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Description
TECHNICAL FIELD
[0001] The present disclosure relates to a grease.
BACKGROUND ART

[0002] Aslubrication for machine elements such as gears, oil lubrication and grease lubrication are known, and they are
used depending on their characteristics.

[0003] Arackand pinionthatisone type ofgearis used, forexample, in an electric power steering system, and includes a
rack shaft having rack teeth and a pinion shaft having pinion teeth. In the rack and pinion of the electric power steering
system, it has been proposed to suppress wear of the rack teeth and the pinion teeth by grease lubrication (e.g., Patent
Document 1).

Related Art Documents
Patent Documents

[0004] Patent Document 1: Japanese Unexamined Patent Application Publication No. 2006-335102 (JP 2006-335102
A)

SUMMARY OF THE INVENTION
[0005] A grease according to one aspect of the present disclosure includes a base oil and a thickener.

The base oil is poly-a-olefin.

The thickener is a soap.

A viscous transition stress at 25°C is 300 Pa or more, and a viscous transition stress at 100°C is 40 Pa or less.
Ashearviscosity at 25°C and ata shearrate of 0.1 s1is 1.6 X 108 mPa-s or more, and a shear viscosity at 100°C and at
a shear rate of 10 s”1is 1.1 X 104 mPas or less.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

[FIG. 1] FIG. 1 is a configuration diagram schematically illustrating an example of a dual-pinion type electric power
steering system in which a grease of the present disclosure is sealed.

[FIG. 2] FIG. 2 is a sectional view taken along A-A in FIG. 1.

[FIG. 3] FIG. 3 is a sectional view taken along B-B in FIG. 1.

[FIG.4]FIG. 4 is a configuration diagram schematically illustrating an example of a column type electric power steering
system in which the grease of the present disclosure is sealed.

[FIG. 5] FIG. 5 is a sectional view taken along A-A in FIG. 4.

MODES FOR CARRYING OUT THE INVENTION
[0007] <Problems to be Solved by the Invention of the Present Disclosure> When lubricating lubricated members such
as gears with grease, it is necessary to stably supply the grease to a contact portion. Since the gears have a wide contact
portion and great slippage, it tends to be difficult to stably supply the grease to the contact portion.
When the fluidity of the grease is increased so that the grease can easily enter the contact portion, it is difficult for the
grease to remain in the contact portion, thereby increasing the risk of grease leakage.
Therefore, there is a demand for a grease that can stably be supplied to a contact portion between gears etc. and can
easily remain in the contact portion.

<Effects of the Invention of the Present Disclosure>

[0008] The grease of the present disclosure has such characteristics that the grease can satisfactorily adhere to



10

15

20

25

30

35

40

45

50

55

EP 4 502 116 A1

lubricated members atroom temperature, can easily remain in a contact portion between the lubricated members, and can
easily flow when the temperature rises due to sliding. Therefore, the grease can satisfactorily lubricate even lubricated
members such as gears that have a wide contact portion and great slippage. Thus, wear of the contact portion between the
lubricated members can be suppressed.

<Overview of Embodiments of the Invention of the Present Disclosure>
[0009] Hereinafter, an overview of embodiments of the invention of the present disclosure will be described on a list.
(1) A grease of the present disclosure includes a base oil and a thickener.

[0010] The base oil is poly-a-olefin.

[0011] The thickener is a soap.

[0012] A viscous transition stress at 25°C is 300 Pa or more, and a viscous transition stress at 100°C is 40 Pa or less.
[0013] Ashearviscosity at 25°C and at a shearrate of 0.1s-1is 1.6 X 106 mPa-s or more, and a shear viscosity at 100°C
and at a shear rate of 10 s'1is 1.1 X 104 mPa-s or less.

[0014] Inthe grease of the present disclosure, the viscous transition stress and the shear viscosity at 25°C are within the
above ranges. Therefore, the grease has excellent adhesion to a contact portion between lubricated members at room
temperature. In the grease, the viscous transition stress and the shear viscosity at 100°C are within the above ranges.
Therefore, the grease can easily flow when heatis generated due to sliding. Thus, the amount of wear of the contact portion
between the lubricated members can be reduced.

[0015] (2) In the grease of (1) above, it is preferable that the soap be a calcium complex soap,

the Ca complex soap be

a mixture of Ca(A1)(A1), Ca(A1)(A2), Ca(A1)(A3), Ca(A2)(A2), Ca(A2)(A3), and Ca(A3)(A3)

(where A1 is -O(C=0)(CH,);,CHj, A2 is -O(C=0)(CH,)qCH=CH(CH,)sCHs, and A3 is -O(C=0)(CH,),,CH3), and
the poly-a-olefin have a kinematic viscosity of 28 to 68 mm2/s at 40°C.

[0016] (3)Inthe grease of (2)above, itis preferable that a mass of the calcium complex soap with respect to a total of the
mass of the calcium complex soap and a mass of the poly-a-olefin be 5 to 15 mass%.

[0017] (4) In the grease of (1) above, it is preferable that the soap be lithium stearate, and

the poly-a-olefin have a kinematic viscosity of 3 to 33 mm2/s at 40°C.

[0018] (5)Inthegreaseof (4)above, itis preferable thata mass of the lithium stearate with respect to a total of the mass of
the lithium stearate and a mass of the poly-a-olefin be 10 to 20 mass%.

<Details of Embodiments of the Invention of the Present Disclosure>

[0019] Embodiments of the present disclosure will be described below.

[0020] In the present disclosure, the embodiments of the invention should be understood as being exemplary in all
respects and not restrictive. The scope of rights of the present invention is set forth in the claims, and is intended to include
all modifications within the meaning and scope equivalent to the claims.

[0021] The grease of the presentdisclosure is suitable for use in lubrication of gears etc. that have a wide contact portion
and great slippage. Specifically, the grease is suitable for use in, for example, lubrication of a rack and pinion provided in a
steering gear device. In this specification, a steering gear device using the grease of the present disclosure will be
described first, followed by description of embodiments relating to the grease of the present disclosure.

The grease of the present disclosure is used in, for example, dual-pinion type electric power steering systems and column
type electric power steering systems.

(Dual-Pinion Type Electric Power Steering System)

[0022] FIG. 1 is a configuration diagram schematically illustrating an example of a dual-pinion type electric power
steering system 1 including a steering gear device 3.

[0023] FIG.2isasectional view taken along A-Ain FIG. 1, illustrating part of the steering gear device 3. In FIG. 2, alower
side of the drawing corresponds to a lower side in a vertical direction when installed in a vehicle.

[0024] FIG. 3isasectional view taken along B-Bin FIG. 1, illustrating part of the steering gear device 3. InFIG. 3, alower
side of the drawing corresponds to the lower side in the vertical direction when installed in the vehicle.

[0025] The dual-pinion type electric power steering system 1 includes a steering wheel 10, a steering shaft 2, a first
pinion shaft 32, a rack shaft 31, a housing 33, two rack bushings 30 and 34, two bearings 35 and 36, a first rack guide
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mechanism 39, and a steering assistance device 5. The steering assistance device 5 includes a controller 50, a torque
sensor 51, an electric motor 52, a speed reducing mechanism 53, a second pinion shaft 54, two bearings 55 and 56, aworm
housing 57, and a second rack guide mechanism 59. The speed reducing mechanism 53 includes a worm 531 and aworm
wheel 532.

[0026] A driver who drives an automobile including the dual-pinion type electric power steering system 1 performs
steering operations by turning the steering wheel 10. The steering shaft 2 includes a column shaft 21, a first universal joint
23, anintermediate shaft 22, and a second universal joint 24. The first universal joint 23 includes a first yoke that is omitted
from illustration, a plurality of first rolling elements that is omitted from illustration, a first joint spider that is omitted from
illustration, a plurality of second rolling elements that is omitted from illustration, and a second yoke that is omitted from
illustration. The second universal joint 24 includes a third yoke that is omitted from illustration, a plurality of third rolling
elements that is omitted from illustration, a second joint spider that is omitted from illustration, a plurality of fourth rolling
elements that is omitted from illustration, and a fourth yoke that is omitted from illustration.

[0027] The column shaft 21 fixes the steering wheel 10 at one end thereof in an extending direction. The column shaft 21
fixes the first yoke of the first universal joint 23 at the other end thereof in the extending direction. The column shaft 21 is
rotatable about a central axis in the extending direction. The first yoke is pivotably fitted to a first pair of trunnions located on
the same central axis of the first joint spider via the plurality of first rolling elements. The second yoke is pivotably fitted to a
second pair of trunnions located on the same central axis of the first joint spider via the plurality of second rolling elements.
The central axes of the first pair of trunnions and the central axes of the second pair of trunnions intersect at an angle of 90
degrees.

[0028] The second yoke of the first universal joint 23 fixes one end of the intermediate shaft 22 in the extending direction
thereof. The intermediate shaft 22 fixes the third yoke of the second universal joint 24 at the other end thereof in the
extending direction. The third yoke is pivotably fitted to a third pair of trunnions located on the same central axis of the
second joint spider via the plurality of third rolling elements. The fourth yoke is pivotably fitted to a fourth pair of trunnions
located on the same central axis of the second joint spider via the plurality of fourth rolling elements. The central axes of the
third pair of trunnions and the central axes of the fourth pair of trunnions intersect at an angle of 90 degrees. The fourth yoke
of the second universal joint 24 fixes one end of the first pinion shaft 32 in the extending direction thereof. Thus, when the
driver turns the steering wheel 10, the column shaft 21 turns about the central axis thereof in the extending direction
thereof, the intermediate shaft 22 also turns about a central axis thereof in the extending direction thereof, and the first
pinion shaft 32 also turns about a central axis thereof in the extending direction thereof.

[0029] Inthedual-pinion type electric power steering system 1, the first pinion shaft 32, the rack shaft 31, the housing 33,
the two rack bushings 30 and 34, the first bearing 35, the second bearing 36, the first rack guide mechanism 39, the electric
motor 52, the speed reducing mechanism 53, the second pinion shaft 54, the third bearing 55, the fourth bearing 56, the
worm housing 57, and the second rack guide mechanism 59 constitute the steering gear device 3 that serves as arack and
pinion type steering device. InFIG. 1, the housing 33 is represented by a hidden outline (long dashed double-short dashed
lines), and inside thereof is illustrated.

[0030] The first pinion shaft 32 extends from an upper side to a lower side of the automobile in the vertical direction. The
first pinion shaft 32 includes, from one end side toward the other end in the extending direction thereof, a serrated portion
324, afirst shaft portion 322, a first pinion toothed portion 320, and a first boss portion 323. Serrations are formed in the
serrated portion 324. The fourth yoke of the second universal joint 24 is fixed to the serrations of the serrated portion 324.
The first shaft portion 322 has a columnar shape. First pinion teeth 321 are formed over the entire face of the first pinion
toothed portion 320 in the circumferential direction. An extending direction of the first pinion teeth 321 has an angle thatis
not 90 degrees with respect to the extending direction of the central axis of the first pinion shaft 32. The first boss portion
323 has a columnar shape.

[0031] The housing 33 has a first opening 332 on the steering wheel 10 side, and a side opposite to the first opening 332
is sealed off. The first pinion shaft 32 is accommodated within the housing 33. The first pinion shaft 32 is supported by the
two bearings 35 and 36 so as to be rotatable relative to the housing 33. The first bearing 35 is a ball bearing. The first
bearing 35includes aninnerring, an outerring, and balls, with the inner ring being fixed to the first shaft portion 322 and also
the outer ring being fixed to the housing 33, and the balls roll between the inner ring and the outer ring. The second bearing
36isaroller bearing. The second bearing 36 includes rollers and an outer ring, with the outer ring being fixed to the housing
33, and the rollers roll between an outer peripheral face of the first boss portion 323 and the outer ring.

[0032] Alid 37 through which the first pinion shaft 32 passes is fixed to the first opening 332 of the housing in a state in
which the first pinion shaft 32, the firstbearing 35, and the second bearing 36 are inserted into the housing 33. A seal is fixed
tothelid 37, and the sealis slidable on an outer peripheral face 322b of the first shaft portion 322 of the first pinion shaft 32. A
cover member 38 is further fixed to the housing 33. The cover member 38 covers part of the first shaft portion 322 of the first
pinion shaft 32 from the outside in a radial direction.

[0033] The rack shaft 31 includes, from one end toward the other end in an extending direction thereof, a first columnar
portion 316, a first rack toothed portion 310, a second columnar portion 317, a second rack toothed portion 314, and a third
columnar portion 318. The firstrack toothed portion 310 has first rack teeth 311 formed on part thereof in the circumferential
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direction, and the other part thereof in the circumferential direction is a cylindrical face 312 having a central axis
corresponding to the extending direction of the rack shaft 31. The second rack toothed portion 314 has second rack
teeth 315 formed on part thereof in the circumferential direction, and the other part thereof in the circumferential direction is
acylindrical face 313 having a central axis corresponding to the extending direction of the rack shaft 31. An outer peripheral
face of the first columnar portion 316, an outer peripheral face of the second columnar portion 317, and an outer peripheral
face of the third columnar portion 318 are each a cylindrical face having a central axis corresponding to the extending
direction of the rack shaft 31. The extending direction of the first rack teeth 311 has an angle that is not 90 degrees with
respect to the extending direction of the rack shaft. The extending direction of the second rack teeth 315 has an angle thatis
not 90 degrees with respect to the extending direction of the rack shaft 31. Assuming that the angle of the first rack teeth 311
with respect to the extending direction of the rack shaft 31 is X, the angle of the second rack teeth 315 with respect to the
extending direction of the rack shaft 31 is - X.

[0034] Thehousing 33 extendsinadirection different from that of the first opening 332 on the steeringwheel 10 side, and
has a second opening 333 at one end in the extending direction and a third opening 334 at the other end in the extending
direction. The rack shaft 31 is accommodated within the housing 33 along the extending direction of the housing 33. The
first columnar portion 316 at one end of the rack shaft 31 in the extending direction thereof protrudes from the second
opening 333 at one end of the housing 33 in the extending direction thereof. The third columnar portion 318 at the otherend
oftherack shaft 31 in the extending direction thereof protrudes from the third opening 334 atthe other end of the housing 33
in the extending direction thereof. The housing 33 has a fourth opening 335. The fourth opening 335 is located closer to the
other end of the housing in the extending direction than the first opening 332 is. The housing 33 further has a fifth opening
336 and a sixth opening 337. The fifth opening 336 is located at approximately the same position as that of the first opening
332 in the extending direction of the housing 33 to extend in a radial direction about a central axis corresponding to the
extending direction of the housing 33, that is, in a direction perpendicular to the first opening 332. The sixth opening 337 is
located at approximately the same position as that of the fourth opening 335 in the extending direction of the housing 33 to
extend in a radial direction about a central axis corresponding to the extending direction of the housing 33, that is, in a
direction perpendicular to the fourth opening 335.

[0035] The firstrack bushing 30 is fixed to one end of the housing 33 in the extending direction. The first rack bushing 30
is fixed to the housing 33 to adjoin the second opening 333. The firstrack bushing 30 is slidable on the outer peripheral face
of the first columnar portion 316 of the rack shaft 31. The second rack bushing 34 is fixed to the other end of the housing 33
in the extending direction. The second rack bushing 34 is fixed to the housing 33 to adjoin the third opening 334. The
second rack bushing 34 is slidable on the outer peripheral face of the third columnar portion 318 of the rack shaft 31.
[0036] The first pinion teeth 321 formed on the first pinion toothed portion 320 of the first pinion shaft 32 and the first rack
teeth 311 formed on the first rack toothed portion 310 of the rack shaft 31 are in contact with each other so as to be rolling-
slidable via a grease G. The first pinion teeth 321 and the first rack teeth 311 mesh with each other via the grease G. When
the first pinion shaft 32 turns relative to the housing 33 about the central axis in the extending direction thereof, the rack
shaft 31 moves in a linear direction relative to the housing 33 in the extending direction of the housing 33.

[0037] The firstrack guide mechanism 39 s fixed to the housing 33. The first rack guide mechanism 39 is fixed to the fifth
opening 336. The fifth opening 336 is located on the cylindrical face 312 side that is the other part of the first rack toothed
portion 310 of the rack shaft 31 in the circumferential direction at a position where the first pinion shaft 32 meshes with the
rack shaft 31 in the extending direction of the housing 33.

[0038] The first rack guide mechanism 39 includes a first support yoke 391, a first sheet member 392, a first coil spring
393, and afirst plug 394. The first sheet member 392 is interposed between the cylindrical face 312 that is the other part of
the first rack toothed portion 310 of the rack shaft 31 in the circumferential direction and the cylindrical face of the first
support yoke 391. The first sheet member 392 is fixed to the first support yoke 391. The first sheet member 392 and the
cylindrical face 312 that is the other part of the first rack toothed portion 310 of the rack shaft 31 in the circumferential
direction are in contact with each other so as to be slidable via the grease G. The first sheet member 392 includes a metal
layer of, for example, bronze and a resin layer of, for example, PTFE, and the resin layer is in contact with the cylindrical
face 312 viathe grease G. Thefirst plug 394 is fixed to the fifth opening 336 of the housing 33. The first plug 394 is in contact
with one end of the first coil spring 393. The first support yoke 391 is in contact with the other end of the first coil spring 393.
The first coil spring 393 is shorter than a free length thereof in a state in which the first plug 394 is fixed to the fifth opening
336. Thus, the first sheet member 392 is pressed against the rack shaft 31 with respect to the housing 33.

[0039] The second pinion shaft54 extends from the upper side to the lower side of the automobile in the vertical direction.
The second pinion shaft 54 includes, from one end side toward the other end along the extending direction thereof, a fitting
portion 544, a second shaft portion 542, a second pinion toothed portion 540, and a second boss portion 543. The fitting
portion 544 has a columnar shape. The second shaft portion 542 has a columnar shape. Second pinion teeth 541 are
formed over the entire face of the second pinion toothed portion 540 in the circumferential direction. An extending direction
ofthe second pinion teeth 541 has an angle that is not 90 degrees with respect to the extending direction of the central axis
of the second pinion shaft 54. The second boss portion 543 has a columnar shape.

[0040] The wormwheel 532 is fitted to the fitting portion 544. The worm 531 is fixed to an output shaft 521 of the electric
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motor 52. The electric motor 52 is fixed to the worm housing 57. The worm housing 57 has a seventh opening 571. The
output shaft 521 of the electric motor 52 is disposed in internal space of the worm housing 57 via the seventh opening 571.
The electric motor 52 is fixed to the worm housing 57 so as to close off the seventh opening 571 of the worm housing 57.
[0041] The worm 531 is disposed in the internal space of the worm housing 57. The worm wheel 532 is disposed in the
internal space of the worm housing 57. The worm housing 57 has an eighth opening 572 vertically upward, and an
assembly of the second pinion shaft 54 and the worm wheel 532 is inserted into the internal space of the worm housing 57
from the eighth opening 572. The eighth opening is closed with a lid 58. The worm housing 57 has a ninth opening 573 on
the opposite side from the eighth opening 572. Part of the second shaft portion 542 of the second pinion shaft 54, the
second pinion toothed portion 540, and the second boss portion 543 protrude from the ninth opening 573 of the worm
housing 57.

[0042] The worm housing 57 is fixed to the housing 33. The ninth opening 573 of the worm housing 57 and the fourth
opening 335 of the housing 33 communicate with each other to seal off the internal space from the external space.
[0043] The third bearing 55is a ball bearing. The bearing 55 includes an inner ring, an outer ring, and balls, with the inner
ring being fixed to the second shaft portion 542 and also the outer ring being fixed to the worm housing 57, and the balls roll
between the inner ring and the outer ring. The bearing 56 is a roller bearing. The bearing 56 includes rollers and an outer
ring, with the outer ring being fixed to the housing 33, and the rollers roll between an outer peripheral face of the second
boss portion 543 and the outer ring.

[0044] The second pinion teeth 541 formed on the second pinion toothed portion 540 of the second pinion shaft 54 and
the second rack teeth 315 formed on the second rack toothed portion 314 of the rack shaft 31 are in contact with each other
so as to be rolling-slidable via the grease G. The second pinion teeth 541 and the second rack teeth 315 mesh with each
other via the grease G. When the second pinion shaft 54 turns relative to the housing 33 about the central axis in the
extending direction thereof, the rack shaft 31 moves in the linear direction relative to the housing 33 in the extending
direction of the housing 33.

[0045] The second rack guide mechanism 59 is fixed to the housing 33. The second rack guide mechanism 59 is fixed to
the sixth opening 337. The sixth opening 337 is located on the cylindrical face 313 side that is the other part of the second
rack toothed portion 314 of the rack shaft 31 in the circumferential direction at a position where the second pinion shaft 54
meshes with the rack shaft 31 in the extending direction of the housing 33.

[0046] The second rack guide mechanism 59 includes a second support yoke 591, a second sheet member 592, a
second coil spring 593, and a second plug 594. The second sheet member 592 is interposed between the cylindrical face
313 thatis the other part of the second rack toothed portion 314 of the rack shaft 31 in the circumferential direction and the
cylindrical face of the second support yoke 591. The second sheet member 592 is fixed to the second support yoke 591.
The second sheet member 592 and the cylindrical face 313 that is the other part of the second rack toothed portion 314 of
the rack shaft 31 in the circumferential direction are in contact with each other so as to be slidable via the grease G. The
second sheet member 592 includes a metal layer of, for example, bronze and a resin layer of, for example, PTFE, and the
resin layer is in contact with the cylindrical face 313 via the grease G. The second plug 594 is fixed to the sixth opening 337
of the housing 33. The second plug 594 is in contact with one end of the second coil spring 593. The second support yoke
591 is in contact with the other end of the second coil spring 593. The second coil spring 593 is shorter than a free length
thereof in a state in which the second plug 594 is fixed to the sixth opening 337. Thus, the second sheet member 592 is
pressed against the rack shaft 31 with respect to the housing 33.

[0047] The torque sensor 51 detects steering torque applied by the driver to the steering wheel 10 through the column
shaft 21. The speed reducing mechanism 53 is an assembly in which the worm 531 that rotates together with the output
shaft 521 of the electric motor 52 and the worm wheel 532 that rotates together with the second pinion shaft 54 mesh with
each other. A motor currentis supplied to the electric motor 52 from the controller 50. The controller 50 controls the electric
motor 52 based on the steering torque detected by the torque sensor 51, vehicle speed, etc., and transmits, to the second
pinion shaft 54, rotational force of the output shaft 521 of the electric motor 52 that is reduced in speed by the speed
reducing mechanism 53. The rotational force of the second pinion shaft 54 is applied from the second pinion teeth 541 to
the second rack teeth 315 as a steering assisting force.

[0048] The housing 33 is fixed to the automobile that is omitted from illustration, with the extending direction of the
housing 33 aligned with a vehicle-width direction. Ball joint sockets 11, 11 are fixed to one end and the other end of the rack
shaft 31, respectively, and tie rods 12, 12 connected to the ball joint sockets 11, 11, respectively, are connected to bearing
rings of rolling bearings that rotatably support a pair of right and left front wheels 14, 14 via knuckle arms 13, 13. The linear
movement of the rack shaft 31 in the extending direction of the housing 33 steers the right and left front wheels 14, 14 that
are steered wheels.

[0049] The grease Gis sealed withinthe housing 33. The grease G is applied between rolling and sliding faces of the first
pinion teeth 321 and rolling and sliding faces of the first rack teeth 311 that are in contact with each other when the first
pinion teeth 321 and the first rack teeth 311 mesh with each other, thereby lubricating both the rolling and sliding faces. The
grease Gis applied between a sliding face of the first sheet member 392 and a sliding face of the cylindrical face 312 thatis
the other part of the first rack toothed portion 310 of the rack shaft 31 in the circumferential direction, the sliding faces being
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in contact with each other when the first sheet member 392 and the rack shaft 31 are pressed against each other, thereby
lubricating both the sliding faces. The grease G is applied between rolling and sliding faces of the second pinion teeth 541
and rolling and sliding faces of the second rack teeth 315 that are in contact with each other when the second pinion teeth
541 and the second rack teeth 315 mesh with each other, thereby lubricating both the rolling and sliding faces. The grease
Gis applied between a sliding face of the second sheet member 592 and a sliding face of the cylindrical face 313 thatis the
other part of the second rack toothed portion 314 of the rack shaft 31 in the circumferential direction, the sliding faces being
in contact with each other when the second sheet member 592 and the rack shaft 31 are pressed against each other,
thereby lubricating both the sliding faces.

[0050] The grease of the presentdisclosure is sealed as the grease G within the steering gear device 3 configured in this
way. The grease of the present disclosure can satisfactorily lubricate the meshing portion between the first pinion teeth 321
and the first rack teeth 311, the meshing portion between the second pinion teeth 541 and the second rack teeth 315, the
sliding contact portion between the first sheet member 392 of the first rack guide mechanism 39 and the rack shaft 31, and
the sliding contact portion between the second sheet member 592 of the second rack guide mechanism 59 and the rack
shaft 31. Therefore, the amounts of wear in these portions can be reduced.

(Column Type Electric Power Steering System)

[0051] FIG. 4 is a configuration diagram schematically illustrating an example of a column type electric power steering
system 601 including a steering gear device 603.

[0052] FIG. 5is a sectional view taken along A-A in FIG. 4, illustrating part of the steering gear device 603. In FIG. 5, a
lower side of the drawing corresponds to the lower side in the vertical direction when installed in the vehicle.

[0053] The column type electric power steering system 601 includes a steering wheel 610, a steering shaft 602, a pinion
shaft 632, a rack shaft 631, a housing 633, two rack bushings 630 and 634, two bearings 635 and 636, a rack guide
mechanism 639, and a steering assistance device 4. A driver who drives an automobile including the column type electric
power steering system 601 performs steering operations by turning the steering wheel 610. The steering shaft 602
includes a column shaft621, afirst universaljoint 623, an intermediate shaft 622, and a second universal joint 624. The first
universal joint 623 includes a first yoke that is omitted fromiillustration, a plurality of first rolling elements that is omitted from
illustration, a first joint spider that is omitted from illustration, a plurality of second rolling elements that is omitted from
illustration, and a second yoke that is omitted from illustration. The second universal joint 624 includes a third yoke that is
omitted from illustration, a plurality of third rolling elements that is omitted from illustration, a second joint spider that is
omitted from illustration, a plurality of fourth rolling elements that is omitted from illustration, and a fourth yoke that is
omitted from illustration.

[0054] The column shaft621 fixes the steeringwheel 610 at one end thereof in the extending direction. The column shaft
621 fixes the first yoke of the first universal joint 623 at the other end thereof in the extending direction. The column shaft
621 is rotatable about a central axis in the extending direction. The first yoke is pivotably fitted to a first pair of trunnions
located on the same central axis of the first joint spider via the plurality of first rolling elements. The second yoke is pivotably
fitted to a second pair of trunnions located on the same central axis of the first joint spider via the plurality of second rolling
elements. The central axes of the first pair of trunnions and the central axes of the second pair of trunnions intersect at an
angle of 90 degrees.

[0055] The second yoke of the first universal joint 623 fixes one end of the intermediate shaft 622 in the extending
direction thereof. The intermediate shaft 622 fixes the third yoke of the second universal joint 624 at the other end thereofin
the extending direction. The third yoke is pivotably fitted to a third pair of trunnions located on the same central axis of the
second joint spider via the plurality of third rolling elements. The fourth yoke is pivotably fitted to a fourth pair of trunnions
located on the same central axis of the second joint spider via the plurality of fourth rolling elements. The central axes of the
third pair of trunnions and the central axes of the fourth pair of trunnions intersect at an angle of 90 degrees. The fourth yoke
of the second universal joint 624 fixes one end of the pinion shaft 632 in the extending direction thereof. Thus, when the
driver turns the steering wheel 610, the column shaft 621 turns about the central axis thereof in the extending direction
thereof, the intermediate shaft 622 also turns about a central axis thereof in the extending direction thereof, and the pinion
shaft 632 also turns about a central axis thereof in the extending direction thereof.

[0056] Inthe column type electric power steering system 601, the pinion shaft 632, the rack shaft 631, the housing 633,
the two rack bushings 630 and 634, the two bearings 635 and 636, and the rack guide mechanism 639 constitute the
steering gear device 603 that serves as arack and pinion type steering device. In FIG. 4, the housing 633 is represented by
a hidden outline (long dashed double-short dashed lines), and inside thereof is illustrated.

[0057] The pinion shaft 632 extends from the upper side to the lower side of the automobile in the vertical direction. The
pinion shaft 632 includes, from one end side toward the other end in the extending direction thereof, a serrated portion 724,
a shaft portion 722, a pinion toothed portion 720, and a boss portion 723. Serrations are formed in the serrated portion 724.
The fourth yoke of the second universal joint 624 is fixed to the serrations of the serrated portion 724. The shaft portion 722
has a columnar shape. Pinion teeth 721 are formed over the entire face of the pinion toothed portion 720 in the
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circumferential direction. An extending direction of the pinion teeth 721 has an angle that is not 90 degrees with respect to
the extending direction of the central axis of the pinion shaft 632. The boss portion 723 has a columnar shape.

[0058] The housing 633 has a first opening 732 on the steering wheel 610 side, and a side opposite to the first opening
732 is sealed off. The pinion shaft 632 is accommodated within the housing 633. The pinion shaft 632 is supported by the
two bearings 635 and 636 so as to be rotatable relative to the housing 633. The bearing 635 is a ball bearing. The bearing
635includes aninnerring, an outer ring, and balls, with the inner ring being fixed to the shaft portion 722 and also the outer
ring being fixed to the housing 633, and the balls roll between the inner ring and the outer ring. The bearing 636 is a roller
bearing. The bearing 636 includes rollers and an outer ring, with the outer ring being fixed to the housing 633, and the rollers
roll between an outer peripheral face of the boss portion 723 and the outer ring.

[0059] A lid 637 through which the pinion shaft 632 passes is fixed to the first opening 732 of the housing in a state in
which the pinion shaft 632 and the two bearings 635 and 636 are inserted into the housing 633. A seal is fixed to the lid 637,
and the seal is slidable on an outer peripheral face 722b of the shaft portion 722 of the pinion shaft 632. A cover member
638 is further fixed to the housing 633. The cover member 638 covers part of the shaft portion 722 of the pinion shaft 632
from the outside in the radial direction.

[0060] Therackshaft631 includes, from one end toward the other end in an extending direction thereof, a first columnar
portion 716, a rack toothed portion 710, and a second columnar portion 717. The rack toothed portion 710 has rack teeth
711 formed on part thereof in the circumferential direction, and the other part thereof in the circumferential direction is a
cylindrical face 712 having a central axis corresponding to the extending direction of the rack shaft 631. An outer peripheral
face of the first columnar portion 716 and an outer peripheral face of the second columnar portion 717 are each a cylindrical
face having a central axis corresponding to the extending direction of the rack shaft 631. The extending direction of the rack
teeth 711 has an angle that is not 90 degrees with respect to the extending direction of the rack shaft 631.

[0061] The housing 633 extends in a direction different from that of the first opening 732 on the steering wheel 610 side,
and has a second opening 733 at one end in the extending direction and a third opening 734 at the other end in the
extending direction. The rack shaft 631 is accommodated within the housing 633 along the extending direction of the
housing 633. One end of the rack shaft 631 in the extending direction thereof protrudes from the second opening 733 atone
end of the housing 633 in the extending direction thereof. The other end of the rack shaft 631 in the extending direction
thereof protrudes from the third opening 734 at the other end of the housing 633 in the extending direction thereof.
[0062] The firstrack bushing 630 is fixed to one end of the housing 633 in the extending direction. The first rack bushing
630 is fixed to the housing 633 to adjoin the second opening 733. The first rack bushing 630 is slidable on the outer
peripheral face of the first columnar portion 716 of the rack shaft 631. The second rack bushing 634 is fixed to the other end
of the housing 633 in the extending direction. The second rack bushing 634 is fixed to the housing 633 to adjoin the third
opening 734. The second rack bushing 634 is slidable on the outer peripheral face of the second columnar portion 717 of
the rack shaft 631.

[0063] The pinion teeth 721 formed on the pinion toothed portion 720 of the pinion shaft 632 and the rack teeth 711
formed on the rack toothed portion 710 of the rack shaft 631 are in contact with each other so as to be rolling-slidable via the
grease G. The pinion teeth 721 and the rack teeth 711 mesh with each other via the grease G. When the pinion shaft 632
turns relative to the housing 633 about the central axis in the extending direction thereof, the rack shaft 631 moves in the
linear direction relative to the housing 633 in the extending direction of the housing 633.

[0064] The housing 633 is fixed to the automobile that is omitted from illustration, with the extending direction of the
housing 633 aligned with a vehicle-width direction. Ball joint sockets 11, 11 are fixed to one end and the other end of the rack
shaft 631, respectively, and tie rods 12, 12 connected to the ball joint sockets 11, 11, respectively, are connected to bearing
rings of rolling bearings that rotatably support a pair of right and left front wheels 14, 14 via knuckle arms 13, 13. The linear
movement of the rack shaft 631 in the extending direction of the housing 633 steers the right and left front wheels 14, 14 that
are steered wheels.

[0065] The rack guide mechanism 639 is fixed to the housing 633. The housing 633 has a fourth opening 736 located on
the cylindrical face 712 side that is the other part of the rack toothed portion 710 of the rack shaft 631 in the circumferential
direction at a position where the pinion shaft 632 meshes with the rack shaft 631 in the extending direction.

[0066] The rack guide mechanism 639 includes a support yoke 791, a sheet member 792, a coil spring 793, and a plug
794. The sheetmember 792 is interposed between the cylindrical face 712 that is the other part of the rack toothed portion
710 oftherack shaft 631 in the circumferential direction and the cylindrical face of the supportyoke 791. The sheet member
792 is fixed to the support yoke 791. The sheet member 792 and the cylindrical face 712 that is the other part of the rack
toothed portion 710 of the rack shaft 631 in the circumferential direction are in contact with each other so as to be slidable
via the grease G. The sheet member 792 includes a metal layer of, for example, bronze and a resin layer of, for example,
PTFE, and the resin layer is in contact with the cylindrical face 712 via the grease G. The plug 794 is fixed to the fourth
opening 736 of the housing 633. The plug 794 is in contact with one end of the coil spring 793. The support yoke 791 isin
contact with the other end of the coil spring 793. The coil spring 793 is shorter than a free length thereof in a state in which
the plug 794 is fixed to the fourth opening 736. Thus, the sheet member 792 is pressed against the rack shaft 631 with
respect to the housing 633.
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[0067] The steering assistance device 4 includes a controller 40, a torque sensor 41 that detects steering torque applied
by the driver to the steering wheel 610, an electric motor 42, and a speed reducing mechanism 43 that reduces the speed of
rotational force of an output shaft 421 of the electric motor 42 and transmits the rotational force to the column shaft621. The
speed reducing mechanism 43 is an assembly in which a worm 431 that rotates together with the output shaft 421 of the
electric motor 42 and a worm wheel 432 that rotates together with the column shaft 621 mesh with each other. A motor
current is supplied to the electric motor 42 from the controller 40. The controller 40 controls the electric motor 42 based on
the steering torque detected by the torque sensor 41, vehicle speed, etc., and applies the rotational force of the output shaft
421 of the electric motor 42 that is reduced in speed by the speed reducing mechanism 43 to the column shaft 621 as a
steering assisting force.

[0068] The grease G is sealed within the housing 633. The grease G is applied between rolling and sliding faces of the
pinion teeth 721 and rolling and sliding faces of the rack teeth 711 that are in contact with each other when the pinion teeth
721 and the rack teeth 711 mesh with each other, thereby lubricating both the rolling and sliding faces. The grease G is
applied between a sliding face of the sheet member 792 and a sliding face of the cylindrical face 712 thatis the other part of
the rack toothed portion 710 of the rack shaft 631 in the circumferential direction, the sliding faces being in contact with
each other when the sheet member 792 and the rack shaft 631 are pressed against each other, thereby lubricating both the
sliding faces.

[0069] The grease of the presentdisclosure is sealed as the grease G within the steering gear device 603 configured in
this way. The grease of the present disclosure can satisfactorily lubricate the meshing portion between the pinion teeth 721
and the first rack teeth 711, and the sliding contact portion between the sheet member 792 of the rack guide mechanism
639 and the rack shaft 631. Therefore, the amounts of wear in these portions can be reduced.

[0070] The grease of the present disclosure can be used by being sealed within the dual-pinion type electric power
steering system, the column type electric power steering system, etc.

<Grease>

[0071] A grease according to an embodiment of the present disclosure includes a base oil and a thickener.
[0072] In the grease,

a viscous transition stress at 25°C is 300 Pa or more, and a viscous transition stress at 100°C is 40 Pa or less, and
ashearviscosity at 25°C and ata shearrate of 0.1 s-1is 1.6 X 106 mPa-s or more, and a shear viscosity at 100°C and at
a shear rate of 10 s-1is 1.1 X 104 mPa's or less.

[0073] Inthe above grease, the viscous transition stress at25°Cis 300 Pa or more, and the shear viscosity at 25°C and at
the shearrate of 0.1 s-1is 1.6 X 108 mPa-s or more, thereby ensuring adhesion of the grease to a contact portion between
lubricated members.

[0074] When the viscous transition stress at 25°C is less than 300 Pa, the grease does not easily remain in the contact
portion between the lubricated members and is more likely to be expelled to portions other than the contact portion in a
state in which the lubricated members are stationary or are vibrating or slightly sliding at room temperature. When the
shear viscosity at 25°C and at the shear rate of 0.1 s™1is less than 1.6 X 108 mPa-s, the grease may move to portions other
than the contact portion between the lubricated members early at the start of movement of the grease due to the sliding of
the lubricated members.

Therefore, the lubrication performance decreases when the viscous transition stress and/or the shear viscosity at 25°C
aref/is outside the above ranges.

[0075] The viscous transition stress at 25°C is preferably 1000 Pa or less. The shear viscosity at 25°C and at the shear
rate of 0.1 s-1 is preferably 1.0 X 107 mPa-s or less.

[0076] Intheabove grease,the viscoustransitionstressat100°Cis 40 Paorless, andthe shearviscosity at 100°C and at
the shearrate of 10 s71is 1.1 X 104 mPa-s or less. Therefore, the grease easily flows into the contact portion between the
lubricated members when the temperature of the lubricated members rises due to heat generated by sliding. Thus, the
amount of wear of the contact portion between the lubricated members is reduced.

[0077] When the viscous transition stress at 100°C is more than 40 Pa, the grease does not readily move to the contact
portion between the lubricated members in the event of a temperature rise in the contact portion between the lubricated
members due to the sliding of the lubricated members.

When the shear viscosity at 100°C and at the shear rate of 10 s-1is more than 1.1 X 104 mPa-s, the grease that moves
to a portion other than the contact portion between the lubricated members during the sliding of the lubricated
members does not easily return to the contact portion.

Therefore, the amount of wear of the contact portion between the contact members increases when the viscous
transition stress and/or the shear viscosity at 100°C are/is outside the above ranges.
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[0078] The viscous transition stress at 100°C is preferably 10 Pa or more. The shear viscosity at 100°C and at the shear
rate of 10 s*1 is preferably 1.0 X 103 mPa-s or more.

(Base Oil)

[0079] The base oil is poly-a-olefin (PAO).

[0080] Examples of the poly-a-olefin include oligomerized or polymerized a-olefins such as 1-hexene, 1-octene, 1-
nonene, 1-decene, 1-dodecene, and 1-tetradecene, and further hydrides thereof.

[0081] The poly-a-olefin is preferably PAO2 to PAO10 that are oligomerized 1-decene.

[0082] The base oil kinematic viscosity of the poly-a-olefin at 40°C is preferably 3 to 68 mm?2/s.

(Thickener)

[0083] The thickener is a soap.

[0084] Examples of the soap include a calcium soap, a calcium complex soap, a lithium soap, a lithium complex soap, a
sodium soap, an aluminum soap, and an aluminum complex soap.

[0085] The soapis preferably lithium stearate thatis one kind of lithium soap, or the following mixture A thatis one kind of
calcium complex soap.

[0086] The mixture A that is one kind of calcium complex soap is a mixture of Ca(A1)(A1), Ca(A1)(A2), Ca(A1)(A3),
Ca(A2)(A2), Ca(A2)(A3), and Ca(A3)(A3) (where A1 is -O(C=0)(CH,),,CH3, A2 is -O(C=0)(CH,)qCH=CH(CH,)5sCH3,
and A3 is -O(C=0)(CH,)4CH3).

[0087] In the above grease, a suitable composition of the base oil and the thickener is the following (a) or (b).

(a) The base oil is poly-a-olefin having a kinematic viscosity of 3 to 33 mm?2/s at 40°C, and the thickener is lithium
stearate. The mass of the lithium stearate with respect to the total of the mass of the lithium stearate and the mass of
the poly-a-olefin is 10 to 20 mass%.

(b) The base oil is poly-a-olefin having a kinematic viscosity of 28 to 68 mm?2/s at40°C, and the thickener is the mixture
A. The mass of the mixture A with respect to the total of the mass of the mixture A and the mass of the poly-a-olefinis 5
to 15 mass%.

[0088] The grease having the above composition (a) or (b) can easily be designed so that the shear viscosity and the
viscous transition stress are within the above ranges. Therefore, the grease having the above composition (a) or (b) can
easily remainin the contact portion between the lubricated members when itis used in a steering gear device etc. Thus, the
grease is suitable for suppressing wear of rack teeth and pinion teeth.

[0089] The grease may contain additives as long as the shear viscosity and the viscous transition stress do not deviate
from the above ranges. Examples of the additives include antioxidants, rust inhibitors, extreme pressure additives, anti-
wear agents, dyes, hue stabilizers, viscosity improvers, structural stabilizers, metal deactivators, and viscosity index
improvers.

When the grease contains additives, the total content of the additives is preferably 15 mass% or less with respect to the
total mass of the base oil and the thickener.

[0090] The worked penetration of the grease is preferably No. 00 to No. 2.

By adjusting the worked penetration within this range, it is possible to achieve both flowability to the contact portion
between the lubricated members and resistance to grease softening due to shear.

[0091] Asdescribed above, the grease of the present disclosure can suitably be used in the rack and pinion provided in
the steering gear device of the automobile, etc.

The grease can suitably be used for lubricating mechanical elements that undergo sliding, such as gears. The grease can
also be used as a grease to be sealed within a rolling bearing etc.

<Method for Producing Grease>

[0092] The above grease can be produced, for example, through a process of producing a soap by saponification in a
base oil.

[0093] Specifically, the grease can be produced by, for example, the following method.

[0094] First, a fatty acid such as stearic acid, 11-octadecenoic acid, or palmitic acid is added to poly-a-olefin, and the
mixture is heated to a predetermined temperature. Next, a base such as lithium hydroxide or calcium hydroxide is added to
the poly-a-olefin solution, and the fatty acid and the base undergo a saponification reaction to produce a soap. Next, the
mixture is heated to a predetermined temperature (e.g., 200 to 230°C) to dissolve the soap in the poly-a-olefin. Then, the
poly-a-olefin solution is cooled to precipitate the soap, thereby obtaining a grease.
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[0095] After the cooling, additives may be mixed or the mixture may be kneaded to a predetermined cone penetration if
necessary.

[0096] The grease can also be produced by, for example, the following method as another method.

[0097] A soap such as lithium stearate or calcium stearate that has separately been produced is added to poly-a-olefin,
and the mixture is heated to a predetermined temperature (e.g., 200 to 230°C) with stirring to dissolve the soap in the poly-
a-olefin. Then, the poly-a-olefin solution with the soap dissolved therein is cooled to precipitate the soap, thereby obtaining
a grease. After the cooling, additives may be mixed or the mixture may be kneaded to a predetermined cone penetration if
necessary.

[Examples]

[0098] Next,theinvention ofthe presentdisclosure will be described in more detail based on Examples, butthe invention
of the present disclosure is not limited to the Examples alone.

(Example 1)

[0099] PAO401 (Durasyn 164 produced by INEOS Oligomers, kinematic viscosity at40°C: 18 mm2/s)was poured at 770
g into a stainless steel beaker. Into the beaker, 133.2 g of stearic acid were added and heated with stirring. When the
temperature of the solution reached 90°C, 11.2 g of lithium hydroxide dissolved in distilled water by heating were gradually
added. After the entire amount of lithium hydroxide was added, the beaker was kept at 110°C for 120 minutes.

[0100] Then, the beaker was heated to 210°C at a rate of 2°C/min.

[0101] After thorough stirring to make a homogeneous solution, the heating was stopped and the mixture was cooled to
room temperature.

[0102] The mixture was kneaded to a cone penetration No. 1 (310 to 340, median: 325) to obtain a grease.

(Example 2)

[0103] PAOB801 (Durasyn 168 produced by INEOS Oligomers, kinematic viscosity at 40°C: 50 mm2/s)was poured at 770
ginto a stainless steel beaker. Into this beaker, 56.9 g of stearic acid, 2.46 g of 11-octadecenoic acid, and 20.0 g of palmitic
acid were added and heated with stirring. When the temperature of the solution reached 90°C, 5.5 g of calcium hydroxide
dissolved in distilled water by heating were gradually added.

[0104] After the entire amount of the calcium hydroxide aqueous solution was added, the beaker was kept at 110°C for
120 minutes.

[0105] Then, the beaker was heated to 220°C at a rate of 2°C/min.

[0106] After thorough stirring to make a homogeneous solution, the heating was stopped and the mixture was cooled to
room temperature.

[0107] The mixture was kneaded to a cone penetration No. 0.5 (325 to 355, median: 340) to obtain a grease.

(Comparative Example 1)

[0108] PAO601 (Durasyn 166 produced by INEOS Oligomers, kinematic viscosity at40°C: 31 mm2/s)was poured at 770
ginto astainless steel beaker. Into the beaker, 142.2 g of 120H-stearic acid were added and heated with stirring. When the
temperature of the solution reached 90°C, 11.3 g of lithium hydroxide dissolved in distilled water by heating were gradually
added.

[0109] After the entire amount of the lithium hydroxide aqueous solution was added, the beaker was kept at 110°C for
120 minutes.

[0110] Then, 45.2 g of azelaic acid were added to the stainless steel beaker and the mixture was stirred until it became
homogeneous. Then, 11.5 g of lithium hydroxide dissolved in distilled water by heating were gradually added and the
mixture was vigorously stirred.

[0111] Then, the beaker was heated to 200°C at a rate of 2°C/min. As soon as the temperature reached 200°C, the
heating was stopped and the mixture was cooled to room temperature. The mixture was kneaded to a cone penetration No.
2 (265 to 295, median: 280) to obtain a grease.

(Comparative Example 2)
[0112] PAO10 (Durasyn 170 produced by INEOS Oligomers, kinematic viscosity at 40°C: 65 mm?2/s) was poured at 770

g into a stainless steel beaker. Into the beaker, 82.0 g of 120H-stearic acid were added and heated with stirring. When the
temperature of the solution reached 90°C, 3.3 g of lithium hydroxide and 3.8 g of calcium hydroxide dissolved in distilled
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water by heating were gradually added.

[0113] After the entire amount of the aqueous solution in which the lithium hydroxide and the calcium hydroxide were
dissolved was added, the beaker was kept at 110°C for 120 minutes. Then, the beaker was heated to 210°C at a rate of
2°C/min.

[0114] After thorough stirring to make a homogeneous solution, the heating was stopped and the mixture was cooled to
room temperature.

[0115] The mixture was kneaded to a cone penetration No. 0.5 (325 to 355, median: 340) to obtain a grease.

(Comparative Example 3)

[0116] PAO801 (Durasyn 168 produced by INEOS Oligomers, kinematic viscosity at40°C: 50 mm2/s)was poured at 770
g into a stainless steel beaker. Into the beaker, 189.7 g of stearic acid were added and heated with stirring. When the
temperature of the solution reached 90°C, 16.0 g of lithium hydroxide dissolved in distilled water by heating were gradually
added. After the entire amount of lithium hydroxide was added, the beaker was kept at 110°C for 120 minutes.

[0117] Then, the beaker was heated to 210°C at a rate of 2°C/min.

[0118] After thorough stirring to make a homogeneous solution, the heating was stopped and the mixture was cooled to
room temperature.

[0119] The mixture was kneaded to a cone penetration No. 1 (310 to 340, median: 325) to obtain a grease.

[0120] The physical properties of the greases produced in the Examples and the Comparative Examples were
measured. Further, the greases were evaluated in terms of the degrees of grease leakage and the amounts of wear
when the greases were used. The results are shown in Table 1.

(Measurement of Worked Penetration)

[0121] The worked penetration (60W) was measured by a method conforming to JIS K 2220.7.

(Measurement of Viscous Transition Stress)

[0122] A viscoelasticity measuring device (Model: ARES Rheometer, manufactured by TA Instruments Japan) was
used to measure a storage modulus G’ and a loss modulus G" when vibration was caused at a strain of 7 X 10-5to 6 x 100
while increasing the stress, and a stress at which tand = (G"/G’) = 1 was defined as the viscous transition stress.
[0123] In this case, a viscous transition stress at 25°C and a viscous transition stress at 100°C were measured.
(Measurement of Shear Viscosity)

[0124] A viscoelasticity measuring device ("MCR301" manufactured by Anton Paar) was used to measure the shear
viscosity of the grease.

[0125] In this case, a shear viscosity at a temperature of 25°C and at a shear rate of 0.1 s-1 and a shear viscosity at a
temperature of 100°C and at a shear rate of 10 s-! were measured.

(Degree of Grease Leakage)

[0126] The grease was sealed at 1.4 g within a shielded deep groove ball bearing (6204Z7) and the bearing was rotated
for 20 hours at room temperature under the conditions conforming to ASTM D3336. Then, the presence or absence of
grease leakage from a clearance between a side plate and an inner ring was visually checked. The results were evaluated

according to the following criteria.

A: No grease leakage observed
B: Grease leakage observed

[0127] When no grease leakage is observed in this evaluation, the grease is deemed to have excellent adhesion.
(Amount of Wear)

[0128] A ball-on-disk friction and wear test was conducted on the grease using a friction and wear tester, and the amount
of wear (wear mark diameter) was evaluated. The results are shown in Table 1.

[0129] Inthis case, the grease was applied to a flat plate made of SUJ2, a load was applied thereon so that the contact
pressure was 2370 MPa, and a steel ball made of SUJ2 was brought into contact with the flat plate.

12



10

15

20

25

30

35

40

45

50

55

[0130]

EP 4 502 116 A1

Inthis state, the flat plate and the steel ball were kept in contact with each other at a sliding speed of 44 mm/s for 18

hours. Then, the wear mark diameter (.m) of the steel ball was measured and defined as the amount of wear. The test
temperature was 110°C.

[0131] This evaluation was conducted twice.
[Table 1]
Unit Example | Example 2 Comparative | Comparative Comparative
1 Example 1 Example 2 Example 3
Thickener Lithium Calcium complex Lithium com- | Lithium/calcium | Lithium soap
soap soap plex soap mixed soap
Fatty acid Stearic Stearic acid 11-Oc- | 120H-Stea- 120H-Stearic Stearic acid
acid tadecenoic acid ric acid Aze- acid
Palmitic acid laic acid
Base oil PAO401 PAO801 PAO601 PAO010 PAO801
Thickener Mass% 15 10 21 10 20
content * 1
Base oil kine- mm2/s 18 50 31 65 50
matic viscosity
(40°C)
Worked pene- 322 340 280 340 325
tration (25°C)
Viscous transi- | Pa 300 465 222 463 550
tion stress
(25°C)
Shear viscos- | mPa-s 1.6 x 108 | 4.9 x 106 2.6 X 106 3.5 x 106 6.1 X 106
ity (25°C, 0.1
s
Viscous transi- | Pa 40 22 43 88 137
tion stress
(100°C)
Shear viscos- | mPa-s 1.1 x 104 | 0.7 x 104 2.6 x 104 2.5 x 104 3.7 X 104
ity (100°C, 10
s1)
Degree of A A B A A
grease leak-
age
Amount of pm 249/219 230/220 285/283 308/351 390/353
wear (first test/
second test)
* 1: Content of thickener with respect to total amount of thickener and base oil

[0132] As shown in the results in Table 1, it was found that the grease according to the embodiment of the present

disclosure has excellent adhesion and can exhibit good lubrication performance.

Description of the Reference Numerals

[0133]

1 ... dual-pinion type electric power steering system, 2 ... steering shaft, 3 ... steering gear device, 33 ... housing

31 ...rack shaft, 310 ... first rack toothed portion, 311 ... first rack tooth, 312 ... cylindrical face, 313 ... cylindrical face,

314 ... second rack toothed portion, 315 ... second rack tooth,

32 ... first pinion shaft, 320 ... first pinion toothed portion, 321 ... first pinion tooth, 392 ... first sheet member
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54 ... second pinion shaft, 540 ... second pinion toothed portion, 541 ... second pinion tooth, 592 ... second sheet
member

601 ... column type electric power steering system, 602 ... steering shaft, 603 ... steering gear device, 633 ... housing
631 ...rack shaft, 710 ... rack toothed portion, 711 ... rack tooth, 712 ... cylindrical face 632 ... pinion shaft, 720 ... pinion
toothed portion, 721 ... pinion tooth, 792 ... sheet member G ... grease

Claims

1. A grease comprising a base oil and a thickener, wherein:
the base oil is poly-a-olefin;
the thickener is a soap;
aviscous transition stress at 25°C is 300 Pa or more, and a viscous transition stress at 100°C is 40 Pa or less; and
a shear viscosity at 25°C and at a shear rate of 0.1 s-1is 1.6 X 108 mPa-s or more, and a shear viscosity at 100°C
and at a shear rate of 10 s is 1.1 X 104 mPa-s or less.

2. The grease according to claim 1, wherein:

the soap is a calcium complex soap;
the calcium complex soap is

a mixture of Ca(A1)(A1), Ca(A1)(A2), Ca(A1)(A3), Ca(A2)(A2), Ca(A2)(A3), and Ca(A3)(A3)
(where A1 is -O(C=0)(CH,);,CHj3, A2 is -O(C=0)(CH,)gCH=CH(CH,)sCH;, and A3 is -O(C=0)
(CH5)14CHs3); and

the poly-a-olefin has a kinematic viscosity of 28 to 68 mm?2/s at 40°C.

3. Thegrease according to claim 2, wherein a mass of the calcium complex soap with respect to a total of the mass of the
calcium complex soap and a mass of the poly-o-olefin is 5 to 15 mass%.

4. The grease according to claim 1, wherein:

the soap is lithium stearate; and
the poly-a-olefin has a kinematic viscosity of 3 to 33 mm?2/s at 40°C.

5. Thegrease according to claim 4, wherein a mass of the lithium stearate with respect to a total of the mass of the lithium
stearate and a mass of the poly-a-olefin is 10 to 20 mass%.
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