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(54) ELECTRIC POWER STEERING DEVICE

(57) An electric power steering apparatus includes
an input shaft, an output shaft, a torsion bar coaxially
coupling the input and output shafts to each other, and
a torque detection sleeve. One of the input and output
shafts includes a cylindrical portion. On the inner periph-
eral surface of the cylindrical portion, a female stopper
is provided. The other of the input and output shafts in-
cludes a male stopper to be engaged with the female
stopper, and a torque detection concave-convex section

adjacent to the male stopper in the axial direction. The
male stopper includes a plurality of male grooves. The
torque detection concave-convex section includes a plu-
rality of detection grooves. The torque detection sleeve
is arranged radially outside the torque detection con-
cave-convex section. The diameter of a groove bottom
circle of the male stopper is smaller than the diameter of
a groove bottom circle of the torque detection con-
cave-convex section.
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Description

Technical Field

[0001] The present invention relates to an electric pow-
er steering apparatus configured so that the force re-
quired for a driver to operate a steering wheel can be
reduced by using an electric motor as an auxiliary power
source.

Background Art

[0002] A steering apparatus for a vehicle is configured
as illustrated in Fig. 6, so that the rotation of a steering
wheel 1 can be transmitted to an input shaft 3 of a steering
gear unit 2 to push or to pull a pair of right and left tie
rods 4 in accordance with the rotation of the input shaft
3, and thus, a steering angle is applied to front wheels.
The steering wheel 1 is supported and fixed on the rear
end portion of a steering shaft 5. The steering shaft 5,
with a cylindrical steering column 6 inserted therethrough
along an axial direction, is rotatably supported on the
steering column 6 supported on a vehicle body. The front
end portion of the steering shaft 5 is connected via a
universal joint 7 to the rear end portion of an intermediate
shaft 8, and the front end portion of the intermediate shaft
8 is connected via another universal joint 9 to the input
shaft 3. An example illustrated in this drawing is an elec-
tric power steering apparatus by which the force neces-
sary for operating the steering wheel 1 is reduced with
an electric motor 10 used as an auxiliary power source.
Herein, a front-rear direction refers to a front-rear direc-
tion of a vehicle unless otherwise mentioned.
[0003] Figs. 7 to 9 illustrate an electric power steering
apparatus disclosed in Patent Document 1. A steering
column 6a is configured by combining an inner column
11 and an outer column 12 so that the total length thereof
can be reduced at the time of secondary collision, and is
supported on a vehicle body. A steering shaft 5a rotatably
supported inside the steering column 6a is configured by
combining a lower shaft 13 and an upper shaft 14 so that
a torque can be transmitted and that the total length there-
of can be reduced at the time of secondary collision. On
the rear end portion of the upper shaft 14 protruded from
a rear end opening of the outer column 12, a steering
wheel 1 (see Fig. 6) is fixed. The front end portion of the
inner column 11 is securely joined to a housing 15, and
a front part of the lower shaft 13 is inserted into the hous-
ing 15. Inside the housing 15, an output shaft 16 is rotat-
ably supported by a pair of ball bearings 17 and 18 on a
front side of the lower shaft 13 working as an input shaft.
The front end portion of the output shaft 16 protruded
from a front end opening of the housing 15 is joined to a
universal joint 7 (see Fig. 6). The output shaft 16 and the
lower shaft 13 are coupled to each other via a torsion bar
19. Almost all the portion of the torsion bar 19 except its
front end portion is disposed on the radially inner side of
the lower shaft 13 formed in the shape of a hollow shaft.

[0004] The rear end portion of the output shaft 16 is
provided with a cylindrical portion 20. On the inner pe-
ripheral surface of the cylindrical portion 20, a female
stopper 21 having a concave-convex profile along the
circumferential direction is provided. The female stopper
21 includes, on the inner peripheral surface of the cylin-
drical portion 20, a plurality of female teeth 22 and a plu-
rality of female grooves 23. The plural female teeth 22
and the plural female grooves 23 extend in the axial di-
rection and are arranged alternately along the circumfer-
ential direction at equal pitches. A front end portion of
the outer peripheral surface of the lower shaft 13 has a
male stopper 24 having a concave-convex profile along
the circumferential direction. The male stopper 24 has,
on the front end portion of the outer peripheral surface
of the lower shaft 13, a plurality of male teeth 25 and a
plurality of male grooves 26. The male teeth 25 and the
male grooves 26 extend in the axial direction and are
arranged alternately along the circumferential direction
at equal pitches. The number of the male teeth 25 (the
male grooves 26) and the number of female grooves 23
(the female teeth 22) are the same. The male stopper 24
and the female stopper 21 are engaged with each other
in a concave-convex engaging manner (like a loose
spline-engagement) so as to be relatively rotatable within
a given angle range (e.g., 65 degrees from a neutral
state where the torsion bar 19 is not twisted). Thus, the
torsion bar 19 is prevented from excessively twisting.
[0005] The lower shaft 13 is made of steel, that is, a
magnetic metal. An outer peripheral surface of a portion
of the lower shaft 13 near its front end and adjacent to
the rear side of the male stopper 24 with respect to the
axial direction is provided with a torque detection con-
cave-convex section 27 having a concave-convex profile
along the circumferential direction and having a circum-
scribed circle with a larger diameter than the male stopper
24. This torque detection concave-convex section 27 is
configured by providing, on the circumference of the por-
tion of the lower shaft 13 near its front end, a plurality of
detection grooves 28 respectively extending in the axial
direction at equal intervals in the circumferential direc-
tion. In the structure illustrated in this drawing, the diam-
eter of a groove bottom circle of the torque detection con-
cave-convex section 27 and the diameter of a groove
bottom circle of the male stopper 24 are the same. The
number of detection grooves 28 and the number of male
grooves 26 are the same, and the male grooves 26 and
the detection grooves 28 are provided continuously (in a
state having the same phase along the circumferential
direction) in the axial direction.
[0006] On the radially outer side of the torque detection
concave-convex section 27, a torque detection sleeve
29 in a cylindrical shape made of a nonmagnetic metal
having conductivity such as an aluminum alloy is provid-
ed. The base end portion of the torque detection sleeve
29 is fitted outside and fixed on the cylindrical portion 20.
In a portion of the torque detection sleeve 29 positioned
on the radially outer side of the torque detection concave-
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convex section 27, a plurality of window holes 30 are
provided. On the radially outer side of the torque detec-
tion concave-convex section 27 and the torque detection
sleeve 29, a torque detection coil unit 31 securely fitted
in the housing 15 is provided.
[0007] A worm wheel 32 is fitted outside and fixed on
a portion of the output shaft 16 near its rear end. The
worm wheel 32 is engaged with a worm 33 rotatably sup-
ported in the housing 15. In the housing 15, an electric
motor 10 (see Fig. 6) is supported and fixed. The output
shaft of the electric motor 10 is joined to the base end
portion of the worm 33 to be capable of transmitting a
torque.
[0008] In the electric power steering apparatus config-
ured as described above, when a torque corresponding
to a steering force is applied to the steering shaft 5a by
a driver operating the steering wheel 1, the torsion bar
19 is elastically twisted (within the given angle range) in
accordance with the direction and the size of this torque.
This elastic twist changes the positional relationship in
the circumferential direction between the torque detec-
tion concave-convex section 27 and the torque detection
sleeve 29, and hence an impedance change is caused
in a coil of the torque detection coil unit 31. On the basis
of this impedance change, the direction and the size of
the torque can be detected. The electric motor generates
auxiliary power in accordance with the detection result
of the torque. The auxiliary power is increased by a worm
speed reducer 34 configured by engaging the worm 33
and the worm wheel 32 with each other, and then applied
to the output shaft 16. As a result, the force required for
the driver to operate the steering wheel 1 is reduced.
[0009] On the other hand, when the amount of twist of
the torsion bar 19 reaches an upper limit value on one
side or the other side of the given angle range because
of a large torque input from the steering wheel 1 to the
steering shaft 5a, the teeth 22, 25 of the female stopper
21 and the male stopper 24 are engaged with each other
in the circumferential direction. Then, on the basis of this
engagement, a part of the toque is directly transmitted
from the lower shaft 13 to the output shaft 16.
[0010] In the electric power steering apparatus de-
scribed above, the thickness in the radial direction of a
portion of the cylindrical portion 20 disposed on the ra-
dially outer side of the groove bottom circle of the female
stopper 21, and the height in the radial direction of the
respective female teeth 22 are set to dimensions for suf-
ficiently securing the mechanical strength of the cylindri-
cal portion 20, namely, set to dimensions not causing
plastic torsional deformation of the cylindrical portion 20
in the torque transmission performed based on the en-
gagement between the teeth 22, 25 of the female stopper
21 and the male stopper 24 described above.
[0011] In such an electric power steering apparatus, if
the diameter of the circumscribed circle of the torque de-
tection concave-convex section 27 is to be reduced for
reducing the diameters of the respective components for
the torque detection and portions around them, it is nec-

essary to also reduce the inner diameter dimension of
the torque detection sleeve 29 in accordance with the
diameter of the circumscribed circle of the torque detec-
tion concave-convex section 27. Besides, in accordance
with the inner diameter dimension of the torque detection
sleeve 29, it is necessary to reduce the outer diameter
dimension of the cylindrical portion 20 onto which the
base end portion of the torque detection sleeve 29 is
inserted and fixed. In this case, in order to retain the me-
chanical strength of the cylindrical portion 20, if the outer
diameter dimension of the cylindrical portion 20 is to be
reduced without changing the thickness in the radial di-
rection of the portion of the cylindrical portion 20 disposed
on the radially outer side of the groove bottom circle of
the female stopper 21 and the height in the radial direction
of the respective female teeth 22, it is necessary to re-
duce also the diameters of the circumscribed circle and
the groove bottom circle of the male stopper 24 in ac-
cordance with the diameter dimension of the cylindrical
portion 20 for avoiding interference between the tooth
tops and the groove bottoms of the female stopper 21
and the male stopper 24.
[0012] In the configuration employed by the above-de-
scribed conventional structure, however, the diameter of
the groove bottom circle of the male stopper 24 and the
diameter of the groove bottom circle of the torque detec-
tion concave-convex section 27 are the same. Therefore,
if the diameter of the groove bottom circle of the male
stopper 24 is reduced as described above, the diameter
of the groove bottom circle of the torque detection con-
cave-convex section 27 is also accordingly reduced. In
accordance with this diameter reduction, in the portion
of the lower shaft 13 near its front end, the thickness in
the radial direction of a portion on the radially inner side
of the groove bottom circle of the torque detection con-
cave-convex section 27 is reduced. As a result, in the
torque transmission performed based on the engage-
ment between the teeth 22, 25 of the female stopper 21
and the male stopper 24, a torque that can be transmitted
without causing the plastic torsional deformation of the
torque detection concave-convex section 27 is small.

Prior Art Document

Patent Document

[0013] Patent Document 1: WO2003/104065A1

Summary of Invention

Problem to be Solved by Invention

[0014] It is an object of the present invention to realize
a structure in which diameters of respective components
for torque detection and portions around them can be
easily reduced while retaining the mechanical strength
of a torque detection concave-convex section.
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Means for Solving the Problem

[0015] According to an aspect of the present invention,
an electric power steering apparatus includes an input
shaft to which steering force from a steering wheel is
applied; an output shaft to which auxiliary power gener-
ated by an electric motor is applied; a torsion bar provided
on a radially inner side of the input shaft and the output
shaft with the input shaft and the output shaft coaxially
coupled to each other; and a torque detection sleeve.
One of the input shaft and the output shaft includes a
cylindrical portion provided at an end portion of the one
of the input shaft and the output shaft that is coupled to
the other of the input shaft and the output shaft. The cy-
lindrical portion includes a female stopper provided on
an inner peripheral surface of the cylindrical portion, the
female stopper includes a plurality of female teeth and a
plurality of female grooves, and the plurality of female
teeth and the plurality of female grooves extend in an
axial direction and are alternately arranged in a circum-
ferential direction. The other of the input shaft and the
output shaft includes a male stopper provided on an outer
peripheral surface of an end portion of the other of the
input shaft and the output shaft that is coupled to the one
of the input shaft and the output shaft, and a torque de-
tection concave-convex section provided on an outer pe-
ripheral surface of another portion the other of the input
shaft and the output shaft that is adjacent to the male
stopper with respect to the axial direction. The male stop-
per includes a plurality of male teeth and a plurality of
male grooves, the plurality of male teeth and the plurality
of male grooves extend in the axial direction and are al-
ternately arranged in the circumferential direction, and
the male stopper is engaged with the female stopper in
a concave-convex engaging manner so as to be relatively
rotatable in a given angle range. The torque detection
concave-convex section includes a plurality of detection
grooves, and the plurality of detection grooves extend in
the axial direction and are arranged at equal intervals in
the circumferential direction. The torque detection sleeve
is arranged on a radially outer side of the torque detection
concave-convex section and has a base end portion fitted
and fixed on the cylindrical portion. A diameter of a groove
bottom circle of the male stopper is smaller than a diam-
eter of a groove bottom circle of the torque detection con-
cave-convex section.
[0016] The number of the male grooves and the
number of the detection grooves may be the same, and
the male grooves and the detection grooves may be pro-
vided contiguously in the axial direction. The other of the
input shaft and the output shaft may further include a step
surface provided between a groove bottom of the male
grooves and a groove bottom of the detection grooves.
The step surface faces toward a side of the end portion
of the other of the input shaft and the output shaft.
[0017] The other of the input shaft and the output shaft
may further include an opposing surface provided on an
outer peripheral surface of a portion of the other of the

input shaft and the output shaft that is adjacent to the
torque detection concave-convex section with respect to
the axial direction. The opposing surface faces toward
the side of the end portion of the other of the input shaft
and the output shaft, and the opposing surface and a
distal edge of the torque detection sleeve are opposed
to each other in the axial direction. A portion of the step
surface and portions of axial end faces of the female teeth
may be opposed to each other in the axial direction, and
a minimum axial distance between the portion of the step
surface and the portions of the axial end faces of the
female teeth may be smaller than a minimum axial dis-
tance between the opposing surface and the distal edge
of the torque detection sleeve. In this way, the step sur-
face and the axial end faces of the female teeth are al-
lowed to contact each other during assembly.

Effects of Invention

[0018] According to the electric power steering appa-
ratus described above, the diameter of the groove bottom
circle of the male stopper is smaller than the diameter of
the groove bottom circle of the torque detection concave-
convex section. Therefore, for reducing the diameters of
respective components for torque detection and portions
around them, the diameter of the groove bottom circle of
the male stopper can be reduced independently of the
diameter of the groove bottom circle of the torque detec-
tion concave-convex section. Accordingly, the diameter
of the groove bottom circle of the male stopper can be
reduced while retaining the diameter of the groove bot-
tom circle of the torque detection concave-convex sec-
tion at a dimension sufficient for avoiding the plastic tor-
sional deformation of the torque detection concave-con-
vex section in the torque transmission performed based
on the engagement between the teeth of the male stopper
and the female stopper. As a result, the diameters of the
respective components for the torque detection and por-
tions around them can be easily reduced while securing
the mechanical strength of a portion of the second one
of the rotation shafts where the torque detection concave-
convex section is provided.
[0019] With the step surface and the axial end faces
of the female teeth being able to contact each other dur-
ing the assembly, the distal edge of the torque detection
sleeve can be prevented from hitting the opposing sur-
face when the input shaft and the output shaft are rela-
tively displaced in a direction in which the distal edge of
the torque detection sleeve approaches the opposing
surface along the axial direction. Specifically, the axial
end faces of the female teeth contact the opposing sur-
face before the distal edge of the torque detection sleeve
hits the opposing surface. Therefore, the relative dis-
placement between the input shaft and the output shaft
in the approaching direction is stopped, and hence, the
distal edge of the torque detection sleeve is prevented
from hitting the opposing surface. Accordingly, the as-
sembling work is improved.
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Brief Description of Drawings

[0020]

Fig. 1 is a partially-sectional side view illustrating a
first embodiment of the present invention.
Fig. 2 is an enlarged view of a left end portion of Fig. 1.
Fig. 3 is a partially-omitted enlarged view of a portion
A of Fig. 2.
Fig. 4 is an exploded perspective view of a torque
detection section.
Fig. 5 is a perspective view of a rear portion of an
output shaft.
Fig. 6 is a partially-sectional side view of an example
of a conventionally known steering apparatus.
Fig. 7 is a cross-sectional view of an example of a
conventional structure of an electric power steering
apparatus.
Fig. 8 is an enlarged view of an upper left portion of
Fig. 11.
Fig. 9 is a perspective view of a front portion of a
lower shaft.

Embodiments of Invention

[0021] Figs. 1 to 5 illustrate a first embodiment of the
present invention. An electric power steering apparatus
of this embodiment includes a steering column 6b, a
steering shaft 5b, a housing 15a, an output shaft 16a, a
torsion bar 19a, a torque detection sleeve 29a, a torque
detection coil unit 31a, a substrate 35, an electric motor
(see Fig. 6), and a worm speed reducer 34a.
[0022] The steering column 6b is configured by com-
bining, to be expandable, a cylindrical inner column 11
a disposed in front and a cylindrical outer column 12a
disposed behind, and is supported on a vehicle body by
a support bracket 36. Both the inner and outer columns
11 a and 12a are made of steel or light alloy such as
aluminum alloy.
[0023] The steering shaft 5b is configured by spline-
fitting an upper shaft 14a in the shape of a hollow shaft
disposed behind in a lower shaft 13a disposed in front in
such a manner that a torque can be transmitted and that
relative displacement in the axial direction can be
caused, and is rotatably supported inside the steering
column 6b. The lower shaft 13a and the upper shaft 14a
are made of steel. On the rear end portion of the upper
shaft 14a protruded from a rear end opening of the outer
column 12a, a steering wheel 1 (see Fig. 6) is fixed.
[0024] The housing 15a is configured by joining a cover
37 disposed in front and a body 38 disposed behind, both
of which are made of light alloy such as aluminum alloy
or a synthetic resin, to each other with a plurality of bolts
39, and is joined and fixed to the front end portion of the
inner column 11a. The front end portion of the lower shaft
13a is inserted into the housing 15a.
[0025] The output shaft 16a is made of steel, that is, a
magnetic metal, in the shape of a hollow shaft, and is

rotatably supported by a pair of ball bearings 17a and
18a in front of the lower shaft 13a inside the housing 15a.
The front end portion of the output shaft 16a protruded
from a front end opening of the housing 15a is joined to
a universal joint 7 (see Fig. 6).
[0026] The torsion bar 19a is made of spring steel. The
torsion bar 19a links the lower shaft 13a (which is a ro-
tation axis and corresponds to an example of an input
shaft to which a steering force is applied by the steering
wheel) and the output shaft 16a (which is a rotation axis
and corresponds to an example of an output shaft to
which auxiliary power is applied by using the electric mo-
tor as a source) coaxially to each other. Almost all the
portion of the torsion bar 19a except its rear end portion
is disposed on the radially inner side of the output shaft
16a, the front end portion thereof is joined to the portion
of the output shaft 16a by a pin 40 a relatively unrotatable
manner, and the rear end portion thereof is spline-fitted,
in a relatively unrotatable manner, in a spline hole 41
provided in a radially center portion of the lower shaft 13a
near its front end.
[0027] The front end portion of the lower shaft 13a is
provided with a circular cylindrical portion 20a. On the
inner peripheral surface of the cylindrical portion 20a, a
female stopper 21a having a concave-convex profile (a
toothed gear shape) along the circumferential direction
having an inscribed circle with a diameter larger than the
spline hole 41 is provided. The female stopper 21a is
configured by arranging, on the inner peripheral surface
of the cylindrical portion 20a, a plurality of female teeth
22a and a plurality of female grooves 23a respectively
extending in the axial direction alternately at equal pitch-
es along the circumferential direction.
[0028] On the other hand, in a rear end portion on the
outer peripheral surface of the output shaft 16a, a male
stopper 24a having a concave-convex profile (a toothed
gear shape) along the circumferential direction having
an outer diameter dimension (the diameter of a circum-
scribed circle) smaller than in a portion near its rear end
(that is, a torque detection concave-convex section 27a
which will be described later, a portion adjacent on the
front side with respect to the axial direction) is provided.
The male stopper 24a is configured by arranging, in the
rear end portion on the outer peripheral surface of the
output shaft 16a, a plurality of male teeth 25a and a plu-
rality of male grooves 26a respectively extending in the
axial direction alternately at equal pitches along the cir-
cumferential direction. The number of male teeth 25a (the
male grooves 26a) and the number of female grooves
23a (the female teeth 22a) are the same.
[0029] The female stopper 21a and the male stopper
24a described above are engaged with each other in a
concave-convex engaging manner (like a loose spline-
engagement) so as to be relatively rotatable within a giv-
en angle range (e.g., 65 degrees from a neutral state
where the torsion bar 19a is not twisted). In other words,
the female teeth 22a (the male teeth 25a) are loosely
engaged with the male grooves 26a (the female grooves
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23a) with a gap in the circumferential direction therebe-
tween, so that the relative rotation of the lower shaft 13a
and the output shaft 16a is restricted within the given
angle range. Thus, the torsion bar 19a is prevented from
excessively twisting.
[0030] An outer peripheral surface of a portion of the
output shaft 16a near its rear end and adjacent to the
front side of the male stopper 24a with respect to the
axial direction is provided with the torque detection con-
cave-convex section 27a having a concave-convex pro-
file (a toothed gear shape) along the circumferential di-
rection and having a circumscribed circle with a larger
diameter than the male stopper 24a. This torque detec-
tion concave-convex section 27a is configured by pro-
viding, on the outer peripheral surface of the portion of
the output shaft 16a near its rear end, a plurality of de-
tection grooves 28a respectively extending in the axial
direction at equal intervals in the circumferential direc-
tion. In the present embodiment, the number of detection
grooves 28a and the number of the male grooves 26a
are the same. The detection grooves 28a and the male
grooves 26a are provided contiguously in the axial direc-
tion. In other words, the detection grooves 28a and the
male grooves 26a are arranged in the same phase along
the circumferential direction. Besides, in the present em-
bodiment, a diameter d of a groove bottom circle of the
male stopper 24a is smaller than a diameter D of a groove
bottom circle of the torque detection concave-convex
section 27a (d < D). Between the respective groove bot-
toms of the male grooves 26a and the respective groove
bottoms of the detection grooves 28a, step surfaces 42
facing toward the rear side of the output shaft 16a (the
rightward in Figs. 1 to 3) are respectively provided. A
radially outer side portion of each step surface 42 oppos-
es a radially inner side portion of the axial end face (the
front end face) of corresponding female tooth 22a, and
a minimum axial distance between the opposing portions
is T.
[0031] On the outer peripheral surface of the output
shaft 16a, an engagement cylindrical surface portion 43
having an outer diameter dimension larger than that of
the toque detecting concave-convex section 27a is pro-
vided on the front side of the torque detection concave-
convex section 27a along the axial direction. An inner
ring included in the ball bearing 18a is fitted outside and
supported on the engagement cylindrical surface portion
43. Between the torque detection concave-convex sec-
tion 27a and the engagement cylindrical surface portion
43, a large-diameter side step surface 44 (an example
of an opposing surface) having a partial conical tubular
shape is provided to face the rear end side (the right side
in Figs. 1 to 3) of the output shaft 16a.
[0032] The torque detection sleeve 29a is made of a
nonmagnetic metal having conductivity, such as alumi-
num alloy, into a cylindrical shape, and is coaxially dis-
posed on the radially outer side of the torque detection
concave-convex section 27a. The base end portion (the
rear end portion) of the torque detection sleeve 29a is

fitted outside and fixed on the cylindrical portion 20a. For
this purpose, in the example illustrated in the drawings,
a plurality of axial grooves 45 respectively extending in
the axial direction are provided at equal intervals in the
circumferential direction on the outer peripheral surface
of the cylindrical portion 20a. On an outer peripheral sur-
face of a portion of the cylindrical portion 20a overlapping,
in the radial direction, a region where the female and
male stoppers 21 a and 24a are engaged with each other,
a pair of circumferential grooves 46a, 46b respectively
extending in the circumferential direction are provided
over the whole circumference. When a plurality of pro-
jections 47 provided on the inner peripheral surface of
the portion of the torque detection sleeve 29a near its
base end are respectively caught by the axial grooves
45, the torque detection sleeve 29a is prevented from
rotating against the cylindrical portion 20a. The base end
edge and the portion of the torque detection sleeve 29a
near its base end are tightly pressed in the circumferential
grooves 46a, 46b, so that the torque detection sleeve
29a is positioned and prevented from displacing from the
cylindrical portion 20a in the axial direction.
[0033] In a portion corresponding to a distal end portion
(a front end portion) to an intermediate portion of the
torque detection sleeve 29a, that is, a portion of the
torque detection sleeve 29a disposed on the radially out-
er side of the torque detection concave-convex section
27a, a plurality of substantially rectangular window holes
30a are provided in double rows in the axial direction and
at equal intervals in the circumferential direction. The
phases in the circumferential direction of the two rows of
the window holes 30a are shifted by a half pitch from
each other. The portion of the torque detection sleeve
29a disposed on the radially outer side of the torque de-
tection concave-convex section 27a has an inner diam-
eter dimension larger, by approximately 0.5 mm, than
the diameter (the outer diameter dimension) of the cir-
cumscribed circle of the torque detection concave-con-
vex section 27a. The distal edge of the torque detection
sleeve 29a opposes the large-diameter side step surface
44 in the axial direction, and a minimum axial distance
between these opposing portions is S. In particular, in
the present embodiment, the minimum distance T in the
axial direction is smaller than this minimum distance S
in the axial direction (T < S).
[0034] The torque detection coil unit 31a is configured
to have a cylindrical shape, and is coaxially disposed on
the radially outer side of the torque detection concave-
convex section 27a and the torque detection sleeve 29a.
The torque detection coil unit 31a is fitted in and fixed on
the housing 15a, and includes a pair of coils 48. These
coils 48 are disposed to overlap, in the radial direction,
a portion of the torque detection sleeve 29a where the
double rows of the window holes 30a are provided.
[0035] The substrate 35 is disposed below the torque
detection coil unit 31a in the housing 15a. A motor control
circuit is formed on the substrate 35. The motor control
circuit is connected to ends of the coils 48.
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[0036] The worm speed reducer 34a is configured by
combining a worm wheel 32a and a worm not shown.
The worm wheel 32a is fitted outside and fixed on a sub-
stantially center of the output shaft 16a in the axial direc-
tion corresponding to a portion of the output shaft 16a
disposed between the ball bearings 17a and 18a. The
worm not shown is engaged with the worm wheel 32a
and rotatably supported in the housing 15a.
[0037] The electric motor 10 (see Fig. 6) is supported
and fixed in the housing 15a. The output shaft of the
electric motor 10 is joined to the base end portion of the
worm not shown so as to be capable of transmitting a
torque.
[0038] In a portion between the outer peripheral sur-
face of the base end portion of the torque detection sleeve
29a and the inner surface of the housing 15a, a seal ring
49 for preventing a lubricant used in the housing 15a from
flowing out to a space on the radially inner side of the
steering column 6b is provided. The seal ring 49 is fitted
outside and fixed on the base end portion of the torque
detection sleeve 29a, and its forked end edges are in
sliding contact, over the whole circumference, with a cy-
lindrical inner peripheral surface 50 and a step surface
51 facing forward (opposing the rear end portion of the
seal ring 49 in the axial direction) that are disposed ad-
jacent to each other at a portion of the inner surface of
the housing 15a near its rear end.
[0039] In the electric power steering apparatus config-
ured as described above, when a torque corresponding
to a steering force is applied to the steering shaft 5b by
a driver operating the steering wheel 1, the torsion bar
19a is elastically twisted (within a given angle range) in
accordance with the direction and the size of this torque.
This elastic twist changes the positional relationship in
the circumferential direction between the torque detec-
tion concave-convex section 27a and the torque detec-
tion sleeve 29a, and hence an impedance change is
caused in the coils 48 included in the torque detection
coil unit 31a. On the basis of this impedance change, the
direction and the size of the torque can be detected. The
motor control circuit built on the substrate 35 uses the
result of the torque detection thus obtained for controlling
electricity supply to the electric motor 10, so that the elec-
tric motor 10 can generate auxiliary power in accordance
with the direction and the size of the torque. The auxiliary
power is increased by the worm speed reducer 34a and
then applied to the output shaft 16a. As a result, the force
required for the driver to operate the steering wheel 1
can be reduced.
[0040] On the other hand, when the amount of twist of
the torsion bar 19a reaches an upper limit value on one
side or the other side of the given angle range because
of a large torque input from the steering wheel 1 to the
steering shaft 5b, the female stopper 21 a and the male
stopper 24a are engaged with each other in the circum-
ferential direction. Then, on the basis of this engagement,
a part of the toque is directly transmitted from the lower
shaft 13a to the output shaft 16a.

[0041] In the electric power steering apparatus of the
present embodiment configured as described above, if
the diameter of the circumscribed circle of the torque de-
tection concave-convex section 27a is to be reduced for
reducing the diameters of the respective components for
the torque detection and portions around them, it is nec-
essary to reduce the inner diameter dimension of the
torque detection sleeve 29a in accordance with the di-
ameter of the circumscribed circle of the torque detection
concave-convex section 27a. Besides, it is necessary to
reduce the outer diameter dimension of the cylindrical
portion 20a, on which the base end portion of the torque
detection sleeve 29a is fitted and fixed, in accordance
with the inner diameter dimension of the torque detection
sleeve 29a. In this case, if the outer diameter dimension
of the cylindrical portion 20a is to be reduced without
changing the thickness in the radial direction of a portion
of the cylindrical portion 20a disposed on the radially out-
er side of the groove bottom circle of the female stopper
21 a and the height in the radial direction of the respective
female teeth 22a for retaining the mechanical strength
of the cylindrical portion 20a, it is necessary to also re-
duce the diameter of the circumscribed circle and the
diameter d of the groove bottom circle of the male stopper
24a in accordance with the radial dimension of the cylin-
drical portion 20a for avoiding interference between the
tooth tops and the groove bottoms of the female stopper
21a and the male stopper 24a.
[0042] In this case, in the configuration employed by
the electric power steering apparatus of the present em-
bodiment, without making the diameter d of the groove
bottom circle of the male stopper 24a and the diameter
D of the groove bottom circle of the torque detection con-
cave-convex section 27a equal to each other (d = D), the
diameter d of the groove bottom circle of the male stopper
24a is made to be smaller than the diameter D of the
groove bottom circle of the torque detection concave-
convex section 27a (d < D). Therefore, for reducing the
diameters of the respective components for the torque
detection and portions around them, the diameter d of
the groove bottom circle of the male stopper 24a can be
reduced independently of the diameter D of the groove
bottom circle of the torque detection concave-convex
section 27a. Accordingly, the diameter d of the groove
bottom circle of the male stopper 24a can be reduced
while retaining the diameter D of the groove bottom circle
of the torque detection concave-convex section 27a at a
dimension sufficient for securing the mechanical strength
of the portion of the output shaft 16a near its rear end
where the torque detection concave-convex section 27a
is provided, namely, a dimension sufficient for avoiding
the plastic torsional deformation of the torque detection
concave-convex section 27a in the torque transmission
performed based on the engagement between the teeth
22a and 25a of the male stopper 24a and the female
stopper 21 a. As a result, the diameters of the respective
components for the torque detection and portions around
them can be easily reduced while securing the mechan-
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ical strength of the portion of the output shaft 16a near
its rear end where the torque detection concave-convex
section 27a is provided.
[0043] In this embodiment, in a state after completing
the assembly as illustrated in Figs. 1 to 3, the relative
displacement between the lower shaft 13a and the output
shaft 16a in .a mutually approaching direction along the
axial direction is restricted by the torsion bar 19a and the
pin 40. On the other hand, during the assembly when
such relative displacement is not restricted, the relative
displacement may be caused between the lower shaft
13a and the output shaft 16a in some cases so that they
may become closer to each other in the axial direction
as compared with the state illustrated in Figs. 1 to 3. In
the present embodiment, however, even if this relative
displacement in the approaching direction occurs, the
distal edge of the torque detection sleeve 29a is prevent-
ed from hitting the large-diameter side step surface 44.
Specifically, since the aforementioned dimensional rela-
tionship T < S is employed in this embodiment, when
there is a relative displacement in the approaching direc-
tion as described above, the axial end faces of the female
teeth 22a contact the step surfaces 42 before the distal
edge of the torque detection sleeve 29a hits the large-
diameter side step surface 44. Therefore, the relative dis-
placement between the lower shaft 13a and the output
shaft 16a in the approaching direction is stopped, and
hence, the distal edge of the torque detection sleeve 29a
is prevented from hitting the large-diameter side step sur-
face 44. Accordingly, the assembling workability is be
improved.
[0044] In producing the structure of this embodiment,
in order to suppress processing cost necessary for pro-
viding a difference in the diameter between the groove
bottom circle of the torque detection concave-convex
section 27a and the groove bottom circle of the male
stopper 24a, the torque detection concave-convex sec-
tion 27a and the male stopper 24a are preferably molded
simultaneously by plastic working such as forging
processing or roll-forming processing. As the processing
for providing the diameter difference, however, machin-
ing such as cutting may be employed.

Industrial Applicability

[0045] In each embodiment described above, the
present invention is applied to a structure in which the
output shaft to which auxiliary power is applied is coupled
to the lower shaft (the input shaft) of the steering shaft.
The present invention is, however, applicable to a struc-
ture in which an output shaft to which auxiliary power is
applied is coupled to an input shaft of a steering gear
unit. The present invention is applicable also to a struc-
ture in which an output shaft is provided with a cylindrical
portion having a female stopper and an input shaft is
provided with a male stopper as in the conventional struc-
ture described above.
[0046] This application is based on the Japanese Pat-

ent Application No. 2013-125271 filed on June 14, 2013,
the entire content of which is incorporated herein by ref-
erence.

Description of Reference Signs

[0047]

1 steering wheel
2 steering gear unit
3 input shaft
4 tie rod
5, 5a, 5b steering shaft
6, 6a, 6b steering column
7 universal joint
8 intermediate shaft
9 universal joint
10 electric motor
11, 11a inner column
12, 12a outer column
13, 13a lower shaft
14, 14a upper shaft
15, 15a housing
16, 16a output shaft
17, 17a ball bearing
18, 18a ball bearing
19, 19a torsion bar
20, 20a cylindrical portion
21, 21a female stopper
22, 22a female tooth
23, 23a female groove
24, 24a male stopper
25, 25a male tooth
26, 26a male groove
27, 27a torque detection concave-convex section
28, 28a detection groove
29, 29a torque detection sleeve
30, 30a window hole
31, 31a torque detection coil unit
32, 32a worm wheel
33 worm
34, 34a worm speed reducer
35 substrate
36 support bracket
37 cover
38 body
39 bolt
40 pin
41 spline hole
42 step surface
43 engagement cylindrical surface portion
44 large-diameter side step surface
45 axial groove
46a, 46b circumferential groove
47 projection
48 coil
49 seal ring
50 inner peripheral surface
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51 step surface

Claims

1. An electric power steering apparatus comprising:

an input shaft to which steering force from a
steering wheel is applied;
an output shaft to which auxiliary power gener-
ated by an electric motor is applied;
a torsion bar provided in a radially inner side of
the input shaft and the output shaft and coaxially
coupling the input shaft and the output shaft to
each other; and
a torque detection sleeve,
wherein one of the input shaft and the output
shaft comprises a cylindrical portion provided at
an end portion of the one of the input shaft and
the output shaft that is coupled to the other of
the input shaft and the output shaft,
wherein the cylindrical portion comprises a fe-
male stopper provided on an inner peripheral
surface of the cylindrical portion, the female
stopper comprising a plurality of female teeth
and a plurality of female grooves, and the plu-
rality of female teeth and the plurality of female
grooves extending in an axial direction and be-
ing alternately arranged in a circumferential di-
rection,
wherein the other of the input shaft and the out-
put shaft comprises a male stopper provided on
an outer peripheral surface of an end portion of
the other of the input shaft and the output shaft
that is coupled to the one of the input shaft and
the output shaft, and a torque detection con-
cave-convex section provided on an outer pe-
ripheral surface of another portion the other of
the input shaft and the output shaft that is adja-
cent to the male stopper with respect to the axial
direction,
wherein the male stopper comprises a plurality
of male teeth and a plurality of male grooves,
the plurality of male teeth and the plurality of
male grooves extending in the axial direction
and being alternately arranged in the circumfer-
ential direction, and the male stopper being en-
gaged with the female stopper in a concave-con-
vex engaging manner so as to be relatively ro-
tatable in a given angle range,
wherein the torque detection concave-convex
section comprises a plurality of detection
grooves, the plurality of detection grooves ex-
tending in the axial direction and being arranged
at equal intervals in the circumferential direction,
wherein the torque detection sleeve is arranged
on a radially outer side of the torque detection
concave-convex section, the torque detection

sleeve comprising a base end portion fitted and
fixed on the cylindrical portion, and
wherein a diameter of a groove bottom circle of
the male stopper is smaller than a diameter of
a groove bottom circle of the torque detection
concave-convex section.

2. The electric power steering apparatus according to
claim 1, wherein the number of the male grooves
and the number of the detection grooves are the
same,
wherein the male grooves and the detection grooves
are provided contiguously in the axial direction, and
wherein the other of the input shaft and the output
shaft further comprises a step surface provided be-
tween a groove bottom of the male grooves and a
groove bottom of the detection grooves, the step sur-
face facing toward a side of the end portion of the
other of the input shaft and the output shaft.

3. The electric power steering apparatus according to
claim 2, wherein the other of the input shaft and the
output shaft further comprises an opposing surface
provided on an outer peripheral surface of a portion
of the other of the input shaft and the output shaft
that is adjacent to the torque detection concave-con-
vex section with respect to the axial direction, the
opposing surface facing toward the side of the end
portion of the other of the input shaft and the output
shaft, and the opposing surface and a distal edge of
the torque detection sleeve being opposed to each
other in the axial direction,
wherein a portion of the step surface and portions of
axial end faces of the female teeth are opposed to
each other in the axial direction, and
wherein a minimum axial distance between the por-
tion of the step surface and the portions of the axial
end faces of the female teeth is smaller than a min-
imum axial distance between the opposing surface
and the distal edge of the torque detection sleeve,
so that the step surface is allowed to contact the axial
end faces of the female teeth during assembly.
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