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(54) Transmission ratio variable device

(57) A knurled press-fitting portion (58) and an an-
nular groove (59), which receives foreign matter and is
formed to extend in a circumferential direction in front of
the press-fitting portion (58) of a cylindrical protruding
portion (57), are provided at an outer peripheral surface
of the protruding portion (57) of an output shaft (23). A
fitting portion (60), which is fitted to a coupling tube (67)
by press-fitting, is formed at an outer periphery of an
opening end of the protruding portion (57). An outer pe-

ripheral surface of the cylindrical fitting portion (60) and
an inner peripheral surface of the cylindrical coupling
tube (67) coupled to a Z4 gear (62) are fitted and coupled
to each other. The annular groove (59) is closed by the
fitting portion (60) in a state where the protruding portion
(57) and the coupling tube (67) are coupled to each other.
The annular groove (59) is configured so as to prevent
foreign matter from being discharged toward a bearing
gear (25).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a transmission ratio var-
iable device.

2. Description of the Related Art

[0002] In related art, various transmission mecha-
nisms using gears are known. A transmission mecha-
nism, which can obtain a large speed reducing ratio with
a small number of components and have large transmis-
sion capacity, is desired. As the transmission mecha-
nism, there have been proposed a transmission ratio var-
iable device in which rotation based motor driving is add-
ed to the rotation of an input shaft based on a steering
operation, using a differential mechanism so as to trans-
mit resultant rotation to an output shaft, thereby changing
the rotation transmission ratio (steering gear ratio) be-
tween the input and output shafts, and a vehicle steering
system including the transmission ratio variable device
(for example, refer to Japanese Patent Application Pub-
lication No. 2006-82718).
[0003] In a speed-reducing mechanism of the trans-
mission ratio variable device, a nutation gear mechanism
is provided as a differential mechanism. The nutation
gear mechanism includes a first gear that rotates togeth-
er with an input shaft, a fourth gear that rotates together
with an output shaft, and a nutation gear. The nutation
gear includes a second gear that meshes with the first
gear, and a third gear that meshes with the fourth gear,
and the nutation gear rotates around an axis that inclines
with respect to the axes of the first and fourth gears. The
nutation gear is configured so as to rotate according to
differences in the number of teeth between the first gear
and the second gear that mesh with each other and be-
tween the fourth gear and the third gear that mesh with
each other, while oscillating in the direction of the axis of
the input shaft via a bearing. The nutation gear reduces
the speed of the rotation input from the input shaft, and
transmits the rotation, whose speed has been reduced,
to the output shaft, and the nutation gear is rotated by
driving means to change the rotation transmission ratio
between the input shaft and the output shaft.
[0004] In the above-described transmission ratio vari-
able device, for example, when a coupling portion be-
tween the input shaft or the output shaft and a gear of
the speed reducer is formed by cylindrical surfaces,
knurling press-fitting may be used as a fastening method
due to constraints imposed on the physical size of the
device in terms of mounting. A knurled shaft is press fitted
into a hole. However, the knurling press-fitting is per-
formed while an inner peripheral surface of a cylindrical
component is shaved off. Thus, there is a possibility that
chips may be generated and the generated chips may

hinder the rotation of a bearing or a gear at the speed
reducer-side, as foreign matter.

SUMMARY OF THE INVENTION

[0005] The invention provides a transmission ratio var-
iable device in which foreign matter generated during the
press-fitting of an input shaft or an output shaft can be
prevented from being caught in a bearing gear, with a
simple configuration.
[0006] According to a feature of an example of the in-
vention, a transmission ratio variable device including:
an input shaft that is coupled to a steering wheel; a hous-
ing that supports the input shaft so that the input shaft is
rotatable; a motor that is provided so that a motor output
shaft is rotatable relative to the housing; a speed reducer
that is coupled to the motor output shaft and outputs a
steered angle obtained by reducing a motor rotation an-
gle; and an output shaft that transmits the steered angle
output from the speed reducer to steered wheel, wherein
the speed reducer includes: a first gear that is provided
so as to be rotatable together with the input shaft and
includes first teeth formed at an end face of the first gear;
a fourth gear that is provided so as to be rotatable to-
gether with the output shaft and includes fourth teeth
formed at an end face of the fourth gear, the end face of
the fourth gear facing the end face of the first gear; an
inclination shaft that is provided so as to incline with re-
spect to the input shaft; and a nutation gear that is sup-
ported by the inclination shaft so that the nutation gear
is rotatable, the nutation gear including a second gear
and a third gear that have second and third teeth, respec-
tively, the second and third teeth being formed at different
end faces of the nutation gear so as to mesh with the first
and fourth gears, respectively, and the nutation gear ro-
tating according to a difference in the number of teeth
between the first or fourth gear and the second and third
gears while oscillating in an axial direction of the input
shaft, between the first and fourth gears due to rotation
of the inclination shaft, and wherein the output shaft in-
cludes a cylindrical protruding portion press-fitted into an
opening end of a cylindrical coupling tube that is coupled
to the fourth gear so as to be rotatable together with the
fourth gear, and a knurled press-fitting portion and an
annular groove are provided at an outer peripheral sur-
face of the protruding portion, the annular groove being
formed to extend in a circumferential direction at a posi-
tion in front of the press-fitting portion in a press-fitting
direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing and further objects, features and
advantages of the invention will become apparent from
the following description of example embodiments with
reference to the accompanying drawings, wherein like
numerals are used to represent like elements and where-
in:
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FIG. 1 is a schematic view showing the schematic
configuration of a vehicle steering system including
a transmission ratio variable device according to an
embodiment of the invention;
FIG. 2 is a sectional view of the transmission ratio
variable device according to the embodiment of the
invention; and
FIG. 3 is an enlarged sectional view of a coupling
portion of an output shaft in FIG. 2.

DETAILED DESCRIPTION OF EMBODIMENTS

[0008] Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings.
[0009] A transmission ratio variable device provided in
a vehicle according to an embodiment of the invention
will be described with reference to the drawings. FIG. 1
is a schematic view showing the schematic configuration
of a vehicle steering system 1 including a transmission
ratio variable device 15 according to an embodiment of
the invention, and FIG. 2 is a sectional view of the trans-
mission ratio variable device 15 according to the embod-
iment of the invention. As shown in FIG. 1, in the vehicle
steering system 1, a steering shaft 3 to which a steering
wheel 2 is fixed is coupled to a rack shaft 5 via a rack-
and-pinion mechanism 4. Accordingly, the rotation of the
steering shaft 3 due to a steering operation is converted
to the reciprocating linear motion of the rack shaft 5 by
the rack-and-pinion mechanism 4. The steering shaft 3
is configured by connecting a column shaft 8, an inter-
mediate shaft 9, and a pinion shaft 10. As the reciprocat-
ing linear motion of the rack shaft 5 due to the rotation
of the steering shaft 3 is transmitted to knuckles (not
shown) via tie rods 11 coupled to respective ends of the
rack shaft 5, the steering angle of steered wheels 12, that
is, the traveling direction of a vehicle is changed. The
vehicle steering system 1 of the present embodiment is
configured as a so-called rack assist type electric power
steering system (EPS) in which the rotation of an assist-
ing motor 13 is converted to the reciprocating motion of
the rack shaft 5 using a ball screw mechanism 14 to trans-
mit the reciprocating motion, thereby applying the motor
torque to a steering system as an assisting force.
[0010] In the vehicle steering system 1, the transmis-
sion ratio variable device 15 is provided in an intermedi-
ate portion of the column shaft 8. The transmission ratio
variable device 15 changes the ratio of the steering angle
(tire angle) of the steered wheels 12 with respect to the
steering angle of the steering wheel 2, that is, the trans-
mission ratio (steering gear ratio). As shown in FIG. 2,
the transmission ratio variable device 15 includes a sub-
stantially cylindrical housing 21 that is fixed to a vehicle
body (not shown) of a vehicle, an input shaft 22 to which
the rotation due to the steering operation is input, and an
output shaft 23 that is coupled to the intermediate shaft
9 (refer to FIG. 1). The input shaft 22 and the output shaft
23 are supported so as to be rotatable with respect to

the housing 21, and constitute the above-described col-
umn shaft 8 (refer to FIG. 1). That is, the housing 21
serves as a non-rotational member that is not rotated by
the rotation of the input shaft 22. The transmission ratio
variable device 15 includes a motor 24 that is housed
within the housing 21, and a bearing gear (speed reducer)
25 as a differential mechanism. In the transmission ratio
variable device 15, the rotation based on motor driving
is added to the rotation of the input shaft 22 using the
bearing gear 25 so as to transmit resultant rotation to the
output shaft 23. Moreover, the transmission ratio variable
device 15 includes a lock mechanism 26 that is able to
lock the rotation of the motor 24 to mechanically fix the
transmission ratio, when necessary.
[0011] The housing 21 includes a cylindrical housing
body 31 that houses the motor 24, an annular upper cover
32 that covers one axial end side (a right side, i.e., an
arrow a1-side in FIG. 2) of the housing body 31, and an
annular lower cover 33 that houses the bearing gear 25
and covers the other axial end side (a left side, i.e., an
arrow a2-side in FIG. 2) of the housing body 31. An an-
nular partition wall portion 34 that extends radially inward
is formed at substantially the center of the housing body
31. A portion on the arrow a1-side of the partition wall
portion 34 serves as a motor housing portion 35 that
houses the motor 24, and a portion on the arrow a2-side
of the partition wall portion 34 serves as a gear housing
portion 36 that houses the bearing gear 25. The housing
21 includes a bottomed cylindrical lock case 37 that is
fixed to the arrow a1-side of the upper cover 32. The lock
mechanism 26 is housed in the lock case 37. The input
shaft 22 is rotatably supported by a bearing 38 provided
at the bottom of the lock case 37, and the output shaft
23 is rotatably supported by a bearing 39 provided at the
lower cover 33. The input shaft 22 and the output shaft
23 are arranged coaxially with each other.
[0012] The motor 24 is configured as a brushless motor
including a stator 41 that is fixed within the motor housing
portion 35, and a rotor 42 that is rotatably provided inside
the stator 41. A motor rotary shaft (motor output shaft)
45 is formed in a hollow shape, and the input shaft 22 is
coaxially inserted through the inside of the motor rotary
shaft 45. The axial length of the motor rotary shaft 45 is
set to be longer than the axial length of the motor housing
portion 35. A shaft end portion of the motor rotary shaft
at the arrow a1-side is arranged within the lock case 37
and a shaft end portion of the motor rotary shaft at the
arrow a2-side is arranged within the gear housing portion
36. The motor rotary shaft 45 is rotatably supported by
a bearing 49 provided at the upper cover 32, and a bear-
ing 48 provided at the partition wall portion 34. A housing
recess recessed toward the motor housing portion 35 is
formed at the center of the upper cover 32, and a rotation
angle sensor 52 (for example, a resolver) that detects
the rotation angle of the rotor 42 is housed within the
housing recess.
[0013] As shown in FIG. 2, an inclination shaft 53 is
formed at the shaft end portion of the motor rotary shaft
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45 at the arrow a2-side so that the inclination shaft 53 is
rotatable together with the motor rotary shaft 45. The
inclination shaft 53 has a shaft center L2 that inclines
with respect to a shaft center L1 of the motor rotary shaft
45 (a shaft center of the input shaft 22 and the output
shaft 23). An outer peripheral surface of the inclination
shaft 53 is formed in a cylindrical shape that inclines with
respect to the shaft center L1.
[0014] The bearing gear 25 includes a Z1 gear (first
gear) 61 that is coupled to the input shaft 22 so as to be
rotatable together with the input shaft 22, a Z4 gear
(fourth gear) 62 that is coupled to the output shaft 23 so
as to be rotatable together with the output shaft 23, and
a center bearing (nutation gear) 63 that is arranged be-
tween the Z1 gear 61 and the Z4 gear 62 and is coupled
to the motor rotary shaft 45 via the inclination shaft 53.
[0015] The Z1 gear 61 is formed in a disc shape, and
a plurality of first teeth that protrude toward the arrow a1-
side are arranged in a circumferential direction at an outer
peripheral edge of the Z1 gear 61. In the present embod-
iment, each of the first teeth is arranged radially with re-
spect to the Z1 gear 61, and is constituted by a columnar
roller that is provided so as to be rotatable around an axis
thereof. A through hole that extends through the Z1 gear
61 in an axial direction is formed at the center of the Z1
gear 61. The Z1 gear 61 is coaxially coupled to the input
shaft 22 so as to be rotatable together with the input shaft
22, as the shaft end portion of the input shaft 22 is ser-
ration-fitted to the through hole. That is, the shaft center
of the Z1 gear 61 coincides with the shaft center L1 of
the motor rotary shaft 45.
[0016] The Z4 gear 62 is formed in an annular shape,
and a plurality of fourth teeth that protrude toward the
arrow a2-side are arranged in the circumferential direc-
tion at the Z4 gear 62. In the present embodiment, each
of the fourth teeth is arranged radially with respect to the
Z4 gear 62, and is constituted by a columnar roller that
is provided so as to be rotatable around an axis thereof,
as in the case of the Z1 gear 64. The Z4 gear 62 is fixed
to an inner periphery of a coupling tube 67 that is a cou-
pling member formed in a cylindrical shape and fixed to
the Z4 gear 62. The Z4 gear 62 is coupled to the output
shaft 23 via the coupling tube 67. The coupling tube 67
is rotatably supported by a bearing 68 provided adjacent
to the arrow a2-side of the partition wall portion 34. The
coupling tube 67 is coaxially coupled to the output shaft
23 so as to be rotatable together with the output shaft
23. That is, the Z4 gear 62 is coaxially coupled to the
output shaft 23 via the coupling tube 67 so that the Z4
gear 62 is rotatable together with the output shaft 23, and
the shaft center of the Z4 gear 62 coincides with the shaft
center L1 of the motor rotary shaft 45. Bearings 69 and
70 are interposed between the coupling tube 67 and the
Z1 gear 61 and between the inclination shaft 53 and the
Z4 gear 62, respectively.
[0017] The center bearing 63 includes a cylindrical in-
ner ring, a cylindrical outer ring gear, and a ball that is
interposed between the inner ring and the outer ring gear.

A plurality of second teeth that are able to mesh with the
first teeth are arranged in the circumferential direction at
an end face of the outer ring gear at the arrow a2-side
(Z1 gear 61-side). On the other hand, a plurality of third
teeth that are able to mesh with the fourth teeth are ar-
ranged in the circumferential direction at an end face of
the outer ring gear at the arrow a1-side (Z4 gear 62-side).
That is, the Z2 gear (second gear) 76 and the Z3 gear
(third gear) 77 are constituted by the outer ring gear. In
the present embodiment, the number N1 of the first teeth
is set so as to be smaller than the number N2 of the
second teeth by one, and the number N3 of the third teeth
is set so as to be equal to the number N4 of the fourth
teeth. For example, in the case where the number N1 is
19, the number N2 is 20, the number N3 is 20, and the
number N4 is 20, the speed reducing ratio of the motor
rotary shaft 45 and the output shaft 23 at this stage is set
to 20.
[0018] The inner ring is coupled to an outer periphery
of the inclination shaft 53 by a fixing member fixed to an
end portion of the inclination shaft 53 at the arrow a2-
side so that the inner ring is rotatable together with the
motor rotary shaft 45. That is, the shaft center of the cent-
er bearing 63 coincides with the shaft center L2 of the
inclination shaft 53, and the center bearing 63 rotates
around an axis that inclines with respect to the axes of
Z1 and Z4 gears 61 and 62. In the outer ring gear, only
a portion of the Z2 gear 76 meshes with the Z1 gear 61,
and only a portion of the Z3 gear 77 meshes with the Z4
gear 62. A meshing portion between the Z1 gear 61 and
the Z2 gear 76 and a meshing portion between the Z4
gear 62 and the Z3 gear 77 are apart from each other by
approximately 180° around the shaft centers of the Z1
and Z4 gears 61 and 62.
[0019] A stepped bearing receiving portion is formed
at a back face of the Z1 gear 61. In a thrust supporting
portion (shoulder) of the output shaft 23, the Z1 gear 61
is supported at the bearing receiving portion by a needle
bearing 81 and a plate 82 for a rolling surface of the nee-
dle bearing 81 so that the Z1 gear 61 is rotatable. A wave
washer 80 made of an elastic member is provided at a
gap between the output shaft 23 and the plate 82. The
wave washer 80 presses the plate 82, the needle bearing
81, and the Z1 gear 61 toward the center bearing 63 in
the axial direction. Thus, a preload is applied to the bear-
ing gear 25.
[0020] In the bearing gear 25 to which each of the input
shaft 22, the output shaft 23, and the motor rotary shaft
45 is coupled, the rotation of the input shaft 22 is trans-
mitted from the Z1 gear 61 to the Z4 gear 62 via the center
bearing 63, and is transmitted to the coupling tube 67
and the output shaft 23. When the motor 24 is driven to
rotate the motor rotary shaft 45, the inclination shaft 53
coupled to the motor rotary shaft 45 makes a precession-
al motion. Accordingly, the outer ring gear makes a pre-
cessional motion together with the inner ring fixed to the
inclination shaft 53, and the meshing portion between
the Z1 gear 61 and the Z2 gear 76 and the meshing por-
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tion between the Z4 gear 62 and the Z3 gear 77 rotate
in the same direction. As a result, a rotation difference
based on differences in the number of teeth between the
Z1 gear 61 and the Z2 gear 76 and between the Z4 gear
62 and the Z3 gear 77, in other words, the rotation based
on motor driving is added to the rotation of the input shaft
22, and the resultant rotation is transmitted to the output
shaft 23 (for example, in the case where the speed re-
ducing ratio is 20, one rotation is added to the rotation of
the output shaft 23 when the motor rotary shaft 45 makes
20 rotations). That is, the rotation transmission ratio be-
tween the input shaft 22 and the output shaft 23, that is,
the transmission ratio (steering gear ratio) between the
steering wheel 2 (refer to FIG. 1) and the steered wheels
12 (refer to FIG. 1) is changed according to the rotation
based on motor driving.
[0021] FIG. 3 is an enlarged sectional view of a cou-
pling portion (protruding portion 57) of the output shaft
23 in FIG. 2. As shown in FIG. 3, a knurled press-fitting
portion 58 and an annular groove 59 that receives foreign
matter are provided at an outer peripheral surface of the
cylindrical protruding portion 57 of the output shaft 23.
The annular groove 59 is formed to extend in the circum-
ferential direction at a position in front of the press-fitting
portion 58 in a press-fitting direction of the protruding
portion 57. A fitting portion 60 is formed at an outer pe-
riphery of an opening end of the protruding portion 57.
The fitting portion 60 is fitted to the coupling tube 67 by
press-fitting. An outer peripheral surface of the cylindrical
fitting portion 60 and an inner peripheral surface of the
cylindrical coupling tube 67 coupled to the Z4 gear 62
are fitted to each other and coupled to each other. The
annular groove 59 is closed by the fitting portion 60 in a
state where the protruding portion 57 and the coupling
tube 67 are coupled to each other. The annular groove
59 is configured so as to prevent foreign matter from be-
ing discharged toward the bearing gear 25. Since the
outer peripheral surface of the fitting portion 60 and the
inner peripheral surface of the coupling tube 67 are fitted
to each other, the coaxial accuracy between the input
and output shafts 22 and 23 is improved.
[0022] The operation and effects of the transmission
ratio variable device 15 according to the present embod-
iment, which is configured as described above, will be
described. With the above configuration, the inner pe-
ripheral surface of the cylindrical coupling tube 67 cou-
pled to the Z4 gear 62 and the knurled press-fitting portion
58 provided at the outer peripheral surface of the cylin-
drical protruding portion 57 of the output shaft 23 are
fitted to each other by the knurling press-fitting, and the
annular groove 59 is formed to extend in the circumfer-
ential direction at a position in front of the press-fitting
portion 58 in the press-fitting direction of the protruding
portion 57 of the output shaft 23. The inner peripheral
surface of the coupling tube 67 and the outer peripheral
surface of the fitting portion 60 at the opening end of the
protruding portion 57 are fitted to each other. When the
protruding portion 57 and the coupling tube 67 are cou-

pled to each other, the annular groove 59 is closed by
the fitting portion 60.
[0023] Accordingly, even if foreign matter is generated
by knurling during the press-fitting of the output shaft 23,
the foreign matter can be received in the annular groove
59. Moreover, the fitting portion 60 can prevent the for-
eign matter from being discharged toward the bearing
gear 25, and as a result, the bearing and the gear can
be prevented from being locked due to the foreign matter
being caught therein. For this reason, it is not necessary
to provide a seal structure for preventing foreign matter
from being discharged toward the bearing gear 25, and
thus, it is possible to provide measures against foreign
matter at a low cost. By fitting the outer peripheral surface
of the fitting portion 60 of the protruding portion 57 and
the inner peripheral surface of the coupling tube 67 to
each other, the coaxiality between the input shaft 22 and
the output shaft 23 can be secured, and centering accu-
racy can be improved.
[0024] As described above, according to the embodi-
ment of the invention, it is possible to provide the trans-
mission ratio variable device in which foreign matter gen-
erated during the press-fitting of the input shaft or the
output shaft can be prevented from being caught in the
bearing gear, with a simple configuration.
[0025] Although the embodiment of the invention has
been described above, the invention may be realized in
other forms.
[0026] In the above-described embodiment, the cou-
pling portion between the output shaft 23 and the Z4 gear
62 that forms the bearing gear 25 is provided with the
annular groove 59 that receives foreign matter generated
during knurling press-fitting. However, the invention is
not limited to this, and the annular groove may be pro-
vided in a coupling portion between the input shaft 22
and the Z1 gear 61.
[0027] In the above-described embodiment, the steer-
ing wheel 2 may be coupled to the output shaft 23, and
the intermediate shaft 9 may be coupled to the input shaft
22. That is, the input shaft 22 may serve as an output
shaft, and the output shaft 23 may serve as an input shaft.
The invention is applied to the transmission ratio variable
device 15 of a type in which the housing 21 is not rotated
by the rotation of the input shaft 22. However, the inven-
tion is not limited to this, and may be applied to, for ex-
ample, a transmission ratio variable device of a type in
which the housing is rotated together with the input shaft.
[0028] In the above-described embodiment, the inven-
tion is applied to the bearing gear type transmission ratio
variable device. However, the invention is not limited to
this, and may be applied to a wave motion gear type
transmission ratio variable device. In addition, the inven-
tion is not limited to the column-mounted type transmis-
sion ratio variable device, and may be applied to an in-
termediate shaft-mounted type transmission ratio varia-
ble device, and a pinion gear-integrated type transmis-
sion ratio variable device.
[0029] In the above-described embodiment, the inven-
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tion is applied to the transmission ratio variable device
15 of the vehicle steering system 1. However, the inven-
tion may be applied to other general systems used for
applications other than this. In addition, although the ve-
hicle steering system 1 is configured as a rack assist type
electric power steering system including a steering as-
sisting mechanism that applies a motor assisting force
to the steering shaft 3, the invention is not limited to this,
and the vehicle steering system may be a column assist
type or pinion assist type electric power steering system,
or the steering assisting mechanism may be eliminated.

Claims

1. A transmission ratio variable device comprising:

an input shaft that is coupled to a steering wheel;
a housing that supports the input shaft so that
the input shaft is rotatable;
a motor that is provided so that a motor output
shaft is rotatable relative to the housing;
a speed reducer that is coupled to the motor
output shaft and outputs a steered angle ob-
tained by reducing a motor rotation angle; and
an output shaft that transmits the steered angle
output from the speed reducer to steered wheel,
wherein the speed reducer includes:

a first gear that is provided so as to be ro-
tatable together with the input shaft and in-
cludes first teeth formed at an end face of
the first gear;
a fourth gear that is provided so as to be
rotatable together with the output shaft and
includes fourth teeth formed at an end face
of the fourth gear, the end face of the fourth
gear facing the end face of the first gear;
an inclination shaft that is provided so as to
incline with respect to the input shaft;
and
a nutation gear that is supported by the in-
clination shaft so that the nutation gear is
rotatable, the nutation gear including a sec-
ond gear and a third gear that have second
and third teeth, respectively, the second
and third teeth being formed at different end
faces of the nutation gear so as to mesh
with the first and fourth gears, respectively,
and the nutation gear rotating according to
a difference in the number of teeth between
the first or fourth gear and the second and
third gears while oscillating in an axial di-
rection of the input shaft, between the first
and fourth gears due to rotation of the incli-
nation shaft, and
wherein the output shaft includes a cylindri-
cal protruding portion press-fitted into an

opening end of a cylindrical coupling tube
that is coupled to the fourth gear so as to
be rotatable together with the fourth gear,
and a knurled press-fitting portion and an
annular groove are provided at an outer pe-
ripheral surface of the protruding portion,
the annular groove being formed to extend
in a circumferential direction at a position in
front of the press-fitting portion in a press-
fitting direction.

2. The transmission ratio variable device according to
claim 1, wherein a fitting inner peripheral surface of
the coupling tube and a fitting outer peripheral sur-
face of the opening end of the protruding portion are
fitted to each other.
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