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Abstract

An object of the present invention is to more enhance strength,
rigidity, and durability of a crown gear deceleration mechanism. To solve a
problem, the crown gear deceleration mechanism provided by the present
invention includes: a stator including a crown gear; a rotor including another
crown gear, and an output shaft coupled to the rotor. Stator includes a
stator tooth row in which Nis stator teeth are circularly arranged. Rotor
includes: a first rotor tooth row in which N teeth are arranged; and a second
rotor tooth row in which N2 teeth are arranged. Output shaft includes an
output tooth row in which N2s teeth are arranged. Rotor performs a
precession while engaging the first rotor tooth row with the stator tooth row
at places existing at both sides between which a devotion central line
intervenes. Rotor transmits rotation to the output shaft while engaging the
second rotor tooth row with the output tooth row at the places existing at

both sides between which the devotion central line intervenes.
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Description

Title of Invention

CROWN GEAR DECELERATION MECHANISM

Technical Field

[0001] The present invention relates to a crown gear deceleration

mechanism that 1s configured to transmit rotation by engagement between

Crown gears.

Background Art

[0002] The inventors have proposed a crown gear deceleration mechanism
that has a constitution shown in FIG. 25 as a deceleration mechanism
capable of realizing high reduction ratio and low backlash, although it is a
simple structure.

[0003] As disclosed also in JP 4511635 B2, this crown gear deceleration

mechanism includes a stator 102 and a rotor 104. The stator 102 is a crown

gear that 1s fixed to an external member. The rotor 104 is another crown
gear that i1s different from the stator 102. Then, the rotor 104 is pressed to
a side of the stator 102 with a pressing mechanism 106 operated so as to

rotate around an axis. The rotor 104 i1s engaged with the stator 102. In
this case, both of teeth of the rotor 104 and teeth of the stator 102 have been
set so that the rotor 104 inclines slightly to the stator 102 and engagement

parts are distributed to two places existing at both sides between which a
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devotion center line intervenes. The rotor 104 is coupled to an output shaft
112 through flexible spokes 108 and a hub 110.

[0004] In the crown gear deceleration mechanism that includes the
above-mentioned configuration, the pressing mechanism 106 is rotated with
power of a motor or the like. Therefore, the rotor 104 performs a precession
while moving, in a circumferential direction, the parts where the rotor 104 is
engaged with the stator 102. Rotation is transmitted to the output shaft
112 from the rotor 104 while each spoke 108 deforms elastically in connection
with this precession. Therefore, the rotation input into the pressing
mechanism 106 is outputted at high reduction ratio through the output shaft
112. Further, according to the crown gear deceleration mechanism, because
the teeth are constantly engaged with each other at each of the two places of
both sides, the low backrush is realized.

[0005] Furthermore, in a crown gear deceleration mechanism disclosed in
JP 5054853 B2, an elastic disc 1s provided between a rotor and an output
shaft, and then the rotor is coupled to the output shaft. In this crown gear
deceleration mechanism, when the rotor performs a precession, the elastic

disk transmits rotation to the output shaft while elastically deforming.

Summary of Invention

10006] As described above, in the conventional crown gear deceleration

mechanism, the elastic member is provided between the rotor and the output

shaft, and then the rotor 1s coupled to the output shaft so as to be capable of
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transmitting the rotation. Therefore, there i1s a problem 1n that 1t 1s hard to
enhance strength, rigidity, and durability as a whole mechanism.
[0007] The present invention has been made in the light of the
above-mentioned problem, and it i1s an object thereof to more enhance
strength, rigidity, and durability of a crown gear deceleration mechanism.

10008] In view of the above-mentioned problem, the present invention

provides a crown gear deceleration mechanism including configuration
described below.

[0009] The present invention provides a crown gear deceleration mechanism.
The crown gear deceleration mechanism includes a stator, a rotor and an
output shaft. The stator includes a crown gear. The rotor includes another
crown gear that i1s located so as to be 1nclined to the Crown gear. The output
shaft is coupled to the rotor. The stator includes a stator tooth row in which
Nis stator teeth are circularly arranged. The rotor includes: a first rotor
tooth row 1n which N1 first rotor teeth are circularly arranged; and a second
rotor tooth row 1n which N2 second rotor teeth are circularly érranged. The
output shaft includes an output tooth row in which N2s output teeth are
circularly arranged. The rotor i1s configured to perform a precession while
engaging the first rotor tooth row with the stator tooth row at places existing
at both sides between which a devotion central line of the rotor intervenes.
The rotor is configured to transmit rotation to the output shaft while

engaging the second rotor tooth row with the output tooth row at the places

existing at both sides between which the devotion central line intervenes.
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[0010] In the crown gear deceleration mechanism according to the present
invention, preferably, a combination of (N1 — Nis, N2 — Nes) is any one of (1, 1),
(1,0),(1,-1),(©,1),©,-1, (-1, 1, (-1, 0), and (-1, -1).
[0011] Preferably, the combination of (N1 — Nis, N2 — Nas) is any one of (1, 0),

(0, 1), (0, —1), and (-1, 0).

[0012] Preferably, the first rotor teeth and the second rotor teeth project

from the rotor in a same direction.

[0013] In this case, preferably, a combination of (N1 — Nis, N2 — N2s) is any
one of (1, 0), (1, -1), (0, 1), and (-1, 1).
[0014] More preferably, the combination of (N1 — Nis, N2 — Nas) is (1, 0) or (0,

1).

[0015] Preferably, the first rotor teeth and the second rotor teeth project

from the rotor 1n a mutually opposite direction.

[0016] In this case, preferably, a combination of (N1 — Nis, N2 — Ngs) is any
one of (1, 1), (0, —1), (-1, 0), and (-1, -1).

[0017] More preferably, the combination of (N1 — Nis, N2 — Nas) is (0, ~1) or
(-1, 0).

[0018] In the crown gear deceleration mechanism according to the present
imvention, preferably, the rotor is configured to perform the precession while

engaging at least two of the first rotor teeth with the stator tooth row at each

of the places existing at both sides between which the devotion central line of

the rotor intervenes.

[0019] Preferably, the rotor is configured to transmit the rotation to the
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output shaft while engaging at least two of the second rotor teeth with the

output tooth row at each of the places existing at both sides between which

the devotion central line intervenes.

10020] Preferably, the rotor is configured to perform the precession while
engaging at least two of the first rotor teeth with the stator tooth row at each
of the places existing at both sides between which the devotion central line of
the rotor intervenes. In this case, preferably, the rotor i1s configured to
transmit the rotation to the output shaft while engaging at least two of the

second rotor teeth with the output tooth row at each of the places existing at

both sides between which the devotion central line intervenes.

[0021] Preferably, the stator tooth row is formed to be engaged with the first
rotor tooth row so that a difference 1n teeth number between the stator tooth
row and the first rotor tooth row 1s zero, or the output tooth row 1s formed to
be engaged with the second rotor tooth row so that a difference in teeth

number between the output tooth row and the second rotor tooth row 1s zero.

According to an aspect of the present invention there is provided

a crown gear deceleration mechanism comprising:
a stator comprising a crown gear;

a rotor comprising another crown gear that 1s located so as to be

inclined to the crown gear; and
an output shaft coupled to the rotor,

wherein the stator comprises a stator tooth row in which Nis

stator teeth are circularly arranged,

wherein the rotor comprises:
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a first rotor tooth row in which N; first rotor teeth are circularly
arranged, and

a second rotor tooth row in which N2 second rotor teeth are
circularly arranged,

wherein the output shaft comprises an output tooth row in which
Nos output teeth are circularly arranged, and

wherein the rotor is configured to perform a precession while

engaging the first rotor tooth row with the stator tooth row at places

existing at both sides between which a devotion central line of the rotor

intervenes,

the rotor being configured to transmit rotation to the output shaft
while engaging the second rotor tooth row with the output tooth row at the

places existing at both sides between which the devotion central line

Intervenes,

wherein the devotion central line 1s a line segment extending from

a point at which the rotor is pressed to the stator most deeply to a point at
which the rotor rises so as to be farthest from the stator,

wherein the first rotor teeth and the second rotor teeth project
from the rotor in a same direction,

wherein a combination of (N1—Nis, No—Nas) is any one of (1, 0), (1,
-1), (0, 1), and (-1, 1), and

wherein a center of the rotor is held by engagement of the first
rotor tooth row with the stator tooth row and engagement of the second
rotor tooth row with the output tooth row.

According to an aspect of the present invention there 1s provided
a crown gear deceleration mechanism comprising:

a stator comprising a crown gears;

a rotor comprising another crown gear that is located so as to be

inclined to the crown gear; and

an output shaft coupled to the rotor,
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wherein the stator comprises a stator tooth row in which Nis
stator teeth are circularly arranged,
wherein the rotor comprises:

a first rotor tooth row 1in which N; first rotor teeth are circularly

arranged; and

a second rotor tooth row in which N2 second rotor teeth are

circularly arranged,

wherein the output shaft comprises an output tooth row 1n which

Ngs output teeth are circularly arranged, and

wherein the rotor i1s configured to perform a precession while
engaging the first rotor tooth row with the stator tooth row at places
existing at both sides between which a devotion central line of the rotor
intervenes,

the rotor being configured to transmit rotation to the output shaft
while engaging the second rotor tooth row with the output tooth row at the
places existing at both sides between which the devotion central line
Intervenes,

wherein the devotion central line is a line segment extending from
a point at which the rotor is pressed to the stator most deeply to a point at
which the rotor rises so as to be farthest from the stator,

wherein the first rotor teeth project from the rotor in a direction
opposite to a direction in which the second rotor teeth project from the rotor,

wherein a combination of (N7 — Nis, N2 — Nag) is any one of (1, 1),
(0, -1), (-1, 0), and (-1, —1), and

wherein a center of the rotor is held by engagement of the first

rotor tooth row with the stator tooth row and engagement of the second

rotor tooth row with the output tooth row.
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Brief Description of Drawings
[0022] FIG. 1 is a cutaway perspective view of a crown gear deceleration
mechanism according to one embodiment of the present invention;

FIG. 2 is a perspective view of a main part of the crown gear
deceleration mechanism;

FIG. 3 is an exploded perspective view of the main part;

FIG. 4 is a perspective view illustrating a relationship between a
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stator and a rotor 1n the crown gear deceleration mechanism;
FIG. 5 1s a drawing 1illustrating an engaging model between the
stator and the rotor;
FIG. 6 1s a drawing 1llustrating a conic model of a rotor tooth:;
FIG. 7 1s a drawing 1llustrating a relationship between a rotor tooth

and the stator;

FIG. 8 1s a drawing 1llustrating a tooth profile formed in the cases of
N1 =50, Nis = 49, pt/pe = 0.02, © = 0.020 [radl, and a = 0 [rad];

FIG. 9 1s a drawing illustrating trajectories of rotor teeth in the case
of a = 0.00 and 0.01 [rad};

FIG. 10 1s a drawing 1llustrating a tooth profile formed in the case of
a = 0.01 [rad];

FIG. 11 1s a drawing illustrating a relationship between a and 6;;

FIG. 12 is a drawing illustrating a tooth profile formed in the case of

a = 0.04 |radl;

FIG. 13 1s a drawing for explaining a movable direction of the rotor to

the stators;

FIG. 14 1s a drawing of the rotor as seen from another direction;

FIG. 15 1s a drawing for explaining a movable direction of the rotor to
the output shaft;

FIG. 16 1s a drawing of the rotor as seen from another direction;

FIG. 17 1s a drawing for explaining a movable direction in the case of

N1 —Nis=1;
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FIG. 18 1s a drawing of a main part as seen from another direction;

FIG. 19 1s a drawing for explaining a movable direction in the case of
Ni— Nis=-1;

FIG. 20 1s a drawing of a main part as seen from another direction;

FIG. 21 1s a drawing for explaining a movable direction 1n the case of
N1 — Nis=0;

FIG. 22 is a drawing of a main part as seen from another direction;

FIG. 23 1s a drawing illustrating a front wall type crown gear

deceleration mechanism;

FIG. 24 1s a drawing illustrating a back wall type crown gear
deceleration mechanism; and

FIG. 25 1s a perspective view of a conventional crown gear

deceleration mechanism.

Description of Embodiments

[0023] The present invention will be described based on an embodiment
shown in the accompanying drawings. FIG. 1 shows a crown gear
deceleration mechanism according to one embodiment of the present
invention. FIGs. 2 and 3 show a main part of the crown gear deceleration
mechanism.

[0024] The crown gear deceleration mechanism according to the present
embodiment includes a stator 2 and a rotor 4. The stator 2 includes a

fixed-side crown gear. The rotor 4 includes a movable-side crown gear
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performing a precession while being engaged with the stator 2. The stator 2
is fixed and arranged to a housing 100. The rotor 4 is arranged so as to be
opposite to the stator 2 in the housing 100.

[0025] As shown in FIGs. 2 and 3, the stator 2 includes a plurality of stator
teeth 6. The plurality of stator teeth 6 are circularly arranged on a surface
of the stator 2, which is facing a side of the rotor 4. Here, Nis stator teeth 6
are arranged in a circumferential direction of the stator 2, and then a stator
tooth row 8 1s constituted of the Nis stator teeth 6.

[0026] The rotor 4 includes both of a first rotor tooth row 12 and a second
rotor tooth row 16. The first rotor tooth row 12 and the second rotor tooth
row 16 are provided on a surface of the rotor 4, which is facing a side of the
stator 2. The first rotor tooth row 12 includes a plurality of first rotor teeth
10. The second rotor tooth row 16 includes a plurality of second rotor teeth
14. The first rotor tooth row 12 1s formed so that N1 rotor teeth 10 are
circularly arranged. The second rotor tooth row 16 1s formed so that N2

second rotor teeth 14 are circularly arranged. The first rotor tooth row 12
and the second rotor tooth row 16 are located concentrically on an opposite

surface of the rotor 4. The second rotor tooth row 16 1s located inside the

first rotor tooth row 12. The rotor 4 1s formed into a ring shape as seen from

an axis direction of a central axis 60. Each first rotor tooth 10 of the first

rotor tooth row 12 projects from an outer periphery edge of the rotor 4, and

each second rotor tooth 14 of the second rotor tooth row 16 projects from an

inner periphery edge of the rotor 4.
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[0027] As shown in FIG. 1, an output shaft 18 includes a cylindrical shaft
part 20 and a gear part 22. The gear part 22 is jointed to one end part of the
shaft part 20. One end side of the shaft part 20 is located in the housing
100, and the other end side of the shaft part 20 is located out of the housing
100 so as to project.‘ The gear part 22 includes a crown gear 1in which a
plurality of output teeth 24 are circularly arranged. Here, N2s output teeth
24 are arranged in a circumferential direction, and an output tooth row 26 1s
constituted of the Nas output teeth 24. The gear part 22 of the output shaft
18 1s located at 1nside of the stator 2 in the ﬁousing 100. The output tooth
row 26 of the output shaft 18 is located concentrically with the stator tooth
row 8 as seen from the axis direction of the central axis 60.

[0028] A pressing mechanism 28 is pressed to a surface of the rotor 4, which
1s opposite of a surface provided with the first rotor tooth row 12 and the
second rotor tooth row 16. The pressing mechanism 28 includes an input
shaft 30 and a press rotor 32. The 1nput shaft 30 1s operated so as to be

rotated by a motor that 1s not shown. The press rotor 32 1s attached to a tip

of the input shaft 30. One end side of the input shaft 30 1s located in the

housing 100, and the other end side of the input shaft 30 1s located out of the

housing 100 so as to project.

[0029] The rotor 4, which is pressed to the stator 2 through the press rotor
32, 1s engaged with the stator 2 while keeping a state in which the rotor 4
slightly inclines in one direction. Further, the rotor 4 is engaged with the

gear part 22 of the output shaft 18. When the input shaft 30 1s made to



CA 02863193 2014-07-29

10

rotate while this state is kept, and then the press rotor 32 1s made to rotate
around the central axis 60, the rotor 4 performs a precession by engaging the
first rotor tooth row 12 with the stator tooth row 8. Further, the output
tooth row 26 1s engaged with the second rotor tooth row 16 that i1s included in
the rotor 4 performing the precession. Therefore, the output shaft 18 is
rotated around the central axis 60.

[0030] In this case, when a rotation angle of the output shaft 18 and a
rotation angle of the input shaft 30 are respectively set to 8o and 0i, reduction

ratio is obtained from a relationship expressed in expression (1).

[0031] [Expression 1]

L

90 NQNIS (1)

AFESAIl

v

[0032] In the present embodiment, N1, Nis, N2, and Nas are respectively set
to 50, 49, 40, and 40, and then the reduction ratio becomes 50. That 1s, a
difference in teeth number N1 — Nis between the first rotor tooth row 12 and
the stator tooth row 8 that are engaged with each other is 1. A difference in

teeth number N2 — N2s between the second rotor tooth row 16 and the output

tooth row 26 1s 0. In any engagements, a plurality of teeth of each

component of the rotor 4, the stator 2, and the output shaft 18 are designed

so that at least two teeth of one component are engaged with at least two

teeth of another component at each of places existing at both sides between

which the devotion central line of the rotor 4 intervenes.



CA 02863193 2014-07-29

11

10033] The following specifically describes a generation method of these
tooth profiles.

10034] First, a generally motion of the rotor 4 is expressed in the crown gear
deceleration mechanism. FIG. 4 shows a relationship between a vector vp of
an axis of the press rotor 32 attached to the input shaft 30 and a coordinate
system Xs fixed to the stator 2. A vector v is a vector generated by mapping
the vector vp to an Xs—Ys plane. FIG. 4 shows the case of 0i =0, and G, = 0
for ssmplification, 1in which v agrees with Ys.

[0035] FIG. 5 shows a model for analyzing the stator 2 and the rotor 4. In
this drawing, v agrees with Ys. A solid-line circle in the drawing 1s a
reference circle 40 of the rotor 4, and a broken-line circle is a reference circle
35 of the stator 2. Radiuses of any reference circles are set to pg. A
coordinate system fixed to the rotor 4 1s set to 2r. The coordinate systems s
and Xr have origins that agree with each other, and the origins are set to O.

A reference spherical surface 50 1s a spherical surface that has O as a center

point and the radius pe.

[0036] In this case, the rotor 4 inclines at an angle » around the vector v,
and the devotion central line of the rotor 4 is changed with the rotation angle
0i of the input shaft 30. The devoting central line 1s a line segment AB in
the drawing. A 1s a point at which the rotor 4 i1s pressed to the stator 2 most
deeply. B 1s a point at which the rotor 4 rises so as to be farthest from the
stator 2. For this reason, the line segment jointing the point A and the point

B, which are located on the reference circle 40 of the rotor 4, agrees with the
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devoting central line of the rotor 4.

[0037] When points on the rotor 4 as seen from Xr are set to *Pr, and points

on the rotor 4 as seen from Xs are set to SPr, a relationship therebetween 1s

expressed in the following expression (2).

[0038] [Expression 2}

*P, = R,(6,)RL(v,w)" P, (2)

[0039] R.(0,) in the expression (2) is a rotation matrix around Zs. RL(v, ®) in
the expression (2) is a rotation matrix for rotating « times around the vector
v and is generally called an expression of finite rotation (a Rodrigues rotation

formula). To organize above description, a relationship expressed in the

following expression (3) is obtained.

[0040] [Expression 3}

gir g1z 413
R, (0o)R (v,w) = g21 Y22 g23 | (3)

931 g32 433

gi1 = (1 — Cu)Siedi + CoCy

giz = —(1 — Cu)Ci5: — SeC, g13 = 5,05
921 = —(1 — C)SioCs + SoCl

gos = (1 — C)Ci0Ci + CoCly,  gaz = SuSi
gs1 = —SuCio, @2 = —5SuSi0, ¢33 = Cu

[0041] Here, cos8,, sine, cosw, and sinw are respectively abbreviated to Co,
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So, Co, and So. In addition, 6i — 6o, cosBi,, and sinBioc are respectively

abbreviated to Bio, Cio, and Sio.

[0042] From the above, the transformation matrix of the expression (2) can

be expressed with 0i, 8o, and w. This is an expression expressing general

motion of the rotor 4.

[0043] Next, the following describes a method for forming the stator tooth
row 8. Here, the stator tooth row 8 is formed along a path of the first rotor
tooth row 12 when the rotor 4 performs the precession. A cone model shown

in FIG. 6 is used as a model of each first rotor tooth 10 constituting the first

rotor tooth row 12.

[0044] As shown in FIG. 6, a radius and a central point of a bottom of a cone
being the first rotor tooth 10 are respectively set to pt and *PE. A height of
the cone agrees with the radius pg of the reference circle 40. A position of

rPg is expressed in the following expression (4) with a polar coordinate (6, a,

pe).

[0045] [Expression 4]

cos 6, cos o
"PE=pg | sinf,cosa | (4)

— SIN G

[0046] 0 is expressed in the following expression (5). In this case, N in the

expression is set to Ni1. a 1s a constant number expressing to have flexibility

1n design.
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[0047] [Expression 5]

6, = ?ij, (i=012.N—1) (5)

[0048] The stator tooth row 8 includes an envelope that makes contact with
a surface family of the cone moving when 6i 1s changed. FIG. 7 shows this
condition. A point on a line segment 'PEO separated from the origin O by
the radius rr is set to Sp. A vector from Sp in an origin direction 1s set to vr.
A motion vector of Sp according to change of 0i 1s set to vs. A normal vector
determined from an outer product of vr and vs i1s set to von. Because the
radius of the first rotor tooth 10 is set to ptre/pe when the radius is rr, a curved

surface of the stator tooth row 8 is expressed in the following expression (6).

[0049] [Expression 6]

, pery vn(@i,re) s .
L(6i,r+) = —— =+ *p(0i,rr) (6)
) = Ton @,y PO

10050] FIG. 8 shows a relationship between the path of the first rotor tooth

10 at a position at 6 = 0 and rr = pg and the envelope used for forming the
stator tooth row 8 when 0i is changed from O to 1 based on the above. This
1s approximated and expanded on a plane instead of being drawn on the
reference spherical surface 50. In addition, this is calculated in a condition
of N1 = 50, Nis = 49, pt/pg = 0.02, o = 0.020 [radl, and a = 0 [rad]. FIG. 8
shows that the first rotor tooth 10 continues to contact until moving to a top

separated by 11/Nis from a tooth bottom of the stator tooth row 8 when 0i is
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changed from 0 to 1. When 6i is changed from u to 2n, the first rotor tooth
10 moves from the top to the tooth bottom of the stator tooth row 8 while
continuing to contact with the stator tooth row 8 in a path symmetric to the
path in FIG. 8. The other first rotor teeth 10 also perform the same
operation although phases are different from each other. As a result, all
teeth are contacted.

[0051] That is, in the above-mentioned condition, the first rotor tooth row 12
of the rotor 4 has a shape in which N1 (= 50) cone first rotor teeth 10 are
circularly arranged. Then, the stator tooth row 8 of the stator 2 has a shape
in which Nis (= 49) stator teeth 6 are circularly arranged. While the rotor 4
performs the precession, all of the first rotor teeth 10 constantly make a line
contact with the stator tooth row 8.

10052] In the above-mentioned condition, the first rotor tooth 10 located at
the point A where the rotor 4 is pressed to the stator 2 most deeply makes
contact with the bottom of the corrugated stator tooth row 8. The first rotor
tooth 10 located at the point B where the rotor 4 i1s raised so as to be farthest
from the stator 2 makes contact with the top of the corrugated stator tooth
row 8. The first rotor teeth 10 located at both of the points A and B are not
contributed to driving. That is, N1/2 — 1 (= 24) first rotor teeth 10, which

are located at each place (area) existing at both sides between which the

devotion central line intervenes, are engaged with the stator tooth row 8 so

as to transmit the rotation effectively.

[0053] Incidentally, although all first rotor teeth 10 make contact with the



CA 02863193 2014-07-29

16

stator tooth row 8 in the above-mentioned condition, all first rotor teeth 10
does not necessarily make contact with the stator tooth row 8 in another
condition. Generally, the number of contact teeth tends to decrease as pt/pg
is set so as to increases. The number of contact teeth tends to decrease as w
1s set so as to increase. For example, when Ni, Nis, pt/pg, ®, and a are
respectively set to 50, 49, 0.04, 0.020 [rad], and O [rad], twenty-four first
rotor teeth 10 are located at each place existing at both sides between which
the devotion central line intervenes, and fourteen first rotor teeth 10 of the
twenty-four first rotor teeth 10 performs engagement effectively. When Nj,
Nis, pt/pe, ®, and a are respectively set to 50, 49, 0.02, 0.033 [rad], and O [rad],
nineteen first rotor teeth 10 of the twenty four first rotor teeth 10, which are
located at each place existing at both sides between which the devotion
central line intervenes, perform engagement efficiently.

[0054] As described above, in the crown gear deceleration mechanism
according to the present embodiment, the stator 2 includes the stator tooth

row 8 whose teeth number 1s Nis, and the rotor 4 that i1s engaged with the
stator 2 1ncludes the first rotor tooth row 12 whose teeth number 1s N1, and

N1 — Nisis 1. Then, in each place existing at both sides between which the
devotion central line of the rotor 4 intervenes, at least two of the teeth of the

stator tooth row 8 are engaged with at least two of the teeth of the first rotor
tooth row 12. Even in the case of N1 — Nis = —1, the stator tooth row 8 can
be generated as with the case of N1 — Nis = 1. In this case, the rotor 4 is

rotated 1n an opposite direction for the case of N1 — Ni1s = 1.
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[0055] Next, a method for generating the output tooth row 26 is described.
Here, the output tooth row 26 is generated along a path of the second rotor
tooth row 12 when the rotor 4 performs the precession. A cone shaped
model as with that of the first rotor tooth 10 is used as a model of each
second rotor tooth 14 constituting the second rotor tooth row 16. That 1s, a
basic generation method of the output tooth row 26 is similar to that of the
case of the stator tooth row 8 engaged with the first rotor tooth row 12.
However, the difference in teeth number between the first rotor tooth row 12
and the stator tooth row 8 1s one, whereas the difference in teeth number
between the second rotor tooth row 12 and the output tooth row 26 1s zero.
Then, N2 — Na2s becomes zero.

[0056] In this case, in the analysis model shown in FIGs 4 and 5, calculation
may be performed under a condition where the first rotor tooth row 12 is
replaced with the second rotor tooth row 16, the stator 2 is replaced with the
gear part 22 of the output shaft 18, and the difference in teeth number is
zero. In the analysis model shown in FIGs. 4 and 5, because 0i 1s zero and O
1S zero, Oo 1s constantly zero. Therefore, in the transformation matrix of the
expression (3), Co, So, Cio, and Sic are respectively 1, 0, Ci, and Si.
Accordingly, the position of SPe when 6:r i1s 0 is expressed i1n the following
expression (7).

[0057] [Expression 7]
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. ((1 T Cw)S,? + Cw)ca - chfisa
*PE=pg| —(1—-Cu)SiCiCa—SuSiSa | (D
—chica — Cwsa .

[0058] Here, FIG. 9 shows a path of SPg when 6; is changed from O to o in
each of cases described below. One is the case where a is set to 0.00 [rad].
The other is the case where a is set to 0.01 [rad]. These paths are seen from
an Xs axis. o is set to 0.02 [rad], and the paths are normalized by ps.
When 6i 1s further changed from 11 to 211, the path of SPE becomes a path that
1s line symmetric for a line 1n that Ys/pg 1s O.

[0059] As a result, an outer shape of the output tooth row 26 generated
becomes a shape, which is shown in left-up or right-down of FIG. 9, so as to
cover the second rotor teeth 14. However, if each tooth 1s actually formed
into this shape, it is hard to product each tooth and also perform attaching
work.

[0060] In FIG. 10, in view of the above situation, in the case of a = 0.01 [rad],

the output tooth row 26 is formed with a path of SPg when 0i 1s changed from

0 to a value before Ys component 1s changed so as to increase. In this case,
no constriction occurs to the output teeth 24, and then it 1s easy to process
teeth. In this case, a pressure angle B becomes also very small.

[0061] Ys component includes 8i, ®, and a, and a designer sets a of these.
FIG. 11 shows 0i, at which Ys 1s changed to 1ncrease, to a in the case of @ =

0.02 [radl. In FIG. 11, 6; shows an angle of the press rotor 32 when the
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tooth in the case of 8o = 0 1s separated from the output shaft 18. That is, the
teeth when Or 1s —0i to 0i are engaged while centering the case of 0 = 0.
[0062] According to FIG. 11, in the case where a is equal to or more than
0.04 [rad], a large change is not existed. On the other hand, the second
rotor teeth 14 are thicker as a 1s larger. Therefore, 1t 1s the causing of
increasing in size of a whole mechanism and vibration generating. In view
of these situations, FIG. 12 shows, with a thick line, a tooth profile of the
output tooth row 26 generated when a is set to 0.04 [rad]. The rotor 4 is
rotated 1n one direction according to the precession. The rotor 4 transmits
the rotation while the second rotor teeth 14 make contact with the output
tooth row 26 in the rotation direction. In particularly, in this set case, in
each place existing at both sides between which the devotion central line of
the rotor 4 intervenes, at least two of the second rotor teeth 14 transmit the
rotation while being engaged with the output tooth row 26.

[0063] As described above, teeth between the rotor 4 and the stator 2 can be

generated, using the same method as teeth between the rotor 4 and the

output shaft 18. For this reason, even if the difference in teeth number N1 —
Nis 1s selected and set to any of +1, O, and —1, the rotor 4 and the stator 2 can
perform the precession while one or plural teeth of the rotor 4 are engaged
with one or plural teeth of the stator 2 at each place existing at both sides
between which the devotion central line intervenes. Similarly, even if the
difference in teeth number N1 — Nis is selected and set to any of +1, 0, and —1,

the rotor 4 and the output shaft 18 can transmit the rotation around the
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central axis 60 from the rotor 4 to the output shaft 18 while one or plural
teeth of the rotor 4 are engaged with one or plural teeth of the output shaft
18 at each place existing at both sides between which the devotion central
line intervenes.

[0064] The number of the combination of the difference in teeth number N1
— Nis and the difference in teeth number N2 — Ngs 1s simply considered to
nine (three is multiplied by three) as shown in table 1 described below.
However, 1n the case of No. 5 1n table 1, because the reduction ratio 1s 0 and
the output shaft 18 1s not rotated, the combination 1s not functioned as the
deceleration mechanism. That is, the combination of (N1 — Nis, N2 — Nasg)
for being functioned as the deceleration mechanism is selected of (1, 1), (1, 0),
(1, -1, (0, 1), (0, -1), (-1, 1), (-1, 0), and (-1, —1). In the above-mentioned
embodiment, the combination of (N1 — Nis, N2 — Ngg) is (1, 0).

[0065] Incidentally, in a conventional crown gear deceleration mechanism
described i1n a background art, when this is assembled, four elements of a

rotor, an elastic member (an elastic disk or the like), a stator, and an output

shaft are arranged on the same axis with a jig, and then these elements need
to be coupled with each other. For this reason, there is a problem in that it
1s hard to easily perform assembly work. On the other hand, in the crown
gear deceleration mechanism according to the present embodiment described
above, because centers of the rotor 4, the stator 2, and the output shaft 18
are fixed by engagement between gears without a specific jig, it is possible to

easlly perform assembly work. In addition, the rotor 4 is maintained in a
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state where the centers are fixed by the engagement between the gears, in
the state where the rotor 4 is held between the press rotor 32, which 1is
located on an input side of the rotor 4, and the stator 2 and the output shaft
18, which are located on an output side of the rotor 4. Therefore, a support
mechanism supporting the rotor 4 is unnecessary, and then it is possible to
make the rotor 4 perform the precession without the specific support
mechanism. In the description, the rotor 4 functioning as the above is
referred to as a “floating rotor”.

[0066] A constant condition needs to be met for the rotor 4 functioning as the
floating rotor. Hereinafter, this condition will be further described.

[0067] In the above-mentioned crown gear deceleration mechanism
according to the present embodiment, a movable direction of the rotor 4 to
the stator 2 (hereinafter, referred to as a “first movable direction”) is set to be
different from a movable direction of the rotor 4 to the output shaft 18
(hereinafter, referred to as a “second movable direction”). Therefore, the
crown gear deceleration mechanism holds a center of the rotor 4 and makes

the rotor 4 function as the floating rotor.

[0068] FIGs. 13 and 14 show the first movable direction of the rotor 4. As
shown in a white arrow in drawings, the first movable direction of the rotor 4
1s generally a direction from a center O to a point B along the devotion
central line (hereinafter, referred to as a “B direction”) and has a slight width
1n a circumferential direction. More specifically, the first movable direction

of the rotor 4 is an area represented with diagonal lines in drawing. The
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area 1s generated so as to expand in a fan shape in which a center line 1s a
half line toward the point B from the center O of the rotor 4 as a starting
point. Areas represented with dashed arrows 1in drawing are areas 1in which
the first rotor tooth row 12 makes line contacts with the stator tooth row 8.
The line contacts are pertformed at several places in these areas.

[0069] FIGs. 15 and 16 show the second movable direction of the rotor 4.
As shown 1n a white arrow in drawings, the second movable direction of the
rotor 4 1s generally a direction from a center O to a point A along the devotion
central line (hereinafter, referred to as a “A direction”) and has a slight width
in a circumferential direction. More specifically, the second movable
direction of the rotor 4 1s an area represented with diagonal lines in drawing.
The area 1s generated so as to expand 1n a fan shape 1n which a center line 1s
a half Iine toward the point A from the center O of the rotor 4 as a starting
point. Areas represented with dashed arrows in drawing are areas 1n which
the second rotor tooth row 16 makes lines contacts with the output tooth row

26. The line contacts are performed at several places in these areas.

[0070] As shown in FIGs. 14 and 16, in the rotor 4, the first movable
direction is not overlapped with the second movable direction as seen from
an axis direction of a central axis 60. Therefore, the rotor 4, which is
simultaneously engaged with the stator 2 and the output shaft 18, preforms
the precession in a state where the center O thereof is held.

[0071] Incidentally, the present inventors found out the following when the

rotor 4 1s engaged with the other crown gear (for example, the stator 2 or the
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output shaft 18) at the places existing at both sides between which the
devotion central line intervenes: when the teeth number of the rotor 4 1s one
more than that of the other crown gear, the movable direction of the rotor 4 is
the B direction; and when the teeth number of the rotor 4 1s equal to or one
less than that of the other crown gear, the movable direction of the rotor 4 is
the A direction.

10072] That is, the first movable direction of the rotor 4 is the B direction
when the teeth numbers meet a condition of N1 — Nis = 1, and 1s the A
direction when the teeth numbers meet a condition of N1 — Nis = 0 or —1.
The second movable direction of the rotor 4 is the B direction when the teeth
numbers meet a condition of N2 — N2s = 1, and 1s the A direction when the
teeth numbers meet a condition of N2 — N2s = 0 or —1. Although both of the
first movable direction and the second movable direction have the widths in
the circumferential direction, the A direction i1s not overlapped with the B

direction.

[0073] FIGs. 17 to 22 show a schematic model for describing the reason why
the movable direction i1s decided by the difference in teeth number as
described above. FIGs. 17 and 18 show a model when the teeth numbers

meet the condition of N1 — Nis = 1. The first rotor teeth 10 of the rotor 4
make line contacts with the stator tooth row 8 of the stator 2 at parts shown
with thick lines in drawings. In this case, because the first rotor teeth 10
make the line contacts with the stator tooth row 8 as shown in the drawings,

the movable direction of the rotor 4 in an engagement state becomes the B
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direction.

[0074] FIGs. 19 and 20 show a model when the teeth numbers meet the
condition of N1 — Nis = —1. In this case, because the first rotor teeth 10
make line contacts with the stator tooth row 8 as shown with thick lines in
the drawings, the movable direction of the rotor 4 in an engagement state
becomes the A direction. FIGs. 21 and 22 show a model when the teeth
numbers meet the condition of N1 — Nis = 0. In this case, the first rotor
teeth 10 make contact with the stator tooth row 8 substantially same as the
condition of N1 — Nis = —1 as shown 1n drawings. The movable direction of
the rotor 4 1n an engagement state becomes the A direction same as the
condition of N1 — Nis = —1.

[0075] Then, as shown in FIG. 23, the present inventors found out the
following: in a mechanism in which the stator tooth row 8 of the stator 2 is
located on an output side to the rotor 4, when the first movable direction of
the rotor 4 1s different from the second movable direction of the rotor 4, the

center of the rotor 4 is held. The crown gear deceleration mechanism

according to the present embodiment is a mechanism that has a type shown

in FIG. 23. This mechanism 1s referred to as a “front wall type” in the

description.

0076] FIG. 24 shows a mechanism that has a type in which the stator tooth
row 8 of the stator 2 is located on an input side to the rotor 4. In this
mechanism, when the first movable direction of the rotor 4 matches to the

second movable direction of the rotor 4, the center of the rotor 4 is held.
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This mechanism 1s referred to as a “back wall type” in the description.
[0077] Table 1 described below shows a summary the above description. A

symbol “O” in the table shows that the center of the rotor 4 1s held and the
rotor 4 i1s capable of functioning as the floating rotor. A symbol “X” in the

table shows that the center of the rotor 4 is not held and the rotor 4 does not

function as the floating rotor.

[0078] [Table 1]

FRONT WALL | BACK WALL

[0079] Incidentally, to make the rotor 4 function as the floating rotor, it is
preferable to be a mechanism that easily achieves high precision. In that
sense, the front wall type shown 1n FIG. 23, in which the first rotor teeth 10
and the second rotor teeth 14 project in the same direction, is considered to

realize processing and attachment with high precision more easily and be
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more suitable to realization of the floating rotor than the back wall type
shown 1n FIG. 24, in which the first rotor teeth 10 and the second rotor teeth
14 project in the opposite direction. Further, if the back wall type 1s used, 1t
1s possible to form each component by one-side processing.

[0080] In addition, in a phase of transmission efficiency of power, preferably,
N1 — Nis or N2 — Nss 1s zero because a pressure angle B can be set 1n the case
of N1 — Nis = 0 much smaller than the case of N1 — Nis = +1 or —1 as shown
schematically in FIGs. 18, 20, and 22. Specifically, the pressure angle B is
about 20 to 40 degree 1n the case of N1 — Nis =+1 or —1. On the other hand,
the pressure angle B is substantially O 1in the case of N1 — Ni1s = 0, and then
the transmission efficiency of power 1s advantageous.

[0081] In the present embodiment, at least two of the stator teeth 6 are
engaged with at least two of the first rotor teeth 10 at each of the places
existing at both sides between which the devotion central line of the rotor 4
intervenes. However, even though one stator tooth 6 is engaged with one

first rotor tooth 10 at each of the places existing at both sides between which

the devotion central line intervenes, the above-mentioned mechanism
according to the present embodiment can be realized. Similarly, in the
present embodiment, at least two of the output teeth 24 are engaged with at
least two of the second rotor teeth 14 at each of the places existing at both

sides between which the devotion central line of the rotor 4 intervenes.

However, even though one output tooth 24 is engaged with one second rotor

tooth 14 at each of the places existing at both sides between which the
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devotion central line intervenes, the above-mentioned mechanism according
to the present embodiment can be realized. Needless to say, when at least
two of the teeth of one element are constantly engaged with at least two of
the teeth of the other element at each of two places existing at both sides,
higher strength, rigidity, and durability can be obtained as a whole
mechanism. In addition, the center of the rotor 4 can be more certainly held
by the engagement between the gears.

[0082] As described above in detail based on the accompanying drawings,
the crown gear deceleration mechanism according to the present
embodiment includes the stator 2, the rotor 4, and the output shaft 18. The
stator 2 includes the crown gear. The rotor 4 includes another crown gear
that is located so as to be inclined to the crown gear. The output shaft 18 1s
coupled to the rotor 4. The stator 2 includes the stator tooth row 8 in which
the Nis stator teeth 6 are circularly arranged. The rotor 4 includes: the first
rotor tooth row 12 in which the Ni first rotor teeth 10 are circularly
arranged; and the second rotor tooth row 16 in which the N2 second rotor
teeth 14 are circularly arranged. The output shaft 18 includes the output
tooth row 26 in which the N2s output teeth 24 are circularly arranged. The
rotor 4 is configured to perform the precession while engaging the first rotor
tooth row 12 with the stator tooth row 8 at the places existing at both sides
between which the devotion central line of the rotor 4 intervenes. The rotor
4 1s configured to transmit the rotation to the output shaft 18 while engaging

the second rotor tooth row 16 with the output tooth row 26 at the places
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similarly existing at both sides between which the devotion central line of

the rotor 4 intervenes.

[0083] According to the crown gear deceleration mechanism of the present
embodiment, it is possible to transmit the rotation to the output shaft 18 by
the engagement between the gears without an elastic member intervening
between the rotor 4 and the output shaft 18 unlike a conventional crown gear
mechanism described in a background art. Therefore, it is possible to more
enhance strength, rigidity, and durability of the whole crown gear
deceleration mechanism.

[0084] The combination of the difference in teeth number between the crown
gears of the crown gear deceleration mechanism according to the present
embodiment, that is, the combination of (N1 — Nis, N2 — Na2s) is any one of (1,
D, (1, 0), (1, -1, (0, 1), (0, -1), (-1, 1), (-1, 0), and (-1, —1).

[0085] In particularly, if the combination of (N1 — Nis, N2 — Nss) is any one of
(1, 0), (0, 1), (0, —1), and (-1, 0), the engagement between the rotor 4 and the

stator 2 is performed in the condition where the difference in teeth number

therebetween is zero, or the engagement between the rotor 4 and the output
shaft 18 is performed in the condition where the difference in teeth number
therebetween is zero. When the difference in teeth number is zero, the

pressure angle B can be set to near zero. Therefore, it 1s possible to transmat

power at high efficiency.

[0086] In the crown gear deceleration mechanism according to the present

embodiment, preferably, the first rotor teeth 10 and the second rotor teeth 14
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project from the rotor 4 in the same direction in that processing and

attachment with high precision can be performed, and each component can
be formed by one-side processing.

[0087] In this case, preferably, the combination of (N1 — Nis, N2 — Nazs) is any
one of (1, 0), (1, —1), (0, 1), and (-1, 1). Therefore, it is possible to make the
rotor 4 function as the floating rotor. If the rotor 4 is made to function as
the floating rotor, there are the following advantages: attachment work can
be simplified; and a mechanism can be made to compact because a support

mechanism for supporting the rotor 4 is unnecessary; and productivity is

improved.

[0088] Further, in this case, preferably, the combination of (N1 — Nis, N2 —
N2s) is (1, 0) or (0, 1). In this case, the engagement between the rotor 4 and
the stator 2 is performed in the condition where the difference in teeth
number therebetween is zero, or the engagement between the rotor 4 and the
output shaft 18 is performed in the condition where the difference in teeth
number therebetween 1s zero. Therefore, 1t 1s possible to transmit power at
high efficiency.

[0089] In the crown gear deceleration mechanism according to the present
embodiment, preferably, the first rotor teeth 10 and the second rotor teeth 14
project from the rotor 4 in the mutually opposite direction.

[0090] In this case, preferably, the combination of (N1 — Nis, N2 — Na2s) is any
one of (1, 1), (0, —-1), (-1, 0), and (-1, —1). In this case, it is possible to make

the rotor 4 function as the floating rotor. If the rotor 4 1s made to function



CA 02863193 2014-07-29

30

as the floating rotor, there are the following advantages: attachment work
can be simplified; and a mechanism can be made to compact because a
support mechanism for supporting the rotor 4 1s unnecessary; and
productivity 1s improved.

[0091] Further, in this case, preferably, the combination of (N1 — Nis, N2 -
N2s) is (0, —1), or (-1, 0). In this case, the engagement between the rotor 4
and the stator 2 is performed in the condition where the difference in teeth
number therebetween is zero, or the engagement between the rotor 4 and the
output shaft 18 is performed in the condition where the difference in teeth
number therebetween is zero. Therefore, it 1s possible to transmit power at
high efficiency.

[0092] In the crown gear deceleration mechanism according to the present
embodiment, the rotor 4 1s configured to perform the precession while
engaging the at least two of the first rotor teeth 10 with the stator tooth row
8 at each of the places existing at both sides between which the devotion

central line of the rotor 4 intervenes. Therefore, higher strength, rigidity,

and durability can be obtained as a whole mechanism. In addition, 1t 1s also

possible to more certainly perform that the center of the rotor 4 is held by the

engagement between the gears.

[0093] In the crown gear deceleration mechanism according to the present
embodiment, the rotor 4 i1s configured to transmit the rotation to the output
shaft 18 while engaging the at least two of the second rotor teeth 14 with the

output tooth row 26 at each of the places existing at both sides between
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which the devotion central line intervenes. Therefore, higher strength,
rigidity, and durability can be obtained as a whole mechanism. In addition,
it is also possible to more certainly perform that the center of the rotor 4 1s
held by the engagement between the gears.

[0094] In the crown gear deceleration mechanism according to the present
embodiment, the stator tooth row 8 is formed to be engaged with the first
rotor tooth row 12 so that the difference in teeth number between the stator
tooth row 8 and the first rotor tooth row 12 is zero, or the output tooth row 26
is formed to be engaged with the second rotor tooth row 16 so that the
difference in teeth number between the output tooth row 26 and the second
rotor tooth row 16 is zero. Therefore, as described above, the pressure angle
B can be set to near zero, and then, it is possible to transmit power at high
efficiency.

[0095] Although the present invention has been described based on the
embodiment shown in the accompanying drawings, the present invention 1s

not limited to the above embodiment, and may be made appropriate design

changes within a range that is intended by the present invention.
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The embodiments of the invention 1n which an exclusive property

or privilege 1s claimed are defined as follows:

1. A crown gear deceleration mechanism comprising:

a stator comprising a crown gear;

a rotor comprising another crown gear that is located so as to be
inclined to the crown gear; and

an output shaft coupled to the rotor,

wherein the stator comprises a stator tooth row 1n which Njs stator
teeth are circularly arranged,

wherein the rotor comprises:

a first rotor tooth row 1n which N first rotor teeth are circularly
arranged; and

a second rotor tooth row in which N2 second rotor teeth are
circularly arranged,

wherein the output shaft comprises an output tooth row in which
Nos output teeth are circularly arranged, and

wherein the rotor is configured to perform a precession while
engaging the first rotor tooth row with the stator tooth row at places
existing at both sides between which a devotion central line of the rotor
intervenes,

the rotor being configured to transmit rotation to the output shaft
while engaging the second rotor tooth row with the output tooth row at
the places existing at both sides between which the devotion central line
Intervenes,

wherein the devotion central line 1s a line segment extending from
a point at which the rotor 1s pressed to the stator most deeply to a point at
which the rotor rises so as to be farthest from the stator,

wherein the first rotor teeth and the second rotor teeth project from

the rotor 1n a same direction,
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wherein a combination of (N;—Nis, N2~Nss) 1s any one of (1, 0), (1,
~1), (0, 1), and (-1, 1), and

wherein a center of the rotor 1s held by engagement of the first
rotor tooth row with the stator tooth row and engagement of the second

rotor tooth row with the output tooth row.

2. The crown gear deceleration mechanism according to claim 1,

wherein the combination of (N1 - Nis, N2 - Nag) is (1, 0) or (0, 1).

3. A crown gear deceleration mechanism comprising:

a stator comprising a crown gear;,

a rotor comprising another crown gear that is located so as to be
inclined to the crown gear; and

an output shaft coupled to the rotor,

whereln the stator comprises a stator tooth row in which Nig stator
teeth are circularly arranged,

wherein the rotor comprises:

a first rotor tooth row in which N first rotor teeth are circularly
arranged; and

a second rotor tooth row in which N3 second rotor teeth are
circularly arranged,

wherein the output shaft comprises an output tooth row in which
Na2s output teeth are circularly arranged, and

wherein the rotor 1s configured to perform a precession while
engaging the first rotor tooth row with the stator tooth row at places
existing at both sides between which a devotion central line of the rotor
1ntervenes,

the rotor being configured to transmit rotation to the output shaft
while engaging the second rotor tooth row with the output tooth row at

the places existing at both sides between which the devotion central line

intervenes,
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wherein the devotion central line 1s a line segment extending from
a point at which the rotor 1s pressed to the stator most deeply to a point at
which the rotor rises so as to be farthest from the stator,

wherein the first rotor teeth project from the rotor in a direction
opposite to a direction 1in which the second rotor teeth project from the
rotor,

wherein a combination of (N7 — Nis, N2 — Nag) is any one of (1, 1),
(0, —-1), (-1, 0), and (-1, —1). and

wherein a center of the rotor is held by engagement of the first
rotor tooth row with the stator tooth row and engagement of the second

rotor tooth row with the output tooth row.

4. The crown gear deceleration mechanism according to claim 3,

wherein the combination of (N - Nis, N2 - Nag) 1s (0, -1) or (-1, 0).

D. The crown gear deceleration mechanism according to any one of
claams 1 to 4, wherein the rotor is configured to perform the precession
while engaging at least two of the first rotor teeth with the stator tooth
row at each of the places existing at both sides between which the

devotion central line of the rotor intervenes.

6. The crown gear deceleration mechanism according to any one of
claims 1 to 4, wherein the rotor 1s configured to transmit the rotation to
the output shaft while engaging at least two of the second rotor teeth with
the output tooth row at each of the places existing at both sides between

which the devotion central line intervenes.

1. The crown gear deceleration mechanism according to any one of

claims 1 to 4,

wherein the rotor is configured to perform the precession while

engaging at least two of the first rotor teeth with the stator tooth row at
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each of the places existing at both sides between which the devotion

central line of the rotor intervenes,

the rotor being configured to transmat the rotation to the output
shatt while engaging the at least two of the second rotor teeth with the
output tooth row at each of the places existing at both sides between

which the devotion central line intervenes.
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