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(54) ELECTRICALLY ASSISTED POWER STEERING DEVICE

(57) An electric power steering apparatus includes
an input shaft to which steering force from a steering
wheel is applied, an output shaft to which assisting force
generated by an electric motor is applied, and a torque
detection sleeve. One of the input shaft and the output
shaft includes a cylindrical portion having a female stop-
per portion and a circumferential groove. The other of
the input shaft and the output shaft has a male stopper
portion being in concave-convex engagement with the

female stopper portion and relatively rotatable in a given
angular range. An edge of a base end portion of the
torque detection sleeve is clinched to the circumferential
groove. The circumferential groove is provided on a por-
tion of an outer peripheral surface of the cylindrical por-
tion radially overlapping a stopper engagement region in
which the female stopper portion and the male stopper
portion are engaged with each other.
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Description

Technical Field

[0001] The present invention relates to an electric pow-
er steering apparatus being configured so that the force
required for the driver to operate the steering wheel can
be reduced by using an electric motor as assisting force
generation source.

Background Art

[0002] The steering apparatus for an automobile is
configured as shown in Fig. 10 so that the rotation of a
steering wheel 1 is transmitted to the input shaft 3 of a
steering gear unit 2 and a pair of left and right tie rods 4,
4 is pushed and pulled with the rotation of the input shaft
3, thereby giving a steering angle to the front wheels.
The steering wheel 1 is supported and fixed to the rear
end portion of a steering shaft 5, and in a state in which
the steering shaft 5 is inserted into the cylindrical steering
column 6 supported on the vehicle body in the axial di-
rection, the steering shaft 5 is rotatably supported on the
steering column 6. The front end portion of the steering
shaft 5 is connected to the rear end portion of an inter-
mediate shaft 8 via a universal joint 7, and the front end
portion of the intermediate shaft 8 is connected to the
input shaft 3 via another universal joint 9. The example
shown in the figure is an electric power steering appara-
tus being configured to reduce the force required to op-
erate the steering wheel 1 by using an electric motor 10
as assisting force generation source. The front-rear di-
rection stated in this description and all the claims thereof
refers to the front-rear direction of a vehicle, unless oth-
erwise specified.
[0003] Figs. 11 and 12 show the electric power steering
apparatus described in Patent Document 1 as an exam-
ple of a more specific structure of an electric power steer-
ing apparatus. A steering column 6a is formed of a com-
bination of an inner column 11 and an outer column 12
so that the entire length thereof can be shrunk at the time
of a secondary collision, and the steering column 6a is
supported on the vehicle body. The steering shaft 5a ro-
tatably supported inside the steering column 6a is formed
of a combination of a lower shaft 13 and an upper shaft
14 so that torque can be transmitted and so that the entire
length thereof can be shrunk at the time of the secondary
collision. The steering wheel 1 (see Fig. 10) is fixed to
the rear end portion of the upper shaft 14 protruding from
the rear end opening of the outer column 12. A housing
15 is securely connected to the front end portion of the
inner column 11, and the front half section of the lower
shaft 13 is inserted into the inside of the housing 15. An
output shaft 16 is rotatably supported by a pair of ball
bearings 17 and 18 on the front side of the lower shaft
13 serving as an input shaft. The output shaft 16 is con-
nected to the lower shaft 13 via a torsion bar 19. The
universal joint 7 (see Fig. 10) is connected to the front

end portion of the output shaft 16 protruding from the
front end opening of the housing 15.
[0004] A cylindrical portion 20 is provided at the rear
end portion of the output shaft 16. A circumferential
groove 21 is provided on the outer peripheral surface of
the cylindrical portion 20 around the entire circumference
in the circumferential direction. In contrast, on the inner
peripheral surface of the cylindrical portion 20, a female
stopper portion 22 having a concave-convex shape along
the circumferential direction is provided. On the other
hand, at the front end portion of the outer peripheral sur-
face of the lower shaft 13, a male stopper portion 23
having a concave-convex shape along the circumferen-
tial direction is provided, the outer diameter dimension
(the diameter of the circumscribed circle) thereof being
smaller than that of the portion near the front end thereof.
The male stopper portion 23 and the female stopper por-
tion 22 are in concave-convex engagement with each
other so as to be relatively rotatable in a given angular
range (for example, 65 degrees from a neutral state in
which the torsion bar 19 is not twisted). Hence, the torsion
bar 19 is prevented from being twisted excessively. In
the case of the structure shown in the figure, the circum-
ferential groove 21 provided on the outer peripheral sur-
face of the cylindrical portion 20 is disposed on the front
side of a stopper engagement region in the axial direction
in which the female stopper portion 22 and the male stop-
per portion 23 are engaged with each other.
[0005] The lower shaft 13 is made of steel, a magnetic
metal, and a torque detection concave-convex portion
24 having a concave-convex shape along the circumfer-
ential direction is provided at the portion near the front
end of the outer peripheral surface of the lower shaft 13.
A torque detection sleeve 25 made of a non-magnetic
metal having electrical conductivity, such as an aluminum
alloy, and having a cylindrical shape is disposed radially
outside the torque detection concave-convex portion 24.
The base end portion of the torque detection sleeve 25
is securely fitted on the cylindrical portion 20. In this state,
the edge portion of the base end portion of the torque
detection sleeve 25 is clinched to the circumferential
groove 21 to position the torque detection sleeve 25 and
to prevent the displacement thereof in the axial direction.
A plurality of window holes 26, 26 are provided at the
portions of the torque detection sleeve 25 positioned ra-
dially outside the torque detection concave-convex por-
tion 24. A torque detection coil unit 27 is securely fitted
in the housing 15 and is disposed radially outside the
torque detection concave-convex portion 24 and the
torque detection sleeve 25.
[0006] A worm wheel 28 is securely fitted on the portion
near the rear end of the output shaft 16. A worm 29 ro-
tatably supported inside the housing 15 is engaged with
the worm wheel 28. The electric motor 10 (see Fig. 10)
is supported by and fixed to the housing 15, and the out-
put shaft of the electric motor 10 is connected to the base
end portion of the worm 29 so that torque can be trans-
mitted.
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[0007] In the case of the electric power steering appa-
ratus configured as described above, when torque serv-
ing as a steering force is applied to the steering shaft 5a
by the operation of the steering wheel 1 by the driver, the
torsion bar 19 is elastically twisted (in the given angular
range) by the amount corresponding to the direction and
magnitude of this torque. Accordingly, the positional re-
lationship between the torque detection concave-convex
portion 24 and the torque detection sleeve 25 in the cir-
cumferential direction is changed, whereby the imped-
ances of the coils of the torque detection coil unit 27 are
changed. Hence, on the basis of the changes in imped-
ance, the direction and magnitude of the torque can be
detected. The electric motor generates assisting force
depending on the detection result of the torque. This as-
sisting force is increased by a worm reducer 30 in which
the worm 29 is engaged with the worm wheel 28 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.
[0008] On the other hand, when the twisted amount of
the torsion bar 19 reaches the upper limit value on one
side or on the other side of the given angular range due
to the input of large torque from the steering wheel 1 to
the steering shaft 5a, the female stopper portion 22 is
engaged with the male stopper portion 23 in the circum-
ferential direction. Hence, on the basis of this engage-
ment, part of the torque is directly transmitted from the
lower shaft 13 to the output shaft 16. At this time, the
cylindrical portion 20 is liable to be twisted as the torque
is transmitted.
[0009] The torsion rigidity of the cylindrical portion 20
at the axial position where the circumferential groove 21
is provided is made lower than that at the other axial
position. The reason for this is that the thickness of the
cylindrical portion 20 is made smaller by the depth
amount of the circumferential groove 21 at the axial po-
sition where the circumferential groove 21 is formed. On
the other hand, the portion of the cylindrical portion 20
radially overlapping the stopper engagement region in
which the female stopper portion 22 and the male stopper
portion 23 are engaged with each other is twisted inte-
grally with the front end portion of the lower shaft 13 on
which the male stopper portion 23 is formed, at the time
of the above-mentioned torque transmission. Hence, at
this time, the front end portion of the lower shaft 13 serves
as a reinforcement member, whereby the torsion rigidity
of the portion of the cylindrical portion 20 radially over-
lapping the stopper engagement region in which the fe-
male stopper portion 22 and the male stopper portion 23
are engaged with each other is improved. However, in
the case of the above-mentioned conventional structure,
the circumferential groove 21 is not radially overlapping
the stopper engagement region in which the female stop-
per portion 22 and the male stopper portion 23 are en-
gaged with each other. For this reason, the torsion rigidity
of the portion of the cylindrical portion 20 provided with
the circumferential groove 21 on the outer peripheral sur-

face thereof is not improved particularly at the time of the
above-mentioned torque transmission. Hence, in the
case of the above-mentioned conventional structure, the
thickness of the cylindrical portion 20 is required to be
made large to some extent to secure torsion rigidity at
the portion of the cylindrical portion 20 provided with the
circumferential groove 21 on the outer peripheral surface
thereof. As a result, when the respective components for
torque detection and the peripheral portions thereof are
made smaller in diameter and lighter in weight, it is diffi-
cult to make the cylindrical portion 20 smaller in thick-
ness.

Prior Art Document

Patent Document

[0010] Patent Document 1: WO 2003/104065A1

Summary of Invention

Problem to be Solved by Invention

[0011] It is an object of the present invention to provide
a structure that makes it easier to reduce a thickness of
a cylindrical portion on which a base end portion of a
torque detection sleeve is securely fitted.

Means for Solving the Problem

[0012] According to an aspect of the present invention,
an electric power steering apparatus includes an input
shaft to which the steering force from a steering wheel
is applied, an output shaft to which the assisting force
generated by an electric motor is applied, a torsion bar
provided radially inside the input shaft and the output
shaft in a state in which the input shaft and the output
shaft are coaxially connected to each other, and a torque
detection sleeve. One of the input shaft and the output
shaft has a cylindrical portion, the cylindrical portion be-
ing provided at an end section of the one of the input
shaft and the output shaft that is connected to the other
of the input shaft and the output shaft. The cylindrical
portion includes a female stopper portion having a con-
cave-convex shape along the circumferential direction
and provided on an inner peripheral surface of the cylin-
drical portion, and a circumferential groove provided
along the circumferential direction on an outer peripheral
surface of the cylindrical portion. The other of the input
shaft and the output shaft includes a male stopper portion
having a concave-convex shape along the circumferen-
tial direction and provided on an outer peripheral surface
of an end section of the other of the input shaft and the
output shaft that is connected to the one of the input shaft
and the output shaft, the male stopper portion being in
concave-convex engagement with the female stopper
portion so as to be relatively rotatable in a given angular
range, and a torque detection concave-convex portion
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having a concave-convex shape along the circumferen-
tial direction and provided on a portion of an outer pe-
ripheral surface of the other of the input shaft and the
output shaft that is adjacent to the male stopper portion
in the axial direction. The torque detection sleeve is dis-
posed radially outside the torque detection concave-con-
vex portion. A base end portion of the torque detection
sleeve is securely fitted on the cylindrical portion in a
state in which an edge portion of the base end portion is
clinched to the circumferential groove. The circumferen-
tial groove is provided on a portion of the outer peripheral
surface of the cylindrical portion radially overlapping the
stopper engagement region in which the female stopper
portion and the male stopper portion are engaged with
each other.
[0013] A radial engagement amount between the fe-
male stopper portion and the male stopper portion (a ra-
dial engagement height or meshing amount when the
female stopper portion and the male stopper portion are
engaged with each other along the circumferential direc-
tion) may decrease from a distal end toward a base end
of the cylindrical portion. For example, in the stopper en-
gagement region, the diameter of the inscribed circle of
the female stopper portion may be constant along the
axial direction, and the diameter of the circumscribed cir-
cle of the male stopper portion may decrease along the
axial direction from the distal end toward the base end
of the cylindrical portion (from the base end toward the
distal end of the male stopper portion).
[0014] An auxiliary circumferential groove may be pro-
vided along the circumferential direction on the portion
on the outer peripheral surface of the cylindrical portion
radially overlapping the stopper engagement region and
at a location between the circumferential groove and the
distal end of the cylindrical portion, and a portion of the
base end portion of the torque detection sleeve may be
clinched to the auxiliary circumferential groove. A plural-
ity of auxiliary circumferential grooves may be provided
in the axial direction.
[0015] The electric power steering apparatus may in-
clude a steering column, a steering shaft and a housing.
The steering column has an inner column and an outer
column, and a front portion of the outer column is fitted
onto a rear portion of the inner column so as to allow a
relative displacement in the axial direction. The steering
shaft has the input shaft and an upper shaft, and a front
portion of the upper shaft is fitted to a rear portion of the
input shaft (lower shaft) so as to allow a torque transmis-
sion and a relative displacement in the axial direction.
The steering shaft is rotatably supported inside the steer-
ing column, and the steering wheel is fixed to the rear
end portion of the upper shaft protruding from the rear
end opening of the steering column. The housing rotat-
ably supports the output shaft inside the housing in a
state in which the housing is securely connected to the
front end portion of the inner column. The end section of
the input shaft and the end section and the intermediate
section of the output shaft are disposed inside the hous-

ing. The one of the input shaft and the output shaft is the
input shaft, and the other of the input shaft and the output
shaft is the output shaft.
[0016] With this configuration, for example, a seal ring
(a seal ring for preventing the lubricant inside the housing
from leaking into the space radially inside the steering
column) may be securely fitted on the rear end portion
serving as the base end portion of the torque detection
sleeve, and the distal end of the seal ring may be made
in slide contact with the step surface on the inner face of
the housing opposed to the rear end portion of the seal
ring in the axial direction.

Advantage of the Invention

[0017] With the electric power steering apparatus ac-
cording to the present invention configured as described
above, the portion of the cylindrical portion provided with
the circumferential groove on the outer peripheral surface
thereof radially overlaps the stopper engagement region
in which the female stopper portion and the male stopper
portion are engaged with each other. Hence, when part
of torque is directly transmitted between the input shaft
and the output shaft via the stopper engagement region
in which the female stopper portion and the male stopper
portion are engaged with each other, one end section of
the other rotation shaft (the input shaft or the output shaft)
provided with the male stopper portion serves as a rein-
forcement member, whereby the torsion rigidity of the
portion of the cylindrical portion provided with the circum-
ferential groove on the outer peripheral surface thereof
can be improved. Therefore, when the respective com-
ponents for torque detection and the peripheral portions
thereof are made smaller in diameter and lighter in
weight, the cylindrical portion can easily be made smaller
in thickness by the amount of the improvement.
[0018] With the radial engagement amount between
the female stopper portion and the male stopper portion
being decreased from the distal end toward the base end
side of the cylindrical portion, when part of the torque is
directly transmitted between the input shaft and the out-
put shaft via the stopper engagement region, the stress
distribution at the portion of the cylindrical portion provid-
ed with the circumferential groove on the outer peripheral
surface thereof is suppressed lower than the stress dis-
tribution at the portion further near the distal end. There-
fore, when the respective components for torque detec-
tion and the peripheral portions thereof are made smaller
in diameter and lighter in weight, the cylindrical portion
can easily be made smaller in thickness by the amount
of the suppression.
[0019] When the auxiliary circumferential groove is
provided, the strength of the connection of the base end
portion of the torque detection sleeve to the cylindrical
portion is enhanced.
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Brief Description of the Drawings

[0020]

Fig. 1 is a partially cut-away side view of an electric
power steering apparatus according to a first em-
bodiment of the present invention.
Fig. 2 is an enlarged view of the left end section of
the electric power steering apparatus shown in Fig.
1.
Fig. 3 is an enlarged view of the section A in Fig. 2,
partially omitted.
Fig. 4 is a view of a torque detection sleeve and its
peripheral portion observed from a radially outside.
Fig. 5 is an exploded perspective view of a torque
detection section.
Fig. 6 is an enlarged sectional view of a front end
portion of a lower shaft (an example of an input shaft).
Fig. 7 is a diagram showing a relationship between
an axial position of a circumferential groove (hori-
zontal axis) and a torsion angle from the base end
to the distal end of a cylindrical portion (vertical axis).
Fig. 8 is an enlarged view of a structure according
to a second embodiment of the present invention.
Fig. 9 is an enlarged view of a structure according
to a third embodiment of the present invention.
Fig. 10 is a partially cut-away side view of a power
steering apparatus according to a conventional ex-
ample.
Fig. 11 is a sectional view of an electric power steer-
ing apparatus according to a conventional example.
Fig. 12 is an enlarged view of the left upper half sec-
tion of Fig. 11.

Embodiments of Invention

[0021] A first embodiment according to the present in-
vention will be described with reference to Figs. 1 to 7.
An electric power steering apparatus according to this
embodiment iincludes a steering column 6b, a steering
shaft 5b, a housing 15a, an output shaft 16a, a torsion
bar 19a, a torque detection sleeve 25a, a torque detection
coil unit 27a, a board 44, an electric motor 10 (see Fig.
10), and a worm reducer 30a.
[0022] The steering column 6b includes a cylindrical
inner column 11a disposed on the front side and an outer
column 12a disposed on the rear side. The inner column
11a and the outer column 12a are combined so as to be
extendable and are supported on the vehicle body by a
support bracket 31. The inner and outer columns 11a,
12a are made of steel or a light metal, such as an alumi-
num alloy.
[0023] The steering shaft 5b, in which an upper shaft
14a having a hollow shaft shape and disposed on the
rear side is spline-fitted into a lower shaft 13a disposed
on the front side so that torque can be transmitted and
so that the relative displacement therebetween can be
made in the axial direction, is rotatably supported inside

the steering column 6b. The lower and upper shafts 13a
and 14a are made of steel. A steering wheel 1 (see Fig.
10) is fixed to the rear end portion of the upper shaft 14a
protruding from the rear end opening in the outer column
12a.
[0024] The housing 15a, in which a cover 32 on the
front side and a main body 33 on the rear side, each
made of a light alloy, such as an aluminum alloy, or a
synthetic resin, are connected to each other using a plu-
rality of bolts 34, is securely connected to the front end
portion of the inner column 11a. The front end portion of
the lower shaft 13a is inserted into the inside of the hous-
ing 15a.
[0025] The output shaft 16a is made of steel, a mag-
netic metal, and formed into a hollow shaft shape, and
is rotatably supported by a pair of ball bearings 17a and
18a on the front side of the lower shaft 13a inside the
housing 15a. A universal joint 7 (see Fig. 10) is connected
to the front end portion of the output shaft 16a protruding
from the front end opening of the housing 15a.
[0026] The torsion bar 19a is made of spring steel. The
torsion bar 19a coaxially connects the lower shaft 13a (a
rotation shaft and an example of an input shaft to which
the steering force from the steering wheel is applied) and
the output shaft 16a (a rotation shaft and an example of
an output shaft to which the assisting force generated by
the electric motor is applied) to each other. In the torsion
bar 19a configured as described above, the most portion
thereof, excluding the rear end portion thereof, is dis-
posed radially inside the output shaft 16a, and the front
end portion thereof is connected to the front end portion
of the output shaft 16a using a pin 35 so as not to be
relatively rotatable, and the rear end portion thereof is
spline-fitted into the spline hole 36 provided at the center
section in the radial direction at the portion near the front
end of the lower shaft 13a so as not to be relatively ro-
tatable.
[0027] A cylindrical portion 20a having a cylindrical
shape is provided at the front end portion of the lower
shaft 13a. On the inner peripheral surface of the cylindri-
cal portion 20a, a female stopper portion 22a having a
concave-convex shape (a gear-like shape) in the circum-
ferential direction is provided, wherein the dimension of
the inner diameter thereof (the diameter of the inscribed
circle thereof) is larger than the diameter of the spline
hole 36. In the female stopper portion 22a, axially ex-
tending teeth 37, 37 are provided at equal intervals in the
circumferential direction on the inner peripheral surface
of the cylindrical portion 20a.
[0028] On the other hand, at the rear end portion of the
outer peripheral surface of the output shaft 16a, a male
stopper portion 23a having a concave-convex shape (a
gear-like shape) in the circumferential direction is provid-
ed, wherein the dimension of the outer diameter thereof
(the diameter of the circumscribed circle thereof) is small-
er than the diameter of the portion near the rear end. In
the male stopper portion 23a, a plurality of axially extend-
ing grooves 38, 38 (the same number as the teeth 37,
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37) are provided at equal intervals in the circumferential
direction at the rear end portion of the outer peripheral
surface of the output shaft 16a.
[0029] The female stopper portion 22a and the male
stopper portion 23a configured as described above are
in concave-convex engagement with each other so as to
be relatively rotatable in a given angular range (for ex-
ample, 65 degrees from a neutral state in which the tor-
sion bar 19a is not twisted). In other words, the teeth 37,
37 of the female stopper portion 22a are loosely engaged
with the grooves 38, 38 of the male stopper portion 23a
in a state in which a clearance is provided therebetween
in the circumferential direction, whereby the relative ro-
tation between the lower shaft 13a and the output shaft
16a is restricted in the given angular range. Hence, the
torsion bar 19a is prevented from being twisted exces-
sively.
[0030] A torque detection concave-convex portion 24a
having a concave-convex shape along the circumferen-
tial direction is provided at the portion near the rear end
of the outer peripheral surface of the output shaft 16a,
the portion being adjacent to the male stopper portion
23a in the axial direction. As understood from the above
description, the torque detection concave-convex portion
24a has an outside diameter dimension (the diameter of
the circumscribed circle thereof) larger than that of the
male stopper portion 23a. In the torque detection con-
cave-convex portion 24a configured as described above,
a plurality of grooves 39, 39 being long in the axial direc-
tion are provided at equal intervals in the circumferential
direction at the portion near the rear end of the outer
peripheral surface of the output shaft 16a. In the case of
the structure shown in the figure, the quantity and the
circumferential phase of the respective grooves 39, 39
coincide with those of the respective grooves 38, 38 of
the male stopper portion 23a. In other words, the respec-
tive grooves 39, 39 and the respective grooves 38, 38
are provided continuously in a row in the axial direction.
[0031] The torque detection sleeve 25a, made of a
non-magnetic metal having electrical conductivity, such
as an aluminum alloy, is formed into a cylindrical shape
and is disposed coaxially with and radially outside the
torque detection concave-convex portion 24a. The base
end portion (rear end portion) of the torque detection
sleeve 25a is securely fitted on a cylindrical portion 20a.
For this purpose, a plurality of axial grooves 40, 40 being
long in the axial direction are provided at equal intervals
in the circumferential direction on the outer peripheral
surface of the cylindrical portion 20a. In addition, a cir-
cumferential groove 21a is provided in the circumferential
direction around the entire circumference (excluding the
portions where the respective axial grooves 40, 40 are
provided) at the portion near the rear end of the outer
peripheral surface of the cylindrical portion 20a. In par-
ticular, in the case of the structure shown in the figure,
the circumferential groove 21a is disposed at the position
radially overlapping the portion near the rear end of the
stopper engagement region in which the female stopper

portion 22a and the male stopper portion 23a are en-
gaged with each other. On the other hand, a plurality (as
many as the axial grooves 40, 40) of hemispherical pro-
trusions 41, 41 are provided at equal intervals in the cir-
cumferential direction on the inner peripheral surface of
the base end portion of the torque detection sleeve 25a.
[0032] In the case that the base end portion of the
torque detection sleeve 25a is securely fitted on the cy-
lindrical portion 20a, the protrusions 41, 41 are engaged
with the axial grooves 40, 40 as the base end portion of
the torque detection sleeve 25a is securely fitted on the
cylindrical portion 20a. At the same time, the edge portion
of the base end portion of the torque detection sleeve
25a is clinched to the circumferential groove 21a. In other
words, the edge portion of the base end portion is plas-
tically deformed to form a clinch portion 42, and at the
same time, the clinch portion 42 is engaged with the cir-
cumferential groove 21a. As a result, on the basis of the
engagement of the respective axial grooves 40, 40 and
the respective protrusions 41, 41, the torque detection
sleeve 25a is prevented from rotating with respect to the
cylindrical portion 20a. In addition, on the basis of the
engagement of the circumferential groove 21a with the
clinch portion 42, the torque detection sleeve 25a is po-
sitioned in the axial direction and is prevented from being
displaced with respect to the cylindrical portion 20a.
[0033] In the range from the distal end section (the front
end portion) to the intermediate section of the torque de-
tection sleeve 25a, serving as the portion disposed radi-
ally outside the torque detection concave-convex portion
24a, a plurality of window holes 26a, 26a having a nearly
rectangular shape are provided at equal intervals in the
circumferential direction in double rows in the axial direc-
tion. The circumferential phases of the window holes 26a,
26a in the double rows deviate from each other by a half
pitch.
[0034] The torque detection coil unit 27a is formed into
a cylindrical shape and disposed coaxially with and ra-
dially outside the torque detection concave-convex por-
tion 24a and the torque detection sleeve 25a. The torque
detection coil unit 27a is securely fitted in the housing
15a, and includes a pair of coils 43, 43. The coils 43, 43
are disposed so as to radially overlap the portion of the
torque detection sleeve 25a on which the window holes
26a, 26a in the double rows are provided.
[0035] The board 44 is disposed below the torque de-
tection coil unit 27a inside the housing 15a. A motor con-
trol circuit is configured on the board 44. The end sections
of the coils 43, 43 are connected to this motor control
circuit.
[0036] The worm reducer 30a is a combination of a
worm wheel 28a and a worm, not shown. The worm wheel
28a is securely fitted on the axial center section of the
output shaft 16a between the ball bearings 17a and 18a.
The worm, not shown, is rotatably supported inside the
housing 15a in a state of being engaged with the worm
wheel 28a.
[0037] The electric motor 10 (see Fig. 10) is supported
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by and fixed to the housing 15a. The output shaft of the
electric motor 10 is connected to the base end portion of
the worm, not shown, so that torque can be transmitted.
[0038] In the portion between the outer peripheral sur-
face of the base end portion of the torque detection sleeve
25a and the inner face of the housing 15a, a seal ring 45
for preventing the lubricant inside the housing 15a from
leaking into the space radially inside the steering column
6b is provided. While the seal ring 45 is provided such
that it is securely fitted on the base end portion of the
torque detection sleeve 25a, the forked distal end thereof
is made slide contact with a cylindrical inner peripheral
surface 46 and a step surface 47 directed forward (op-
posed to the rear end portion of the seal ring 45 in the
axial direction) around the whole circumference, the inner
peripheral surface 46 and the step surface 47 being pro-
vided in a state of being adjacent to each other.
[0039] In the case of the electric power steering appa-
ratus configured as described above, when torque serv-
ing as a steering force is applied to the steering shaft 5b
by the operation of the steering wheel 1 by the driver, the
torsion bar 19a is elastically twisted (in the given angular
range) by the amount corresponding to the direction and
magnitude of this torque. Accordingly, the positional re-
lationship between the torque detection concave-convex
portion 24a and the torque detection sleeve 25a in the
circumferential direction is changed, whereby the imped-
ances of the coils 43, 43 of the torque detection coil unit
27 are changed. Hence, on the basis of the changes in
impedance, the direction and magnitude of the torque
can be detected. The motor control circuit on the board
44 performs energizing control for the electric motor 10
by using the detection result of the torque and generates
assisting force corresponding to the direction and mag-
nitude of the torque. This assisting force is increased by
the worm reducer 30a and then applied to the output
shaft 16a. As a result, the force required for the driver to
operate the steering wheel 1 is reduced.
[0040] On the other hand, when the twisted amount of
the torsion bar 19a reaches the upper limit value on one
side or on the other side of the given angular range due
to the input of large torque from the steering wheel 1 to
the steering shaft 5b, the female stopper portion 22a is
engaged with the male stopper portion 23a in the circum-
ferential direction. Hence, on the basis of this engage-
ment, part of the torque is directly transmitted from the
lower shaft 13a to the output shaft 16a. At this time, the
cylindrical portion 20a is liable to be twisted as the torque
is transmitted.
[0041] In the case of the electric power steering appa-
ratus according to this embodiment configured as de-
scribed above, the portion of the cylindrical portion 20a
provided with the circumferential groove 21 a on the outer
peripheral surface thereof, being lower in torsion rigidity
than the other axial portions, radially overlaps the stopper
engagement region in which the female stopper portion
22a and the male stopper portion 23a are engaged with
each other. Hence, when part of the torque is directly

transmitted between the lower shaft 13a and the output
shaft 16a via the stopper engagement region in which
the female stopper portion 22a and the male stopper por-
tion 23a are engaged with each other, the rear end portion
of the output shaft provided with the male stopper portion
23a serves as a reinforcement member, whereby the tor-
sion rigidity of the portion of the cylindrical portion 20a
provided with the circumferential groove 21a on the outer
peripheral surface thereof can be improved.
[0042] The diagram of Fig. 7 indicates, in the case that
the axial position (represented in the horizontal axis) of
the circumferential groove 21 a provided on the outer
peripheral surface of the cylindrical portion 20a is
changed, how the torsion angle (represented in the ver-
tical axis) in the range of the base end to the distal end
of the cylindrical portion 20a is changed in the case that
the same torque is transmitted. In the diagram, the first
data (point) from the left is data related to the structure
of this embodiment. As indicated by this data, in the case
of this embodiment, the torsion rigidity of the portion of
the cylindrical portion 20a provided with the circumfer-
ential groove 21a on the outer peripheral surface thereof
can be improved by the rear end portion of the output
shaft provided with the male stopper portion 23a, where-
by the torsion angle from the base end to the distal end
of the cylindrical portion 20a can be suppressed suffi-
ciently. Hence, when the respective components for
torque detection and the peripheral portions thereof are
made smaller in diameter and lighter in weight, the cy-
lindrical portion 20a can easily be made smaller in thick-
ness by the amount of the improvement.
[0043] In the diagram of Fig. 7, the first data from the
right is data related to the structure in which the circum-
ferential groove 21a is provided at the edge portion of
the base end portion on the outer peripheral surface of
the cylindrical portion 20a. The reason why the torsion
angle becomes small in the case of this structure is that
the inner diameter dimension of the cylindrical portion
20a is made smaller as proceeding to the base end side
at the portion near the base end of the cylindrical portion
20a, and accordingly, the thickness of the cylindrical por-
tion 20a in the radial direction is made larger as proceed-
ing to the base end side. In the diagram of Fig. 7, the
reason why the torsion angle becomes relatively small
in the case of the structure (the structure provided with
the circumferential groove 21a at the portion near the
base end of the outer peripheral surface of the cylindrical
portion 20a) related to the second data from the right is
similar to the reason described above.
[0044] Hence, it is conceived to improve torsion rigidity
by adopting a structure in which the circumferential
groove 21a is provided at the edge portion of the base
end portion of the outer peripheral surface of the cylin-
drical portion 20a or the portion near the base end, in-
stead of adopting the structure according to this embod-
iment. However, in the case that this kind of structure is
adopted, the fitting length of the base end portion of the
torque detection sleeve 25 a with respect to the cylindrical
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portion 20a becomes larger, whereby the axial dimension
of the torque detection sleeve 25a becomes larger by the
amount of the increased length. As a result, the material
cost of the torque detection sleeve 25a increases.
[0045] On the other hand, in the case of this embodi-
ment, the circumferential groove 21a is provided at the
portion of the outer peripheral surface of the cylindrical
portion 20a that is radially overlapping the stopper en-
gagement region in which the female stopper portion 22a
and the male stopper portion 23a are engaged with each
other. Hence, the fitting length of the base end portion of
the torque detection sleeve 25a with respect to the cy-
lindrical portion 20a can be made smaller than that in the
case in which the circumferential groove 21 a is provided
at the portion (the rear side portion from the engagement
region in the axial direction) not overlapping the engage-
ment region. Therefore, the axial dimension of the torque
detection sleeve 25a can be made smaller by the amount
of the decreased length. As a result, the material cost of
the torque detection sleeve 25a can be reduced.
[0046] Furthermore, in the case of this embodiment,
the axial position of the step surface 47 with which the
seal ring 45 securely fitted on the base end portion of the
torque detection sleeve 25a is made slide contact can
be disposed further on the front side than the position in
the case that the circumferential groove 21 a is provided
at the portion not overlapping the engagement region.
Hence, by the amount, the column support surface 48 of
the housing 15a provided behind the step surface 47 can
be disposed further on the front side. The column support
surface 48 is a face with which the front end edge of the
outer column 12a having moved forward along the inner
column 11 a is collided at the time of a secondary collision
(via the front end portion of the inner column 11 a in the
case of the structure shown in the figure), and as the face
is positioned further on the front side, the forward move-
ment amount (the impact absorption stroke at the time
of the secondary collision) of the outer column 12a be-
comes longer, whereby the protection of the driver can
be enhanced. Hence, in the case of this embodiment,
the impact absorption stroke is made longer by the
amount of the length in which the column support surface
48 is disposed further on the front side as described
above, whereby the protection of the driver can be en-
hanced.
[0047] Furthermore, in the case that the structure ac-
cording to this embodiment is embodied, the outer diam-
eter dimension of the outer peripheral surface of the cy-
lindrical portion 20a from the base end to the portion near
the circumferential groove 21 a in the axial direction can
be made smaller than that in the case shown in the figure.
Since the degree of freedom of the shape of the rear end
portion of the housing 15a is increased by adopting this
kind of configuration, design for making the above-men-
tioned impact absorption stroke longer can be made eas-
ily.
[0048] Fig. 8 shows a second embodiment according
to the present invention. In the case of this embodiment,

the diameter of the inscribed circle of the female stopper
portion 22a is made constant along the axial direction,
and the diameter of the circumscribed circle of a male
stopper portion 23b is made to decrease from the distal
end toward the base end of the cylindrical portion 20a in
the axial direction (from the base end toward the distal
end of the male stopper portion 23b). With this configu-
ration, the radial engagement amount between the fe-
male stopper portion 22a and the male stopper portion
23b i (the radial engagement height or engagement
amount with the female and male stopper portions 22a
and 23b being engaged with each other along the cir-
cumferential direction) decreases from the distal end to-
ward the base end of the cylindrical portion 20a.
[0049] In the case of the electric power steering appa-
ratus according to this embodiment in which the above-
mentioned configuration is adopted, at the time when part
of the torque is directly transmitted between the lower
shaft 13a and the output shaft 16a via the stopper en-
gagement region in which the female stopper portion 22a
and the male stopper portion 23b are engaged with each
other, the stress distribution at the portion of the cylindri-
cal portion 20a provided with the circumferential groove
21a on the outer peripheral surface thereof can be sup-
pressed lower than the stress distribution at the portion
closer to the distal end. Hence, when the respective com-
ponents for torque detection and the peripheral portions
thereof are made smaller in diameter and lighter in
weight, the cylindrical portion 20a can easily be made
further smaller in thickness by the amount of the sup-
pression. Since the other configurations and actions are
similar to those in the case of the first embodiment de-
scribed above, overlapped illustrations and descriptions
are omitted.
[0050] Fig. 9 shows a third embodiment according to
the present invention. In the case of this embodiment, an
auxiliary circumferential groove 49 is provided around
the entire circumference in the circumferential direction
at the portion on the outer peripheral surface of the cy-
lindrical portion 20b radially overlapping the engagement
region of the female stopper portion 22a and the male
stopper portion 23a and at the position between the cir-
cumferential groove 21 a and the distal end of the cylin-
drical portion 20b. Furthermore, a part of the base end
portion of a torque detection sleeve 25b in the axial di-
rection is clinched to the auxiliary circumferential groove
49. In other words, this part in the axial direction is plas-
tically deformed radially inward to form a clinched portion
42a, and at the same time, the clinch portion 42a is en-
gaged with the auxiliary circumferential groove 49. With
this configuration, the connection strength of the base
end portion of the torque detection sleeve 25b to the cy-
lindrical portion 20b is enhanced. Since the other config-
urations and actions are similar to those in the case of
the first embodiment described above, overlapped illus-
trations and descriptions are omitted. The auxiliary cir-
cumferential groove 49 and the clinch portion 42a can
also be provided for the structure according to the second
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embodiment described above.

Industrial Applicability

[0051] In the above-mentioned respective embodi-
ments, the present invention is applied to the structure
wherein the output shaft to which the assisting force is
applied is connected to the lower shaft (input shaft) of
the steering shaft. However, the present invention can
also be applied to a structure wherein the output shaft to
which the assisting force is applied is connected to the
input shaft of the steering gear unit. The present invention
can also be applied to a structure wherein the output
shaft is provided with a female stopper portion and a cy-
lindrical portion having a circumferential groove and the
input shaft is provided with a male stopper portion and a
torque detection concave-convex portion, for example,
as in the above-mentioned conventional structure. With
the radial engagement amount of the female stopper por-
tion and the male stopper portion decreasing from the
distal end toward the base end of the cylindrical portion,
it is possible to adopt a configuration in which, in a region
where the female stopper portion and the male stopper
portion engage with each other, the diameter of the cir-
cumscribed circle of the male stopper portion is constant
along the axial direction, and the diameter of the inscribed
circle of the female stopper portion increases along the
axial direction from the distal end toward the base end
of the cylindrical portion. In the case that the present in-
vention is embodied and in the case that the axial grooves
are provided on the outer peripheral surface of the cylin-
drical portion as in the above-mentioned respective em-
bodiments, the depths of the circumferential groove and
the auxiliary circumferential groove may be made equal
to the depth of the axial grooves or may be made smaller
or larger than the depth of the axial grooves.
[0052] The present application is based on Japanese
Patent Application JP 2013-121876 filed on June 10,
2013, the content of which is incorporated herein by ref-
erence.

Description of Reference Signs

[0053]

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, 16b output shaft
17, 17a ball bearing
18, 18a ball bearing
19, 19a torsion bar
20, 20a, 20b cylindrical portion
21, 21a circumferential groove
22, 22a female stopper portion
23, 23a, 23b male stopper portion
24, 24a torque detection concave-convex portion
25, 25a, 25b torque detection sleeve
26, 26a window hole
27, 27a torque detection coil unit
28, 28a worm wheel
29 worm
30, 30a worm reducer
31 support bracket
32 cover
33 main body
34 bolt
35 pin
36 spline hole
37 tooth
38 groove
39 groove
40 axial groove
41 protrusion
42, 42a clinch portion
43 coil
44 board
45 seal ring
46 inner peripheral surface
47 step surface
48 column support surface
49 auxiliary circumferential groove

Claims

1. An electric power steering apparatus comprising:

an input shaft to which steering force is applied
from a steering wheel;
an output shaft to which assisting force gener-
ated by an electric motor is applied;
a torsion bar provided radially inside the input
shaft and the output shaft in a state in which the
input shaft and the output shaft are coaxially
connected to each other; and
a torque detection sleeve,
wherein one of the input shaft and the output
shaft comprises a cylindrical portion, the cylin-
drical portion being provided at an end section
of the one of the input shaft and the output shaft
that is connected to the other of the input shaft
and the output shaft,
wherein the cylindrical portion comprises a fe-
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male stopper portion having a concave-convex
shape along a circumferential direction and pro-
vided on an inner peripheral surface of the cy-
lindrical portion, a circumferential groove provid-
ed along the circumferential direction on an out-
er peripheral surface of the cylindrical portion,
wherein the other of the input shaft and the out-
put shaft comprises a male stopper portion hav-
ing a concave-convex shape along the circum-
ferential direction and provided on an outer pe-
ripheral surface of an end section of the other
of the input shaft and the output shaft that is
connected to the one of the input shaft and the
output shaft, the male stopper portion being in
concave-convex engagement with the female
stopper portion so as to be relatively rotatable
in a given angular range, and a torque detection
concave-convex portion having a concave-con-
vex shape along the circumferential direction
and provided on a portion of an outer peripheral
surface of the other of the input shaft and the
output shaft that is adjacent to the male stopper
portion in the axial direction,
wherein the torque detection sleeve is disposed
radially outside the torque detection concave-
convex portion,
wherein a base end portion of the torque detec-
tion sleeve is securely fitted on the cylindrical
portion in a state in which an edge portion of the
base end portion is clinched to the circumferen-
tial groove, and
wherein the circumferential groove is provided
on a portion of the outer peripheral surface of
the cylindrical portion radially overlapping a
stopper engagement region in which the female
stopper portion and the male stopper portion are
engaged with each other.

2. The electric power steering apparatus according to
claim 1, wherein a radial engagement amount be-
tween the female stopper portion and the male stop-
per portion decreases from a distal end toward a
base end of the cylindrical portion.

3. The electric power steering apparatus according to
claim 2, wherein, in the stopper engagement region,
a diameter of an inscribed circle of the female stopper
portion is constant along the axial direction, and a
diameter of a circumscribed circle of the male stop-
per portion decreases along the axial direction from
the distal end toward the base end of the cylindrical
portion.

4. The electric power steering apparatus according to
any one of claims 1 to 3, wherein an auxiliary cir-
cumferential groove is provided along the circumfer-
ential direction on the portion on the outer peripheral
surface of the cylindrical portion radially overlapping

the stopper engagement region and at a location be-
tween the circumferential groove and a distal end of
the cylindrical portion, and
wherein a portion of the base end portion of the
torque detection sleeve is clinched to the auxiliary
circumferential groove.

5. The electric power steering apparatus according to
any one of claims 1 to 4, comprising a steering col-
umn, a steering shaft and a housing,
wherein the steering column comprises an inner col-
umn and an outer column, a front portion of the outer
column being fitted onto a rear portion of the inner
column so as to allow a relative displacement in the
axial direction,
wherein the steering shaft comprising the input shaft
and an upper shaft, and a front portion of the upper
shaft being fitted to a rear portion of the input shaft
so as to allow a torque transmission and a relative
displacement in the axial direction,
wherein the steering shaft is rotatably supported in-
side the steering column, the steering wheel being
fixed to a rear end portion of the upper shaft that
protrudes from a rear end opening of the steering
column,
wherein the housing rotatably supports the output
shaft inside the housing in a state in which the hous-
ing is securely connected to a front end portion of
the inner column,
wherein the end section of the input shaft and the
end section and an intermediate section of the output
shaft are disposed inside the housing, and
wherein the one of the input shaft and the output
shaft is the input shaft, and the other of the input
shaft and the output shaft is the output shaft.
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