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(54) STEERING APPARATUS

(57) A steering apparatus includes a steered shaft
(22); a rack housing (20); a ball screw nut (42); a bearing
(66) disposed between an inner peripheral surface of the
rack housing (20) and an outer peripheral surface of the
ball screw nut (42), the bearing (66) supporting the ball
screw nut (42) such that the ball screw nut (42) is rotatable
with respect to the rack housing (20); and a tubular rack
boot (96) covering an axial end portion of the rack housing
(20). The rack housing (20) includes a partition wall (86)

protruding radially inward from a cylindrical inner periph-
eral surface of the rack housing (20) and separating a
ball screw chamber housing the ball screw nut (42) and
an inner chamber of the rack boot (96). The partition wall
(86) has a through-hole (88) through which the steered
shaft (22) extends, and a drain passage (100; 200) pro-
vided vertically below the through-hole (88) and providing
communication between the ball screw chamber and the
inner chamber of the rack boot (96).



EP 3 333 046 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a steering apparatus.

2. Description of Related Art

[0002] Conventionally, there is known a steering ap-
paratus that turns steered wheels of a vehicle (see, e.g.,
Japanese Patent Application Publication No.
2014-189060 (JP 2014-189060 A)). This steering appa-
ratus includes a steered shaft, a rack housing, a ball
screw nut, and a bearing. The steered shaft is a shaft
configured to turn the steered wheels and is a shaft mem-
ber extending in a vehicle width direction and movable
in an axial direction. The rack housing is formed in a
cylindrical shape and holds the steered shaft such that
the steered shaft is movable in the axial direction.
[0003] The ball screw nut is a cylindrical member dis-
posed coaxially with the steered shaft and has an outside
diameter greater than that of the steered shaft. The ball
screw nut is threadedly engaged with a screw groove,
which is formed on an outer peripheral surface of the
steered shaft, via a plurality of balls. The ball screw nut
is rotatably held by the rack housing. The ball screw nut
is connected to a driving source such as an electric motor
via a driving force transmission mechanism. The ball
screw nut is rotationally driven by the driving source so
as to rotate with respect to the rack housing, thereby
moving the steered shaft in the axial direction. The bear-
ing is a ball bearing disposed between an inner peripheral
surface of the rack housing and an outer peripheral sur-
face of the ball screw nut. The bearing is interposed be-
tween the rack housing and the ball screw nut and sup-
ports the ball screw nut such that the ball screw nut is
rotatable with respect to the rack housing.
[0004] In the steering apparatus described above,
when an output shaft of the driving source is rotated, its
rotation torque is transmitted to the ball screw nut via the
driving force transmission mechanism, and thus, the ball
screw nut is rotated. When the ball screw nut is rotated,
a force for moving the steered shaft in the axial direction
is applied to the steered shaft, and thus, the steered shaft
is moved in the axial direction. Therefore, it is possible
to assist steering operation of a vehicle driver, by using,
as an assist force, the axial force applied to the steered
shaft from the driving source via the driving force trans-
mission mechanism.
[0005] An axial end portion of the steered shaft is cov-
ered by a tubular rack boot formed in a bellows shape.
The rack boot protects steering components such as a
ball joint and a tie rod connected to the axial end portion
of the steered shaft such that foreign matter and so on
do not enter the steering components. Since the rack
boot is generally a component made of a resin having

elasticity, the rack boot may be damaged and broken due
to a flying stone or the like from the road surface.
[0006] The rack housing includes, at its axial end por-
tion, a stopper portion protruding radially inward from a
cylindrical inner peripheral surface of the rack housing.
The stopper portion separates a ball screw chamber
housing the ball screw nut and an inner chamber of the
rack boot. The stopper portion is provided with a through-
hole through which the steered shaft extends. Therefore,
when the rack boot is broken as described above, water
may enter the inner chamber of the rack boot from its
broken portion and then the water may enter the rack
housing (specifically, the ball screw chamber) via the
through-hole of the stopper portion. Since the through-
hole of the stopper portion is opened at substantially the
axis center of the stopper portion, the water having en-
tered the ball screw chamber can stay until the water
level in the ball screw chamber reaches the through-hole.
Water is frozen in a low temperature environment. As the
water level in the ball screw chamber becomes higher,
the freezing amount may be increased so that a resist-
ance force for impeding the rotation of the ball screw nut
may be increased. As a result, there is a possibility that
an assist force applied to the steered shaft from the driv-
ing source becomes insufficient.
[0007] In view of this, the steering apparatus described
in JP 2014-189060 A includes an opening hole provided
in a lower surface of the rack housing and providing com-
munication between the ball screw chamber and the out-
side, and a drain valve provided so as to close the open-
ing hole. The drain valve is opened by the pressure of
water when the amount of water staying in the ball screw
chamber of the rack housing has reached a predeter-
mined amount. Therefore, in this steering apparatus, the
water having entered the ball screw chamber can be
drained to the outside of the rack housing from the open-
ing hole via the drain valve.

SUMMARY OF THE INVENTION

[0008] However, in the structure in which the drainage
of water from the ball screw chamber is carried out
through the opening hole provided in the lower surface
of the rack housing via the drain valve, since the water
is allowed to stay in the ball screw chamber until the water
amount in the ball screw chamber reaches the predeter-
mined amount, when the water is frozen in the low tem-
perature environment, the freezing of the water is likely
to impede the rotation of the ball screw nut. If the drain
valve is set such that the water pressure in the ball screw
chamber for starting the drainage is low, there is a high
possibility that water enters the ball screw chamber from
the outside via the drain valve. Further, if the water in the
ball screw chamber is frozen, there is a high possibility
that opening of the drain valve disposed on the lower
surface of the rack housing is impeded due to the freezing
of the water, and therefore, the drainability of water from
the ball screw chamber may deteriorate.
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[0009] The invention provides a steering apparatus in
which drainability of water from a ball screw chamber of
a rack housing is ensured.
[0010] A steering apparatus according to an aspect of
the invention includes a steered shaft having an outer
peripheral surface on which a screw groove is provided;
a rack housing having a cylindrical shape and holding
the steered shaft such that the steered shaft is movable
in an axial direction of the steered shaft; a ball screw nut
threadedly engaged with the screw groove via a plurality
of balls and configured to be rotationally driven by a driv-
ing source so as to move the steered shaft in the axial
direction; a bearing disposed between an inner periph-
eral surface of the rack housing and an outer peripheral
surface of the ball screw nut, the bearing supporting the
ball screw nut such that the ball screw nut is rotatable
with respect to the rack housing; and a rack boot having
a tubular shape and covering an axial end portion of the
rack housing. The rack housing includes a partition wall
protruding radially inward from a cylindrical inner periph-
eral surface of the rack housing and separating a ball
screw chamber housing the ball screw nut and an inner
chamber of the rack boot. The partition wall has a
through-hole through which the steered shaft extends,
and a drain passage provided vertically below the
through-hole, the drain passage providing communica-
tion between the ball screw chamber and the inner cham-
ber of the rack boot.
[0011] With this configuration, since the drain passage
is provided vertically below the through-hole in the stop-
per portion of the rack housing, water having entered the
ball screw chamber can be drained to the outside of the
ball screw chamber via the drain passage before the wa-
ter level in the ball screw chamber reaches the through-
hole. Therefore, it is possible to reduce the maximum
amount of water staying in the ball screw chamber and
thus to lower the water level in the ball screw chamber.
Consequently, the drainability of water from the ball
screw chamber of the rack housing can be appropriately
ensured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a configuration diagram of a steering ap-
paratus according to a first embodiment of the inven-
tion;
FIG. 2 is a sectional view of a main part of the steering
apparatus of the first embodiment;
FIG. 3 is an enlarged sectional view of a main part
of the steering apparatus of the first embodiment;
FIG. 4 is a IV-IV sectional view of the steering appa-
ratus shown in FIG. 3;

FIG. 5 is an enlarged sectional view of a main part
of a steering apparatus according to a second em-
bodiment of the invention; and
FIG. 6 is a VI-VI sectional view of the steering appa-
ratus shown in FIG. 5.

DETAILED DESCRIPTION OF EMBODIMENTS

[0013] The configuration of a steering apparatus 10
according to a first embodiment will be described with
reference to FIGS. 1 to 4. The steering apparatus 10 is
an apparatus that moves a steered shaft in an axial di-
rection A of the steered shaft to turn steered wheels re-
spectively connected to both ends of the steered shaft.
[0014] As shown in FIG. 1, the steering apparatus 10
includes a steering mechanism 12. The steering mech-
anism 12 includes a steering wheel 14 and a steering
shaft 16. The steering wheel 14 is disposed in a vehicle
cabin so as to be operable by a vehicle driver and is
rotatably supported. The steering wheel 14 is rotated by
rotating operation performed by the vehicle driver. One
end portion of the steering shaft 16 is connected to the
steering wheel 14. The steering shaft 16 is rotatably held
by a rack housing 20 fixed to a vehicle body. The steering
shaft 16 rotates in accordance with the rotation of the
steering wheel 14. A pinion 18 constituting a part of a
rack and pinion mechanism is provided at the other end
portion of the steering shaft 16.
[0015] As shown in FIGS. 1 and 2, the steering appa-
ratus 10 includes a steered shaft (rack shaft) 22. The
steered shaft 22 is a shaft member extending in a vehicle
width direction. The steered shaft 22 is provided with a
rack 24. The rack 24 is provided at a position offset to
either one end of the steered shaft 22. The rack 24 con-
stitutes the rack and pinion mechanism together with the
pinion 18. The pinion 18 of the steering shaft 16 and the
rack 24 of the steered shaft 22 are meshed with each
other.
[0016] The steering shaft 16 transmits torque, which
is applied to the steering wheel 14 by rotating operation
performed by the vehicle driver, to the steered shaft 22.
The steered shaft 22 moves in the vehicle width direction,
i.e., in the axial direction A, along with the rotation of the
steering shaft 16. The rotation of the steering shaft 16 is
converted into a linear movement of the steered shaft 22
in the axial direction A by the rack and pinion mechanism.
[0017] Tie rods 28 are pivotally connected to both axial
end portions of the steered shaft 22 via ball joints 26,
respectively. Steered wheels 32 are respectively con-
nected to the tie rods 28 via knuckle arms 30. The steered
wheels 32 are turned by the movement of the steered
shaft 22 in the axial direction A. The vehicle is steered
to the right side and to the left side by the turning of the
steered wheels 32.
[0018] The steering apparatus 10 includes a ball screw
mechanism 34, an electric motor 36, and a driving force
transmission mechanism 38. Using the electric motor 36
as a driving source, the steering apparatus 10 can assist
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steering torque when the vehicle driver rotationally op-
erates the steering wheel 14. That is, in the steering ap-
paratus 10, rotation torque, which is generated by the
electric motor 36, is transmitted to the ball screw mech-
anism 34 via the driving force transmission mechanism
38 and the rotation torque is converted into a force for
moving the steered shaft 22 linearly in the axial direction
A by the ball screw mechanism 34. Thus, the steering
apparatus 10 applies an assist force to the steered shaft
22 to assist the turning of the steered wheels 32. The
steering apparatus 10 is a so-called rack-parallel steering
apparatus.
[0019] The ball screw mechanism 34 includes a ball
screw portion 40 and a ball screw nut 42. The ball screw
portion 40 is an outer peripheral groove as a screw
groove that is formed on an outer peripheral surface of
the steered shaft 22 such that a plurality of helical turns
is formed. The ball screw portion 40 is provided at a po-
sition offset to the other end of the steered shaft 22 (spe-
cifically, a position that is different from the position of
the rack 24 and that is the other end portion on the side
opposite to the one end portion where the rack 24 is pro-
vided). As shown in FIG. 2, the ball screw nut 42 is a
cylindrical member formed in a cylindrical shape and ex-
tending in the axial direction A. The ball screw nut 42 is
disposed coaxially with the steered shaft 22. The ball
screw nut 42 has an outside diameter greater than that
of the steered shaft 22. The ball screw nut 42 has an
inner peripheral groove as a screw groove that is formed
on an inner peripheral surface of the ball screw nut 42
such that a plurality of helical turns is formed.
[0020] The outer peripheral groove of the ball screw
portion 40 and the inner peripheral groove of the ball
screw nut 42 are disposed to face each other in a radial
direction. A rolling path 46, along which a plurality of roll-
ing balls 44 rolls, is formed between the outer peripheral
groove of the ball screw portion 40 and the inner periph-
eral groove of the ball screw nut 42. The rolling balls 44
are rollably arranged in the rolling path 46. The outer
peripheral groove of the ball screw portion 40 and the
inner peripheral groove of the ball screw nut 42 are
threadedly engaged with each other via the rolling balls
44. The rolling balls 44 are endlessly circulated by a de-
flector (not shown) provided in the ball screw nut 42.
[0021] The steered shaft 22 is inserted through the rack
housing 20 so as to be movable in the axial direction A
and is held by the rack housing 20. The rack housing 20
covers the steered shaft 22 while holding the steered
shaft 22 to be movable in the axial direction A. The rack
housing 20 is a member formed in a substantially tubular
shape and extending in the axial direction A. The rack
housing 20 has a small-diameter portion 50 and a large-
diameter portion 52.
[0022] The small-diameter portion 50 has an inside di-
ameter slightly greater than the outside diameter of the
steered shaft 22. A steering shaft insertion portion 54
through which the steering shaft 16 is inserted is con-
nected to the small-diameter portion 50. The large-diam-

eter portion 52 has an inside diameter greater than that
of the small-diameter portion 50. The ball screw mecha-
nism 34 and the driving force transmission mechanism
38 are housed in the large-diameter portion 52. A ball
screw chamber 56 is formed in the large-diameter portion
52. In the ball screw chamber 56, mainly the ball screw
nut 42 and the rolling balls 44 are disposed. The ball
screw nut 42 is covered by the large-diameter portion 52
so as to be rotatable.
[0023] The rack housing 20 includes a first rack hous-
ing 20-1 and a second rack housing 20-2 that are attach-
able to and detachable from each other in the axial di-
rection A of the steered shaft 22. An attachable/detach-
able portion of the rack housing 20 is the large-diameter
portion 52. That is, in the rack housing 20, the first rack
housing 20-1 and the second rack housing 20-2 are at-
tachable to and detachable from each other in the axial
direction A in the large-diameter portion 52. This config-
uration makes it possible to house the ball screw nut 42
of the ball screw mechanism 34 and the driving force
transmission mechanism 38 in the large-diameter portion
52. The first rack housing 20-1 includes the steering shaft
insertion portion 54 and a part of the large-diameter por-
tion 52. The second rack housing 20-2 includes the re-
maining part of the large-diameter portion 52.
[0024] The first rack housing 20-1 and the second rack
housing 20-2 of the rack housing 20 are fitted to each
other. Specifically, this fitting is achieved by connecting
a large-diameter portion of the first rack housing 20-1
and a large-diameter portion of the second rack housing
20-2 to each other in a spigot-joint manner. This fitting is
carried out after the ball screw nut 42 of the ball screw
mechanism 34 and the driving force transmission mech-
anism 38 are housed in the large-diameter portion 52.
[0025] The steering apparatus 10 includes an ECU 58
that controls the output of the electric motor 36. The elec-
tric motor 36 and the ECU 58 are housed adjacent to
each other in a case that is fixed in the vicinity of the
large-diameter portion 52 of the rack housing 20. The
electric motor 36 is disposed such that its output shaft is
parallel to the axial direction A of the steered shaft 22.
The ECU 58 detects torque applied to the steering wheel
14, using a torque sensor or the like. Based on the de-
tected torque, the ECU 58 sets assist torque to be gen-
erated by the electric motor 36, thereby controlling the
output of the electric motor 36. The electric motor 36 gen-
erates the assist torque in accordance with a command
from the ECU 58 and transmits the assist torque to the
driving force transmission mechanism 38.
[0026] The driving force transmission mechanism 38
has a structure in which its input side is connected to the
output shaft of the electric motor 36 and its output side
is connected to the outer peripheral side of the ball screw
nut 42. Specifically, the driving force transmission mech-
anism 38 includes a drive pulley 60, a belt 62, and a
driven pulley 64. Each of the drive pulley 60 and the driven
pulley 64 is a toothed pulley having outer teeth. The belt
62 is a toothed belt having inner teeth and is an annular
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rubber member.
[0027] The drive pulley 60 has a through-hole through
which the output shaft of the electric motor 36 is inserted,
and the drive pulley 60 is fixedly attached to the output
shaft of the electric motor 36. The driven pulley 64 has
a through-hole through which the ball screw nut 42 of the
ball screw mechanism 34 is inserted, and the driven pul-
ley 64 is fixedly attached to one end of the ball screw nut
42 in the axial direction A. The belt 62 is wound around
the drive pulley 60 and the driven pulley 64 and meshed
with the outer teeth of the drive pulley 60 and with the
outer teeth of the driven pulley 64.
[0028] The driving force transmission mechanism 38
is a driving force transmission mechanism that deceler-
ates the rotation of the output shaft of the electric motor
36 with the use of the drive pulley 60, the belt 62, and
the driven pulley 64 to transmit the decelerated rotation
to the ball screw nut 42. That is, in the driving force trans-
mission mechanism 38, rotation torque, which is gener-
ated by the electric motor 36, is transmitted between the
drive pulley 60 and the driven pulley 64 via the belt 62.
The belt 62 transmits the rotation of the drive pulley 60
to the driven pulley 64 without slip. When the assist torque
is transmitted from the electric motor 36 to the driving
force transmission mechanism 38, the ball screw nut 42
integrated with the driven pulley 64 is rotationally driven
so that the steered shaft 22 is moved in the axial direction
A via the rolling balls 44.
[0029] The steering apparatus 10 includes a bearing
66. The bearing 66 is disposed between the large-diam-
eter portion 52 of the rack housing 20 and the ball screw
nut 42 of the ball screw mechanism 34, i.e., between an
inner peripheral surface of the large-diameter portion 52
and an outer peripheral surface of the ball screw nut 42.
The bearing 66 is formed in an annular shape. The bear-
ing 66 is provided on the other end portion of the ball
screw nut 42 in the axial direction A. The bearing 66 sup-
ports the ball screw nut 42 such that the ball screw nut
42 is rotatable with respect to the large-diameter portion
52 of the rack housing 20. The bearing 66 is, for example,
a ball bearing such as a double row angular contact ball
bearing.
[0030] The bearing 66 includes an outer ring portion
68, an inner ring portion 70, and balls 72. The outer ring
portion 68 and the inner ring portion 70 are each formed
in an annular shape. An outer peripheral surface of the
outer ring portion 68 faces the inner peripheral surface
of the large-diameter portion 52 of the rack housing 20
in the radial direction. An inner peripheral surface of the
inner ring portion 70 faces the outer peripheral surface
of the ball screw nut 42 in the radial direction and is fixedly
attached to the ball screw nut 42. The inner ring portion
70 rotates in accordance with the ball screw nut 42, that
is, the inner ring portion 70 rotates together with the ball
screw nut 42. Annular grooves are respectively formed
on an inner peripheral surface of the outer ring portion
68 and an outer peripheral surface of the inner ring por-
tion 70. The groove of the outer ring portion 68 and the

groove of the inner ring portion 70 are disposed to face
each other in the radial direction. An annular rolling path
74 is formed between the groove of the outer ring portion
68 and the groove of the inner ring portion 70. The balls
72 are rollably arranged in the rolling path 74 along its
circumferential direction, and the balls 72 roll along with
the rotation of the inner ring portion 70, i.e., the ball screw
nut 42, while being supported by the outer ring portion 68.
[0031] In the structure of the steering apparatus 10 de-
scribed above, when the steering wheel 14 is operated,
its steering torque is transmitted to the steering shaft 16,
and thus, the steered shaft 22 is moved in the axial di-
rection A via the rack and pinion mechanism constituted
by the pinion 18 and the rack 24. The steering torque
transmitted to the steering shaft 16 is detected by the
ECU 58 with the use of the torque sensor or the like. The
ECU 58 performs output control for the electric motor 36
based on the steering torque, the rotational position of
the electric motor 36, and so on. The electric motor 36
generates assist torque in accordance with a command
from the ECU 58. This assist torque is converted into a
driving force for moving the steered shaft 22 in the axial
direction A via the driving force transmission mechanism
38 and the ball screw mechanism 34.
[0032] When the steered shaft 22 is moved in the axial
direction A, the directions of the steered wheels 32 are
changed via the ball joints 26, the tie rods 28, and the
knuckle arms 30. Therefore, in the steering apparatus
10, since the assist torque generated by the electric motor
36 in accordance with the steering torque applied to the
steering shaft 16 can be applied to the axial movement
of the steered shaft 22, it is possible to reduce the steering
force when the vehicle driver operates the steering wheel
14.
[0033] In the steering apparatus 10, an elastic member
76 and a plate member 78 holding the elastic member
76 are disposed between the first rack housing 20-1 of
the rack housing 20 and the outer ring portion 68 of the
bearing 66. Another elastic member 76 and another plate
member 78 are disposed between the second rack hous-
ing 20-2 of the rack housing 20 and the outer ring portion
68 of the bearing 66. Each elastic member 76 is an an-
nular elastic member having elasticity and is, for exam-
ple, a disc spring made of metal. Each plate member 78
is made of metal such as iron. The plate member 78 has
an L-shape in section and has an annular shape.
[0034] While holding the elastic member 76, the plate
member 78 is disposed on the outer peripheral side of
the ball screw nut 42 so as to be sandwiched between
the outer ring portion 68 of the bearing 66 and the rack
housing 20 in the axial direction A. The elastic member
76 is disposed so as to be sandwiched between the outer
ring portion 68 and the plate member 78 in the axial di-
rection A. The elastic member 76 presses, at its inner
peripheral end portion, a flange portion of the plate mem-
ber 78 in the axial direction A, and presses, at its outer
peripheral end portion, the outer ring portion 68 in the
axial direction A. The outer ring portion 68 is sandwiched
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between the two elastic members 76 in the axial direction
A, and is held between the two elastic members 76 by
their elastic forces. The outer ring portion 68 of the bear-
ing 66 is held by the two elastic members 76 so as to be
elastically displaceable in the axial direction A with re-
spect to the rack housing 20.
[0035] Immediately after the start of operation of the
steering wheel 14 from its neutral state, the movement
in the axial direction A of the steered shaft 22 does not
cause rotation of the ball screw nut 42, and therefore,
the ball screw nut 42 slightly moves in the axial direction
A together with the bearing 66, and then the displacement
of the bearing 66 is restrained while one of the two elastic
members 76 is compressed. Thereafter, since the ball
screw nut 42 is rotated by the operation of the electric
motor 36, the movement of the steered shaft 22 in the
axial direction A is assisted. Accordingly, since the bear-
ing 66 can be held by the elastic forces of the two elastic
members 76 so as to be displaceable in the axial direction
A, the rotation of the ball screw nut 42 and thus the move-
ment of the steered shaft 22 in the axial direction A can
be carried out smoothly.
[0036] In the steering apparatus 10, large-diameter
members 80 are attached to the steered shaft 22. The
large-diameter members 80 are respectively provided at
both axial end portions of the steered shaft 22 and are
coaxially connected to the steered shaft 22. The large-
diameter member 80 has an outside diameter greater
than that of the steered shaft 22. The large-diameter
member 80 is provided with a substantially spherical
opening hole 82 that is open axially outward. A ball end
of a ball stud constituting the ball joint 26 is rotatably
received in the opening hole 82 via a buffer member.
[0037] Large-diameter receiving chambers 84 that re-
spectively receive the large-diameter members 80 are
respectively formed at both axial end portions of the rack
housing 20 (specifically, at axially outer end portions of
the small-diameter portions 50 at both axial ends of the
rack housing 20). The large-diameter receiving chamber
84 has a diameter greater than the outside diameter of
the large-diameter member 80. The rack housing 20 has
stopper portions 86. The stopper portion 86 is provided
closer to the axially center of the steered shaft 22 than
the large-diameter member 80 is. The stopper portion 86
extends radially inward from a cylindrical inner peripheral
surface of the body of the rack housing 20 (specifically,
the small-diameter portion 50), and the stopper portion
86 is formed in an annular shape. The stopper portion
86 is a wall member for forming the ball screw chamber
56 and the large-diameter receiving chamber 84 and is
a partition plate that separates the ball screw chamber
56 and the large-diameter receiving chamber 84.
[0038] A through-hole 88 through which the steered
shaft 22 extends is formed at the axis center of the stop-
per portion 86. The through-hole 88 is formed in a circular
shape corresponding to the external shape of the steered
shaft 22 and has a diameter greater than the outside
diameter of the steered shaft 22. The stopper portion 86

has a function of restraining the steered shaft 22, to which
the large-diameter member 80 is attached, from moving
in the axial direction A by more than a predetermined
stroke. The stopper portion 86 has an axial thickness that
is necessary for withstanding a pressing force from the
large-diameter member 80 so as to restrain the steered
shaft 22 from moving by more than the predetermined
stroke.
[0039] The steering apparatus 10 includes end damp-
ers 90. The end damper 90 is a device configured to
absorb an impact that occurs when an axial end face of
the large-diameter member 80 abuts against the stopper
portion 86 of the rack housing 20 due to the axial move-
ment of the steered shaft 22, thereby preventing tooth
jumping of the belt 62 of the driving force transmission
mechanism 38 or the like. The end damper 90 is provided
adjacent to and axially outward of the stopper portion 86
and is disposed between the large-diameter member 80
and the stopper portion 86. The end damper 90 includes
an elastic body 92 such as a resin or a spring and a
holding plate 94 which holds the elastic body 92 and with
which the axial end face of the large-diameter member
80 comes in contact. Using the elastic body 92, the end
damper 90 dampens (reduces) an impact force that oc-
curs when the steered shaft 22 abuts against the end
damper 90.
[0040] The holding plate 94 is a member having a sub-
stantially cylindrical shape and having an L-shape in sec-
tion. The holding plate 94 is made of metal such as iron.
The holding plate 94 includes a cylindrical portion 94a
extending in the axial direction A and a flange portion
94b extending radially outward from one axial end of the
cylindrical portion 94a. The cylindrical portion 94a has
an inner peripheral surface that faces the outer peripheral
surface of the steered shaft 22. A through-hole is provid-
ed at an axis center of the cylindrical portion 94a. The
steered shaft 22 extends through the through-hole. The
flange portion 94b is provided at an axial end portion on
the far side from the stopper portion 86, in the cylindrical
portion 94a. The axial end face of the large-diameter
member 80 comes in contact with the flange portion 94b.
The flange portion 94b and the large-diameter member
80 are spaced apart from each other before the move-
ment amount of the steered shaft 22 in the axial direction
A reaches the predetermined stroke, while they come in
contact with each other when the movement amount has
reached the predetermined stroke. FIG. 2 shows a state
in which the axial end face of the large-diameter member
80 is in contact with the flange portion 94b of the holding
plate 94 of the end damper 90.
[0041] The elastic body 92 is bonded to the cylindrical
portion 94a and the flange portion 94b of the holding plate
94 so as to be integrated with the holding plate 94. The
elastic body 92 is configured such that its protruding por-
tion 92a is fitted into a groove portion 84a formed in the
large-diameter receiving chamber 84 of the rack housing
20 in the state where the elastic body 92 is integrated
with the holding plate 94. The end damper 90 is posi-
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tioned with respect to the rack housing 20 by fitting the
elastic body 92 into the groove portion 84a of the rack
housing 20. The elastic body 92 is formed to have a size
and shape necessary for absorbing an impact that occurs
when the large-diameter member 80 abuts against the
stopper portion 86, and is formed to have a size and
shape necessary for fitting into the groove portion 84a of
the large-diameter receiving chamber 84.
[0042] Upon receipt of an impact force when the axial
end face of the large-diameter member 80 comes in con-
tact with the flange portion 94b and presses it in the axial
direction A, the holding plate 94 transmits the impact to
the elastic body 92. By the impact applied from the hold-
ing plate 94, the elastic body 92 is displaced in the axial
direction A together with the holding plate 94 to approach
the stopper portion 86 of the rack housing 20. When the
movement amount of the steered shaft 22 in the axial
direction A has reached the predetermined stroke, the
elastic body 92 is sandwiched between the holding plate
94 and the stopper portion 86 so as to be compressively
deformed. Consequently, the impact force applied from
the large-diameter member 80 to the holding plate 94 of
the end damper 90 is absorbed by the effect of the elastic
deformation of the elastic body 92.
[0043] In the steering apparatus 10, both axial end por-
tions of the rack housing 20 are respectively covered by
rack boots 96. The rack boot 96 is tubular, and extends
in the axial direction A of the steered shaft 22. The rack
boot 96 is formed in a bellows shape. The rack boot 96
is made of a resin material having elasticity. The rack
boot 96 has one axial end fixedly attached to an outer
peripheral surface of the axial end portion of the small-
diameter portion 50 of the rack housing 20, and the other
axial end fixedly attached to the tie rod 28. The rack boot
96 encloses the ball joint 26 and the tie rod 28 connected
to the axial end portion of the steered shaft 22, thereby
preventing foreign matter such as a flying stone from en-
tering, from outside, an inner chamber 98 in which the
ball joint 26 and the tie rod 28 are housed.
[0044] As described above, the rack housing 20 in-
cludes the stopper portion 86 extending radially inward
from its cylindrical inner peripheral surface. The stopper
portion 86 is the partition wall that separates the ball
screw chamber 56 and the large-diameter receiving
chamber 84 and thus the inner chamber 98 of the rack
boot 96. As shown in FIGS. 2, 3, and 4, the stopper portion
86 has, as described above, the through-hole 88 which
is formed at its axis center and through which the steered
shaft 22 extends, and further has a drain passage 100
which is different from the through-hole 88.
[0045] The drain passage 100 is a hole provided in the
stopper portion 86 separately from the through-hole 88
and is provided for draining water staying in the ball screw
chamber 56 to the outside. In the state where the steering
apparatus 10 is attached to the vehicle, the drain passage
100 is disposed vertically below the through-hole 88 in
the stopper portion 86 and extends through the stopper
portion 86 in the axial direction A. The drain passage 100

is a communication passage providing communication
between the ball screw chamber 56 and the large-diam-
eter receiving chamber 84, and thus between the ball
screw chamber 56 and the inner chamber 98 of the rack
boot 96. As shown in FIG. 4, the cross-sectional shape
of the drain passage 100 is circular. The drain passage
100 is formed such that its diameter is smaller than a
radial width of the stopper portion 86.
[0046] The cross-sectional shape of the drain passage
100 may be quadrangular, elliptical, hexagonal, or the
like. The drain passage 100 may be any drain passage
as long as the drain passage 100 includes at least a pas-
sage portion located below a lower end position of the
through-hole 88. Therefore, the drain passage 100 may
include a passage portion located above the lower end
position of the through-hole 88. The single drain passage
100 may be provided in the stopper portion 86. Alterna-
tively, two or more different drain passages 100 may be
provided. As will be described later, in order to improve
the drainability from the ball screw chamber 56 to the
inner chamber 98 of the rack boot 96, in the state where
the steering apparatus 10 is attached to the vehicle, the
drain passage 100 may be disposed directly under the
through-hole 88, i.e., vertically below with respect to the
axis center of the through-hole 88, and the position at
which a lower end of the drain passage 100 communi-
cates with the ball screw chamber 56 may be close to a
lower end of the ball screw chamber 56 (specifically, a
root portion where the stopper portion 86 is connected
to the cylindrical inner peripheral surface of the rack hous-
ing 20).
[0047] As described above, the end damper 90 is pro-
vided adjacent to and axially outward of the stopper por-
tion 86 and is disposed between the large-diameter mem-
ber 80 and the stopper portion 86. The end damper 90
is a non-seal member for the rack housing 20. That is,
the dimensions of the elastic body 92 of the end damper
90 are set such that a gap space is formed between the
elastic body 92 and the rack housing 20. For example,
the elastic body 92 is formed such that an outside diam-
eter of the protruding portion 92a is smaller than an inside
diameter of the groove portion 84a of the large-diameter
receiving chamber 84 of the rack housing 20. Further,
the elastic body 92 is formed such that when the protrud-
ing portion 92a is fitted into the groove portion 84a, a gap
is formed between the elastic body 92 and the stopper
portion 86 and between the elastic body 92 and the inner
peripheral surface of the rack housing 20.
[0048] The gap space formed between the elastic body
92 of the end damper 90 and the rack housing 20 con-
stitutes a communication passage 102 that allows the
drain passage 100 to communicate with the large-diam-
eter receiving chamber 84 and thus the inner chamber
98 of the rack boot 96 via the end damper 90. That is,
the communication passage 102 is the gap space formed
between the elastic body 92 and the rack housing 20.
[0049] In the structure of the steering apparatus 10 de-
scribed above, when water has entered the inner cham-
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ber 98 due to breakage of the rack boot 96 and then the
water has entered the large-diameter receiving chamber
84 and further has entered the ball screw chamber 56
via the through-hole 88 of the stopper portion 86 and so
on, the water having entered the ball screw chamber 56
can be drained to the outside via the drain passage 100
disposed vertically below the through-hole 88 of the stop-
per portion 86.
[0050] In this structure, since the water having entered
the ball screw chamber 56 can be drained to the outside
of the ball screw chamber 56 via the drain passage 100
before the water level in the ball screw chamber 56 reach-
es the through-hole 88, it is possible to reduce the max-
imum amount of water staying in the ball screw chamber
56 and thus to lower the water level in the ball screw
chamber 56 as compared to the structure in which the
drain passage 100 is not provided. Therefore, in the
steering apparatus 10, the drainability of water from the
ball screw chamber 56 of the rack housing 20 can be
appropriately ensured.
[0051] Therefore, according to this embodiment, when
the water in the ball screw chamber 56 is frozen, the
maximum freezing amount can be reduced to a small
amount. Therefore, it is possible to reduce a resistance
force that impedes the rotation of the ball screw nut 42
due to the freezing of water. Consequently, the influence
due to the freezing of water in the ball screw chamber 56
can be prevented from being exerted on an assist force
that is applied to the steered shaft 22 from the electric
motor 36 via the driving force transmission mechanism
38 and the ball screw mechanism 34. Therefore, even
when the water in the ball screw chamber 56 is frozen,
the vehicle driver can operate the steering wheel 14 with-
out a large increase in torque.
[0052] In the structure of the steering apparatus 10 de-
scribed above, since the communication passage 102
that allows the drain passage 100 to communicate with
the large-diameter receiving chamber 84 and thus the
inner chamber 98 of the rack boot 96 via the end damper
90 is provided between the end damper 90 and the rack
housing 20, water that is drained from the inside of the
ball screw chamber 56 to the outside of the ball screw
chamber 56 via the drain passage 100 can be returned
to the large-diameter receiving chamber 84 and the inner
chamber 98 of the rack boot 96 through the communica-
tion passage 102. Therefore, it is possible to prevent a
situation where the drainage of water from the inside of
the ball screw chamber 56 to the outside of the ball screw
chamber 56 via the drain passage 100 is impeded by the
end damper 90. Accordingly, a portion of or the whole of
the water drained to the outside of the ball screw chamber
56 can be drained onto the road surface from a broken
portion of the rack boot 96.
[0053] As is clear from the foregoing, the steering ap-
paratus 10 of the first embodiment includes the steered
shaft 22 having an outer peripheral surface on which the
ball screw portion 40 is provided; the rack housing 20
having a cylindrical shape and holding the steered shaft

22 such that the steered shaft 22 is movable in the axial
direction A; the ball screw nut 42 threadedly engaged
with the ball screw portion 40 via the rolling balls 44 and
configured to be rotationally driven by the electric motor
36 so as to move the steered shaft 22 in the axial direction
A; the bearing 66 disposed between the inner peripheral
surface of the rack housing 20 and the outer peripheral
surface of the ball screw nut 42, the bearing 66 supporting
the ball screw nut 42 such that the ball screw nut 42 is
rotatable with respect to the rack housing 20; and the
rack boot 96 having a tubular shape and covering the
axial end portion of the rack housing 20. The rack housing
20 includes the stopper portion 86 protruding radially in-
ward from a cylindrical inner peripheral surface of the
rack housing 20 and separating the ball screw chamber
56 housing the ball screw nut 42 and the inner chamber
98 of the rack boot 96. The stopper portion 86 has the
through-hole 88 through which the steered shaft 22 ex-
tends, and the drain passage 100 provided vertically be-
low the through-hole 88, the drain passage 100 providing
communication between the ball screw chamber 56 and
the inner chamber 98 of the rack boot 96. The drain pas-
sage 100 is the hole provided in the stopper portion 86
separately from the through-hole 88. The stopper portion
86 is a stopper portion that is provided in the rack housing
20 and restrains the steered shaft 22 from moving by
more than the predetermined stroke.
[0054] With this configuration, since the drain passage
100 is provided vertically below the through-hole 88 in
the stopper portion 86 of the rack housing 20, water hav-
ing entered the ball screw chamber 56 can be drained to
the outside of the ball screw chamber 56 via the drain
passage 100 before the water level in the ball screw
chamber 56 reaches the through-hole 88. Therefore, it
is possible to reduce the maximum amount of water stay-
ing in the ball screw chamber 56 and thus to lower the
water level in the ball screw chamber 56. Consequently,
the drainability of water from the ball screw chamber 56
of the rack housing 20 can be appropriately ensured.
[0055] The steering apparatus 10 includes the end
damper 90 provided adjacent to the stopper portion 86
in the axial direction, and configured to dampen the
movement of the steered shaft 22, and the communica-
tion passage 102 allowing the drain passage 100 to com-
municate with the inner chamber 98 of the rack boot 96
via the end damper 90. The end damper 90 is the non-
seal member for the rack housing 20, and the communi-
cation passage 102 is the gap space formed between
the end damper 90 and the rack housing 20.
[0056] With this configuration, since the communica-
tion passage 102 that allows the drain passage 100 to
communicate with the inner chamber 98 of the rack boot
96 via the end damper 90 is provided, water that is
drained from the inside of the ball screw chamber 56 to
the outside of the ball screw chamber 56 via the drain
passage 100 can be returned to the inner chamber 98 of
the rack boot 96 through the communication passage
102. Therefore, it is possible to prevent the situation
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where the drainage of water from the inside of the ball
screw chamber 56 to the outside of the ball screw cham-
ber 56 via the drain passage 100 is impeded by the end
damper 90.
[0057] Next, the configuration of a steering apparatus
10 according to a second embodiment will be described
with reference to FIGS. 5 and 6. In FIGS. 5 and 6, the
same reference numerals will be assigned to the same
components as those shown in FIGS. 3 and 4, and de-
scriptions thereof will be omitted or simplified.
[0058] In the steering apparatus 10, as shown in FIGS.
5 and 6, a stopper portion 86 of a rack housing 20 has a
through-hole 88 through which a steered shaft 22 ex-
tends, and further has a drain passage 200 that is differ-
ent from the through-hole 88. The drain passage 200 is
a groove provided in the stopper portion 86 and commu-
nicating with the circular through-hole 88. The drain pas-
sage 200 is provided for draining water staying in a ball
screw chamber 56 to the outside. The drain passage 200
is recessed radially outward from the through-hole 88. In
the state where the steering apparatus 10 is attached to
a vehicle, the drain passage 200 is disposed vertically
below the through-hole 88 in the stopper portion 86 and
extends through the stopper portion 86 in the axial direc-
tion. The drain passage 200 is a communication passage
providing communication between the ball screw cham-
ber 56 and a large-diameter receiving chamber 84, and
thus between the ball screw chamber 56 and an inner
chamber 98 of a rack boot 96. The drain passage 200 is
formed such that its radial width is equal to or smaller
than a radial width of the stopper portion 86.
[0059] As long as the drain passage 200 communi-
cates with the through-hole 88, the cross-sectional shape
of the drain passage 200 may be any shape such as an
angular shape, a circular arc shape, or an elliptical arc
shape. The drain passage 200 may be any drain passage
as long as the drain passage includes at least a passage
portion located below a lower end position of the circular
through-hole 88 (actually, a position supposed to be a
lower end of the circle of the through-hole 88). Therefore,
the drain passage 200 may include a passage portion
located above the lower end position of the through-hole
88. The single drain passage 200 may be provided in the
stopper portion 86. Alternatively, two or more different
drain passages 200 may be provided. In order to improve
the drainability of water from the ball screw chamber 56
to the inner chamber 98 of the rack boot 96, in the state
where the steering apparatus 10 is attached to the vehi-
cle, the drain passage 200 may be disposed directly un-
der the through-hole 88, i.e., vertically below with respect
to the axis center of the through-hole 88, and the position
at which a lower end of the drain passage 200 commu-
nicates with the ball screw chamber 56 may be close to
a lower end of the ball screw chamber 56 (specifically, a
root portion where the stopper portion 86 is connected
to a cylindrical inner peripheral surface of the rack hous-
ing 20).
[0060] A gap space formed between an elastic body

92 of an end damper 90 and the rack housing 20 consti-
tutes a communication passage 102 that allows the drain
passage 200 to communicate with the large-diameter re-
ceiving chamber 84 and thus the inner chamber 98 of
the rack boot 96 via the end damper 90. That is, the com-
munication passage 102 is the gap space formed be-
tween the elastic body 92 and the rack housing 20.
[0061] As is clear from the foregoing, the steering ap-
paratus 10 of the second embodiment includes the
steered shaft 22 having an outer peripheral surface on
which a ball screw portion 40 is provided; the rack hous-
ing 20 having a cylindrical shape and holding the steered
shaft 22 such that the steered shaft 22 is movable in the
axial direction A; a ball screw nut 42 threadedly engaged
with the ball screw portion 40 via a plurality of rolling balls
44 and configured to be rotationally driven by an electric
motor 36 so as to move the steered shaft 22 in the axial
direction A; a bearing 66 disposed between the inner
peripheral surface of the rack housing 20 and an outer
peripheral surface of the ball screw nut 42, the bearing
66 supporting the ball screw nut 42 such that the ball
screw nut 42 is rotatable with respect to the rack housing
20; and the rack boot 96 having a tubular shape and
covering an axial end portion of the rack housing 20. The
rack housing 20 includes the stopper portion 86 protrud-
ing radially inward from its cylindrical inner peripheral sur-
face and separating the ball screw chamber 56 housing
the ball screw nut 42 and the inner chamber 98 of the
rack boot 96. The stopper portion 86 has the through-
hole 88 through which the steered shaft 22 extends, and
the drain passage 200 provided vertically below the
through-hole 88 and providing communication between
the ball screw chamber 56 and the inner chamber 98 of
the rack boot 96. The drain passage 200 is the groove
provided in the stopper portion 86 and communicating
with the through-hole 88.
[0062] With this configuration, since the drain passage
200 is provided vertically below the through-hole 88 in
the stopper portion 86 of the rack housing 20, water hav-
ing entered the ball screw chamber 56 can be drained to
the outside of the ball screw chamber 56 via the drain
passage 200 before the water level in the ball screw
chamber 56 reaches the through-hole 88. Therefore, it
is possible to reduce the maximum amount of water stay-
ing in the ball screw chamber 56 and thus to lower the
water level in the ball screw chamber 56. Consequently,
the drainability of water from the ball screw chamber 56
of the rack housing 20 can be appropriately ensured.
[0063] The steering apparatus 10 includes the end
damper 90 provided axially adjacent to the stopper por-
tion 86 and configured to dampen the movement of the
steered shaft 22, and the communication passage 102
allowing the drain passage 200 to communicate with the
inner chamber 98 of the rack boot 96 via the end damper
90. The end damper 90 is a non-seal member for the
rack housing 20, and the communication passage 102
is the gap space formed between the end damper 90 and
the rack housing 20.
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[0064] With this configuration, since the communica-
tion passage 102 that allows the drain passage 200 to
communicate with the inner chamber 98 of the rack boot
96 via the end damper 90 is provided, water that is
drained from the inside of the ball screw chamber 56 to
the outside of the ball screw chamber 56 via the drain
passage 200 can be returned to the inner chamber 98 of
the rack boot 96 through the communication passage
102. Therefore, it is possible to prevent the situation
where the drainage of water from the inside of the ball
screw chamber 56 to the outside of the ball screw cham-
ber 56 via the drain passage 200 is impeded by the end
damper 90.
[0065] In each of the above-described first and second
embodiments, the drain passage 100 or 200 is provided
in the stopper portion 86 that restrains the steered shaft
22 from moving by more than the predetermined stroke.
However, the invention is not limited to this configuration.
Alternatively, the drain passage 100 or 200 may be pro-
vided in a partition wall protruding radially inward from
the cylindrical inner peripheral surface of the rack hous-
ing 20 and separating the ball screw chamber 56 and the
inner chamber 98 of the rack boot 96. Also in this modi-
fication, it is possible to obtain the same effects as those
of the above-described first and second embodiments.
[0066] In each of the above-described first and second
embodiments, the end damper 90 is the non-seal mem-
ber for the rack housing 20, and the communication pas-
sage 102 that allows the drain passage 100 or 200 to
communicate with the inner chamber 98 of the rack boot
96 via the end damper 90 is the gap space formed be-
tween the end damper 90 and the rack housing 20. How-
ever, the invention is not limited to this configuration. Al-
ternatively, the end damper 90 may be a seal member
for the rack housing 20, and the communication passage
102 may be provided so as to extend through a vertically
lower portion of the end damper 90 in the axial direction.
Also in this modification, it is possible to obtain the same
effects as those of the above-described first and second
embodiments.
[0067] The invention is not limited to the above-de-
scribed embodiments and modifications, and various
changes may be made without departing from the scope
of the invention.

Claims

1. A steering apparatus characterized by comprising:

a steered shaft (22) having an outer peripheral
surface on which a screw groove is provided;
a rack housing (20) having a cylindrical shape
and holding the steered shaft (22) such that the
steered shaft (22) is movable in an axial direction
of the steered shaft (22);
a ball screw nut (42) threadedly engaged with
the screw groove via a plurality of balls and con-

figured to be rotationally driven by a driving
source so as to move the steered shaft (22) in
the axial direction;
a bearing (66) disposed between an inner pe-
ripheral surface of the rack housing (20) and an
outer peripheral surface of the ball screw nut
(42), the bearing (66) supporting the ball screw
nut (42) such that the ball screw nut (42) is ro-
tatable with respect to the rack housing (20); and
a rack boot (96) having a tubular shape and cov-
ering an axial end portion of the rack housing
(20), wherein
the rack housing (20) includes a partition wall
(86) protruding radially inward from a cylindrical
inner peripheral surface of the rack housing (20)
and separating a ball screw chamber housing
the ball screw nut (42) and an inner chamber of
the rack boot (96), and
the partition wall (86) has a through-hole (88)
through which the steered shaft (22) extends,
and a drain passage (100; 200) provided verti-
cally below the through-hole (88), the drain pas-
sage (100; 200) providing communication be-
tween the ball screw chamber and the inner
chamber of the rack boot (96).

2. The steering apparatus according to claim 1, wherein
the drain passage (100; 200) is a hole provided in
the partition wall (86) separately from the through-
hole (88).

3. The steering apparatus according to claim 1, wherein
the drain passage (100; 200) is a groove provided
in the partition wall (86) and communicating with the
through-hole (88).

4. The steering apparatus according to any one of
claims 1 to 3, wherein the partition wall (86) is a stop-
per portion that is provided in the rack housing (20)
and restrains the steered shaft (22) from moving by
more than a predetermined stroke.

5. The steering apparatus according to claim 4, wherein
the steering apparatus includes an end damper (90)
provided adjacent to the stopper portion in the axial
direction and configured to dampen an impact force
that occurs when the steered shaft (22) abuts against
the end damper (90), and a communication passage
(102) allowing the drain passage (100; 200) to com-
municate with the inner chamber of the rack boot
(96) via the end damper (90).

6. The steering apparatus according to claim 5, wherein
the end damper (90) is a non-seal member for the
rack housing (20), and the communication passage
(102) is a gap space formed between the end damper
(90) and the rack housing (20).
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