives no interference from the carrier inner
wall and the external tooth inner wall when the external
tooth member eccentrically moves, and an inner diame-
ter R2 of the non-interference region occupies 20% to
45% relative to the outer diameter D.
[0017] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range. In this way, a large hollow diameter can be ac-
complished without increasing the size of the speed re-
ducer while a predetermined reduction ratio and neces-
sary strength are maintained. As a large hollow diameter
can be accomplished in this way, it becomes easier to
pass a cable through the hollow space.
[0018] One aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case has a cylindrical shape and an outer diameter
D, a carrier rotatable relative to the case, where the car-
rier has a carrier inner wall, an external tooth member
arranged within the carrier and having an external tooth
inner wall, and a crank shaft having a shaft axial line
arranged on a circumference of an imaginary circle that
is centered around a central axis of the case and that
has a diameter D2, where the crank shaft enables the
external tooth member to oscillate. Here, R2 denotes an
inner diameter of a non-interference region that receives
no interference from the carrier inner wall and the external
tooth inner wall when the external tooth member eccen-
trically moves, and a value of (D-D2)/(D2-R2) is within a
range of 195% to 320%.
[0019] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range. In this way, a large hollow diameter can be ac-
complished without increasing the size of the speed re-
ducer while a predetermined reduction ratio and neces-
sary strength are maintained. As a large hollow diameter
can be accomplished in this way, it becomes easier to
pass a cable through the hollow space.
[0020] One aspect of the present invention provides a
speed reducer including a case with internal teeth, where
the case has a cylindrical shape and an outer diameter
D, a carrier rotatable relative to the case, where the car-
rier has a carrier inner wall, an external tooth member
arranged within the carrier and having an external tooth
inner wall, and a crank shaft having a shaft axial line
arranged on a circumference of an imaginary circle that
is centered around a central axis of the case and that
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has a diameter D2, where the crank shaft enables the
external tooth member to oscillate. Here, R2 denotes an
inner diameter of a non-interference region that receives
no interference from the carrier inner wall and the external
tooth inner wall when the external tooth member eccen-
trically moves, and a value of (D-D2)/(D-R2) is within a
range of 65% to 76%.
[0021] According to the speed reducer relating to one
aspect of the present invention, a hollow ratio, which rep-
resents the ratio of the hollow diameter to the outer di-
ameter of the case, falls within the above-mentioned
range. In this way, a large hollow diameter can be ac-
complished without increasing the size of the speed re-
ducer while a predetermined reduction ratio and neces-
sary strength are maintained. As a large hollow diameter
can be accomplished in this way, it becomes easier to
pass a cable through the hollow space.

ADVANTAGEOUS EFFECTS

[0022] The speed reducer relating to one aspect of the
present invention can produce the effects of accomplish-
ing an increased diameter of the hollow space while the
size of the speed reducer is maintained or reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Fig. 1 is a cross-sectional view showing a speed
reducer relating to an embodiment of the present inven-
tion.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0024] A speed reducer relating to an embodiment of
the present invention will be hereinafter described with
reference to the drawing. Fig. 1 is a cross-sectional view
of a speed reducer according to the present embodiment
of the invention. In Fig. 1, a reference number 100 refers
to a speed reducer.
[0025] A speed reducer 100 relating to an embodiment
of the present invention includes a cylindrical housing
200, a gear unit (an external-tooth member) 300 and
three crank assemblies 400, as shown in Fig. 1. The cy-
lindrical housing 200 houses therein the gear unit 300
and three crank assemblies 400. In the embodiment, the
speed reducer 100 is an eccentric oscillating speed re-
ducer.
[0026] The cylindrical housing 200 has an outer cylin-
drical portion (case) 210, a carrier portion (carrier) 220,
two main bearings 230, and an inner cylindrical portion
(inner cylinder) 290. The outer cylindrical portion 210 is
formed as a cylinder with internal teeth and has an outer
diameter D. The carrier portion 220 is disposed inside
the outer cylindrical portion 210. The carrier portion 220
supports a plurality of crank shafts 410 (described below)
in a rotatable manner and is rotated by the crank shafts
410 relative to the outer cylindrical portion 210.

[0027] The two main bearings 230 are each arranged
between the outer cylindrical portion 210 and the carrier
portion 220. The two main bearings 230 allow the relative
rotation of the outer cylindrical portion 210 and the carrier
portion 220. In this embodiment, one of the outer cylin-
drical portion 210 and the carrier portion 220 represents
the output unit of the speed reducer 100, for example.
The inner cylindrical portion 290 is centered around the
central axis of the outer cylindrical portion 210 and has
an inner diameter R.
[0028] In the speed reducer 100 relating to the present
embodiment, each of the crank shafts 410 is provided in
one of the crank assemblies 400. The crank shafts 410
are arranged on the circumference of the imaginary cir-
cle, which is centered around the central axis F0 of the
outer cylindrical portion 210 (the arrangement circle on
which the crank shafts 410 can be arranged), and spaced
away from each other in the circumferential direction of
the imaginary circle. The crank shafts 410 each have first
external teeth. Here, the imaginary circle denotes a circle
having a diameter identified by the reference numeral D2
in Fig. 1. More specifically, a crank shaft axial line F2
(shaft axial line) of each crank shaft 410 is positioned on
the circumference of the imaginary circle having the di-
ameter D2. The crank shafts 410 are configured to os-
cillate the gear unit 300.
[0029] The gear unit 300 is arranged within the carrier
portion 220 and has second external teeth, which mesh
with the internal teeth of the outer cylindrical portion 210.
The second external teeth of the gear unit 300 are differ-
ent from the first external teeth of the crank shafts 410.
The gear unit 300 is oscillated by the crank shafts 410
and eccentrically moved by the rotation of the crank
shafts 410.
[0030] Fig. 1 shows the central axis (main axis) F0 of
the speed reducer 100, which is defined as the axis of
rotation for the two main bearings 230. When the outer
cylindrical portion 210 is stationary, the carrier portion
220 rotates about the main axis F0. When the carrier
portion 220 is stationary, the outer cylindrical portion 210
rotates about the main axis F0. In other words, one of
the outer cylindrical portion 210 and the carrier portion
220 can rotate relative to the other around the main axis
F0.
[0031] An attaching portion 215 surrounds the outer
periphery of the outer cylindrical portion 210, which has
a cylindrical shape. The attaching portion 215 has a plu-
rality of attaching holes 216 formed in the periphery there-
of and the attaching holes 216 are spaced away from
each other. The attaching portion 215 is used to mount
the speed reducer 100 as an inlay, for example.
[0032] The outer cylindrical portion 210 includes an
outer cylinder 211 and a plurality of internal tooth pins
(internal teeth) 212. The outer cylinder 211 forms a cy-
lindrical internal space in which the carrier portion 220,
gear unit 300 and crank assemblies 400 are housed. The
internal tooth pins 212 are columnar members extending
substantially parallel to the main axis F0. The internal
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tooth pins 212 are fitted in grooves formed in the inner
wall of the outer cylinder 211. Therefore, the internal tooth
pins 212 are appropriately retained by the outer cylinder
211.
[0033] The plurality of internal tooth pins 212 are ar-
ranged at substantially regular intervals around the main
axis F0. Each internal tooth pin 212 has a semiperimeter
surface projecting from the inner wall of the outer cylinder
211 toward the main axis F0. Therefore, the plurality of
internal tooth pins 212 serve as internal teeth meshing
with the gear unit 300.
[0034] The carrier portion 220 includes a base portion
221, an end plate portion 222, a positioning pin 223 and
a fixing bolt 224. The carrier portion 220 as a whole has
a cylindrical shape. The carrier portion 220 has a through
hole 229 formed therein, which is centered around the
main axis F0. The carrier portion 220 has an inner wall
of the through hole 229, in other words, a carrier inner
wall 220W.
[0035] In the through hole 229, the inner cylindrical por-
tion 290 is rotatably supported by an inner cylinder bear-
ing 291 with respect to the carrier portion 220. Although
Fig. 1 shows that the inner cylinder bearing 291 is posi-
tioned inside the through hole 229 in the radial direction,
the present embodiment is not limited to such as long as
the inner cylindrical portion 290 is capable of rotating
relative to the carrier portion 220 and the gear unit 300.
[0036] The base portion 221 includes a base plate por-
tion 225 and three shaft portions 226. Each of the three
shaft portions 226 extends from the base plate portion
225 toward the end plate portion 222. The end surface
of each of the three shaft portions 226, which faces away
from the base plate portion 225, has a screw hole 227
and a reaming hole 228 formed therein. The positioning
pin 223 is inserted into the reaming hole 228. This in turn
accurately positions the end plate portion 222 relative to
the base portion 221. The fixing bolt 224 is screwed into
the screw hole 227. This in turn appropriately secures
the end plate portion 222 to the base portion 221.
[0037] The gear unit 300 is disposed between the base
plate portion 225 and the end plate portion 222. The three
shaft portions 226 extend through the gear unit 300 and
are connected to the end plate portion 222.
[0038] The gear unit 300 includes two gears 310 and
320. The gear 310 is disposed between the base plate
portion 225 and the gear 320. The gear 320 is disposed
between the end plate portion 222 and the gear 310. The
gear 310 has a gear inner wall 310W (external tooth inner
wall). The gear 320 has a gear inner wall 320W (external
tooth inner wall).
[0039] The gear 310 is substantially equal in shape
and size to the gear 320. The gears 310 and 320 performs
revolution movement within the outer cylinder 211 while
being meshed with the internal tooth pins 212. Accord-
ingly, the respective centers of the gears 310 and 320
revolve about the main axis F0.
[0040] The phase of the revolution performed by the
gear 310 is off by substantially 180° the phase of the

revolution performed by the gear 320. While the gear 310
meshes with half of the internal tooth pins 212 of the outer
cylindrical portion 210, the gear 320 meshes with the
remaining half of the internal tooth pins 212. In this way,
the gear unit 300 can rotate one of the outer cylindrical
portion 210 and the carrier portion 220.
[0041] In the present embodiment, the gear unit 300
includes the two gears 310 and 320. Alternatively, the
gear unit 300 may include more than two gears. As an-
other alternative example, the gear unit 300 may use a
single gear.
[0042] Each of the three crank assemblies 400 in-
cludes a crank shaft 410, four bearings 421, 422, 423
and 424 and a transmission gear (external teeth) 430. It
may also be possible that the transmission gear 430 is
formed of a spur gear in general use. In the speed reducer
100 relating to the present embodiment, the transmission
gear 430 is not limited to any particular type.
[0043] The transmission gear 430 directly or indirectly
receives the driving force generated by a driving source
(for example, a motor). The speed reducer 100 can des-
ignate an appropriate one of transmission paths for the
driving force transmitting from the driving source to the
transmission gear 430, depending on the environment
where and conditions under which the speed reducer 100
is used. Accordingly, the present embodiment is not lim-
ited to any particular transmission path regarding the driv-
ing force transmitting from the driving source to the trans-
mission gear 430.
[0044] Fig. 1 shows a crank shaft axial line (transmis-
sion axis) F2. The transmission axis F2 is substantially
parallel to the main axis F0. There are a plurality of trans-
mission axes F2, which are spaced away from each other
in the circumferential direction on the circumference of
the circle that is centered on the central axis F0 and has
a diameter D2. The crank shaft 410 rotates about the
transmission axis F2. Fig. 1 does not include a cross-
sectional view of the vicinity of the respective ends of the
crank shaft 410.
[0045] The crank shaft 410 includes two journals
(crank journals) 411, 412 and two eccentric portions (ec-
centric members) 413, 414. The journals 411, 412 extend
along the transmission axis F2. The journals 411, 412
rotatably support the crank shaft 410 with respect to the
carrier portion 220. The central axis of the journals 411,
412 coincides with the transmission axis F2. The eccen-
tric portions 413, 414 are formed between the journals
411 and 412. Each of the eccentric portions 413 and 414
is eccentrically arranged with respect to the transmission
axis F2. The crank shaft 410 has a quadruple-needle
needle bearing configuration, which includes the two
journals 411, 412 and two eccentric portions (eccentric
members) 413, 414.
[0046] The journal 411 is inserted into the bearing 421.
The bearing 421 is arranged between the journal 411
and the end plate portion 222. Accordingly, the journal
411 is retained by the end plate portion 222 and the bear-
ing 421. The journal 412 is inserted into the bearing 422.
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The bearing 422 is arranged between the journal 412
and the base portion 221. Accordingly, the journal 412
is retained by the base portion 221 and the bearing 422.
[0047] In the present embodiment, the bearing 421 is
a needle bearing such that a plurality of cylindrical nee-
dles 431 are arranged around the journal 411. The bear-
ing 422 is a needle bearing such that a plurality of cylin-
drical needles 432 are arranged around the journal 412.
[0048] In other words, the bearings 421, 422 form part
of the crank journal relating to the present invention. Each
of the bearings 421, 422 has an outer lace, and a portion
of the carrier portion 220 form the outer lace of the bear-
ings 421, 422 (crank journal). Furthermore, in other
words, the needles 431, 432 form part of the crank journal
relating to the present invention and are arranged be-
tween the crank shafts 410 and the carrier portion 220.
The needles 431, 432 roll relative to the carrier portion
220.
[0049] The eccentric portion 413 is inserted into the
bearing 423. The bearing 423 is disposed between the
eccentric portion 413 and the gear 310. The eccentric
portion 414 is inserted into the bearing 424. The bearing
424 is disposed between the eccentric portion 414 and
the gear 320. The eccentric portions 413, 414 eccentri-
cally move about the transmission axis F2. In the present
embodiment, the bearing 423 is a needle bearing such
that a plurality of needles 433 are arranged around the
eccentric portion (eccentric member) 413. The bearing
424 is a needle bearing such that a plurality of needles
434 are arranged around the eccentric portion (eccentric
member) 414. The needles 431, 432, 433, 434 are ar-
ranged such that their respective axes are parallel to each
other. The needles 431, 432, 433, 434 are arranged such
that their respective axes are parallel to the main axis F0.
[0050] As driving force is input into the transmission
gear 430, the crank shafts 410 rotate about the transmis-
sion axis F2. This in turn causes the eccentric portions
413, 414 to eccentrically rotate about the transmission
axis F2. The gears 310, 320, which are connected to the
eccentric portions 413, 414 via the bearings 423, 424,
resultantly oscillate within the circular space defined by
the outer cylindrical portion 210. As the gears 310, 320
mesh with the internal tooth pins 212, relative rotation
between the outer cylindrical portion 210 and the carrier
portion 220 is caused.
[0051] The bearings 421, 424, 423, 422 are arranged
next to each other in the direction extending along the
transmission axis F2 and the main axis F0. The inner
cylinder bearing 291 is positioned such that it does not
overlap the bearings 421, 424, 423, 422 in the direction
extending along the transmission axis F2 and the main
axis F0. The inner cylinder bearing 291 retains the inner
cylindrical portion 290 in the carrier portion 220 at a po-
sition where the inner cylinder bearing 291 does not over-
lap the journals 411, 412 in the direction extending along
the central axis F0 of the outer cylindrical portion 210. In
this way, even if the crank shaft 410 and the inner cylinder
bearing 291 are close to each other in the radial direction

with respect to the main axis F0, the inner cylinder bear-
ing 291 does not interfere with the bearings 421, 424,
423, 422. This allows for a small distance in the radial
direction with respect to the main axis F0 between the
inner cylinder bearing 291 and the bearings 421, 424,
423, 422.
[0052] The bearings 421, 424, 423, 422 are each a
needle bearing. On the other hand, the main bearings
230 have an angular contact ball bearing configuration.
[0053] The main bearings 230 are arranged between
the outer cylindrical portion 210 and the outer periphery
of the carrier portion 220. There are two main bearings
230, which are spaced away from each other in the main
axis F0 direction. The two main bearings 230 sandwich
the internal tooth pins 212 of the outer cylindrical portion
210 in the main axis F0 direction. The main bearings 230
allow the relative rotation of the outer cylindrical portion
210 and the carrier portion 220.
[0054] The main bearings 230 each include a spherical
rolling element (ball) 231, an outer lace 232 serving as
an outer ring, an inner lace 233 serving as an inner ring,
and a retainer 234 for retaining the rolling element (ball)
231 between the outer lace 232 and the inner lace 233.
A portion of the carrier portion 220 form the inner lace of
the main bearings 230. The main bearings 230 are con-
figured such that their lines of action approach the main
axis F0 in the direction along the main axis F0 away from
the internal tooth pins 212. In other words, the lines of
action of the two main bearings 230 are configured to
intersect with each other in the direction extending along
the main axis F0.
[0055] The inner laces 233 are integrally formed with
the carrier portion 220. To be more specific, one of the
main bearings 230 which is closer to the bearing 422 in
the main axis F0 direction has an inner lace 233 integrally
formed with the base portion 221. The other of the main
bearings 230 which is closer to the bearing 421 in the
main axis F0 direction, has an inner lace 233 integrally
formed with the end plate portion 222.
[0056] The bearing 421 is integrally formed with the
carrier portion 220. To be more specific, the bearing 421
has an outer lace 421a, which abuts the needles 431 and
is integrally formed with the end plate portion 222. The
bearing 422 is integrally formed with the carrier portion
220. To be more specific, the bearing 422 has an outer
lace 422a, which abuts the needles 432 and is integrally
formed with the base portion 221.
[0057] The parts of the speed reducer 100 relating to
the present embodiment are defined as follows in terms
of their dimensions and the relations between the same.

D: the outer diameter of the outer cylindrical portion
210
R: the inner diameter (diameter) of the inner cylin-
drical portion 290
D2: the diameter of the imaginary circle that is cen-
tered around the main axis F0 and on which the crank
shaft axial lines F2 are arranged
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R2: the inner diameter of a non-interference region
350 that receives no interference from the carrier
inner wall 220W and the gear inner walls 310W,
320W when the gear unit 300 eccentrically moves

[0058] The value of R/D, which represents the ratio of
the inner diameter R of the inner cylindrical portion 290
to the outer diameter D of the outer cylindrical portion
210, is preferably within the range of 20% to 45%. Fur-
thermore, the value of R/D is more preferably within the
range of 30. 3% to 45%. Furthermore, the value of R/D
is even more preferably within the range of 40% to 43%.
[0059] The speed reducer 100 relating to the present
embodiment has a hollow ratio, which represents the ra-
tio of the inner diameter R of the inner cylindrical portion
290 to the outer diameter D of the outer cylindrical portion
210, within the above-mentioned range. In this way, a
large hollow diameter (inner diameter) R can be accom-
plished without increasing the size of the speed reducer
100 while a predetermined reduction ratio and necessary
strength are maintained. As the inner cylindrical portion
290 can accomplish a large radial dimension in this way,
it becomes easier to pass a cable through the internal
space of the inner cylindrical portion 290.
[0060] The value of (D-D2)/(D2-R), which represents
the relation between the outer diameter D of the outer
cylindrical portion 210, the inner diameter R of the inner
cylindrical portion 290 and the diameter D2 of the imag-
inary circle that is centered around the main axis F0 and
on which the crank shaft axial lines F2 are arranged, is
preferably within the range of 195% to 320%. Further-
more, the value of (D-D2)/(D2-R) is more preferably with-
in the range of 195% to 250%. Furthermore, the value of
(D-D2)/(D2-R) is even more preferably within the range
of 196% to 198%.
[0061] According to the speed reducer 100 relating to
the present embodiment, the diameter D2 of the imagi-
nary circle (arrangement circle) on which the crank shafts
410 are arranged is defined relative to the outer diameter
D of the outer cylindrical portion 210. Additionally, the
hollow ratio, which represents the ratio of the inner diam-
eter R of the inner cylindrical portion 290 to the outer
diameter D of the outer cylindrical portion 210, falls within
the above-mentioned range. In this way, the inner cylin-
drical portion 290 can accomplish a large inner diameter
R without increasing the size of the speed reducer 100
while a predetermined reduction ratio and necessary
strength are maintained. As a result, the distance from
the outer diameter D of the outer cylindrical portion 210
to the inner diameter R of the inner cylindrical portion 290
can be reduced without increasing the outer diameter D
of the outer cylindrical portion 210 while the output from
the speed reducer 100 is preserved.
[0062] The value of (D-D2)/(D-R), which represents
the relation between the outer diameter D of the outer
cylindrical portion 210, the inner diameter R of the inner
cylindrical portion 290 and the diameter D2 of the imag-
inary circle that is centered around the main axis F0 and

on which the crank shaft axial lines F2 are arranged, is
preferably within the range of 65% to 76%. Furthermore,
the value of (D-D2)/(D-R) is more preferably within the
range of 65% to 71%. Furthermore, the value of (D-
D2)/(D-R) is even more preferably within the range of
66% to 68%.
[0063] According to the speed reducer 100 relating to
the present embodiment, the diameter D2 of the imagi-
nary circle (arrangement circle) on which the crank shafts
410 are arranged is defined relative to the outer diameter
D of the outer cylindrical portion 210. Additionally, the
hollow ratio, which represents the ratio of the inner diam-
eter R of the inner cylindrical portion 290 to the outer
diameter D of the outer cylindrical portion 210, falls within
the above-mentioned range. In this way, the inner cylin-
drical portion 290 can accomplish a large inner diameter
R without increasing the size of the speed reducer 100
while a predetermined reduction ratio and necessary
strength are maintained. As a result, the distance from
the outer diameter D of the outer cylindrical portion 210
to the inner diameter R of the inner cylindrical portion 290
can be reduced without increasing the outer diameter D
of the outer cylindrical portion 210 while the output from
the speed reducer 100 is preserved. In particular, the
radial size of the speed reducer 100 can be reduced.
[0064] The value of R2/D, which represents the ratio
of the inner diameter R2 of the non-interference region
350 to the outer diameter D of the outer cylindrical portion
210, is preferably within the range of 20% to 45%. Fur-
thermore, the value of R2/D is more preferably within the
range of 30.3% to 45%. Furthermore, the value of R2/D
is even more preferably within the range of 40% to 43%.
Here, the inner diameter R2 of the non-interference re-
gion 350 is defined as the result of adding the movable
range of the gear unit 300 to the inner diameter of the
through hole 229 and is a radial dimension slightly larger
than the outer diameter of the inner cylindrical portion
290. In other words, the inner diameter R2 of the non-
interference region 350 is the inner diameter of the por-
tion (non-interference region 350) that receives no inter-
ference from the carrier inner wall 220W and the gear
inner walls 310W, 320W when the gear unit 300 eccen-
trically moves. The inner diameter R2 is substantially
equal to the outer diameter of the inner cylindrical portion
290. In other words, the non-interference region 350 de-
notes the region into which the carrier inner wall 220W
and the gear inner walls 310W, 320W do not project (in-
vade) when the gear unit 300 eccentrically moves.
[0065] The speed reducer 100 relating to the present
embodiment has the hollow ratio, which represents the
ratio of the inner diameter R2 to the outer diameter D of
the outer cylindrical portion 210, within the above-men-
tioned range. In this way, a large hollow diameter (inner
diameter) R can be accomplished without increasing the
size of the speed reducer 100 while a predetermined re-
duction ratio and necessary strength are maintained. As
the inner cylindrical portion 290 can accomplish a large
radial dimension in this way, it becomes easier to pass
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a cable through the internal space of the inner cylindrical
portion 290.
[0066] The value of (D-D2)/(D2-R2), which represents
the relation between the outer diameter D of the outer
cylindrical portion 210 and the inner diameter R2 of the
non-interference region 350, namely, the relation be-
tween the outer diameter D of the outer cylindrical portion
210, the outer diameter R2 of the inner cylindrical portion
290 and the diameter D2 of the imaginary circle, is pref-
erably within the range of 195% to 320%. Furthermore,
the value of (D-D2)/(D2-R2) is more preferably within the
range of 195% to 250%. Furthermore, the value of (D-
D2)/(D2-R2) is even more preferably within the range of
196% to 198%. Here, the inner diameter R2 of the non-
interference region 350 is defined as the result of adding
the movable range of the gear unit 300 to the inner di-
ameter of the through hole 229 and is a radial dimension
slightly larger than the outer diameter of the inner cylin-
drical portion 290. In other words, the inner diameter R2
of the non-interference region 350 is the inner diameter
of the portion (non-interference region 350) that receives
no interference from the carrier inner wall 220W and the
gear inner walls 310W, 320W when the gear unit 300
eccentrically moves.
[0067] According to the speed reducer 100 relating to
the present embodiment, the diameter D2 of the imagi-
nary circle (arrangement circle) on which the crank shafts
410 are arranged is defined relative to the outer diameter
D of the outer cylindrical portion 210. Additionally, the
inner diameter R2 of the non-interference region 350,
which is substantially equal to the outer diameter of the
inner cylindrical portion 290, achieves a hollow ratio with-
in the above-mentioned range. In this way, the inner cy-
lindrical portion 290 can accomplish a large inner diam-
eter R without increasing the size of the speed reducer
100 while a predetermined reduction ratio and necessary
strength are maintained. As a result, the distance from
the outer diameter D of the outer cylindrical portion 210
to the inner diameter R of the inner cylindrical portion 290
can be reduced without increasing the outer diameter D
of the outer cylindrical portion 210 while the output from
the speed reducer 100 is preserved.
[0068] The value of (D-D2)/(D-R2), which represents
the relation between the outer diameter D of the outer
cylindrical portion 210 and the inner diameter R2 of the
non-interference region 350, namely, the relation be-
tween the outer diameter D of the outer cylindrical portion
210, the inner diameter R2 of the non-interference region
350, which is substantially equal to the outer diameter of
the inner cylindrical portion 290, and the diameter D2 of
the imaginary circle, is preferably within the range of 65%
to 76%. Furthermore, the value of (D-D2)/(D-R2) is more
preferably within the range of 65% to 71%. Furthermore,
the value of (D-D2)/(D-R2) is even more preferably within
the range of 66% to 68%. Here, the inner diameter R2
of the non-interference region 350 is defined as the result
of adding the movable range of the gear unit 300 to the
inner diameter of the through hole 229 and is a radial

dimension slightly larger than the outer diameter of the
inner cylindrical portion 290. In other words, the inner
diameter R2 of the non-interference region 350 is the
inner diameter of the portion (non-interference region
350) that receives no interference from the carrier inner
wall 220W and the gear inner walls 310W, 320W when
the gear unit 300 eccentrically moves.
[0069] According to the speed reducer 100 relating to
the present embodiment, the diameter D2 of the imagi-
nary circle (arrangement circle) on which the crank shafts
410 are arranged is defined relative to the outer diameter
D of the outer cylindrical portion 210. Additionally, the
hollow ratio represents the ratio of the inner diameter R2
of the non-interference region 350, which is substantially
equal to the outer diameter of the inner cylindrical portion
290, to the outer diameter D of the outer cylindrical portion
210 and falls within the above-mentioned range. In this
way, the inner cylindrical portion 290 can accomplish a
large inner diameter R without increasing the size of the
speed reducer 100 while a predetermined reduction ratio
and necessary strength are maintained. As a result, the
distance from the outer diameter D of the outer cylindrical
portion 210 to the inner diameter R of the inner cylindrical
portion 290 can be reduced without increasing the outer
diameter D of the outer cylindrical portion 210 while the
output from the speed reducer 100 is preserved. In par-
ticular, the radial size of the speed reducer 100 can be
reduced.
[0070] In the speed reducer 100 relating to the present
embodiment, the journals 411, 412 and eccentric por-
tions (eccentric members) 413, 414 of the crank shaft
410 form a cylindrical needle bearing, and the inner cyl-
inder bearing 291 is positioned such that it does not over-
lap these in the direction along the axis of rotation. In
other words, since the journals 411, 412 and eccentric
portions (eccentric members) 413, 414 are not aligned
with the inner cylinder bearing 291 in the axial direction,
the distance from the crank shaft axial line (shaft axial
line) F2 of the crank shaft 410 to the inner periphery of
the crank, or the distance from the crank shaft axial line
(shaft axial line) F2 of the crank shaft 410 to the inner
cylindrical portion 290 can be reduced.
[0071] In the speed reducer 100 relating to the present
embodiment, the bearings 421, 422, 423 and 424 of the
crank shaft 410 are cylindrical needle bearings, and the
member rollable by the cylindrical needles 431, 432, 433
and 434 is integrally formed with the carrier portion (hold)
220. The bearing 421 has the outer lace 421a, which
abuts the needles 431 and is integrally formed with the
end plate portion 222. The bearing 422 has an outer lace
422a, which abuts the needle 432 and is integrally formed
with the base portion 221. The inner lace 233 of the main
bearings 230, which are angular bearings, is integrally
formed with the carrier portion 220.
[0072] With the above-described features, it is possible
to accomplish a reduced size for the region surrounding
the crank shaft 410. The hollow ratio, which represents
the ratio of the diameter D2 of the imaginary circle (ar-
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rangement circle) on which the crank shafts 410 are ar-
ranged to the outer diameter D of the outer cylindrical
portion 210 and, at the same time, the ratio of the inner
diameter R of the inner cylindrical portion 290 to the outer
diameter D of the outer cylindrical portion 210, can fall
within the above-mentioned range. In other words, the
outer lace of the cylindrical needles also serves as the
inner lace of the angular bearings.
[0073] The present embodiment can provide a speed
reducer having a small outer diameter and a large hollow
diameter, which have never been achieved in the con-
ventional art, and additionally having an accurate reduc-
tion ratio and high rigidity.

DESCRIPTION OF REFERENCE NUMERALS

[0074]

100... speed reducer

200... cylindrical housing

210... outer cylindrical portion (case)

211... outer cylinder

212... internal tooth pin (internal tooth)

220... carrier portion (carrier)

221... base portion

222... end plate portion

223... positioning pin

225... base plate portion

229... through hole

230... main bearing

233... inner lace

290... inner cylindrical portion (inner cylinder)

291... inner cylinder bearing

300... gear unit (external-tooth member)

310,320... gear

400... crank assembly

410... crank shaft

411,412... journal (crank journal)

413,414... eccentric portion (eccentric member)

421 to 424... bearing

421a,422a... outer lace

430... transmission gear (external teeth)

431 to 434... needle

D... outer diameter

D2... diameter

R... diameter

R2... inner diameter

F0... central axis (main axis)

F2... crank shaft axial line (shaft axial line)

Claims

1. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
an inner cylinder centered around a central axis
of the case and having an inner diameter R, R/D
representing a ratio of the inner diameter R to
the outer diameter D of the case and falling with-
in a range of 20% to 45%;
a plurality of crank shafts arranged on a circum-
ference of an imaginary circle centered around
the central axis of the case, the crank shafts be-
ing spaced away from each other in a circum-
ferential direction of the imaginary circle, each
crank shaft having first external teeth;
an external tooth member having second exter-
nal teeth meshing with the internal teeth of the
case, the external tooth member being eccen-
trically movable by the crank shafts; and
a carrier supporting the crank shafts in a rotat-
able manner, the carrier being rotatable by the
crank shafts relative to the case.

2. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
an inner cylinder centered around a central axis
of the case, the inner cylinder having an inner
diameter R;
a plurality of crank shafts having a shaft axial
line arranged on a circumference of an imagi-
nary circle that is centered around the central
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axis of the case and that has a diameter D2, (D-
D2)/(D2-R) representing a relation between the
outer diameter D of the case, the inner diameter
R of the inner cylinder and the diameter D2 and
falling within a range of 195% to 320%, the crank
shafts being spaced away from each other in a
circumferential direction of the imaginary circle,
each crank shaft having first external teeth;
an external tooth member having second exter-
nal teeth meshing with the internal teeth of the
case, the external tooth member being eccen-
trically movable by the crank shafts; and
a carrier supporting the crank shafts in a rotat-
able manner, the carrier being rotatable by the
crank shafts relative to the case.

3. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
an inner cylinder centered around a central axis
of the case, the inner cylinder having an inner
diameter R;
a plurality of crank shafts having a shaft axial
line arranged on a circumference of an imagi-
nary circle that is centered around the central
axis of the case and that has a diameter D2, (D-
D2)/(D-R) representing how the diameter D2 is
related to the outer diameter D of the case and
the inner diameter R of the inner cylinder and
falling within a range of 65% to 76%, the crank
shafts being spaced away from each other in a
circumferential direction of the imaginary circle,
each crank shaft having first external teeth;
an external tooth member having second exter-
nal teeth meshing with the internal teeth of the
case, the external tooth member being eccen-
trically movable by the crank shafts; and
a carrier supporting the crank shafts in a rotat-
able manner, the carrier being rotatable by the
crank shafts relative to the case.

4. The speed reducer according to claim 2 or claim 3,
wherein R/D representing a ratio of the inner diam-
eter R of the inner cylinder to the outer diameter D
of the case falls within a range of 30% to 45%.

5. The speed reducer according to any one of claims
1 to 4, comprising:

a crank journal supporting each of the crank
shafts in a rotatable manner relative to the car-
rier; and
an inner cylinder bearing supporting the inner
cylinder in the carrier, the inner cylinder bearing
being positioned such that the inner cylinder
bearing does not overlap the crank journal in a
direction along the central axis of the case.

6. The speed reducer according to any one of claims
1 to 4, comprising:

a crank journal supporting each of the crank
shafts in a rotatable manner relative to the car-
rier; and
a main bearing supporting the carrier in a rotat-
able manner relative to the case,
wherein the crank journal has a plurality of cy-
lindrical needles disposed between the crank
shafts and the carrier and rollable relative to the
carrier,
wherein the main bearing has an inner lace, and
wherein a portion of the carrier forms the inner
lace of the main bearing.

7. The speed reducer according to any one of claims
1 to 4, comprising:

a crank journal supporting each of the crank
shafts in a rotatable manner with respect to the
carrier; and
a main bearing supporting the carrier in a rotat-
able manner relative to the case,
wherein the crank journal has a plurality of cy-
lindrical needles disposed between the crank
shafts and the carrier and rollable relative to the
carrier,
wherein the crank journal has an outer lace, and
wherein a portion of the carrier forms the outer
lace of the crank journal.

8. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
a carrier rotatable relative to the case, the carrier
having a carrier inner wall; and
an external tooth member arranged within the
carrier and having an external tooth inner wall,
the external tooth member being eccentrically
movable,
wherein a non-interference region is defined as
a region that receives no interference from the
carrier inner wall and the external tooth inner
wall when the external tooth member eccentri-
cally moves, and an inner diameter R2 of the
non-interference region occupies 20% to 45%
relative to the outer diameter D.

9. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
a carrier rotatable relative to the case, the carrier
having a carrier inner wall;
an external tooth member arranged within the
carrier and having an external tooth inner wall;
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and
a crank shaft having a shaft axial line arranged
on a circumference of an imaginary circle that
is centered around a central axis of the case and
that has a diameter D2, the crank shaft enabling
the external tooth member to oscillate,
wherein R2 denotes an inner diameter of a non-
interference region that receives no interference
from the carrier inner wall and the external tooth
inner wall when the external tooth member ec-
centrically moves, and a value of (D-D2)/(D2-
R2) is within a range of 195% to 320%.

10. A speed reducer comprising:

a case with internal teeth, the case having a cy-
lindrical shape and an outer diameter D;
a carrier rotatable relative to the case, the carrier
having a carrier inner wall;
an external tooth member arranged within the
carrier and having an external tooth inner wall;
and
a crank shaft having a shaft axial line arranged
on a circumference of an imaginary circle that
is centered around a central axis of the case and
that has a diameter D2, the crank shaft enabling
the external tooth member to oscillate,
wherein R2 denotes an inner diameter of a non-
interference region that receives no interference
from the carrier inner wall and the external tooth
inner wall when the external tooth member ec-
centrically moves, and a value of (D-D2)/(D-R2)
is within a range of 65% to 76%.
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