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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a rack shaft support de-
vice that supports a rack shaft with the use of a support
yoke, and a steering system including the rack shaft sup-
port device.

2. Description of Related Art

[0002] The configuration of a steering system de-
scribed in Japanese Patent Application Publication No.
2010-36610 (JP 2010-36610 A) will be described with
reference to FIG. 9. The steering system 400 includes a
rack housing 410, a rack shaft 420, a pinion shaft 430
and a rack shaft support device 440. The rack shaft sup-
port device 440 includes a support yoke 450, a plug 460,
an intermediate cam component 470, a rotation force
generating spring 480 and an adjusting bolt 490.
[0003] The plug 460 has a plug fixing portion 461, a
plug internal space 462 and a cam face 463. The plug
fixing portion 461 of the plug 460 is fixed to the rack hous-
ing 410. The plug internal space 462 of the plug 460
accommodates part of the adjusting bolt 490, the rotation
force generating spring 480 and part of the intermediate
cam component 470.
[0004] The intermediate cam component 470 has a
spring retaining portion 471, a restricting portion 472 and
a cam face 473. The cam face 473 of the intermediate
cam component 470 contacts the cam face 463 of the
plug 460.
[0005] The restricting portion 472 functions as a guide
at the time when the plug 460 and the intermediate cam
component 470 are assembled to each other and func-
tions to restrict relative radial movement of the mutually
assembled plug 460 and intermediate cam component
470. The restricting portion 472 has a first restricting por-
tion 472A arranged inside the plug fixing portion 461 and
a second restricting portion 472B arranged outside the
plug fixing portion 461. The restricting portion 472 re-
stricts radial movement of the intermediate cam compo-
nent 470 with respect to the plug 460 by the contact of
the outer face of the first restricting portion 472A with the
inner face of the plug fixing portion 461.
[0006] The spring retaining portion 471 retains the ro-
tation force generating spring 480. The spring retaining
portion 471 is formed at a plug 460-side end portion of
the first restricting portion 472A. The spring retaining por-
tion 471 has two columnar portions extending toward the
plug 460 and a groove formed between the two columnar
portions.
[0007] The rotation force generating spring 480 has a
first spring end portion 481, a second spring end portion
482 and a spring winding portion 483. The first spring
end portion 481 is connected to a spring retaining portion

491 of the adjusting bolt 490. The second spring end
portion 482 is connected to the groove of the spring re-
taining portion 471 of the intermediate cam component
470. The rotation force generating spring 480 applies
force to the intermediate cam component 470 to cause
the intermediate cam component 470 to rotate with re-
spect to the plug 460.
[0008] The rack shaft support device 440 has such a
configuration that an intermediate cam component 470-
side portion of the plug internal space 462 is filled with
the first restricting portion 472A. Therefore, the rotation
force generating spring 480 is required to be arranged
on the plug 460 side in accordance with the size of the
first restricting portion 472A in a pressing direction.
Therefore, there is a possibility that the plug internal
space 462 needs to be increased. In addition, the rack
shaft support device 440 has the adjusting bolt 490, so
it is difficult to reduce the size in the pressing direction.
A rack shaft support device according to the preamble
of independent claim 1 of the present invention is known
from US 2010/0122595 A1 as well as from US 7 487 984
B1.

SUMMARY OF THE INVENTION

[0009] The invention provides a rack shaft support de-
vice having a configuration that allows a reduction in size
in a pressing direction and a steering system including
the rack shaft support device.
[0010] A first aspect of the invention provides a rack
shaft support device. The rack shaft support device in-
cludes a support yoke, a plug, an intermediate cam com-
ponent and a rotation force generating spring. The sup-
port yoke is arranged in an accommodating portion of a
rack housing for accommodating a rack shaft, and moves
the rack shaft in a pressing direction toward the pinion
shaft in the accommodating portion. The plug has a plug
fixing portion, a plug cam portion, a plug back wall portion
and a first restricting portion. The plug fixing portion is
arranged across the support yoke from the rack shaft in
the accommodating portion, and is fixed to the rack hous-
ing. The plug cam portion is arranged closer to the sup-
port yoke than the plug fixing portion, and has a first cam
face. The plug back wall portion is formed across the plug
fixing portion from the support yoke. The first restricting
portion protrudes from the plug back wall portion toward
the support yoke. The intermediate cam component has
an intermediate cam body, an intermediate cam portion
and a second restricting portion. The intermediate cam
body is arranged closer to the support yoke than the plug
in the accommodating portion, and has an axis extending
in the pressing direction. The intermediate cam portion
is formed around the intermediate cam body, and has a
second cam face that contacts the first cam face. The
second restricting portion protrudes from the intermedi-
ate cam body toward the plug, and faces the first restrict-
ing portion in a direction that intersects with the axis of
the intermediate cam body. The rotation force generating

1 2 



EP 2 669 145 B1

3

5

10

15

20

25

30

35

40

45

50

55

spring is connected to the plug, and applies force to the
intermediate cam component to cause the intermediate
cam component to rotate with respect to the plug.
[0011] With the above configuration, the first restricting
portion and the second restricting portion face each oth-
er. Therefore, relative movement of the plug and the in-
termediate cam component in the direction that intersects
with the axis of the intermediate cam body is restricted
by mutual contact of the first restricting portion and the
second restricting portion. That is, the first restricting por-
tion and the second restricting portion position the plug
and the intermediate cam component in the direction that
intersects with the axis of the intermediate cam body.
[0012] In addition, with the above configuration, each
of the first restricting portion and the second restricting
portion that position the plug and the intermediate cam
component has a shape such that each of the first re-
stricting portion and the second restricting portion pro-
trudes from the plug back wall portion or the intermediate
cam body toward a space inside the plug. Therefore, it
is possible to form an overlapped portion at which the
rotation force generating spring overlaps with the first
restricting portion and the second restricting portion in
the axial direction of the intermediate cam body. There-
fore, in the portion for positioning the plug and the inter-
mediate cam component, it is possible to reduce the size
of the rack shaft support device in the pressing direction
in comparison with the case where the intermediate cam
component-side portion of the plug internal space is filled.
[0013] In the above-described rack shaft support de-
vice, the rotation force generating spring may have a coil-
shaped spring winding portion, and the first restricting
portion and the second restricting portion may be inserted
in a radially inner side of the spring winding portion.
[0014] With the above rack shaft support device, in
comparison with the case where the first restricting por-
tion and the second restricting portion are arranged not
in the space inside the spring winding portion in the axial
direction of the rotation force generating spring but are
arranged outside the space, the overlapped portion of
the components in the pressing direction of the rack shaft
support device increases. Therefore, it is possible to re-
duce the size of the rack shaft support device in the press-
ing direction.
[0015] In the above-described rack shaft support de-
vice, the rotation force generating spring may have a first
spring end portion and a second spring end portion, the
first restricting portion may have a first body portion that
retains the first spring end portion and a first facing portion
that faces the second restricting portion in the direction
that intersects with the axis of the intermediate cam body,
and the second restricting portion may have a second
body portion that retains the second spring end portion
and a second facing portion that faces the first facing
portion in the direction that intersects with the axis of the
intermediate cam body.
[0016] With the above configuration, the first restricting
portion and the second restricting portion have the func-

tion of positioning the plug and the intermediate cam com-
ponent in the direction that intersects with the axis of the
intermediate cam body and the function of retaining the
rotation force generating spring. Therefore, in compari-
son with the case where a portion having the function of
positioning the plug and the intermediate cam component
and a portion having the function of retaining the rotation
force generating spring are individually formed, the con-
figuration of the rack shaft support device is simplified.
[0017] In the above-described rack shaft support de-
vice, the second restricting portion may face the first re-
stricting portion via a clearance in the direction that in-
tersects with the axis of the intermediate cam body.
[0018] With the above configuration, in comparison
with the case where no clearance is formed between the
first restricting portion and the second restricting portion,
rotation resistance reduces at the time when the inter-
mediate cam component rotates with respect to the plug.
Therefore, even when the spring force of the rotation
force generating spring is reduced, it is possible to rotate
the intermediate cam component.
[0019] In the above-described rack shaft support de-
vice, the support yoke may include a yoke back face por-
tion formed at a portion across from the rack shaft, a yoke
hole portion being open at the yoke back face portion.
The intermediate cam component may include a cam
protruding portion that protrudes from the intermediate
cam body toward the yoke back face portion and that is
inserted in the yoke hole portion.
[0020] With the above configuration, in the process of
adjusting the spring force of the rotation force generating
spring connected to the plug and the intermediate cam
component, it is possible to fit a tool to the cam protruding
portion. Then, by rotating the intermediate cam compo-
nent with respect to the plug with the use of the tool, it is
possible to adjust the spring force of the rotation force
generating spring. Therefore, it is possible to omit an ad-
justing bolt from the rack shaft support device. Therefore,
it is possible to reduce the size of the rack shaft support
device in the pressing direction.
[0021] In addition, with the above configuration, in
comparison with the case where the cam protruding por-
tion is arranged outside the support yoke in the axial di-
rection of the intermediate cam component, it is possible
to reduce the size of the rack shaft support device in the
pressing direction.
[0022] In the above-described rack shaft support de-
vice, the cam protruding portion may have a tool corre-
sponding portion having a shape corresponding to a tool
for rotating the intermediate cam component with respect
to the plug.
[0023] With the above configuration, in the process of
adjusting the spring force of the rotation force generating
spring connected to the plug and the intermediate cam
component, it is possible to fit a tool, corresponding to
the tool corresponding portion, to the cam protruding por-
tion. Then, by rotating the intermediate cam component
with respect to the plug with the use of the tool, it is pos-
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sible to adjust the spring force of the rotation force gen-
erating spring. Therefore, in comparison with the case
where the tool corresponding portion is not formed in the
cam protruding portion, workability of work for rotating
the intermediate cam component with respect to the plug
improves.
[0024] In the above-described rack shaft support de-
vice, the tool corresponding portion may have a hexagon
socket corresponding to a hexagonal wrench key.
[0025] In the above-described rack shaft support de-
vice, the tool corresponding portion may have a polygo-
nal outer shape corresponding to a wrench.
[0026] A second aspect of the invention provides a
steering system. The steering system includes: the rack
housing; the rack shaft; the pinion shaft; and the rack
shaft support device having at least one of the above-
described configurations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] 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 view that shows a steering
system according to an embodiment;
FIG. 2 is a cross-sectional view of a rack shaft sup-
port device according to the embodiment and is a
cross-sectional view that shows the cross-sectional
structure of the rack shaft support device and its sur-
rounding portion;
FIG. 3 is a cross-sectional view of the rack shaft sup-
port device according to the embodiment and is a
cross-sectional view that shows the enlarged struc-
ture of the rack shaft support device and its surround-
ing portion shown in FIG. 2;
FIG. 4 is a cross-sectional view of the rack shaft sup-
port device according to the embodiment and is a
cross-sectional view that shows the enlarged struc-
ture of a plug body, an intermediate cam component
and a rotation force generating spring;
FIG. 5 is a cross-sectional view of a rack shaft sup-
port device according to another embodiment and is
a cross-sectional view that shows the enlarged struc-
ture of a plug body, an intermediate cam component
and a rotation force generating spring;
FIG. 6 is a cross-sectional view of a rack shaft sup-
port device according to another embodiment and is
a cross-sectional view that shows the enlarged struc-
ture of a plug body, an intermediate cam component
and a rotation force generating spring;
FIG. 7 is a cross-sectional view of a rack shaft sup-
port device according to another embodiment and is
a cross-sectional view that shows the enlarged struc-
ture of a plug body, an intermediate cam component
and a rotation force generating spring;

FIG 8 is a cross-sectional view of a rack shaft support
device according to another embodiment and is a
cross-sectional view that shows the enlarged struc-
ture of a plug body, an intermediate cam component
and a. rotation force generating spring; and
FIG. 9 is a cross-sectional view of a rack shaft sup-
port device according to the related art and is a cross-
sectional view that shows the cross-sectional struc-
ture of the rack shaft support device and its surround-
ing portion.

DETAILED DESCRIPTION OF EMBODIMENTS

[0028] The configuration of a steering system 1 will be
described with reference to FIG. 1. The steering system
1 includes a steering system body 10, a shaft accommo-
dating device 20, an assist device 30 and a rack shaft
support device 40. The steering system 1 is configured
as a rack-parallel-type electric power steering system
that assists operation of a steering wheel 2 with the use
of the assist device 30.
[0029] The steering system body 10 includes a column
shaft 11, an intermediate shaft 12, a pinion shaft 13, a
rack shaft 14, a rack-and-pinion mechanism 15, two ball
joints 16 and two tie rods 17. The steering system body
10 integrally rotates the column shaft 11, the intermediate
shaft 12 and the pinion shaft 13 with the rotation of the
steering wheel 2. The steering system body 10 translates
the rack shaft 14 in the longitudinal direction with the
rotation of the pinion shaft 13. The steering system body
10 changes the steered angle of steered wheels 3 via
knuckles 4 by translating the rack shaft 14.
[0030] The rack shaft 14 has a geared portion 14A and
a threaded portion 14B. The rack shaft 14 has a rack
gear 14C at the geared portion 14A over a predetermined
range in the longitudinal direction. The rack shaft 14 has
an external screw thread as a rack screw thread 14D
over a predetermined range in the longitudinal direction
at the threaded portion 14B. The rack shaft 14 has a
cross-sectional shape similar to a D shape in a cross
section perpendicular to the longitudinal direction.
[0031] The rack-and-pinion mechanism 15 is formed
of a pinion gear 13A of the pinion shaft 13 and the rack
gear 14C of the rack shaft 14. The rack-and-pinion mech-
anism 15 converts the rotation of the pinion shaft 13 to
the translation of the rack shaft 14.
[0032] The shaft accommodating device 20 (see FIG.
2) includes a rack housing 21, an oil seal 26, a ball bearing
27 and a needle bearing 28. The shaft accommodating
device 20 is formed as an assembly of the rack housing
21, the oil seal 26, the ball bearing 27 and the needle
bearing 28 that are respectively formed as individual
components.
[0033] The rack housing 21 is formed of a metal ma-
terial. The rack housing 21 has a cylindrical shape cor-
responding to the shape of the rack shaft 14. The rack
housing 21 has a base housing 22, an end housing 23,
a base accommodating space 24 and a support accom-
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modating space (that is, "accommodating portion" in the
claims) 25. The rack housing 21 has such a configuration
that the base housing 22 and the end housing 23 that
are respectively formed as individual components are
connected to each other. The base accommodating
space 24 of the rack housing 21 accommodates the pin-
ion shaft 13, the rack shaft 14, the ball joints 16, a speed
reduction device 32 and a ball screw device 33. The
speed reduction device 32 and the ball screw device 33
constitute the assist device 30. The support accommo-
dating space 25 of the rack housing 21 accommodates
the rack shaft support device 40.
[0034] The assist device 30 includes an electric motor
31, the speed reduction device 32 and the ball screw
device 33. The assist device 30 rotates the ball screw
device 33 by transmitting the rotation of the electric motor
31 to the ball screw device 33 with the use of the speed
reduction device 32. Thus, the assist device 30 applies
force to the rack shaft 14. The force acts in the longitudinal
direction of the rack shaft 14.
[0035] The configuration around the rack-and-pinion
mechanism 15 will be described with reference to FIG.
2. A base portion inner face 21 A of the rack housing 21
defines the base accommodating space 24. A support
portion inner face 21B of the rack housing 21 defines the
support accommodating space 25. A support opening
portion 21C of the rack housing 21 opens the support
accommodating space 25 toward the outside. The sup-
port portion inner face 21B of the rack housing 21 has
an opening portion internal screw thread 21D at the sup-
port opening portion 21C. The base accommodating
space 24 of the rack housing 21 accommodates the pin-
ion gear 13A of the pinion shaft 13, the rack gear 14C of
the rack shaft 14, the oil seal 26, the ball bearing 27 and
the needle bearing 28.
[0036] The rack shaft support device 40 includes a sup-
port yoke 50, a plug 60, an intermediate cam component
70, a rotation force generating spring 80 and an interme-
diate ring 90. The rack shaft support device 40 is formed
as an assembly of the support yoke 50, the plug 60, the
intermediate cam component 70, the rotation force gen-
erating spring 80 and the intermediate ring 90 that are
respectively formed as individual components. In the rack
shaft support device 40, the support yoke 50, the plug
60, the intermediate cam component 70, the rotation
force generating spring 80 and the intermediate ring 90
have the same axis. In the rack shaft support device 40,
the support yoke 50 is pressed against a rack back face
portion 14E of the rack shaft 14 with the use of the plug
60, the intermediate cam component 70 and the rotation
force generating spring 80.
[0037] The configuration of the rack shaft support de-
vice 40 will be described with reference to FIG. 3. A press-
ing direction indicates a direction in which the rack shaft
14 is pressed against the pinion shaft 13 (see FIG. 2) in
the support accommodating space 25. In addition, a sep-
arating direction indicates a direction in which the rack
shaft 14 is separated from the pinion shaft 13 (see FIG.

2) in the support accommodating space 25.
[0038] The support yoke 50 is arranged on the back
face side of the rack shaft 14 in the support accommo-
dating space 25. The support yoke 50 is movable in the
pressing direction and in the separating direction inside
the support accommodating space 25. The support yoke
50 has a yoke body 51, a low friction sheet 56 and a resin
elastic component 57. The support yoke 50 has such a
configuration that the yoke body 51, the low friction sheet
56 and the resin elastic component 57 that are respec-
tively formed as individual components are connected to
each other.
[0039] The yoke body 51 is formed of a metal material.
The yoke body 51 has such a shape that a circular co-
lumnar component is partially cut away. A body outer
face 51A of the yoke body 51 is supported by the support
portion inner face 21B of the rack housing 21. The yoke
body 51 has a yoke support portion 52 and a yoke back
face portion 53.
[0040] The yoke support portion 52 is formed at a rack
shaft 14-side portion of the yoke body 51. The yoke sup-
port portion 52 has a shape corresponding to the rack
back face portion 14E of the rack shaft 14. The yoke
support portion 52 supports the rack back face portion
14E via the low friction sheet 56.
[0041] The yoke back face portion 53 has a circular
columnar shape having a recess. The yoke back face
portion 53 is formed at a plug 60-side portion of the yoke
body 51. The yoke back face portion 53 has a yoke back
face groove 54 and a yoke hole portion 55. The yoke
back face portion 53 faces a ring front face 94 of the
intermediate ring 90 via a clearance.
[0042] The resin elastic component 57 has a resin ac-
commodating portion 57A and a resin protruding portion
57B. In the resin elastic component 57, the resin accom-
modating portion 57A is fitted to the yoke back face
groove 54. In the resin elastic component 57, the resin
protruding portion 57B protrudes from the yoke back face
groove 54 and contacts the ring front face 94. When the
resin protruding portion 57B is pressed against the ring
front face 94, the resin elastic component 57 is com-
pressed by the yoke body 51 and the intermediate ring
90. The resin elastic component 57 presses the interme-
diate ring 90 against the intermediate cam component
70 with restoring force that is generated as a result of
compression deformation.
[0043] The intermediate ring 90 is formed of a metal
material having a small friction coefficient.. The interme-
diate ring 90 is arranged between the support yoke 50
and the intermediate cam component 70. The interme-
diate ring 90 has a ring through-hole 91. A ring outer face
92 of the intermediate ring 90 faces the support portion
inner face 21B of the rack housing 21 via a clearance. A
ring inner face 93 of the intermediate ring 90 faces a
protruding portion outer face 311 of the intermediate cam
component 70 via a clearance. A ring back face 95 of the
intermediate ring 90 contacts a cam body front face 71A
of an intermediate cam body 71 and a cam portion front
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face 72C of an intermediate cam portion 72.
[0044] A helical torsion spring that serves as the rota-
tion force generating spring 80 is formed of a metal ma-
terial. The rotation force generating spring 80 has a first
spring end portion 81, a second spring end portion 82
and a spring winding portion 83. The rotation force gen-
erating spring 80 has such a configuration that the first
spring end portion 81, the second spring end portion 82
and the spring winding portion 83 are integrally formed
of the same metal material. In the rotation force gener-
ating spring 80, the first spring end portion 81 is connect-
ed to a plug body 61. In the rotation force generating
spring 80, the second spring end portion 82 is connected
to the intermediate cam component 70. The rotation force
generating spring 80 applies force to the intermediate
cam component 70 to cause the intermediate cam com-
ponent 70 to rotate with respect to the plug 60.
[0045] The plug 60 is arranged across the support yoke
50 from the rack shaft 14 in the support accommodating
space 25. The plug 60 includes the plug body 61, a plug
cap component 67 and a locknut 68. The plug 60 has
such a configuration that the plug body 61, the plug cap
component 67 and the locknut 68 that are respectively
formed as individual components are connected to each
other. In the plug 60, the plug body 61 and the locknut
68 have the same axis. The plug 60 retains the rotation
force generating spring 80. The plug 60 closes the sup-
port opening portion 21C of the rack housing 21.
[0046] The locknut 68 is formed of a metal material.
The locknut 68 has a nut end face 68A and a nut internal
screw thread 68B. The nut internal screw thread 68B of
the locknut 68 is screwed to a plug external screw thread
62C of the plug body 61. The nut end face 68A of the
locknut 68 contacts the end face of the support opening
portion 21C. The locknut 68 inhibits looseness of the plug
body 61 with respect to the rack housing 21.
[0047] The configuration of the plug 60 and intermedi-
ate cam component 70 will be described with reference
to FIG. 4. The plug body 61 is formed of a metal material.
The plug body 61 has such a shape that one opening of
a cylindrical component is closed. The plug body 61 has
a plug fixing portion 62, a plug back wall portion 63, a
plug cam portion 64, a plug internal space 65, a plug
temporary joint hole 66 and a first restricting portion 100.
The plug body 61 has such a configuration that the plug
fixing portion 62, the plug back wall portion 63, the plug
cam portion 64 and the first restricting portion 100 are
integrally formed of the same metal material. The plug
internal space 65 of the plug body 61 accommodates the
rotation force generating spring 80.
[0048] The plug fixing portion 62 has a cylindrical
shape. Part of a fixing portion outer face 62A of the plug
fixing portion 62 has the plug external screw thread 62C.
The plug external screw thread 62C of the plug fixing
portion 62 is screwed to the opening portion internal
screw thread 21D of the rack housing 21 (see FIG. 3).
The nut internal screw thread 68B of the locknut 68 is
screwed to the plug external screw thread 62C of the

plug fixing portion 62 (see FIG. 3).
[0049] The plug back wall portion 63 has a solid struc-
ture in which no opening is formed. The plug back wall
portion 63 is formed at a portion across the plug fixing
portion 62 from the support yoke 50. The plug back wall
portion 63 is arranged outside the rack housing 21 (see
FIG. 3). The plug back wall portion 63 closes one opening
of the plug internal space 65 in the plug fixing portion 62.
[0050] The plug cam portion 64 has an annular shape.
The plug cam portion 64 is formed at a support yoke 50-
side portion of the plug fixing portion 62. The plug cam
portion 64 has a plurality of first cam faces 64A. The
shape of each first cam face 64A of the plug cam portion
64 inclines in the axial direction from the separating side
toward the pressing side as it advances toward one side
in the circumferential direction around the axis of the plug
body 61. In the plug cam portion 64, adjacent two of the
first cam faces 64A in the circumferential direction are
partitioned by a partitioning portion (not shown). The first
cam faces 64A of the plug cam portion 64 contact second
cam faces 72A of the intermediate cam component 70.
[0051] The plug internal space 65 has a cylindrical co-
lumnar shape. The plug internal space 65 is defined as
a space surrounded by a fixing portion inner face 62B of
the plug fixing portion 62 and a back wall portion bottom
face 63A of the plug back wall portion 63. The plug inter-
nal space 65 accommodates the first restricting portion
100, a second restricting portion 200 and the rotation
force generating spring 80. An intermediate cam compo-
nent 70-side opening of the plug internal space 65 is
closed by the intermediate cam body 71 of the interme-
diate cam component 70.
[0052] The plug temporary joint hole 66 extends
through the plug body 61 in the axial direction. That is,
the plug temporary joint hole 66 extends through the plug
back wall portion 63, the plug fixing portion 62 and the
plug cam portion 64. The plug temporary joint hole 66
has an outer opening portion 66A of the temporary hole
at the plug back wall portion 63. The plug temporary joint
hole 66 has an inner opening portion 66B of the tempo-
rary joint hole at the plug cam portion 64. The inner face
of the outer opening portion 66A of the plug temporary
joint hole 66 has a temporary internal screw thread 66C.
[0053] The plug cap component 67 is formed of a metal
material. The plug cap component 67 has a cap compo-
nent external screw thread 67A and a tool insertion hole
67B. The cap component external screw thread 67A of
the plug cap component 67 is screwed to the temporary
internal screw thread 66C of the plug temporary joint hole
66. The plug cap component 67 closes the temporary
joint hole outer opening portion 66A.
[0054] The first restricting portion 100 protrudes from
the back wall portion bottom face 63A of the plug back
wall portion 63 toward the plug internal space 65. The
first restricting portion 100 is inserted in a spring space
(that is, the radially inner side of the rotation force gen-
erating spring) 84 of the rotation force generating spring
80. The first restricting portion 100 has a first body portion
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110 and a first facing portion 120. The first restricting
portion 100 has such a configuration that the first body
portion 110 and the first facing portion 120 are integrally
formed of the same metal material. In the first restricting
portion 100, the distal end-side portion of the first body
portion 110 and the first facing portion 120 are inserted
in a facing accommodating space 223 of the second re-
stricting portion 200. The first restricting portion 100 re-
stricts rotation of the first spring end portion 81 of the
rotation force generating spring 80 with respect to the
plug body 61.
[0055] The first body portion 110 has a columnar shape
and extends in the axial direction of the plug body 61.
The first body portion 110 has a first retaining groove 114
that is formed at the middle portion of the columnar shape
and that extends in the longitudinal direction. The first
body portion 110 has such a configuration that the first
body portion 110 is split into two columnar portions by
the first retaining groove 114. The first body portion 110
has the first retaining groove 114 between one first body
portion inner face 112 and the other first body portion
inner face 112. The first body portion 110 has the first
retaining groove 114 from a first body portion end face
113 to a connecting portion at which the first body portion
110 is connected to the plug back wall portion 63. A first
body portion outer face 111 of the first body portion 110
faces the fixing portion inner face 62B of the plug fixing
portion 62 and the spring winding portion 83 of the rota-
tion force generating spring 80 via a clearance. The first
body portion end face 113 of the first body portion 110
faces a second facing portion bottom face 222 of the
second restricting portion 200 via a clearance.
[0056] The first facing portion 120 is formed at the distal
end-side and outer-side portion of the first body portion
110. The first facing portion 120 has a first facing portion
side face 121 and a first facing portion end face 122. The
first facing portion side face 121 of the first facing portion
120 has the same face that is continuous with the first
body portion outer face 111. The first facing portion side
face 121 of the first facing portion 120 faces a second
facing portion side face 221 of the second restricting por-
tion 200, and contacts the second facing portion side face
221. The first facing portion end face 122 of the first facing
portion 120 has the same face that is continuous with the
first body portion end face 113. The first facing portion
end face 122 of the first facing portion 120 faces the sec-
ond facing portion bottom face 222 of the second restrict-
ing portion 200 via a clearance. The first facing portion
120 restricts relative movement of the plug body 61 and
the intermediate cam component 70 in the radial direction
of the plug body 61 and the intermediate cam component
70 by contacting the second facing portion , side face
221.
[0057] The intermediate cam component 70 is formed
of a metal material. The intermediate cam component 70
is arranged between the plug 60 and the intermediate
ring 90 in a state where the intermediate cam component
70 is rotatable with respect to the support yoke 50, the

plug 60 and the intermediate ring 90. The intermediate
cam component 70 has the intermediate cam body 71,
the intermediate cam portion 72, the second restricting
portion 200 and a cam protruding portion 300. The inter-
mediate cam component 70 has such a configuration that
the intermediate cam body 71, the intermediate cam por-
tion 72, the second restricting portion 200 and the cam
protruding portion 300 are integrally formed of the same
metal material. The intermediate cam component 70 is
rotated with respect to the support yoke 50, the plug 60
and the intermediate ring 90 by force that is applied from
the rotation force generating spring 80. Thus, the inter-
mediate cam component 70 suppresses an increase in
the clearance between the intermediate cam component
70 and the support yoke 50.
[0058] The intermediate cam, body 71 has a circular
columnar shape. A cam body back face 71B of the inter-
mediate cam body 71 faces the back wall portion bottom
face 63A of the plug back wall portion 63 and the spring
winding portion 83 of the rotation force generating spring
80.
[0059] The intermediate cam portion 72 has an annular
shape. The intermediate cam portion 72 is formed on the
radially outer-side portion of the intermediate cam body
71. The intermediate cam portion 72 has the plurality of
second cam faces 72A and a single cam temporary joint
hole 73. The shape of each second cam face 72A of the
intermediate cam portion 72 inclines in the axial direction
from the pressing side toward the separating side as it
advances toward one side in the circumferential direction
around the axis of the intermediate cam body 71. In the
intermediate cam portion 72, adjacent two of the second
cam faces 72A in the circumferential direction are parti-
tioned by a partitioning portion 72D. A cam portion outer
face 72B of the intermediate cam portion 72 contacts the
support portion inner face 21B of the rack housing 21
(see FIG. 3). In the intermediate cam portion 72, the cam
temporary joint hole 73 extends through the intermediate
cam portion 72 in the axial direction.
[0060] The second restricting portion 200 protrudes
from the cam body back face 71B of the intermediate
cam body 71 toward the plug internal space 65. The sec-
ond restricting portion 200 is inserted in the spring space
84 of the rotation force generating spring 80. The second
restricting portion 200 has a second body portion 210
and a second facing portion 220. The second restricting
portion 200 has such a configuration that the second body
portion 210 and the second facing portion 220 are inte-
grally formed of the same metal material. The second
restricting portion 200 restricts rotation of the second
spring end portion 82 of the rotation force generating
spring 80 with respect to the intermediate cam compo-
nent 70.
[0061] The second body portion 210 has a columnar
shape, and extends in the axial direction of the interme-
diate cam component 70. The second body portion 210
has a second retaining groove 214 that is formed at the
middle portion of the columnar shape, and that extends
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in the longitudinal direction. The second body portion 210
has a portion having a configuration similar to the first
body portion 110, and has such a configuration that the
second body portion 210 is split into two columnar por-
tions by the second retaining groove 214. The second
body portion 210 has the second retaining groove 214
between one second body portion inner face 212 and the
other second body portion inner face 212 (not shown).
The second body portion 210 has the second retaining
groove 214 from a second body portion end face 213 to
a connecting portion at which the second body portion
210 is connected to the intermediate cam body 71. A
second body portion outer face 211 of the second body
portion 210 faces the spring winding portion 83 of the
rotation force generating spring 80 via a clearance. The
second body portion end face 213 of the second body
portion 210 faces the back wall portion bottom face 63A
of the plug back wall portion 63 via a clearance. FIG. 4
shows one of the two columnar portions that are formed
in the second body portion 210 and split by the second
retaining groove 214, and does not show the other co-
lumnar portion.
[0062] Second facing portions 220 each have such a
shape that each second facing portion 220 is recessed
radially outward of the intermediate cam component 70
with respect to the second body portion inner face 212.
The second facing portions 220 are formed at the distal
end-side and inner-side portion of the second body por-
tion 210. The second facing portion 220 is formed in each
of the one columnar portion and the other columnar por-
tion that constitute the second body portion 210. Each
second facing portion 220 has the second facing portion
side face 221, the second facing portion bottom face 222
and the facing accommodating space 223. Each second
facing portion 220 defines the facing accommodating
space 223 by the second facing portion side face 221
and the second facing portion bottom face 222. In each
second facing portion 220, the facing accommodating
space 223 opens toward the plug back wall portion 63.
FIG. 4 does not show the second facing portion 220 that
is formed at the other columnar portion in the second
body portion 210.
[0063] The configuration of the cam protruding portion
300 will be described with reference to FIG. 4. The cam
protruding portion 300 has a cylindrical shape. The cam
protruding portion 300 is formed over the range from the
ring through-hole 91 of the intermediate ring 90 to the
yoke hole portion 55 of the support yoke 50. The cam
protruding portion 300 has a protruding portion body 310
and a tool corresponding portion 320. The cam protruding
portion 300 has such a configuration that the protruding
portion body 310 and the tool corresponding portion 320
are integrally formed of the same metal material. The
cam protruding portion 300 is formed as a portion for
fitting a tool used to rotate the intermediate cam compo-
nent 70 in the process of assembling the intermediate
cam component 70 to the plug 60.
[0064] The protruding portion body 310 has a cylindri-

cal shape. The protruding portion outer face 311 of the
protruding portion body 310 faces a hole portion inner
face 55A of the yoke hole portion 55 and the ring inner
face 93 of the intermediate ring 90 via a clearance (see
FIG. 3). A protruding portion end face 312 of the protrud-
ing portion body 310 faces a hole portion bottom face
55B of the yoke hole portion 55 via a clearance (see FIG.
3).
[0065] The tool corresponding portion 320 is formed
over the range from the inside of the protruding portion
body 310 to the inside of the intermediate cam body 71.
The tool corresponding portion 320 has a hexagon socket
322 having a shape corresponding to a hexagonal
wrench key. The tool corresponding portion 320 has the
hexagon socket 322 over the range from a tool corre-
sponding portion end face 321 to the inside of the inter-
mediate cam body 71. The tool corresponding portion
end face 321 of the tool corresponding portion 320 faces
the hole portion bottom face 55B of the yoke hole portion
55 via a clearance (see FIG. 3).
[0066] A method of assembling the rack shaft support
device 40 will be described with reference to FIG 3. As-
sembling processes of the rack shaft support device 40
include a first assembling process, a second assembling
process, a third assembling process, a fourth assembling
process and a fifth assembling process. The rack shaft
support device 40 is finished sequentially through the
first assembling process to the fifth assembling process.
[0067] The first assembling process is a process of ar-
ranging the support yoke 50 on the rack back face portion
14E of the rack shaft 14. In the first assembling process,
a worker inserts the support yoke 50 from the support
opening portion 21C of the rack housing 21 into the sup-
port accommodating space 25, and arranges the yoke
back face portion 53 of the support yoke 50 on the rack
back face portion 14E.
[0068] The second assembling process is a process
of arranging the intermediate ring 90 on the resin elastic
component 57 of the support yoke 50. In the second as-
sembling process, the worker inserts the intermediate
ring 90 from the support opening portion 21C of the rack
housing 21 into the support accommodating space 25,
and arranges the intermediate ring 90 on the resin elastic
component 57 at a location at which a clearance is formed
between the ring outer face 92 and the support portion
inner face 21B.
[0069] The third assembling process is a process of
assembling a plug assembly. The plug assembly is an
assembly having such a configuration that the plug body
61, the intermediate cam component 70 and the rotation
force generating spring 80 are assembled to each other
and a temporary joint bolt (not shown) is inserted in the
plug temporary joint hole 66 and the cam temporary joint
hole 73. In the third assembling process, after assem-
bling the plug body 61, the intermediate cam component
70 and the rotation force generating spring 80 to each
other, the worker assembles the plug assembly by in-
serting the temporary joint bolt into the plug temporary
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joint hole 66 and the cam temporary joint hole 73.
[0070] The fourth assembling process is a process of
fixing the plug assembly to the rack housing 21. In the
fourth assembling process, the worker inserts the plug
assembly from the support opening portion 21C of the
rack housing 21 into the support accommodating space
25, and screws the plug external screw thread 62C of
the plug body 61 to the opening portion internal screw
thread 21D of the rack housing 21. In the fourth assem-
bling process, when the entire plug external screw thread
62C is screwed to the opening portion internal screw
thread 21D, the intermediate ring 90 is pressed against
the resin elastic component 57 by the intermediate cam
component 70 in a state where a clearance is formed
between the ring front face 94 and the yoke back face
portion 53.
[0071] The fifth assembling process is a process of fin-
ishing mounting of the rack shaft support device 40 on
the rack housing 21. The worker screws the nut internal
screw thread 68B of the locknut 68 to the plug external
screw thread 62C of the plug body 61. The worker sub-
sequently removes the temporary joint bolt from the plug
temporary joint hole 66 and the cam temporary joint hole
73, and screws the cap component external screw thread
67A of the plug cap component 67 into the temporary
internal screw thread 66C of the plug temporary joint hole
66. In the fifth assembling process, the plug 60 is assem-
bled by screwing the plug cap component 67 into the plug
body 61, and mounting of the rack shaft support device
40 on the rack housing 21 is finished.
[0072] A method of assembling the plug assembly will
be described with reference to FIG. 4. Assembling proc-
esses of the plug assembly include a first intermediate
process, a second intermediate process, a third interme-
diate process and a fourth intermediate process. The
plug assembly is finished sequentially through the first
intermediate process to the fourth intermediate process.
[0073] The first intermediate process is a process of
connecting the first spring end portion 81 of the rotation
force generating spring 80 to the plug body 61. In the first
intermediate process, the worker inserts the rotation
force generating spring 80 from the first spring end por-
tion 81 side into the plug internal space 65, and press-
fits the first spring end portion 81 to the first retaining
groove 114 of the first restricting portion 100.
[0074] The second intermediate process is a process
of connecting the second spring end portion 82 of the
rotation force generating spring 80 to the intermediate
cam component 70. In the second intermediate process,
the worker inserts the second restricting portion 200 of
the intermediate cam component 70 into the plug internal
space 65, and press-fits the second spring end portion
82 into the second retaining groove 214 of the second
restricting portion 200. In the second intermediate proc-
ess, in process of press-fitting the second spring end
portion 82 to the second retaining groove 214, the first
body portion 110 and first facing portion 120 of the first
restricting portion 100 are inserted into the facing accom-

modating spaces 223 of the second restricting portion
200. Therefore, an assembling location of the intermedi-
ate cam component 70 to the plug body 61 is guided by
the contact between the first facing portion side face 121
and the second facing portion side faces 221.
[0075] The third intermediate process is a process of
adjusting the spring force of the rotation force generating
spring 80. In the third intermediate process, the worker
mounts the plug body 61 on a fixing jig, and then inserts
the hexagonal wrench key into the hexagon socket 322
of the cam protruding portion 300. The worker subse-
quently rotates the intermediate cam component 70 in a
direction, in which the spring force of the rotation force
generating spring 80 increases, by applying torque to the
hexagonal wrench key. The worker subsequently rotates
the intermediate cam component 70 with the use of the
hexagonal wrench key until the rotation of the interme-
diate cam component 70 with respect to the plug body
61 is restricted by the contact of the partitioning portions
72D of the intermediate cam portion 72 with the partition-
ing portions of the plug cam portion 64. A torsion amount
of the rotation force generating spring 80 reaches a pre-
scribed torsion amount at the time when the partitioning
portions 72D of the intermediate cam portion 72 are
brought into contact with the partitioning portions of the
plug cam portion 64. The cam temporary joint hole 73 of
the intermediate cam component 70 is located coaxially
with the plug temporary joint hole 66 of the plug body 61
at the time when the partitioning portions 72D of the in-
termediate cam portion 72 are brought into contact with
the partitioning portions of the plug cam portion 64.
[0076] The fourth intermediate process is a process of
inserting the temporary joint bolt into the plug body 61
and the intermediate cam component 70. In the fourth
intermediate process, the worker fixes the rotation posi-
tion of the intermediate cam component 70 with respect
to the plug body 61 with the use of the hexagonal wrench
key, and inserts the temporary joint bolt from the tempo-
rary joint hole outer opening portion 66A into the plug
temporary joint hole 66 and the cam temporary joint hole
73. The worker subsequently removes the hexagonal
wrench key from the cam protruding portion 300, and
removes the plug body 61 from the fixing jig. In the fourth
intermediate process, the plug assembly is assembled
by inserting the temporary joint bolt into the plug tempo-
rary joint hole 66 and the cam temporary joint hole 73.
In the plug assembly, the rotation position of the inter-
mediate cam component 70 with respect to the plug body
61 is fixed by the temporary joint bolt.
[0077] A method of manufacturing the plug body 61
will be described with reference to FIG. 3. Manufacturing
processes of the plug body 61 include a first plug man-
ufacturing process, a second plug manufacturing proc-
ess and a third plug manufacturing process. The plug
body 61 is manufactured sequentially through the first
plug manufacturing process to the third plug manufac-
turing process.
[0078] The first plug manufacturing process is a proc-
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ess of manufacturing a blank of the plug body 61 in a
state where each of the plug fixing portion 62, the plug
back wall portion 63, the plug cam portion 64, the plug
internal space 65 and the first restricting portion 100 is
not formed. The state where the plug fixing portion 62,
and the like, are not formed includes a state where part
of a corresponding portion in the plug body 61 is formed
but the portion is not finished and a state where a corre-
sponding portion in the plug body 61 is not formed.
[0079] The second plug manufacturing process is a
process of forming the first restricting portion 100 in the
blank of the plug body 61 through cold forging of the blank
of the plug body 61, the blank being formed in the first
plug manufacturing process. In the blank before the sec-
ond plug manufacturing process, an unprocessed mate-
rial portion is present in the plug internal space 65 that
is present around the first restricting portion 100 in the
processed plug body 61. In addition, a space is present
at a portion at which the first restricting portion 100 will
be formed.
[0080] In the second plug manufacturing process, the
material portion that fills the plug internal space 65 is
stamped, and the material portion is pushed out to the
space corresponding to the portion at which the first re-
stricting portion 100 will be formed. The first restricting
portion 100 is formed from the material portion pushed
out to the space corresponding to the portion at which
the first restricting portion 100 will be formed. In addition,
in the second plug manufacturing process, when it is re-
quired to adjust the radial size of the press-molded first
restricting portion 100, the outer face of the first restricting
portion 100 is processed by cutting.
[0081] In the plug body 61, as a result of forming the
first restricting portion 100 through cold forging, the fixing
portion inner face 62B of the plug fixing portion 62, the
first body portion outer face 111 and first body portion
inner face 112 of the first body portion 110 and the first
facing portion side face 121 of the first facing portion 120
are formed. Therefore, these faces in the plug body 61
that is a finished product have a material structure formed
through forging. When additional processing, such as
cutting, is applied to at least one face of those faces after
cold forging, the additionally processed face has a ma-
terial structure formed through additional processing.
[0082] The third plug manufacturing process is a proc-
ess of forming the plug external screw thread 62C, the
plug temporary joint hole 66, the temporary internal screw
thread 66C and the first cam faces 64A. The sequence
of manufacturing these portions is set on the basis of, for
example, processability of each portion. When the third
plug manufacturing process is completed, the plug body
61 is finished.
[0083] The action and operation of the rack shaft sup-
port device 40 will be described with reference to FIG. 2.
The rack shaft support device 40 has two functions. The
first function is a function of suppressing movement of
the rack shaft 14 in the separating direction with respect
to the pinion shaft 13. The second function is a function

of suppressing an increase in a clearance at a meshing
portion between the rack gear 14C and the pinion gear
13A due to an advance of abrasion of the friction portion
of the rack shaft 14. The friction portion of the rack shaft
14 includes a meshing portion between the rack gear
14C and the pinion gear 13A and a contact portion be-
tween the rack back face portion 14E and the low friction
sheet 56 of the support yoke 50.
[0084] The first function of the rack shaft support de-
vice 40 will be described. The first cam faces 64A of the
plug body 61 of the plug 60 are in contact with the second
cam faces 72A of the intermediate cam component 70.
Thus, movement of the intermediate cam component 70
in the separating direction with respect to the rack hous-
ing 21, and the like, is restricted. The intermediate cam
component 70 supports the yoke back face portion 53 of
the support yoke 50 via the intermediate ring 90 and the
resin elastic component 57. Thus, movement of the sup-
port yoke 50 in the separating direction with respect to
the rack housing 21, and the like, is restricted. The yoke
support portion 52 of the support yoke 50 supports the
rack back face portion 14E of the rack shaft 14.
[0085] Therefore, movement of the rack shaft 14 in the
separating direction with respect to the pinion shaft 13 is
restricted. This suppresses occurrence of contact noise
between the components due to movement of the rack
shaft 14 in the separating direction and the pressing di-
rection with respect to the pinion shaft 13 with the rotation
of the pinion shaft 13. In the rack shaft support device
40, a clearance is formed between the yoke back face
portion 53 and the intermediate ring 90. Therefore, when
the yoke body 51 receives force acting in the separating
direction from the rack shaft 14, the yoke body 51 is al-
lowed to move in the separating direction by the amount
of the clearance between the yoke back face portion 53
and the intermediate ring 90. When the yoke body 51
moves in the separating direction with respect to the rack
housing 21, and the like, the amount of compression de-
formation of the resin elastic component 57 is increased.
Therefore, force that the resin elastic component 57
presses the yoke body 51 in the pressing direction in-
creases.
[0086] The second function of the rack shaft support
device 40 will be described. The rotation force generating
spring 80 applies force to the intermediate cam compo-
nent 70 to cause the intermediate cam component 70 to
rotate with respect to the plug body 61. That is, the rota-
tion force generating spring 80 applies force to the inter-
mediate cam component 70 to cause the second cam
faces 72A to rotate with respect to the first cam faces 64A.
[0087] Spring force that is applied to the intermediate
cam component 70 acts on the first cam faces 64A. The
first cam faces 64A incline from the separating side to-
ward the pressing side. Thus, the applied spring force is
decomposed into components having directions that re-
spectively incline along the first cam faces 64A, and then
act in a direction around the axis of the intermediate cam
component 70. Therefore, the second cam faces 72A
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that are in contact with the first cam faces 64A attempt
to move in the pressing direction with respect to the first
cam faces 64A due to spring force that is applied to the
intermediate cam component 70. That is, the intermedi-
ate cam component 70 attempts to move in the pressing
direction with respect to the plug body 61 due to the con-
tact between the second cam faces 72A and the first cam
faces 64A and the spring force that is applied from the
rotation force generating spring 80.
[0088] On the other hand, movement of the intermedi-
ate cam component 70 in the pressing direction with re-
spect to the rack housing 21, and the like, is restricted
by the support yoke 50. Therefore, in a state where spring
force is applied from the rotation force generating spring
80 to the intermediate cam component 70, the interme-
diate cam component 70 does not move in the pressing
direction with respect to the plug body 61. However, when
the amount of abrasion of the friction portion of the rack
shaft 14 increases, an allowable movement range of the
yoke body 51 is expanded with respect to the rack hous-
ing 21, and the like, in the pressing direction. Therefore,
the allowable movement range of the intermediate cam
component 70 also expands with respect to the rack
housing 21, and the like, in the pressing direction.
[0089] With the above configuration, the intermediate
cam component 70 rotates with respect to the plug body
61 due to the spring force of the rotation force generating
spring 80. Therefore, the cam body front face 71A and
cam portion front face 72C of the intermediate cam com-
ponent 70 move in the pressing direction from the location
before the intermediate cam component 70 is rotated with
respect to the plug body 61. A relative positional relation-
ship in the pressing direction between the cam body front
face 71A and cam portion front face 72C and the yoke
back face portion 53 is kept substantially the same as
the relationship before the intermediate cam component
70 is rotated with respect to the plug body 61. That is, a
relative positional relationship in the pressing direction
between the intermediate cam component 70 and the
yoke body 51 is kept substantially the same as the rela-
tionship before the amount of abrasion of the friction por-
tion of the rack shaft 14 increases.
[0090] This suppresses an increase in the movement
range of the yoke body 51 in the separating direction with
respect to the rack back face portion 14E due to an in-
crease in the amount of abrasion of the friction portion
of the rack shaft 14. Therefore, even when the amount
of abrasion of the friction portion of the rack shaft 14
increases, occurrence of contact noise between the pin-
ion shaft 13 and the rack shaft 14 is suppressed.
[0091] The steering system 1 according to the present
embodiment has the following advantageous effects.
The steering system 1 includes the rack shaft support
device 40. In the rack shaft support device 40, the first
facing portion 120 of the first restricting portion 100 face
the second facing portions 220 of the second restricting
portion 200. With this configuration, in the direction that
intersects with the axis of the plug body 61 and the axis

of the intermediate cam component 70 (the radial direc-
tion of the plug body 61 and the intermediate cam com-
ponent 70), relative movement between the plug body
61 and the intermediate cam component 70 is restricted.
That is, the first restricting portion 100 and the second
restricting portion 200 have the function of positioning
the plug body 61 and the intermediate cam component
70 in the radial direction of the plug body 61 and the
intermediate cam component 70.
[0092] In the rack shaft support device 40, when the
plug body 61 and the intermediate cam component 70
are assembled to each other, the location at which the
intermediate cam component 70 is assembled to the plug
body 61 is guided by the first facing portion 120 and the
second facing portions 220. This suppresses assembling
of the plug body 61 to the intermediate cam component
70 in a state where a relative positional relationship be-
tween the first cam faces 64A and the second cam faces
72A deviates from a proper positional relationship. In ad-
dition, this improves workability at the time when the plug
body 61 and the intermediate cam component 70 are
assembled to each other.
[0093] In the rack shaft support device 40, each of the
first restricting portion 100 and the second restricting por-
tion 200 that position the plug body 61 and the interme-
diate cam component 70 has a shape such that each of
the first restricting portion 100 and the second restricting
portion 200 protrudes from the plug back wall portion 63
or the intermediate cam body 71 toward the plug internal
space 65. Therefore, it is possible to form an overlapped
portion at which the rotation force generating spring 80
overlaps with the first restricting portion 100 and the sec-
ond restricting portion 200 in the axial direction of the
intermediate cam body 71. Therefore, in comparison with
the case where the portion for positioning the plug body
61 and the intermediate cam component 70 fills the in-
termediate cam component 70-side portion of the plug
internal space 65, it is possible to reduce the size of the
rack shaft support device 40 in the pressing direction.
The above-described configuration of the rack shaft sup-
port device 440 shown in FIG. 9 may be an example of
the above-described comparison target configuration.
[0094] In the rack shaft support device 40, the first fac-
ing portion side face 121 of the first restricting portion
100 contacts the second facing portion side faces 221 of
the second restricting portion 200. With this configura-
tion, in comparison with the case where there is a clear-
ance between the first facing portion side face 121 and
the second facing portion side faces 221, a relative po-
sitional relationship in the radial direction between the
plug body 61 and the intermediate cam component 70
becomes stable.
[0095] In the rack shaft support device 40, the first re-
stricting portion 100 has the first body portion 110 and
the first facing portion 120, and the second restricting
portion 200 has the second body portion 210 and the
second facing portions 220. That is, the first restricting
portion 100 and the second restricting portion 200 have
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the function of positioning the plug body 61 and the in-
termediate cam component 70 in the radial direction of
the plug body 61 and the intermediate cam component
70 and the function of retaining the rotation force gener-
ating spring 80. With this configuration, in comparison
with the case where a portion having the function of po-
sitioning the plug body 61 and the intermediate cam com-
ponent 70 and a portion having the function of retaining
the rotation force generating spring 80 are individually
formed, the configuration of the rack shaft support device
40 is simplified.
[0096] In the rack shaft support device 40, the first re-
stricting portion 100 and the second restricting portion
200 are arranged in the spring space 84 of the rotation
force generating spring 80. With this configuration, in
comparison with the case where the first restricting por-
tion 100 and the second restricting portion 200 are ar-
ranged outside the spring space 84 in the axial direction
of the rotation force generating spring 80, an overlapped
portion of the components increases in the pressing di-
rection of the rack shaft support device 40. Therefore, it
is possible to reduce the size of the rack shaft support
device 40 in the pressing direction.
[0097] The rack shaft support device 40 includes the
intermediate cam component 70 having the cam protrud-
ing portion 300. With this configuration, in the process
(third intermediate process) of adjusting the magnitude
of the spring force of the rotation force generating spring
80, it is possible to fit a tool to the cam protruding portion
300. Then, by rotating the intermediate cam component
70 with respect to the plug body 61 with the use of the
tool, it is possible to adjust the magnitude of the spring
force of the rotation force generating spring 80. There-
fore, it is possible to omit an adjusting bolt from the rack
shaft support device. Hence, it is possible to reduce the
size of the rack shaft support device 40 in the pressing
direction.
[0098] In the rack shaft support device 40, the cam
protruding portion 300 has the tool corresponding portion
320. With this configuration, in the process of adjusting
the magnitude of the spring force of the rotation force
generating spring 80, it is possible to fit the hexagonal
wrench key to the hexagon socket 322 of the tool corre-
sponding portion 320. By rotating the intermediate cam
component 70 with respect to the plug body 61 with the
use of the hexagonal wrench key, it is possible to adjust
the magnitude of the spring force of the rotation force
generating spring 80. Therefore, in comparison with the
case where the tool corresponding portion 320 is not
formed in the cam protruding portion 300, workability of
work for rotating the intermediate cam component 70 with
respect to the plug body 61 improves.
[0099] In the rack shaft support device 40, the cam
protruding portion 300 is inserted into the yoke hole por-
tion 55 of the support yoke 50. Therefore, in comparison
with the case where the cam protruding portion 300 is
arranged outside the support yoke 50 in the axial direction
of the intermediate cam component 70, it is possible to

reduce the size of the rack shaft support device 40 in the
pressing direction.
[0100] In the rack shaft support device 40, the support
yoke 50 supports the rack back face portion 14E of the
rack shaft 14. With this configuration, occurrence of con-
tact noise between the components due to movement of
the rack shaft 14 in the separating direction and the press-
ing direction with respect to the pinion shaft 13 with the
rotation of the pinion shaft 13 is suppressed.
[0101] The rack shaft support device 40 includes the
rotation force generating spring 80 that rotates the inter-
mediate cam component 70 with respect to the plug body
61. With this configuration, when the amount of abrasion
of the friction portion of the rack shaft 14 increases, the
intermediate cam component 70 rotates with respect to
the plug body 61. Therefore, a relative positional rela-
tionship in the pressing direction between the intermedi-
ate cam component 70 and the yoke body 51 is kept
substantially the same as the relationship before the
amount of abrasion of the friction portion of the rack shaft
14 increases. Therefore, even when the amount of abra-
sion of the friction portion of the rack shaft 14 increases,
occurrence of contact noise between the pinion shaft 13
and the rack shaft 14 is suppressed.
[0102] In the above-described embodiment, the rela-
tionship between the plurality of elements that are de-
scribed to have the same axis includes a case where the
axes of the plurality of elements coincide with each other
and a case where the axes of the plurality of elements
may be assumed to substantially coincide with each oth-
er.
[0103] The axis of the plug body 61 indicates the rota-
tion axis of the plug body 61. The radial direction of the
plug body 61 indicates the direction perpendicular to the
axis of the plug body 61. The axis of the locknut 68 indi-
cates the rotation axis of the locknut 68. The radial direc-
tion of the locknut 68 indicates the direction perpendicular
to the axis of the locknut 68. The axis of the intermediate
cam component 70 indicates the rotation axis of the in-
termediate cam component 70. The radial direction of
the intermediate cam component 70 indicates the direc-
tion perpendicular to the axis of the intermediate cam
component 70. The axis of the intermediate ring 90 indi-
cates the axis located along the same axis as the axes
of the plug body 61, and the like. The radial direction of
the intermediate ring 90 indicates the direction perpen-
dicular to the axis of the intermediate ring 90. The axis
of the yoke body 51 indicates the axis located along the
same axis as the axes of the plug body 61, and the like.
The radial direction of the yoke body 51 indicates the
direction perpendicular to the axis of the yoke body 51.
The pressing direction of the rack shaft support device
40 indicates the same direction as the axial direction of
the plug body 61, or the like.

<Other Embodiments>

[0104] The invention includes embodiments other than

21 22 



EP 2 669 145 B1

13

5

10

15

20

25

30

35

40

45

50

55

the above-described embodiment. Hereinafter, alterna-
tive embodiments to the above-described embodiment
will be described as other embodiments of the invention.
The following alternative embodiments may be imple-
mented in combination with each other.
[0105] The support yoke 50 according to the above-
described embodiment has such a configuration that the
yoke body 51, the yoke support portion 52 and the yoke
back face portion 53 are integrally formed of the same
metal material. In contrast, the support yoke 50 according
to an alternative embodiment has such a configuration
that at least one of the yoke support portion 52 and the
yoke back face portion 53 is formed as an individual com-
ponent independently of the yoke body 51. The support
yoke 50 according to the alternative embodiment has
such a configuration that the at least one of the yoke
support portion 52 and the yoke back face portion 53,
which is formed as the individual component, is connect-
ed to the yoke body 51. In the support yoke 50 according
to the alternative embodiment, at least one of the yoke
support portion 52 and the yoke back face portion 53 may
be formed of a material different from that of the yoke
body 51.
[0106] The plug body 61 of the plug 60 according to
the above-described embodiment has such a configura-
tion that the plug fixing portion 62, the plug back wall
portion 63 and the plug cam portion 64 are integrally
formed of the same metal material. In contrast, the plug
60 according to an alternative embodiment has such a
configuration that at least one of the plug back wall portion
63 and the plug cam portion 64 is formed as an individual
component independent of the plug fixing portion 62. The
plug body 61 according to the alternative embodiment
has such a configuration that the at least one of the plug
back wall portion 63 and the plug cam portion 64, which
is formed as the individual component, is connected to
the plug fixing portion 62. In the plug body 61 according
to the alternative embodiment, at least one of the plug
back wall portion 63 and the plug cam portion 64 may be
formed of a material different from that of the plug fixing
portion 62.
[0107] The plug body 61 of the plug 60 according to
the above-described embodiment has such a configura-
tion that the plug back wall portion 63 and the first re-
stricting portion 100 are integrally formed of the same
metal material. In contrast, the plug body 61 according
to an alternative embodiment has such a configuration
that the first restricting portion 100 is formed as an indi-
vidual component independent of the plug back wall por-
tion 63. The plug body 61 according to the alternative
embodiment has such a configuration that the first re-
stricting portion 100 is connected to the plug back wall
portion 63. In the plug body 61 according to the alternative
embodiment, the first restricting portion 100 may be
formed of a material different from that of the plug back
wall portion 63.
[0108] The intermediate cam component 70 according
to the above-described embodiment has such a config-

uration that the intermediate cam body 71 and the second
restricting portion 200 are integrally formed of the same
metal material. In contrast, the intermediate cam com-
ponent 70 according to an alternative embodiment has
such a configuration that the second restricting portion
200 is formed as an individual component independent
of the intermediate cam body 71. The intermediate cam
component 70 according to the alternative embodiment
has such a configuration that the second restricting por-
tion 200 is connected to the intermediate cam body 71.
In the intermediate cam component 70 according to the
alternative embodiment, the second restricting portion
200 may be formed of a material different from that of
the intermediate cam body 71.
[0109] The first restricting portion 100 of the plug 60
according to the above-described embodiment has such
a configuration that the first body portion 110 and the first
facing portion 120 are integrally formed of the same metal
material. In contrast, the first restricting portion 100 ac-
cording to an alternative embodiment shown in FIG. 5
has such a configuration that the first facing portion 120
is formed as an individual component independent of the
first body portion 110. The first restricting portion 100
according to the alternative embodiment has such a con-
figuration that the first facing portion 120 is connected to
the first body portion 110. In the first restricting portion
100 according to the alternative embodiment, the first
facing portion 120 may be formed of a material different
from that of the first body portion 110.
[0110] The second restricting portion 200 of the inter-
mediate cam component 70 according to the above-de-
scribed embodiment has such a configuration that the
second body portion 210 and the second facing portions
220 are integrally formed of the same metal material. In
contrast, the second restricting portion 200 according to
an alternative embodiment shown in FIG. 6 has such a
configuration that the second facing portions 220 are
formed as individual components independent of the sec-
ond body portion 210. The second restricting portion 200
according to the alternative embodiment has such a con-
figuration that the second facing portions 220 are con-
nected to the second body portion 210. In the second
restricting portion 200 according to the alternative em-
bodiment, the second facing portions 220 may be formed
of a material different from the second body portion 210.
[0111] The intermediate cam component 70 according
to the above-described embodiment has such a config-
uration that the intermediate cam body 71 and the cam
protruding portion 300 are integrally formed of the same
metal material. In contrast, the intermediate cam com-
ponent 70 according to an alternative embodiment has
such a configuration that the cam protruding portion 300
is formed as an individual component independent of the
intermediate cam body 71. The intermediate cam com-
ponent 70 according to the alternative embodiment has
such a configuration that the cam protruding portion 300
is connected to the intermediate cam body 71. In the
intermediate cam component 70 according to the alter-
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native embodiment, the cam protruding portion 300 may
be formed of a material different from that of the interme-
diate cam body 71.
[0112] The cam protruding portion 300 of the interme-
diate cam component 70 according to the above-de-
scribed embodiment has such a configuration that the
protruding portion body 310 and the tool corresponding
portion 320 are integrally formed of the same metal ma-
terial. In contrast, the cam protruding portion 300 shown
in FIG. 7 has such a configuration that the tool corre-
sponding portion 320 is formed as an individual compo-
nent independent of the protruding portion body 310. The
cam protruding portion 300 according to the alternative
embodiment has such a configuration that the tool cor-
responding portion 320 is connected to the protruding
portion body 310. In the cam protruding portion 300 ac-
cording to the alternative embodiment, the tool corre-
sponding portion 320 may be formed of a material differ-
ent from that of the protruding portion body 310.
[0113] The protruding portion end face 312 of the cam
protruding portion 300 according to the above-described
embodiment faces the hole portion bottom face 55B of
the yoke hole portion 55 via a clearance. In contrast, the
protruding portion end face 312 of the cam protruding
portion 300 according to an alternative embodiment con-
tacts the hole portion bottom face 55B of the yoke hole
portion 55.
[0114] The protruding portion outer face 311 of the cam
protruding portion 300 according to the above-described
embodiment faces the hole portion inner face 55A of the
yoke hole portion 55 via a clearance. In contrast, at least
part of the protruding portion outer face 311 of the cam
protruding portion 300 according to an alternative em-
bodiment contacts the hole portion inner face 55A.
[0115] The cam protruding portion 300 according to
the above-described embodiment has the tool corre-
sponding portion 320 having the hexagon socket 322. In
contrast, the cam protruding portion 300 according to an
alternative embodiment has a tool corresponding portion
having a polygonal outer shape corresponding to a
wrench, instead of the tool corresponding portion 320. In
the cam protruding portion 300 according to the alterna-
tive embodiment, the polygonal outer shape of the tool
corresponding portion has the outer shape of the distal
end portion of the protruding portion body 310.
[0116] The cam protruding portion 300 according to
the above-described embodiment has the protruding por-
tion body 310 and the tool corresponding portion 320. In
contrast, the cam protruding portion 300 according to an
alternative embodiment has such a configuration that the
tool corresponding portion 320 is omitted. In the cam pro-
truding portion 300 according to the alternative embodi-
ment, the portion corresponding to the tool corresponding
portion 320 is filled by, for example, forming the protrud-
ing portion body 310 as a solid portion.
[0117] In the rack shaft support device 40 having the
cam protruding portion 300 according to the alternative
embodiment, in the process of assembling the plug body

61, the intermediate cam component 70 and the rotation
force generating spring 80 to one another, it is possible
to fit the tool to the cam protruding portion 300 (protruding
portion body 310). Then, by rotating the intermediate cam
component 70 with respect to the plug 60 with the use
of the tool fitted to the cam protruding portion 300, it is
possible to adjust the magnitude of the spring force of
the rotation force generating spring 80. With the above
configuration, it is possible to omit an adjusting bolt from
the rack shaft support device. Therefore, it is possible to
reduce the size of the rack shaft support device 40 in the
pressing direction.
[0118] In the rack shaft support device 40 according
to the above-described embodiment, the intermediate
cam component 70 has the single cam protruding portion
300, and the support yoke 50 has the single yoke hole
portion 55 corresponding to the cam protruding portion
300. In contrast, the rack shaft support device 40 accord-
ing to an alternative embodiment has any one of the fol-
lowing configurations (1) to (3).

(1) In the rack shaft support device 40 according to
the alternative embodiment, the intermediate cam
component 70 has a plurality of the cam protruding
portions 300, and the support yoke 50 has the single
yoke hole portion 55 into which the plurality of cam
protruding portions 300 are inserted.
(2) In the rack shaft support device 40 according to
the alternative embodiment, the intermediate cam
component 70 has a plurality of the cam protruding
portions 300, and the support yoke 50 has a plurality
of the yoke hole portions 55 into which the plurality
of cam protruding portions 300 are respectively in-
dividually inserted.
(3) The rack shaft support device 40 according to
the alternative embodiment has the intermediate
cam component 70 from which the cam protruding
portion 300 is omitted. In the rack shaft support de-
vice 40, the yoke hole portion 55 of the support yoke
50 may also be omitted.

[0119] The rack shaft support device 40 according to
the above-described embodiment has such a configura-
tion that the first restricting portion 100 and the second
restricting portion 200 are inserted in the spring space
84. In contrast, in the rack shaft support device 40 ac-
cording to an alternative embodiment, the first restricting
portion 100 and the second restricting portion 200 have
a winding portion accommodating space that accommo-
dates the rotation force generating spring 80. In the rack
shaft support device 40 according to the alternative em-
bodiment, the rotation force generating spring 80 is in-
serted into the winding portion accommodating space,
and, as a result, the rotation force generating spring 80
is covered therearound with the first restricting portion
100 and the second restricting portion 200 in the radial
direction of the plug body 61.
[0120] The rack shaft support device 40 according to

25 26 



EP 2 669 145 B1

15

5

10

15

20

25

30

35

40

45

50

55

the above-described embodiment has such a configura-
tion that the first facing portion side face 121 of the first
restricting portion 100 contacts the second facing portion
side faces 221 of the second restricting portion 200. In
contrast, the rack shaft support device 40 according to
an alternative embodiment has such a configuration that
the first facing portion side face 121 faces the second
facing portion side faces 221 via a clearance in the radial
direction of the intermediate cam component 70. In the
rack shaft support device 40 according to the alternative
embodiment, the first facing portion side face 121 and
the second facing portion side faces 221 contact each
other through relative movement of the first restricting
portion, 100 and the second restricting portion 200 in the
radial direction of the intermediate cam component 70.
Relative movement of the plug body 61 and the interme-
diate cam component 70 in the radial direction of the
intermediate cam component 70 is restricted by the mu-
tual contact of the first facing portion side face 121 and
the second facing portion side faces 221. With the rack
shaft support device 40 according to the alternative em-
bodiment, rotation resistance reduces at the time when
the intermediate cam component 70 rotates with respect
to the plug body 61 in comparison with the configuration
that the first facing portion side face 121 and the second
facing portion side faces 221 are in contact with each
other. Therefore, even when the spring force of the rota-
tion force generating spring 80 is reduced, it is possible
to rotate the intermediate cam component 70 with respect
to the plug body 61.
[0121] The rack shaft support device 40 according to
the above-described embodiment includes the first re-
stricting portion 100 that has the first body portion outer
face 111 and the first facing portion side face 121 in shape
along the axial direction of the plug body 61. In addition,
the rack shaft support device 40 according to the above-
described embodiment includes the second restricting
portion 200 that has the second facing portion side faces
221 in shape along the axial direction of the intermediate
cam component 70. In contrast, the rack shaft support
device 40 according to an alternative embodiment shown
in FIG. 8 includes a first restricting portion 100A instead
of the first restricting portion 100 and a second restricting
portion 200A instead of the second restricting portion
200.
[0122] The first restricting portion 100A according to
the alternative embodiment has a configuration different
from the first restricting portion 100 according to the
above-described embodiment in the following point and
has the same configuration as the first restricting portion
100 in the other portions. The first restricting portion 100A
has a first body portion 110A and a first facing portion
120A. In the first restricting portion 100A, the distal end-
side portion of the first body portion 110A and the first
facing portion 120A are inserted in facing accommodat-
ing spaces 223A of the second restricting portion 200A.
[0123] The first body portion 110A has a first body por-
tion outer face 111A. In the first body portion 110A, the

first body portion outer face 111A inclines radially inward
as it advances toward the pressing side in the axial di-
rection of the plug body 61.
[0124] The first facing portion 120A has a first facing
portion side face 121A. The first facing portion side face
121A of the first facing portion 120A has the same face
that is continuous with the first body portion outer face
111 A. In the first facing portion 120A, the first facing
portion side face 121 A inclines radially inward as it ad-
vances toward the pressing side in the axial direction of
the plug body 61.
[0125] The second restricting portion 200A according
to the alternative embodiment has a configuration differ-
ent from the second restricting portion 200 according to
the above-described embodiment in the following point,
and has the same configuration as the second restricting
portion 200 in the other portions. The second restricting
portion 200A has a second body portion 210A and sec-
ond facing portions 220A.
[0126] The second facing portions 220A each have a
second facing portion side face 221A and the facing ac-
commodating spaces 223A. In the second facing portions
220A, the second facing portion side faces 221A incline
radially inward as it advances toward the pressing side
in the axial direction of the intermediate cam component
70. The second facing portion side faces 221 A of the
second facing portion 220A face the first facing portion
side face 121A, and contact the first facing portion side
face 121A.
[0127] The rack shaft support device 40 according to
the above-described embodiment has such a configura-
tion that the distal end-side portion of the first body portion
110 of the first restricting portion 100 and the first facing
portion 120 of the first restricting portion 100 are inserted
in the facing accommodating spaces 223 of the second
restricting portion 200. In contrast, the rack shaft support
device 40 according to an alternative embodiment has
such a configuration that the first restricting portion 100
has a facing accommodating space corresponding to the
facing accommodating spaces 223 and the distal end-
side portion of the second body portion 210 and the sec-
ond facing portions 220 are inserted in the facing accom-
modating space. The rack shaft support device 40 ac-
cording to the alternative embodiment specifically, for ex-
ample, has the following configuration. In the rack shaft
support device 40, instead of the first restricting portion
100 according to the embodiment, the plug body 61 has
a restricting portion having the same structure as the sec-
ond restricting portion 200. In the rack shaft support de-
vice 40, instead of the second restricting portion 200 ac-
cording to the embodiment, the intermediate cam com-
ponent 70 has a restricting portion having the same struc-
ture as the first restricting portion 100. The restricting
portion of the plug body 61 and the restricting portion of
the intermediate cam component 70 have the same re-
lationship as the relationship between the first restricting
portion 100 and the second restricting portion 200 in the
rack shaft support device 40 according to the embodi-
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ment.
[0128] The rack shaft support device 40 according to
the above-described embodiment has such a configura-
tion that the first facing portion 120 of the first restricting
portion 100 face the second facing portions 220 of the
second restricting portion 200. That is, in the rack shaft
support device 40, relative movement of the plug body
61 and the intermediate cam component 70 in the radial
direction of the intermediate cam component 70 is re-
stricted by the first facing portion 120 and the second
facing portions 220. In contrast, the rack shaft support
device 40 according to an alternative embodiment has
such a configuration that the first facing portion 120 and
the second facing portions 220 are omitted. In the rack
shaft support device 40 according to the alternative em-
bodiment, the intermediate cam component 70, for ex-
ample, has a portion corresponding to the first restricting
portion 472A in the rack shaft support device 440 shown
in FIG. 9. Then, relative movement of the plug body 61
and the intermediate cam component 70 in the radial
direction of the intermediate cam component 70 is re-
stricted by the contact of that portion with the plug fixing
portion 62. In short, as long as a configuration is able to
restrict relative movement of the plug body 61 and the
intermediate cam component 70 in the radial direction of
the intermediate cam component 70, other configura-
tions different from the first facing portion 120 and the
second facing portions 220 illustrated in the above-de-
scribed embodiment may be used.
[0129] The rack shaft support device 40 according to
the above-described embodiment includes the helical
torsion spring as the rotation force generating spring 80.
In contrast, the rack shaft support device 40 according
to an alternative embodiment includes a spiral spring as
the rotation force generating spring 80.
[0130] The rack shaft support device 40 according to
the above-described embodiment has such a configura-
tion that the resin elastic component 57 is mounted on
the yoke body 51. In contrast, the rack shaft support de-
vice 40 according to an alternative embodiment has such
a configuration that the resin elastic component 57 is
mounted on the intermediate cam component 70 instead
of the yoke body 51. In the rack shaft support device 40
according to the alternative embodiment, the intermedi-
ate ring 90 is pressed against the yoke back face portion
53 of the support yoke 50 by the restoring force of the
resin elastic component 57.
[0131] The steering system 1 according to the above-
described embodiment includes the rack shaft 14 of
which the shape of the cross section perpendicular to the
axial direction is similar to a D shape. In contrast, the
steering system 1 according to an alternative embodi-
ment includes a rack shaft of which the shape of the cross
section perpendicular to the axial direction is similar to a
Y shape, instead of the rack shaft 14.
[0132] The steering system 1 according to the above-
described embodiment is configured as a rack-parallel-
type electric power steering system. In contrast, a steer-

ing system according to an alternative embodiment is
configured as a column-assist-type, a pinion-assist-type,
a dual-pinion-assist-type or a rack-coaxial-type electric
power steering system.
[0133] The steering system 1 according to the above-
described embodiment is configured as an electric power
steering system having the assist device 30. In contrast,
a steering system according to an alternative embodi-
ment is configured as a mechanical steering system from
which the assist device 30 is omitted.
[0134] In short, as long as a steering system includes
a rack shaft and a pinion shaft, the invention is also ap-
plicable to an electric power steering system other than
the rack-parallel-type electric power steering system and
a steering system other than the electric power steering
system.

Claims

1. A rack shaft support device comprising:

a support yoke (50) that is arranged in an ac-
commodating portion (25) of a rack housing (21)
for accommodating a rack shaft (14) and that
moves the rack shaft (14) in a pressing direction
toward the pinion shaft (13) in the accommodat-
ing portion (25);
a plug (60) that has a plug fixing portion (62), a
plug cam portion (64), a plug back wall portion
(63) and a first restricting portion (100),

the plug fixing portion (62) being arranged
across the support yoke (50) from the rack
shaft (14) in the accommodating portion
(25) and being fixed to the rack housing
(21),
the plug cam portion (64) being arranged
closer to the support yoke (50) than the plug
fixing portion (62) and having a first cam
face (64A), and
the plug back wall portion (63) being formed
across the plug fixing portion (62) from the
support yoke (50),

an intermediate cam component (70) that has
an intermediate cam body (71), an intermediate
cam portion (72) and a second restricting portion
(200),

the intermediate cam body (71) being ar-
ranged closer to the support yoke (50) than
the plug (60) in the accommodating portion
and having an axis extending in the pressing
direction,
the intermediate cam portion (72) being
formed around the intermediate cam body
(71) and having a second cam face (72A)
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that contacts the first cam face (64A), and

a rotation force generating spring (80) that is
connected to the plug (60) and that applies force
to the intermediate cam component (70) to
cause the intermediate cam component (70) to
rotate with respect to the plug (60)
characterized by
the first restricting portion (100) protruding from
the plug back wall portion (63) toward the sup-
port yoke (50); and
the second restricting portion (200) protruding
from the intermediate cam body (71) toward the
plug (60) and facing the first restricting portion
(100) in a direction that intersects with the axis
of the intermediate cam body (71).

2. The rack shaft support device according to claim 1,
wherein
the rotation force generating spring (80) has a coil-
shaped spring winding portion (83), and the first re-
stricting portion (100) and the second restricting por-
tion (200) are inserted in a radially inner side (84) of
the spring winding portion (83).

3. The rack shaft support device according to claim 2,
wherein
the rotation force generating spring (80) has a first
spring end portion (81) and a second spring end por-
tion (82),
the first restricting portion (100) has a first body por-
tion (110) that retains the first spring end portion (81)
and a first facing portion (120) that faces the second
restricting portion (200) in the direction that inter-
sects with the axis of the intermediate cam body (71),
and
the second restricting portion (200) has a second
body portion (210) that retains the second spring end
portion (82) and a second facing portion (220) that
faces the first facing portion (120) in the direction
that intersects with the axis of the intermediate cam
body (71).

4. The rack shaft support device according to any one
of claims 1 to 3, wherein
the second restricting portion (200) faces the first
restricting portion (100) via a clearance in the direc-
tion that intersects with the axis of the intermediate
cam body (71).

5. The rack shaft support device according to claim 1,
wherein
the support yoke (50) includes a yoke back face por-
tion (53) formed at a portion across from the rack
shaft (14), a yoke hole portion (55) being open at the
yoke back face portion (53), and
the intermediate cam component (70) includes a
cam protruding portion (300) that protrudes from the

intermediate cam body (71) toward the yoke back
face portion (53) and that is inserted in the yoke hole
portion (55).

6. The rack shaft support device according to claim 5,
wherein
the cam protruding portion (300) has a tool corre-
sponding portion (320) having a shape correspond-
ing to a tool for rotating the intermediate cam com-
ponent (70) with respect to the plug (60).

7. The rack shaft support device according to claim 6,
wherein
the tool corresponding portion (320) has a hexagon
socket (322) corresponding to a hexagonal wrench
key.

8. The rack shaft support device according to claim 6
or 7, wherein
the tool corresponding portion (320) has a polygonal
outer shape corresponding to a wrench.

9. A steering system comprising:

the rack housing (21);
the rack shaft (14); and
the pinion shaft (13); characterized by
the rack shaft support device (40) according to
any one of claims 1 to 8.

Patentansprüche

1. Zahnstangenstützvorrichtung, mit:

einer Stützgabel (50), welche in einem Aufnah-
meabschnitt (25) des Zahnstangengehäuses
(21) zum Aufnehmen einer Zahnstange (14) an-
geordnet ist und welche die Zahnstange (14) in
eine Drückrichtung in Richtung der Ritzelwelle
(13) in den Aufnahmeabschnitt (25) bewegt;
einer Verschlussvorrichtung (60), welche einen
Verschlussbefestigungsabschnitt (62), einen
Verschlussnockenabschnitt (64), einen No-
ckenrückwandabschnitt (63) und einen ersten
Beschränkungsabschnitt (100) aufweist, wobei
der Verschlussbefestigungsabschnitt (62) ge-
genüber der Stützgabel (50) von der Zahnstan-
ge (14) in dem Aufnahmeabschnitt (25) ange-
ordnet ist und an das Zahnstangengehäuse (21)
befestigt ist,
der Verschlussnockenabschnitt (64) näher an
der Stützgabel (50) als an dem Verschlussbe-
festigungsabschnitt (62) angeordnet ist und eine
erste Nockenfläche (64A) aufweist, und
der Verschlussrückwandabschnitt (63) über
dem Verschlussbefestigungsabschnitt (62) von
der Stützgabel (50) ausgebildet ist,
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einer Zwischennockenkomponente (70), wel-
che einen Zwischennockenkörper (71), einen
Zwischennockenabschnitt (72) und einen zwei-
ten Beschränkungsabschnitt (200) aufweist,
wobei
der Zwischennockenkörper (71) näher an der
Stützgabel (50) als an der Verschlussvorrich-
tung (60) in dem Aufnahmeabschnitt angeord-
net ist und eine sich in die Drückrichtung erstre-
ckende Achse aufweist, und
der Zwischennockenabschnitt (72) um den Zwi-
schennockenkörper (71) ausgebildet ist und ei-
ne zweite Nockenoberfläche (72A), welche die
erste Nockenfläche (64A) berührt, aufweist,
einer Rotationskrafterzeugungsfeder (80), wel-
che mit der Verschlussvorrichtung (60) verbun-
den ist und welche auf die Zwischennocken-
komponente (70) eine Kraft ausübt, um eine Ro-
tation der Zwischennockenkomponente (70) be-
züglich der Verschlussvorrichtung (60) zu be-
wirken,
gekennzeichnet durch,
den ersten Beschränkungsabschnitt (100), wel-
cher von dem Verschlussrückwandabschnitt
(63) in Richtung der Stützgabel (50) vorspringt;
und
dem zweiten Beschränkungsabschnitt (200),
welcher von dem Zwischennockenkörper (71)
in Richtung der Verschlussvorrichtung (60) vor-
springt und dem ersten Beschränkungsab-
schnitt (100) in einer Richtung zugewandt ist,
welche sich mit der Achse des Zwischenno-
ckenkörpers (71) schneidet.

2. Zahnstangenstützvorrichtung nach Anspruch 1, wo-
bei
die Rotationskrafterzeugungsfeder (80) einen spu-
lenförmigen Federwindungsabschnitt (83) aufweist
und der erste Beschränkungsabschnitt (100) und der
zweite Beschränkungsabschnitt (200) in eine in Ra-
dialrichtung Innenseite (84) des Federwindungsab-
schnitts (83) eingeführt sind.

3. Zahnstangenstützvorrichtung nach Anspruch 2, wo-
bei
die Rotationskrafterzeugungsfeder (80) einen ers-
ten Federendenabschnitt (81) und einen zweiten Fe-
derendenabschnitt (82) aufweist,
der erste Beschränkungsabschnitt (100) einen ers-
ten Körperabschnitt (110), welcher den ersten Fe-
derendenabschnitt (81) hält, und einen ersten Ge-
genüberstellungsabschnitt (120) aufweist, welcher
dem zweiten Beschränkungsabschnitt (200) in der
Richtung zugewandt ist, welche sich mit der Achse
des Zwischennockenkörpers (71) schneidet, und
der zweite Beschränkungsabschnitt (200) einen
zweiten Körperabschnitt (210), welcher den zweiten
Federendenabschnitt (82) hält, und einen zweiten

Gegenüberstellungsabschnitt (220) aufweist, wel-
cher dem ersten Gegenüberstellungsabschnitt (120)
in der Richtung zugewandt ist, welche sich mit der
Achse des Zwischennockenkörpers (71) schneidet.

4. Zahnstangenstützvorrichtung nach einem der An-
sprüche 1 bis 3, wobei der zweite Beschränkungs-
abschnitt (200) dem ersten Beschränkungsabschnitt
(100) über einen Abstand in der Richtung, welche
sich mit der Achse des Zwischennockenkörpers (71)
schneidet, zugewandt ist.

5. Zahnstangenstützvorrichtung nach Anspruch 1, wo-
bei
die Stützgabel (50) einen Gabelrückwandabschnitt
(53), welcher an einem Abschnitt gegenüber der
Zahnstange (14) ausgebildet ist, einen Gabelaus-
nehmungsabschnitt (55) aufweist, welcher an dem
Gabelrückwandabschnitt (53) offen ist, und
die Zwischennockenkomponente (70) einen No-
ckenvorsprungsabschnitt (300), welcher von dem
Zwischennockenabschnitt (71) in Richtung des Ga-
belrückwandabschnitts (53) vorspringt und in den
Gabelausnehmungsabschnitt (55) eingeführt ist,
aufweist.

6. Zahnstangenstützvorrichtung nach Anspruch 5, wo-
bei der
Nockenvorsprungsabschnitt (300) einen Werkzeu-
gentsprechungsabschnitt (320), welcher eine Form
aufweist, welche einem Werkzeug zum Rotieren der
Zwischennockenkomponente (70) bezüglich der
Verschlussvorrichtung (60) entspricht, aufweist.

7. Zahnstangenstützvorrichtung nach Anspruch 6, wo-
bei der
Werkzeugentsprechungsabschnitt (320) einen In-
nensechskant (322) entsprechend einem Sechs-
kantschlüssel aufweist.

8. Zahnstangenstützvorrichtung nach Anspruch 6 oder
7, wobei der
Werkzeugentsprechungsabschnitt (320) eine poly-
gonale Außenform entsprechend einem Schlüssel
aufweist.

9. Lenksystem, mit:

dem Zahnstangengehäuse (21);
der Zahnstange (14); und
der Ritzelwelle (13); gekennzeichnet durch
die Zahnstangenstützvorrichtung (40) nach ei-
nem der Ansprüche 1 bis 8.

Revendications

1. Dispositif de support d’arbre de crémaillère
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comprenant :

un étrier de support (50) qui est agencé dans
une partie de logement (25) d’un boîtier de cré-
maillère (21) pour loger un arbre de crémaillère
(14) et qui déplace l’arbre de crémaillère (14)
dans une direction de pressage vers l’arbre de
pignon (13) dans la partie de logement (25) ;
une fiche (60) qui présente une partie de fixation
de fiche (62), une partie de came de fiche (64),
une partie de paroi arrière de fiche (63) et une
première partie de restriction (100),
la partie de fixation de fiche (62) étant agencée
sur l’étrier de support (50) depuis l’arbre de cré-
maillère (14) dans la partie de logement (25) et
étant fixée au boîtier de crémaillère (21),
la partie de came de fiche (64) étant agencée
plus près de l’étrier de support (50) que la partie
de fixation de fiche (62) et présentant une pre-
mière face de came (64A) et
la partie de paroi arrière de fiche (63) étant for-
mée sur la partie de fixation de fiche (62) depuis
l’étrier de support (50),
un composant de came intermédiaire (70) qui
présente un corps de came intermédiaire (71),
une partie de came intermédiaire (72) et une
seconde partie de restriction (200),
le corps de came intermédiaire (71) étant agen-
cé plus près de l’étrier de support (50) que la
fiche (60) dans la partie de logement et présen-
tant un axe s’étendant dans la direction de pres-
sage,
la partie de came intermédiaire (72) étant for-
mée autour du corps de came intermédiaire (71)
et présentant une seconde face de came (72A)
qui touche la première face de came (64A) et
un ressort générant la force de rotation (80) qui
est relié à la fiche (60) et qui applique une force
au composant de came intermédiaire (70) pour
amener le composant de came intermédiaire
(70) à tourner par rapport à la fiche (60)
caractérisé en ce que
la première partie de restriction (100) fait saillie
de la partie de paroi arrière de fiche (63) vers
l’étrier de support (50) ; et
la seconde partie de restriction (200) fait saillie
du corps de came intermédiaire (71) vers la fiche
(60) et fait face à la première partie de restriction
(100) dans une direction qui coupe l’axe du
corps de came intermédiaire (71).

2. Dispositif de support d’arbre de crémaillère selon la
revendication 1, dans lequel
le ressort générant la force de rotation (80) présente
une partie d’enroulement de ressort en forme de bo-
bine (83) et la première partie de restriction (100) et
la seconde partie de restriction (200) sont insérées
dans un côté radialement intérieur (84) de la partie

d’enroulement de ressort (83).

3. Dispositif de support d’arbre de crémaillère selon la
revendication 2, dans lequel
le ressort générant la force de rotation (80) présente
une première partie d’extrémité de ressort (81) et
une seconde partie d’extrémité de ressort (82),
la première partie de restriction (100) présente une
première partie de corps (110) qui retient la première
partie d’extrémité de ressort (81) et une première
partie de face (120) qui fait face à la seconde partie
de restriction (200) dans la direction qui coupe l’axe
du corps de came intermédiaire (71) et
la seconde partie de restriction (200) présente une
seconde partie de corps (210) qui retient la seconde
partie d’extrémité de ressort (82) et une seconde par-
tie de face (220) qui fait face à la première partie de
face (120) dans la direction qui coupe l’axe du corps
de came intermédiaire (71).

4. Dispositif de support d’arbre de crémaillère selon
l’une quelconque des revendications 1 à 3, dans le-
quel la seconde partie de restriction (200) fait face
à la première partie de restriction (100) via un espa-
cement dans la direction qui coupe l’axe du corps
de came intermédiaire (71).

5. Dispositif de support d’arbre de crémaillère selon la
revendication 1, dans lequel
l’étrier de support (50) inclut une partie de face ar-
rière d’étrier (53) formée sur une partie en face de
l’arbre de crémaillère (14), une partie de trou d’étrier
(55) étant ouverte sur la partie de face arrière d’étrier
(53) et
le composant de came intermédiaire (70) inclut une
partie en saillie de came (300) qui fait saillie du corps
de came intermédiaire (71) vers la partie de face
arrière d’étrier (53) et qui est insérée dans la partie
de trou d’étrier (55).

6. Dispositif de support d’arbre de crémaillère selon la
revendication 5, dans lequel
la partie en saillie de came (300) a une partie cor-
respondant à l’outil (320) présentant une forme cor-
respondant à un outil pour la rotation du composant
de came intermédiaire (70) par rapport à la fiche (60).

7. Dispositif de support d’arbre de crémaillère selon la
revendication 6, dans lequel
la partie correspondant à l’outil (320) a une douille
hexagonale (322) correspondant à une clé à vis
hexagonale.

8. Dispositif de support d’arbre de crémaillère selon la
revendication 6 ou 7, dans lequel
la partie correspondant à l’outil (320) a une forme
extérieure polygonale correspondant à une clé à vis.
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9. Système de direction comprenant :

le boîtier de crémaillère (21) ;
l’arbre de crémaillère (14) ; et
l’arbre de pignon (13) ; caractérisé par
le dispositif de support d’arbre de crémaillère
(40) selon l’une quelconque des revendications
1 à 8.
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