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(54) Ball screw device

(57) A ball screw device includes a cylinder that sur-
rounds the outer periphery of a ball nut (10). Accommo-
dation holes (45) are formed in the ball nut (10) at a rolling
start position (47A) and a rolling end position (47B) in
ball rolling paths. An outer periphery turning groove (49)
is formed in an outer peripheral face (10B) of the ball nut
(10), and the outer periphery turning groove (49) and an

inner peripheral face (12A) of the cylinder (12) constitute
a turning rolling path (60). The turning rolling path (60)
and connection passages (54) formed in deflectors (40)
constitute a circulation path (61) through which balls are
returned from the rolling end position to the rolling start
position.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a ball screw device.

2. Description of the Related Art

[0002] A ball screw device described in Japanese Pat-
ent Application Publication No. 2010-71411 (JP
2010-71411 A) has a circulation path that provides com-
munication between one end portion and the other end
portion of a ball rolling path to allow balls to circulate
along a raceway. The circulation path has a through-hole
formed so as to pass through a peripheral wall of a ball
nut in its axial direction, a feed-side communication pas-
sage that provides communication between one end of
the through-hole and the one end portion of the ball rolling
path, and a discharge-side communication passage that
provides communication between the other end of the
through-hole and the other end portion of the ball rolling
path. The feed-side communication passage is formed
in a feed-side deflector member attached to the periph-
eral wall of the ball nut, and the discharge-side commu-
nication passage is formed in a discharge-side deflector
member attached to the peripheral wall of the ball nut.
[0003] The through-hole described in JP 2010-71411
A is formed through, for example, drilling. To facilitate
the drilling, the through-hole needs to extend along the
axial direction of the ball nut. However, if the through-
hole is limited to the one that extends along the axial
direction, the positions in the circumferential direction,
where the paired deflectors (the feed-side deflector mem-
ber and the discharge-side deflector member) are ar-
ranged, are limited. Therefore, in the ball screw device
configured as described above, the adoptable number
of turns is automatically limited to numbers of turns hav-
ing a predetermined decimal fraction such as 7, that is,
limited to, for example, 1.7 turns and 2.7 turns. Even if
the theoretically required effective number of the turns
of the ball screw device is, for example, 2.3, it is neces-
sary to employ the ball screw device of which the effective
number of the turns is 2.7. Therefore, there is a possibility
that the ball screw device becomes larger than necessary
in the axial direction.

SUMMARY OF THE INVENTION

[0004] If the positions in the circumferential direction,
where deflectors are arranged, are not limited, the theo-
retically effective number of the turns of a ball screw de-
vice can be employed as it is. Consequently, it is possible
to reduce the size of the ball screw device in the axial
direction.
[0005] One object of the invention is to provide a ball
screw device that makes it possible to increase the flex-

ibility of the layout of the positions where deflectors are
arranged, while allowing balls to be smoothly circulated
in a ball rolling path.
[0006] A ball screw device according to an aspect of
the invention includes: a threaded shaft having an outer
peripheral face in which a groove is formed; a ball nut
fitted onto the threaded shaft and having an inner periph-
eral face in which a groove is formed; a plurality of balls
rollably disposed in a spiral ball rolling path formed by
the groove of the ball nut and the groove of the threaded
shaft; and cylinder disposed so as to surround an outer
periphery of the ball nut. In the ball rolling path, accom-
modation recesses that pass through a peripheral wall
of the ball nut in a thickness direction are formed in at
least two accommodation recess formed positions that
are apart from each other in an axial direction of the
threaded shaft. In an outer peripheral face of the ball nut,
an outer periphery turning groove that turns in a spiral
manner along the outer periphery of the ball nut is formed,
and the outer periphery turning groove and an inner pe-
ripheral face of the cylinder constitute a turning rolling
path in which the balls are rollable. The ball screw device
further includes: deflectors accommodated in the respec-
tive accommodation recesses, and each having a con-
nection passage that connects a corresponding one of
the accommodation recess formed positions to the turn-
ing rolling path; and a relative rotation prohibiting struc-
ture that prohibits rotation of the cylinder relative to the
ball nut. The turning rolling path and the two connection
passages constitute a circulation path through which the
balls are returned from one of the accommodation recess
formed positions to the other one of the accommodation
recess formed positions.
[0007] According to the aspect described above, each
ball rolls in the ball rolling path, to the one accommodation
recess formed position from the other accommodation
recess formed position. The ball passes through the con-
nection passage of one of the deflectors from the one
accommodation recess formed position, and is picked
up into the outer periphery turning groove of the outer
peripheral face of the ball nut. The ball picked up into the
outer periphery turning groove passes through the turn-
ing rolling path formed by the outer periphery turning
groove to turn around the outer periphery of the ball nut,
passes through connection passage of the other deflec-
tor, and is then returned to the other accommodation re-
cess formed position in the ball rolling path. That is, the
ball is returned from the one accommodation recess
formed position in the ball rolling path to the other ac-
commodation recess formed position in the ball rolling
path through the circulation path including the turning
rolling path. Thus, it is possible to smoothly circulate the
balls through the ball rolling path.
[0008] The turning rolling path included in the circula-
tion path is formed by the outer periphery turning groove
of the outer peripheral face of the ball nut and the inner
peripheral face of the cylinder. Therefore, regardless of
the relative positional relationship between the two ac-
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commodation recess formed positions in the axial direc-
tion and in the circumferential direction, it is possible to
connect the one accommodation recess formed position
to the other accommodation recess formed position via
the circulation path. There is no limitation on the relative
positions in the circumferential direction, where the de-
flectors are arranged, unlike in the case where a through-
hole extending along the axial direction is formed in the
peripheral wall of the ball nut. Consequently, it is possible
to increase the flexibility of the layout of the positions
where the deflectors are arranged. There is no limitation
on the positions in the circumferential direction, where
the deflectors are arranged. As a result, the theoretically
effective number of the turns of the ball screw device can
be employed as it is. Consequently, it is possible to re-
duce the size of the ball screw device in the axial direction.
[0009] In the ball screw device according to the above-
described aspect, the relative rotation prohibiting struc-
ture may be a structure which has an engagement recess
formed in the inner peripheral face of the cylinder and in
which the deflectors accommodated in the accommoda-
tion recesses are engaged with the engagement recess.
[0010] With the configuration described above, the de-
flectors are engaged with the engagement recess, so
that the rotation of the cylinder relative to the ball nut is
prohibited. Thus, the relative rotation prohibiting struc-
ture is formed without using additional components. As
a result, it is possible to prevent the number of compo-
nents from increasing while prohibiting the rotation of the
cylinder relative to the ball nut.
[0011] In the ball screw device according to the above-
described aspect, the engagement recess may be each
of engagement holes that pass through the cylinder in
the thickness direction and that are formed in an inter-
mediate portion of the inner peripheral face of the cylinder
in the axial direction. In this case, the inner peripheral
face of the cylinder may be formed of only a cylindrical
face.
[0012] In the ball screw device according to the above-
described aspect, the engagement recess may be an
engagement groove formed in the inner peripheral face
of the cylinder and extending along the axial direction.
[0013] In the ball screw device according to the above-
described aspect, the relative rotation prohibiting struc-
ture may be a key fitting structure having a ball nut key
recess formed in the outer peripheral face of the ball nut,
a cylinder key recess formed in the inner peripheral face
of the cylinder, and a key fitted in both the ball nut key
recess and the cylinder key recess.
[0014] In the ball screw device according to the above-
described aspect, a depth of the outer periphery turning
groove (in the entire region of the outer periphery turning
groove) may be set to such a value that the balls do not
project outward from the outer peripheral face of the ball
nut in a state where the balls are accommodated in the
outer periphery turning groove.
[0015] In the ball screw device according to the above-
described aspect, the ball nut and the cylinder may be

disposed with a predetermined space formed between
the outer peripheral face of the ball nut and the inner
peripheral face of the cylinder; and a depth of the outer
periphery turning groove (in the entire region of the outer
periphery turning groove) may be set to such a value that
the balls partially project outward from the outer periph-
eral face of the ball nut in a state where the balls are
accommodated in the outer periphery turning groove.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a schematic sectional view of an electric
actuator to which a ball screw device according to a
first embodiment of the invention is applied;
FIG. 2 is a schematic side view of the ball screw
device according to the first embodiment of the in-
vention;
FIG. 3 is an exploded perspective view of the ball
screw device according to the first embodiment of
the invention;
FIG. 4 is a schematic vertical sectional view of the
ball screw device according to the first embodiment
of the invention;
FIG. 5A is a perspective view of a deflector according
to the first embodiment of the invention (first);
FIG. 5B is a perspective view of the deflector accord-
ing to the first embodiment of the invention (second);
FIG. 6 is a view of a ball nut to which deflectors are
attached, as viewed from the outside in the radial
direction;
FIG. 7 is a sectional view taken along the line A-A in
FIG. 6;
FIG. 8 is a sectional view taken along the line B-B in
FIG. 7;
FIG. 9 is a sectional view taken along the line C-C
in FIG. 6;
FIG. 10 is a view for describing connection between
an outer periphery turning groove and a groove ac-
cording to a first modified example of the first em-
bodiment of the invention;
FIG. 11 is a view for describing arrangement of ac-
commodation holes and deflectors according to a
second modified example of the first embodiment of
the invention;
FIG. 12 is a main portion sectional view illustrating
the configuration of a deflector according to a third
modified example of the first embodiment of the in-
vention;
FIG. 13 is an exploded perspective view of a ball
screw device according to a second embodiment of
the invention;
FIG. 14 is a schematic vertical sectional view of the
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ball screw device according to the second embodi-
ment of the invention;
FIG. 15 is a schematic sectional view of a cylinder
according to the second embodiment of the inven-
tion;
FIG. 16 is a schematic side view of the cylinder ac-
cording to the second embodiment of the invention;
FIG. 17 is a schematic cross-sectional view of the
ball screw device according to the second embodi-
ment of the invention;
FIG. 18 is a schematic cross-sectional view of the
ball screw device according to the second embodi-
ment of the invention;
FIG. 19 is a schematic cross-sectional view illustrat-
ing a cylinder according to a first modified example
of the second embodiment of the invention;
FIG. 20A is a schematic side view of the cylinder
according to the first modified example of the second
embodiment of the invention;
FIG. 20B is a schematic side view of the cylinder
according to a second modified example of the sec-
ond embodiment of the invention;
FIG. 21 is an exploded perspective view of a ball
screw device according to a third embodiment of the
invention;
FIG. 22 is a schematic vertical sectional view of the
ball screw device according to the third embodiment
of the invention;
FIG. 23 is a schematic vertical sectional view of the
ball screw device according to the third embodiment
of the invention;
FIG. 24 is a schematic cross-sectional view of the
ball screw device according to the third embodiment
of the invention; and
FIG. 25 is a schematic cross-sectional view of the
ball screw device according to the third embodiment
of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] Hereinafter, example embodiments of the in-
vention will be described with reference to the accompa-
nying drawings. FIG. 1 is a schematic sectional view of
an electric actuator 1 to which a ball screw device 11
according to a first embodiment of the invention is ap-
plied. The electric actuator 1 moves a drive shaft 2 back
and forth in an axial direction X to drive an object to be
driven.
[0018] The electric actuator 1 includes: an electric mo-
tor 3; the drive shaft 2; a speed reduction mechanism 4
that transmits rotary torque output from the electric motor
3; the ball screw device 11 that converts the rotary torque
output from the electric motor 3 and transmitted via the
speed reduction mechanism 4, into a linear motion of the
drive shaft 2 in the axial direction X; and a housing 6 in
which the drive shaft 2, the speed reduction mechanism
4 and the ball screw device 11 are accommodated. The
housing 6 has a first housing 6A, and a second housing

6B brought into contact with an end face of the first hous-
ing 6A, and the housings 6A, 6B are joined to each other
with a fixing bolt (not illustrated).
[0019] The electric motor 3 is attached to the first hous-
ing 6A. An output shaft 3A of the electric motor 3 extends
through the first housing 6A, and is rotatably supported
by a rolling bearing 7 attached to the second housing 6B.
The drive shaft 2 is formed integrally with a threaded
shaft 22 of the ball screw device 11. The drive shaft 2 is
rotatably supported via a plain bearing 14 in the second
housing 6B.
[0020] The speed reduction mechanism 4 includes a
first gear 8 and a second gear 9. The first gear 8 is ac-
commodated and disposed in a space between the first
housing 6A and the second housing 6B, and is attached
to an end portion of the output shaft 3A of the electric
motor 3 so as not to be rotatable relative to the output
shaft 3A. The second gear 9 is fitted onto the outer pe-
riphery of a ball nut 10, and engaged with the first gear
8. The ball nut 10 is rotatably supported by a rolling bear-
ing 13 fitted to the inner periphery of the first housing 6A
and a rolling bearing 16 attached to the inner periphery
of the second housing 6B. The second gear 9, the rolling
bearing 13 and the rolling bearing 16 are fixedly fitted to
the outer periphery of the ball nut 10.
[0021] FIG. 2 is a schematic side view of the ball screw
device 11. FIG. 3 is an exploded perspective view of the
ball screw device 11. FIG. 3 illustrates the configuration
of the ball screw device 11 from which the threaded shaft
22 is omitted. FIG. 4 is a schematic vertical sectional view
of the ball screw device 11. As illustrated in FIG. 2 to FIG.
4, the ball screw device 11 includes the threaded shaft
22 that extends along the axial direction X, the ball nut
10 fitted onto the threaded shaft 22, a plurality of balls
24 interposed between the threaded shaft 22 and the ball
nut 10, a cylinder 12 that surrounds the outer periphery
of the ball nut 10, and a pair of deflectors 40. In other
words, the axial direction X is the axial direction of the
threaded shaft 22. In the ball screw device 11, the theo-
retically required effective number of turns is 2.7, and the
theoretically effective number of the turns, that is, 2.7 is
employed as it is.
[0022] As illustrated in FIG. 2 and FIG. 4, grooves 41
are formed in an outer peripheral face 22A of the threaded
shaft 22. The grooves 41 are spiral grooves gradually
shifted toward the other side (right side of FIG. 2 and
FIG. 4) in the axial direction X while turning around the
central axis of the threaded shaft 22. Each groove 41 has
a generally U-shaped curved face in section. In the outer
peripheral face 22A, spiral ridges 42 are formed so as to
constitute boundaries between the grooves 41 adjacent
to each other in the axial direction X.
[0023] As illustrated in FIG. 3 and FIG. 4, the ball nut
10 is a tubular body made of metal such as steel and
extending in the axial direction X. An inner peripheral
face 10A and an outer peripheral face 10B of the ball nut
10 are cylindrical faces each having the central axis ex-
tending in the axial direction X. In the inner peripheral
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face 10A of the ball nut 10, grooves 43 are formed. The
grooves 43 are spiral grooves gradually shifted toward
the other side (right side of FIG. 4) in the axial direction
X while turning around the central axis of the inner pe-
ripheral face 10A. Each groove 43 has a generally U-
shaped curved face in section. In the inner peripheral
face 10A, spiral ridges 44 are formed so as to constitute
boundaries between the grooves 43 adjacent to each
other in the axial direction X.
[0024] In the inner peripheral face 10A of the ball nut
10, two accommodation holes (accommodation recess-
es) 45 are formed. In the inner peripheral face 10A, the
two accommodation holes 45 are formed at a rolling start
position (the other accommodation recess formed posi-
tion) 47A and a rolling end position (one accommodation
recess formed position) 47B at an interval in the axial
direction X. More specifically, the two are opened at the
inner walls of the grooves 43 formed in the inner periph-
eral face 10A. The two accommodation holes 45 are ar-
ranged at an interval (corresponding to three grooves 43
in the present embodiment) in the axial direction X so as
to be parallel to each other. The accommodation holes
45 extend radially outward from the inner peripheral face
10A, and pass through a peripheral wall 10C of the ball
nut 10 in the radial direction.
[0025] In a region where the inner peripheral face 10A
of the ball nut 10 is present in the axial direction X, ball
rolling paths 47 (see FIG. 4) are formed by the grooves
43 of the ball nut 10 and the grooves 41 present in a
portion of the outer peripheral face 22A of the threaded
shaft 22, which faces the inner peripheral face 10A. That
is, the spiral ball rolling paths 47 are formed by the
grooves 41 of the ball nut 10 and the grooves 43 of the
threaded shaft 22. Each ball rolling path 47 has a gen-
erally circular section (see FIG. 4). The ball rolling paths
47 have a spiral form, and gradually shifted toward the
other side (right side of FIG. 4) in the axial direction X
while turning around the central axis of the ball nut 10
and the threaded shaft 22. Between the ball rolling paths
47 adjacent to each other in the axial direction X, the
ridge 42 of the threaded shaft 22 and the ridge 44 of the
ball nut 10 are located so as to face each other in the
radial direction. The ridge 42 and the ridge 44 form a
boundary between the two ball rolling paths 47 adjacent
to each other in the axial direction X.
[0026] As illustrated in FIG. 4, each accommodation
hole 45 has an outer region 45A located close to the outer
peripheral face 10B of the ball nut 10 and an inner region
45B located closer to the inner peripheral face 10A than
the outer region 45A. As viewed from outside the ball nut
10 (outside the ball nut 10 in the radial direction), each
accommodation hole 45 (both the outer region 45A and
the inner region 45B) is elongated along a direction that
is tilted with respect to a circumferential direction Y by
an angle corresponding to the tilt angle of each groove 43.
[0027] In a portion of the ball nut 10, which defines
each accommodation hole 45, a step portion 46 that con-
stitutes the boundary between the outer region 45A and

the inner region 45B is formed. As illustrated in FIG. 3
and FIG. 4, in the outer peripheral face 10B of the ball
nut 10, an outer periphery turning groove 49 is formed.
The outer periphery turning groove 49 is a spiral groove
shifted to one side (left side of FIG. 4) in the axial direction
X while turning around the central axis of the outer pe-
ripheral face 10B (i.e., the central axis of the inner pe-
ripheral face 10A). In other words, the outer periphery
turning groove 49 turns in a spiral manner along the outer
peripheral face 10B.
[0028] In the present embodiment, an outer periphery
turning groove having one turn is illustrated as the outer
periphery turning groove 49. The outer periphery turning
groove 49 has a generally U-shape with round corners
(a generally semicircular shape) or a generally U-shape
with angled corners (a generally U-shape with round cor-
ners in FIG. 4) in section. The outer periphery turning
groove 49 has a groove depth D (see FIG. 4) with which
the entirety of each ball 24 (illustrated by each black circle
in FIG. 4) can be accommodated, and is formed through
cutting performed with the use of an end mill or the like.
One end 49A (see FIG. 3) of the outer periphery turning
groove 49 is connected to a portion of the peripheral wall
10C, which defines the accommodation hole 45 on the
rolling start position 47A side (lower left side in FIG. 3),
and the other end 49B of the outer periphery turning
groove 49 is connected to a portion of the peripheral wall
10C, which defines the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 3).
[0029] A turning rolling path 60 is formed by the outer
periphery turning groove 49 and an inner peripheral face
12A of the cylinder 12. The turning rolling path 60 is a
spiral path gradually shifted toward the one side (left side
of FIG. 4) in the axial direction X while turning around the
central axis of the ball nut 10 and the threaded shaft 22.
Note that the axial direction in which the turning rolling
path 60 is headed is opposite to the axial direction in
which the ball rolling paths 47 are headed.
[0030] As illustrated in FIG. 4, each ball 24 is a small
spherical body made of metal or the like, disposed in the
ball rolling paths 47, and rollable in the ball rolling paths
47. Note that, for convenience of description, FIG. 4 il-
lustrates only some of the balls 24 disposed in the ball
rolling paths 47 (see black circles in FIG. 4) (this also
applies to later-described FIG. 6, FIG. 7, FIG. 9, FIG. 14,
FIG. 17, FIG. 18, and FIG. 22 to FIG. 25).
[0031] As illustrated in FIG. 3 and FIG. 4, the cylinder
12 is made of metal such as steel, and the inner peripheral
face 12A and an outer peripheral face 12B of the cylinder
12 are cylindrical faces that are coaxial with the inner
peripheral face 10A and the outer peripheral face 10B of
the ball nut 10. No grooves are formed in the inner pe-
ripheral face 12A and the outer peripheral face 12B of
the cylinder 12, and the inner peripheral face 12A and
the outer peripheral face 12B are formed of only cylindri-
cal faces, except positions where engagement holes 48
(described later) are formed. The cylinder 12 is attached
to the ball nut 10 so as to be rotatable together with the
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ball nut 10 and movable in the axial direction X together
with the ball nut 10 in the state where the entire region
of the outer peripheral face 10B of the ball nut 10 is sur-
rounded by the cylinder 12. The inner diameter of the
cylinder 12 is set slightly larger than the outer diameter
of the ball nut 10. In the state where the cylinder 12 is
attached to the ball nut 10, the inner peripheral face 12A
of the cylinder 12 is disposed radially outward of the outer
peripheral face 10B of the ball nut 10 across a small space
S.
[0032] As illustrated in FIG. 3 and FIG. 4, the two en-
gagement holes (engagement recesses) 48 that pass
through the cylinder 12 in its thickness direction are
formed in the inner peripheral face 12A of the cylinder
12. The number of the engagement holes 48 is the same
as the number of the accommodation holes 45 (two in
the present embodiment). The two engagement holes 48
are arranged at an interval (corresponding to three
grooves 43 in the present embodiment) in the axial di-
rection X so as to be parallel to each other. In the state
where the cylinder 12 is disposed so as to be rotatable
together with the ball nut 10, the shapes of the two en-
gagement holes 48 as viewed from the outside in the
radial direction match the shapes of the outer regions
45A of the accommodation holes 45 (see FIG. 4).
[0033] The deflectors 40 are small pieces. The number
of the deflectors 40 is the same as the number of the
accommodation holes 45 (two in the present embodi-
ment). Each deflector 40 is fitted in a corresponding one
of the accommodation holes 45. Each deflector 40 is
passed through both the accommodation hole 45 and
the engagement hole 48. The material of the deflectors
40 may be, for example, resin or metal. FIG. 5A is a per-
spective view of the deflector 40. FIG. 5B is a perspective
view of the deflector 40 as viewed from the right side in
FIG 5A. As illustrated in FIG. 5A and FIG. 5B, the deflector
40 is a single-piece member having an outer portion 51
and an inner portion 52.
[0034] The outer portion 51 is a block. The outer portion
51 has such a shape as to be just fitted in a region ob-
tained by combining the outer region 45A of the accom-
modation hole 45 (see FIG. 4) and the engagement hole
48, in the state where the cylinder 12 is attached to the
ball nut 10. The outer portion 51 is, for example, a rec-
tangular parallelepiped body in which edges of four cor-
ners are chamfered. A face of the outer portion 51, which
is noticeably illustrated in FIG. 5A and FIG. 5B, will be
referred to as an outer face 51A. In FIG. 5A and FIG. 5B,
the outer face 51A is drawn in a flat face, but the outer
face 51A is curved so as to be flush with the outer pe-
ripheral face 12B of the cylinder 12.
[0035] The inner portion 52 is a block elongated along
the longitudinal direction of the outer portion 51. The inner
portion 52 has such a shape as to be just fitted in the
inner region 45B of the accommodation hole 45 (see FIG.
4). Both end portions of the inner portion 52 in the longi-
tudinal direction are rounded. A face of the outer portion
51, which is on the opposite side of the outer portion 51

from the outer face 51A, will be referred to as an inner
face 51B. The inner portion 52 is fixed to the inner face
51B. As viewed from the thickness direction of the outer
portion 51, the inner portion 52 is positioned inside the
contour of the outer portion 51.
[0036] Each deflector 40 has a connection passage
54. In the deflector 40, the connection passage 54 ex-
tends in the form of a tunnel to provide communication
between a circular outer opening 55 opened at one lon-
gitudinal end face (the left end face in FIG. 5A) of the
deflector 40 and a circular inner opening 56 opened at
the other longitudinal end face (the right end face in FIG.
5A) of the deflector 40. The connection passage 54 has
a circular cross section. The outer opening 55 and the
inner opening 56 differ in radial position (distance from
the central axis), and the outer opening 55 is located
radially outward of the inner opening 56. Therefore, the
connection passage 54 is tilted radially outward from the
inner opening 56 toward the outer opening 55.
[0037] As illustrated in FIG. 4, each deflector 40 is fitted
(inserted) from the cylinder 12 side, more specifically,
from radially outside the cylinder 12, into the accommo-
dation hole 45 of the ball nut 10 and the engagement
hole 48 of the cylinder 12. In the state where the deflector
40 is fitted in both the accommodation hole 45 and the
engagement hole 48, the outer portion 51 is accommo-
dated in the outer region 45A of the accommodation hole
45 and the engagement hole 48, and the inner portion
52 is accommodated in the inner region 45B of the ac-
commodation hole 45. At this time, the peripheral edge
portion of the inner face 51B of the outer portion 51 is
brought into contact with the step portion 46 in the ac-
commodation hole 45 from radially outside the ball nut
10, so that the deflector 40 is positioned in the accom-
modation hole 45. Four corners of the rectangular outer
portion 51 of each deflector 40 are crimped from the outer
face 51A side, so that the deflector 40 is fixed to both the
ball nut 10 and the cylinder 12. The deflector 40 fitted in
the accommodation hole 45 is engaged with the periph-
eral wall surrounding the engagement hole 48 (fitted into
the engagement hole 48), so that the rotation of the cyl-
inder 12 relative to the ball nut 10 and the movement of
the cylinder 12 relative to the ball nut 10 in the axial di-
rection X are prohibited. In the first embodiment, a relative
rotation prohibiting structure has the engagement holes
48 and the deflectors 40. In the relative rotation prohib-
iting structure, part of each deflector 40 accommodated
in a corresponding one of the accommodation holes 45
is fitted in (engaged with) a corresponding one of the
engagement holes 48.
[0038] FIG. 6 is a view of the ball nut 10 to which the
deflectors 40 are attached, as viewed from the outside
in the radial direction. The deflector 40 fitted in the ac-
commodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 3) and the deflector 40 fitted
in the accommodation hole 45 on the rolling end position
47B side (upper right side in FIG. 3) are disposed so as
to be oriented toward the opposite sides in a circumfer-
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ential direction Y. One of the deflectors 40 is fitted in the
accommodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 3) such that the outer opening
55 of the deflector 40 faces the one end 49A of the outer
periphery turning groove 49, and the other one of the
deflectors 40 is fitted in the accommodation hole 45 on
the rolling end position 47B side (upper right side in FIG.
3) such that the outer opening 55 of the deflector 40 faces
the other end 49B of the outer periphery turning groove
49.
[0039] In the state where the deflectors 40 are attached
to the ball nut 10 and the cylinder 12, the outer opening
55 of the connection passage 54 of the deflector 40 com-
municates with (joins) the outer periphery turning groove
49 (the turning rolling path 60) that is present at the same
position as the outer opening 55 in the axial direction X.
In this state, the inner opening 56 of the connection pas-
sage 54 of the deflector 40 communicates with the ball
rolling path 47 that is present at the same position as the
inner opening 56 in the axial direction X. Thus, the con-
nection passages 54 of the two deflectors 40 and the
turning rolling path 60 formed by the outer periphery turn-
ing groove 49 and the inner peripheral face 12A of the
cylinder 12 constitute a bypass of the ball rolling paths
47 in the axial direction X. The turning rolling path 60 and
the two connection passages 54 constitute a circulation
path 61 through which the balls 24 are returned from the
rolling end position 47B in the ball rolling path 47 to the
rolling start position 47A in the ball rolling path 47.
[0040] FIG. 7 is a sectional view taken along the line
A-A in FIG. 6. FIG. 8 is a sectional view taken along the
line B-B in FIG. 7. Note that in FIG. 7, for the sake of
convenience, the circumferential direction Y is drawn as
a linear direction. Therefore, the outer peripheral face
22A of the threaded shaft 22 and the inner and outer
peripheral faces 10A, 10B of the ball nut 10 are drawn
as straight lines in FIG. 7, but in actuality, they have a
circular-arc shape (this also applies to later-described
FIG. 9, FIG. 17, FIG. 18, FIG. 24 and FIG. 25).
[0041] As illustrated in FIG. 6 to FIG. 8, the deflector
40 fitted in the accommodation hole 45 on the rolling end
position 47B side (upper right side in FIG. 3) is used to
guide the balls 24 from the ball rolling paths 47 formed
on the inner periphery of the ball nut 10 to the turning
rolling path 60 on the outer periphery of the ball nut 10.
The inner opening 56 of the connection passage 54 func-
tions as an inlet 54A, and the outer opening 55 of the
connection passage 54 functions as an outlet 54B.
[0042] As illustrated in FIG. 7, a portion of the connec-
tion passage 54 other than the outer opening 55 and the
inner opening 56 has a linear shape in a section taken
along the direction extending along the connection pas-
sage 54 and perpendicular to the circumferential direc-
tion Y. On the other hand, portions of the connection pas-
sage 54 near the outer opening 55 and the inner opening
56 have a curved shape with a gradient lower than that
of the other portion of the connection passage 54.
[0043] As illustrated in FIG. 8, the connection passage

54 is bent in a doglegged form along the circumferential
direction Y. Specifically, the connection passage has a
first portion 541 that extends substantially linearly and is
tilted slightly with respect to the groove 43, and a second
portion 542 that extends substantially linearly along the
outer periphery turning groove 49. The connection pas-
sage 54 provides communication between the groove 43
and the outer periphery turning groove 49 that extend in
the directions different from each other.
[0044] FIG. 9 is a sectional view taken along the line
C-C in FIG. 6. As illustrated in FIG. 6 and FIG. 9, the
deflector 40 fitted in the accommodation hole 45 on the
rolling start position 47A side (lower left side in FIG. 3)
is used to guide the balls 24 from the turning rolling path
60 formed on the outer periphery of the ball nut 10 to the
ball rolling paths 47 formed on the inner periphery of the
ball nut 10. The outer opening 55 of the connection pas-
sage 54 functions as the inlet 54A, and the inner opening
56 of the connection passage 54 functions as the outlet
54B. Note that the deflector 40 fitted in the accommoda-
tion hole 45 on the rolling start position 47A side (lower
left side in FIG. 3) has the same design as that of the
deflector 40 fitted in the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 3).
[0045] As illustrated in FIG. 6 to FIG. 9, the balls 24 in
the ball rolling paths 47 move from the rolling start posi-
tion 47A to the rolling end position 47B along the ball
rolling paths 47 while rolling in the ball rolling paths 47
as the ball nut 10 rotates. When each ball 24 reaches
the rolling end position 47B, the ball 24 enters the con-
nection passage 54 from the inner opening 56 of the con-
nection passage 54 of the deflector 40 fitted in the ac-
commodation hole 45 on the rolling end position 47B side
(upper right side in FIG. 3), passes through the connec-
tion passage 54, and is picked up into the outer periphery
turning groove 49 of the outer peripheral face 10B of the
ball nut 10 (see a broken-line arrow illustrated in FIG. 6).
[0046] The ball 24 moves through the turning rolling
path 60 including the outer periphery turning groove 49
to turn around the outer periphery of the ball nut 10, there-
by advancing in a direction opposite to the direction in
which the ball 24 has been advancing in the axial direction
X (thereby advancing in a direction toward the left side
in FIG. 6). Then, the ball 24, which has passed through
the turning rolling path 60, enters the connection passage
54 from the outer opening 55 (the inlet 54A) of the con-
nection passage 54 of the deflector 40 fitted in the ac-
commodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 3), passes through the con-
nection passage 54, and is returned to the rolling start
position 47A in the ball rolling path 47 (see a broken-line
arrow illustrated in FIG. 6). The balls 24 moving in the
ball rolling paths 47 are circulated through the circulation
path 61 including the turning rolling path 60 and the con-
nection passages 54. Thus, it is possible to stably supply
the balls 24 into the ball rolling paths 47.
[0047] According to the present embodiment de-
scribed above, each ball 24 moves in the ball rolling paths

11 12 



EP 2 778 476 A1

8

5

10

15

20

25

30

35

40

45

50

55

47 from the rolling start position 47A to the rolling end
position 47B, passes through the connection passage 54
of one of the deflectors 40 from the rolling end position
47B, and is picked up into the outer periphery turning
groove 49 of the outer peripheral face 10B of the ball nut
10. The ball 24 picked up into the outer periphery turning
groove 49 passes through the turning rolling path 60
formed by the outer periphery turning groove 49 to turn
around the outer periphery of the ball nut 10, passes
through connection passage 54 of the other deflector 40,
and is then returned to the rolling start position 47A in
the ball rolling path 47. That is, the ball 24 is returned
from the rolling end position 47B in the ball rolling path
47 to the rolling start position 47A in the ball rolling path
47 through the circulation path 61 including the turning
rolling path 60. Thus, it is possible to smoothly circulate
the balls 24 through the ball rolling paths 47.
[0048] The turning rolling path 60 included in the cir-
culation path 61 is formed by the outer periphery turning
groove 49 of the outer peripheral face 10B of the ball nut
10 and the inner peripheral face 12A of the cylinder 12.
Therefore, regardless of the relative positional relation-
ship between the rolling start position 47A and the rolling
end position 47B in the axial direction X and in the cir-
cumferential direction Y, it is possible to connect the roll-
ing start position 47A and the rolling end position 47B via
the circulation path 61. There is no limitation on the rel-
ative positions in the circumferential direction Y, where
the deflectors 40 are arranged, unlike in the case where
a through-hole extending along the axial direction X is
formed in the peripheral wall 10C of the ball nut 10. Con-
sequently, it is possible to increase the flexibility of the
layout of the positions where the deflectors 40 are ar-
ranged. There is no limitation on the positions in the cir-
cumferential direction Y, where the deflectors 40 are ar-
ranged. As a result, the theoretically effective number of
the turns of the ball screw device 11 can be employed
as it is. Consequently, it is possible to reduce the size of
the ball screw device 11 in the axial direction X.
[0049] Each deflector 40 fitted in a corresponding one
of the accommodation holes 45 is engaged with the pe-
ripheral wall around a corresponding one the engage-
ment holes 48, so that the rotation of the cylinder 12 rel-
ative to the ball nut 10 and the movement of the cylinder
12 relative to the ball nut 10 in the axial direction X are
prohibited. That is, the ball nut 10 and the cylinder 12 are
positioned in both the axial direction X and the circum-
ferential direction Y. Thus, the relative rotation prohibiting
structure is formed without using additional components.
As a result, it is possible to prevent the number of com-
ponents from increasing while prohibiting the rotation of
the cylinder 12 relative to the ball nut 10 and the move-
ment of the cylinder 12 in the axial direction X relative to
the ball nut 10.
[0050] The first embodiment of the invention has been
described above, but the invention is not limited to the
above-described embodiment. For example, the config-
uration of the connection passage 54 of each deflector

40 may be changed. FIG. 10 is a view for describing
connection between an outer periphery turning groove
49 and the groove 43 according to a first modified exam-
ple of the first embodiment. As illustrated in FIG. 10, a
connection passage 154 linearly extends along the
groove 43 in the circumferential direction Y. The connec-
tion passage 154 has the same shape as that of the con-
nection passage 54 (see FIG. 8) in a section taken along
the direction extending along the connection passage
154 and perpendicular to the circumferential direction Y
[0051] In this case, a connection groove 101 that con-
nects the spiral outer periphery turning groove 49 to the
connection passage 154 is formed in the outer peripheral
face 10B of the ball nut 10. The connection groove 101
extends substantially linearly along the connection pas-
sage 154, and is connected to the other end 49B of the
outer periphery turning groove 49. In the above-de-
scribed first embodiment, the deflectors 40 are arranged
at the same position in the circumferential direction Y
Alternatively, as illustrated in FIG. 11, the deflectors 40
may be arranged at different positions in the circumfer-
ential direction Y
[0052] FIG. 11 is a view for describing arrangement of
accommodation holes 45 and deflectors 40 according to
a second modified example of the first embodiment. The
paired accommodation holes 45 are located at different
positions in the circumferential direction Y. In this case,
the theoretically required effective number of turns is, for
example, 2.3, and the theoretically effective number of
the turns (2.3) is employed as it is in a ball screw device
11. Consequently, it is possible to increase the flexibility
of the layout of the positions where the deflectors 40 are
arranged. As a result, it is possible to further reduce the
size of the ball screw device 11 in the axial direction X.
[0053] FIG. 12 is a main portion sectional view illus-
trating the configuration of a deflector 40 according to a
third modified example of the first embodiment. In the
third modified example, as illustrated in FIG. 12, a con-
nection passage 254 to be used in place of the connection
passage 54, 154 may be a groove. The connection pas-
sage 254 is formed so as to break through a side wall of
the deflector 40 along the longitudinal direction of the
deflector 40.
[0054] FIG. 13 is an exploded perspective view of a
ball screw device 311 according to a second embodiment
of the invention. FIG. 14 is a schematic vertical sectional
view of the ball screw device 311. FIG. 13 illustrates the
configuration of the ball screw device 311 from which the
threaded shaft 22 is omitted. The ball screw device 311
is applied to, for example, an electric actuator equivalent
to the electric actuator 1 described with reference to FIG.
1.
[0055] In the second embodiment, the same portions
as those in the first embodiment will be denoted by the
same reference symbols as those in FIG. 1 to FIG. 9,
and description thereof will be omitted. As illustrated in
FIG. 13 and FIG. 14, the ball screw device 311 includes
the threaded shaft 22, the ball nut 10 fitted onto the
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threaded shaft 22, a plurality of balls 24 interposed be-
tween the threaded shaft 22 and the ball nut 10, a cylinder
312 that surrounds the outer periphery of the ball nut 10,
and a pair of deflectors 340. The ball screw device 311
differs from the ball screw device 11 according to the first
embodiment of the invention in that the cylinder 312 is
employed as a cylinder and the deflectors 340 are em-
ployed as deflectors. In the ball screw device 311, the
theoretically required effective number of turns is 2.7,
and the theoretically effective number of the turns (2.7)
is employed as it is.
[0056] The ball nut 10 has substantially the same con-
figuration as that of the ball nut 10 according to the first
embodiment. That is, the ball nut 10 is a tubular body
made of metal such as steel and extending in an axial
direction X, and the inner peripheral face 10A and the
outer peripheral face 10B of the ball nut 10 are cylindrical
faces each having the central axis extending in the axial
direction X. In the inner peripheral face 10A of the ball
nut 10, two accommodation holes 45 that pass through
the peripheral wall 10C of the ball nut 10 in its thickness
direction are formed respectively at the rolling start po-
sition 47A and the rolling end position 47B.
[0057] FIG. 15 is a schematic sectional view of the cyl-
inder 312. FIG. 16 is a schematic side view of the cylinder
312. As illustrated in FIG. 13 to FIG. 16, the cylinder 312
is made of metal such as steel. An inner peripheral face
312A and an outer peripheral face 312B of the cylinder
312 are cylindrical faces that are coaxial with the inner
peripheral face 10A and the outer peripheral face 10B of
the ball nut 10. In other words, the outer peripheral face
312B is formed only of the cylindrical face. The cylinder
312 is attached to the ball nut 10 so as to be rotatable
together with the ball nut 10 in the state where the entire
region of the outer peripheral face 10B of the ball nut 10
is surrounded by the cylinder 312. The inner diameter of
the cylinder 312 is set slightly larger than the outer diam-
eter of the ball nut 10. In the state where the cylinder 312
is attached to the ball nut 10, the inner peripheral face
312A of the cylinder 312 is disposed radially outward of
the outer peripheral face 10B of the ball nut 10 across a
small space S. The cylinder 312 differs from the cylinder
12 according to the first embodiment of the invention in
that an axial groove 348 is formed as an engagement
recess in place of a pair of engagement holes 48.
[0058] In the inner peripheral face 312A of the cylinder
312, the axial groove 348 is formed as the engagement
recess. The axial groove 348 is formed such that outer
portions 351 of the deflectors 340 can be engaged with
the axial groove 348. The axial groove 348 linearly ex-
tends along the axial direction X from one end (the left
end illustrated in FIG. 14) in the axial direction X of the
cylinder 312 to the other end (the right end illustrated in
FIG. 14) in the axial direction X of the cylinder 312. As
illustrated in FIG. 13 to FIG. 16, the axial groove 348 has
a constant width in the circumferential direction Y and a
constant depth. In the state where the cylinder 312 is
disposed so as to be rotatable together with the ball nut

10, the shape of the axial groove 348 as viewed from the
outside in the radial direction overlaps with outer regions
45A of the two accommodation holes 45. The groove
width of the axial groove 348 is set to the same length
as the length of each deflector 340 along the circumfer-
ential direction Y so that the ball nut 10 and the cylinder
312 are prevented from rotating relative to each other in
the state where the deflectors 340 (described below) are
engaged with the axial groove 348.
[0059] The deflectors 340 are small pieces. The
number of the deflectors 40 is the same as the number
of the accommodation holes 45 (two in the present em-
bodiment). Each deflector 340 is fitted in a corresponding
one of the accommodation holes 45. Each deflector 40
is accommodated in a corresponding one of the accom-
modation holes 45. In this state, the outer portion 351
that projects outward from the outer peripheral face 10B
of the ball nut 10 are engaged with the axial groove 348.
The material of the deflectors 340 may be, for example,
resin or metal, as in the case of the deflectors 30 in the
first embodiment.
[0060] As illustrated in FIG. 13, the deflector 340 is a
single-piece member having the outer portion 351 and
the inner portion 52. Each deflector 340 has the connec-
tion passage 54 that extends therein in the form of a
tunnel. The deflector 340 differs from the deflector 40
according to the first embodiment of the invention in that
the thick outer portion 351 having a thickness in the radial
direction, which is smaller than that of the outer portion
51 of the deflector 40 according to the first embodiment
of the invention, is provided.
[0061] The outer portion 351 is a block. In the state
where the cylinder 312 is attached to the ball nut 10, the
outer portion 351 has such a shape as to match the outer
region 45A of the accommodation hole 45 as viewed from
the outside in the radial direction. The outer portion 351
is, for example, a rectangular parallelepiped body in
which edges of four corners are chamfered. The outer
face of the outer portion 351 will be referred to as an
outer face 351A. The outer face 351A is formed in such
a shape as to conform to the bottom face of the axial
groove 348. That is, when the bottom face of the axial
groove 348 has a circular-arc sectional shape (has a cur-
vature in the circumferential direction Y), the outer face
351A is curved along the bottom face of the axial groove
348, whereas when the bottom face of the axial groove
348 is a flat face (has no curvature in the circumferential
direction Y), the outer face 351A is also a flat face.
[0062] The assembly of the ball screw device 311 will
be described. A worker first inserts the deflectors 340
into the accommodation holes 45 of the ball nut 10 from
the outside in its radial direction to fit the deflectors 340
in the accommodation holes 45. In the state where each
deflector 340 is fitted in a corresponding one of the ac-
commodation holes 45, the inner portion 52 of the de-
flector 340 is accommodated in the inner region 45B of
the accommodation hole 45. In the state where each de-
flector 340 is fitted in a corresponding one of the accom-
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modation holes 45, part of the outer portion 351 of the
deflector 340 is accommodated in the outer region 45A
of the accommodation hole 45, but a major part of the
outer portion 351 of the deflector 340 projects outward
from the outer peripheral face 10B of the ball nut 10.
[0063] At this time, the peripheral edge portion of an
inner face 351B of the outer portion 351 (a face of the
outer portion 351, which is on the opposite side of the
outer portion 351 from the outer face 351A) is brought
into contact with the step portion 46 in the accommoda-
tion hole 45 from the outside in the radial direction of the
ball nut 10, and the deflector 340 is positioned in the
accommodation hole 45. Furthermore, four corners of
the rectangular outer portion 351 are crimped from the
outer face 351A side, so that each deflector 340 is fixed
to the outer peripheral face 10B of the ball nut 10. Note
that it is not necessary to crimp all the four corners of the
outer portion 351, as long as at least two corners of the
outer portions 351 are crimped.
[0064] The deflector 340 may be positioned in the ac-
commodation hole 45 by crimping a portion of the ball
nut 10 instead of crimping the deflector 340. Furthermore,
the deflector 340 need not be fixed to the outer peripheral
face 10B of the ball nut 10. The deflector 340 is prevented
from being detached from the accommodation hole 45
by the bottom face of the axial groove 348 of the cylinder
312. Even if the deflector 340 is not fixed to the outer
peripheral face 10B, the deflector 340 is retained in the
accommodation hole 45.
[0065] Next, the cylinder 312 and the ball nut 10 are
aligned with each other such that the position of the axial
groove 348 coincides with the position of the outer portion
351 of each deflector 340 in the circumferential direction
Y. Then, the ball nut 10 is moved relative to the cylinder
312 in the axial direction X while fitting the outer portions
351 of the deflectors 340 into the axial groove 348, so
that the ball nut 10 to which the deflectors 340 have been
attached is inserted in the cylinder 312 along the axial
direction X from one side or the other side of the cylinder
312 in the axial direction X. In the state where the deflec-
tors 340 are engaged with the axial groove 348, the de-
flectors 340 are just engaged with the axial groove 348
in the circumferential direction Y. In the state where the
ball nut 10 is inserted in the cylinder 312, the deflectors
340 fitted in the accommodation holes 45 are engaged
with the axial groove 348, so that the rotation of the cyl-
inder 312 relative to the ball nut 10 is prohibited. In other
words, in the second embodiment, a relative rotation pro-
hibiting structure has the axial groove 348 and the de-
flectors 340. In the relative rotation prohibiting structure,
part of each deflector 340 accommodated in the accom-
modation hole 45 is fitted in (engaged with) the axial
groove 348.
[0066] The deflector 340 fitted in the accommodation
hole 45 on the rolling start position 47A side (lower left
side in FIG. 13) and the deflector 340 fitted in the accom-
modation hole 45 on the rolling end position 47B side
(upper right side in FIG. 13) are disposed so as to be

oriented toward the opposite sides in the circumferential
direction Y. One of the deflectors 340 is fitted in the ac-
commodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 13) such that the outer opening
55 of the deflector 340 faces the one end 49A of the outer
periphery turning groove 49, and the other one of the
deflectors 340 is fitted in the accommodation hole 45 on
the rolling end position 47B side (upper right side in FIG.
13) such that the outer opening 55 of the deflector 340
faces the other end 49B of the outer periphery turning
groove 49.
[0067] Thus, the connection passages 54 of the two
deflectors 340 and the turning rolling path 60 formed by
the outer periphery turning groove 49 and the inner pe-
ripheral face 312A of the cylinder 312 constitute a bypass
of the ball rolling paths 47 in the axial direction X. In other
words, the turning rolling path 60 and the two connection
passages 54 constitute the circulation path 61 through
which the balls 24 are returned from the rolling end po-
sition 47B in the ball rolling path 47 to the rolling start
position 47A in the ball rolling path 47.
[0068] FIG. 17 and FIG. 18 are schematic cross-sec-
tional views of the ball screw device 311. FIG. 17 illus-
trates the ball screw device 311 in a section taken along
the direction in which the connection passage 54 of the
deflector 340 fitted in the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 13)
extends. FIG. 18 illustrates the ball screw device 311 in
a section taken along the direction in which the connec-
tion passage 54 of the deflector 340 fitted in the accom-
modation hole 45 on the rolling start position 47A side
(lower left side in FIG. 13) extends.
[0069] As illustrated in FIG. 13 and FIG. 17, the deflec-
tor 340 fitted in the accommodation hole 45 on the rolling
end position 47B side (upper right side in FIG. 13) is used
to guide the balls 24 from the ball rolling paths 47 formed
on the inner periphery of the ball nut 10 to the turning
rolling path 60 formed on the outer periphery of the ball
nut 10. The inner opening 56 of the connection passage
54 functions as the inlet 54A, and the outer opening 55
of the connection passage 54 functions as the outlet 54B.
[0070] As illustrated in FIG. 13 and FIG. 18, the deflec-
tor 340 fitted in the accommodation hole 45 on the rolling
start position 47A side (lower left side in FIG. 13) is used
to guide the balls 24 from the turning rolling path 60
formed on the outer periphery of the ball nut 10 to the
ball rolling paths 47 formed on the inner periphery of the
ball nut 10. The outer opening 55 of the connection pas-
sage 54 functions as the inlet 54A, and the inner opening
56 of the connection passage 54 functions as the outlet
54B. Note that the deflector 340 fitted in the accommo-
dation hole 45 on the rolling start position 47A side (lower
left side in FIG. 3) has the same design as that of the
deflector 340 fitted in the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 3).
[0071] In each deflector 340 as well as in each deflector
40 in the first embodiment, the connection passage 54
is bent in a doglegged form along the circumferential di-
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rection Y, so that the connection passage 54 provides
communication between the groove 43 and the outer pe-
riphery turning groove 49 that extends in the directions
different from each other. The movement of the balls 24
of the ball screw device 311 according to the second
embodiment will be described with reference to FIG. 13,
FIG. 17 and FIG. 18. In the ball screw device 311 as well
as in the ball screw device 11 in the first embodiment
(see FIG. 3 and FIG. 6), the balls 24 in the ball rolling
paths 47 move from the rolling start position 47A to the
rolling end position 47B along the ball rolling paths 47
while rolling in the ball rolling paths 47 as the ball nut 10
rotates. When each ball 24 reaches the rolling end posi-
tion 47B, the ball 24 enters the connection passage 54
from the inner opening 56 of the connection passage 54
of the deflector 340 fitted in the accommodation hole 45
on the rolling end position 47B side (upper right side in
FIG. 13), passes through the connection passage 54,
and is picked up into the outer periphery turning groove
49 of the outer peripheral face 10B of the ball nut 10.
[0072] The ball 24 moves through the turning rolling
path 60 including the outer periphery turning groove 49
to turn around the outer periphery of the ball nut 10, there-
by advancing in a direction opposite to the direction in
which the ball 24 has been advancing in the axial direction
X (thereby advancing in a direction toward the left side
in FIG. 6). Then, the ball 24, which has passed through
the turning rolling path 60, enters the connection passage
54 from the outer opening 55 (the inlet 54A) of the con-
nection passage 54 of the deflector 340 fitted in the ac-
commodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 3), passes through the con-
nection passage 54, and is returned to the rolling start
position 47A in the ball rolling path 47. The balls 24 mov-
ing in the ball rolling paths 47 are circulated through the
circulation path 61 including the turning rolling path 60
and the connection passages 54. Thus, it is possible to
stably supply the balls 24 into the ball rolling paths 47.
[0073] According to the second embodiment described
above, the same advantageous effects as those in the
first embodiment are produced. That is, the ball 24 is
returned from the rolling end position 47B in the ball roll-
ing path 47 to the rolling start position 47A in the ball
rolling path 47 through the circulation path 61 including
the turning rolling path 60. Thus, it is possible to smoothly
circulate the balls 24 through the ball rolling paths 47.
Further, regardless of the relative positional relationship
between the rolling start position 47A and the rolling end
position 47B in the axial direction X and in the circumfer-
ential direction Y, it is possible to connect the rolling start
position 47A and the rolling end position 47B via the cir-
culation path 61. There is no limitation on the relative
positions in the circumferential direction Y, where the de-
flectors 340 are arranged, unlike in the case where a
through-hole extending along the axial direction X is
formed in the peripheral wall 10C of the ball nut 10. As
a result, the theoretically effective number of the turns of
the ball screw device 311 can be employed as it is. Con-

sequently, it is possible to reduce the size of the ball
screw device 311 in the axial direction X.
[0074] According to the second embodiment, each de-
flector 340 fitted in a corresponding one of the accom-
modation holes 45 is engaged with the axial groove 348,
so that the rotation of the cylinder 312 relative to the ball
nut 10 is prohibited. Thus, the relative rotation prohibiting
structure is formed without using additional components.
As a result, it is possible to prevent the number of com-
ponents from increasing while prohibiting the rotation of
the cylinder 312 relative to the ball nut 10.
[0075] As an example of the configuration of the axial
groove 348 formed in the inner peripheral face 312A of
the cylinder 312, there has been described the configu-
ration in which the axial groove 348 extends from one
end (left end in FIG. 16) to the other end (right end in
FIG. 16) of the cylinder 312 in the axial direction X (the
axial groove 348 extends through the cylinder 312 in the
axial direction X). However, a groove that extends from
one end or the other end of the cylinder 312 in the axial
direction X to an intermediate portion of the cylinder 312
in the axial direction X (an intermediate position between
the one end and the other end of the cylinder 312) may
be employed as the axial groove. In this case, the axial
groove needs to have such a length as to be engageable
with both the two deflectors 340 fitted in the accommo-
dation holes 45 of the ball nut 10.
[0076] In the above-described second embodiment il-
lustrated in FIG. 13 to FIG. 18, the deflectors 40 are ar-
ranged at the same position in the circumferential direc-
tion Y. Alternatively, the deflectors 40 may be arranged
at different positions in the circumferential direction Y. In
this case, the paired accommodation holes 45 may be
arranged at different positions in the circumferential di-
rection Y. A first modified example in which such a con-
figuration is employed will be described with reference
to FIG. 19 and FIG. 20A. FIG. 19 and FIG. 20A are views
illustrating the configuration of a cylinder 312C according
to the first modified example of the second embodiment
of the invention. FIG. 19 illustrates a schematic cross-
sectional view, and FIG. 20A illustrates a schematic side
view.
[0077] The cylinder 312C differs from the cylinder 312
in that two axial grooves 348A, 348B offset from each
other in the circumferential direction Y are formed as en-
gagement recesses. There is no difference in the other
configurations between the cylinder 312C and the cylin-
der 312. The axial groove 348A is formed such that the
outer portion 351 of the deflector 340 fitted in the accom-
modation hole 45 on the rolling start position 47A side
can be engaged with the axial groove 348A. The axial
groove 348A linearly extends along the axial direction X
from one end (left end in FIG. 20A) of the cylinder 312C
in the axial direction X to the other end (right end of FIG.
20A) of the cylinder 312C in the axial direction X. The
axial groove 348A has a constant width in the circumfer-
ential direction Y and a constant depth. In the state where
the cylinder 312C is disposed so as to be rotatable to-
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gether with the ball nut 10, the shape of the axial groove
348A as viewed from the outside in the radial direction
overlaps with outer regions 45A of the accommodation
hole 45 on the rolling start position 47A side. The groove
width of the axial groove 348A is set to the same length
as the length of the deflector 340, which is fitted in the
accommodation hole 45 on the rolling start position 47A
side, along the circumferential direction Y
[0078] In the state where the deflector 340 is fitted in
the accommodation hole 45 on the rolling start position
47A side, the outer portion 351 that projects outward from
the outer peripheral face 10B of the ball nut 10 is engaged
with the axial groove 348A. The axial groove 348B is
formed such that the outer portion 351 of the deflector
340 fitted in the accommodation hole 45 on the rolling
end position 47B side can be engaged with the axial
groove 348B. The axial groove 348B linearly extends
along the axial direction X from one end (left end in FIG.
20A) of the cylinder 312C in the axial direction X to the
other end (right end of FIG. 20A) of the cylinder 312C in
the axial direction X. The axial groove 348B has a con-
stant width in the circumferential direction Y and a con-
stant depth. In the state where the cylinder 312C is dis-
posed so as to be rotatable together with the ball nut 10,
the shape of the axial groove 348B as viewed from the
outside in the radial direction overlaps with outer regions
45A of the accommodation hole 45 on the rolling end
position 47B side. The groove width of the axial groove
348B is set to the same length as the length of the de-
flector 340, which is fitted in the accommodation hole 45
on the rolling end position 47B side, along the circumfer-
ential direction Y.
[0079] In the state where the deflector 340 is fitted in
the accommodation hole 45 on the rolling end position
47B side, the outer portion 351 that projects outward from
the outer peripheral face 10B of the ball nut 10 is engaged
with the axial groove 348B. Due to the engagement of
the deflectors 340 fitted in the accommodation holes 45
with the axial grooves 348A, 348B, the rotation of the
cylinder 312C relative to the ball nut 10 is prohibited. In
other words, in the first modified example of the second
embodiment illustrated in FIG. 19 and FIG. 20A, "relative
rotation prohibiting structure" in the appended claims has
the axial grooves 348A, 348B and the deflectors 340.
Further, in the relative rotation prohibiting structure, parts
of the deflectors 340 accommodated in the accommoda-
tion holes 45 are fitted in (engaged with) the axial grooves
348A, 348B.
[0080] In this case, the theoretically required effective
number of turns is employed as it is in the ball screw
device 311. Consequently, it is possible to increase the
flexibility of the layout of the positions where the deflec-
tors 340 are arranged. As a result, it is possible to further
reduce the size of the ball screw device 311 in the axial
direction X. Note that grooves that extend from one end
or the other end of the cylinder 312 in the axial direction
X to an intermediate portion of the cylinder 312 in the
axial direction X (an intermediate position between the

one end and the other end of the cylinder 312) may be
employed as the axial grooves 348A, 348B formed in the
inner peripheral face 312A of the cylinder 312C. In this
case, the axial groove 348A and the axial groove 348B
need to extend over an end portion at the same end (the
one end or the other end) in the axial direction X. Fur-
thermore, the axial groove 348A needs to have such a
length as to be engageable with the deflector 340 fitted
in the accommodation hole 45 on the rolling start position
47A side (lower left side in FIG. 13), and the axial groove
348B needs to have such a length as to be engageable
with the deflector 340 fitted in the accommodation hole
45 on the rolling end position 47B side (upper right side
in FIG. 13).
[0081] When the positions where the paired deflectors
340 are arranged are offset from each other in the cir-
cumferential direction Y, but, as illustrated in FIG. 20B,
a distance S0 between the positions in the circumferential
direction Y, where the deflectors 340 are arranged, is
small, a single axial groove 348C may be formed in the
inner peripheral face 312A of the cylinder 312C and the
paired deflectors 340 may be accommodated in the axial
groove 348C. This is a second modified example of the
second embodiment. The groove width of the single axial
groove 348C is set to such a value that the two deflectors
340 offset from each other in the circumferential direction
Y can be accommodated in the single axial groove 348C.
In this case, the axial groove 348C may be regarded as
an axial groove formed by combining (integrating) the
axial grooves 348A, 348B in the first modified example
with each other in the circumferential direction Y
[0082] Even when the positions where the paired de-
flectors 340 are arranged are partially overlapped with
each other in the circumferential direction Y, a single axial
groove (having the same configuration as that of the axial
groove 348C) may be formed in the inner peripheral face
312A of the cylinder 312C and the two deflectors 340
offset from each other in the circumferential direction Y
may be accommodated in the single axial groove. In the
second embodiment, as the connection passage formed
in each deflector 340, the connection passage 154 (see
FIG. 10) may be employed in place of the connection
passage 54 that extends linearly along the groove 43 in
the circumferential direction Y. In this case as well as in
the first modified example of the first embodiment of the
invention, the connection groove 101 that connects the
spiral outer periphery turning groove 49 to the connection
passage 154 is formed in the outer peripheral face 10B
of the ball nut 10, and the connection groove 101 sub-
stantially linearly extends along the connection passage
154 and is connected to the other end 49B of the outer
periphery turning groove 49.
[0083] In the second embodiment, as the connection
passage formed in each deflector 340, the connection
passage 254 in the form of a groove (see FIG. 12) may
be formed in place of the connection passage 54, 154.
In this case as well as in the third modified example of
the first embodiment of the invention, the connection pas-
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sage 254 is formed so as to break through a side wall of
the deflector 340 along the longitudinal direction of the
deflector 340.
[0084] FIG. 21 is an exploded perspective view of a
ball screw device 411 according to a third embodiment
of the invention. FIG. 22 and FIG. 23 are schematic ver-
tical sectional views of the ball screw device 411. FIG.
21 illustrates the configuration of the ball screw device
411 from which the threaded shaft 22 is omitted. The ball
screw device 411 is applied to, for example, an electric
actuator equivalent to the electric actuator 1 described
with reference to FIG. 1.
[0085] In the third embodiment, the same portions as
those in the first embodiment will be denoted by the same
reference symbols as those in FIG. 1 to FIG. 9, and de-
scription thereof will be omitted. As illustrated in FIG. 21
to FIG. 23, the ball screw device 411 includes the thread-
ed shaft 22, a ball nut 410 fitted onto the threaded shaft
22, a plurality of balls 24 interposed between the threaded
shaft 22 and the ball nut 410, a cylinder 412 that sur-
rounds the outer periphery of the ball nut 410, a pair of
deflectors 440, and a key fitting structure K1 for connect-
ing the cylinder 412 to the ball nut 410. The key fitting
structure K1 has a ball nut key groove (ball nut key re-
cess) 401 formed in an outer peripheral face 410B of the
ball nut 410, a cylinder key hole 402 formed in the cylinder
412, and a key 403 fitted in both the ball nut key groove
401 and the cylinder key hole 402.
[0086] In the present embodiment, an inner peripheral
face 412A of the cylinder 412 is disposed radially outward
of the outer peripheral face 410B of the ball nut 410
across a predetermined space S1 (see FIG. 22 and FIG.
23), in the entire region in the circumferential direction
Y, and an outer periphery turning groove 449 is formed
by a shallow groove. In this respect, the ball screw device
411 differs from the ball screw device 11. Note that the
theoretically required effective number of turns of the ball
screw device 411 is 2.7, and the theoretically effective
number of the turns (2.7) is employed as it is.
[0087] The ball nut 410 is a tubular body made of metal
such as steel and extending in the axial direction X. An
inner peripheral face 410A and the outer peripheral face
410B of the ball nut 410 are cylindrical faces each having
the central axis extending in the axial direction X. In the
outer peripheral face 410B of the ball nut 410, the outer
periphery turning groove 449 is formed. The outer pe-
riphery turning groove 449 is a spiral groove shifted to
one side (left side of FIG. 4) in the axial direction X while
turning around the central axis of the outer peripheral
face 410B. One end 449A (see FIG. 21) of the outer pe-
riphery turning groove 449 is connected to the peripheral
wall 10C that defines the accommodation hole 45 on the
rolling start position 47A side (lower left side in FIG. 21),
and the other end 449B of the outer periphery turning
groove 449 is connected to the peripheral wall 10C that
defines the accommodation hole 45 on the rolling end
position 47B side (upper right side in FIG. 21). The outer
periphery turning groove 449 has a generally U-shape

with round corners (a generally semicircular shape) or a
generally U-shape with angled corners (a generally U-
shape with round corners in FIG. 22 and FIG. 23) in sec-
tion. The outer periphery turning groove 449 has a groove
depth D (see FIG. 22 and FIG. 23) with which the inner
half of each ball 24 (illustrated by each black circle in
FIG. 22 and FIG. 23) can be accommodated, and is
formed through cutting performed with the use of an end
mill or the like. The outer periphery turning groove 449
differs from the outer periphery turning groove 49 accord-
ing to the first embodiment of the invention in the groove
depth D1, and the other configurations are the same as
those of the outer periphery turning groove 49. The outer
periphery turning groove 449 is such a shallow groove,
and hence the outer half of each ball 24 fitted in the outer
periphery turning groove 449 projects outward from the
outer peripheral face 410B of the ball nut 410.
[0088] In the outer peripheral face 410B of the ball nut
410, the ball nut key groove 401 is formed in an interme-
diate portion in the axial direction X and the circumfer-
ential direction Y excluding a position where the outer
periphery turning groove 449 is formed. The shape of the
ball nut key groove 401 as viewed from the outside in the
radial direction is a rectangular shape. The ball nut 410
has substantially the same configuration as that of the
ball nut 10 according to the first embodiment except the
ball nut key groove 401 and the outer periphery turning
groove 449. That is, the grooves 43 are formed in the
inner peripheral face 410A of the ball nut 410, and the
two accommodation holes 45 that pass through the pe-
ripheral wall 10C of the ball nut 410 in its thickness di-
rection are formed at the rolling start position 47A and
the rolling end position 47B of the inner peripheral face
410A of the ball nut 410.
[0089] As illustrated in FIG. 21 to FIG. 23, the cylinder
412 is made of metal such as steel. The inner peripheral
face 412A and an outer peripheral face 412B of the cyl-
inder 412 are cylindrical faces that are coaxial with the
inner peripheral face 410A and the outer peripheral face
410B of the ball nut 410. The inner peripheral face 412A
and the outer peripheral face 412B of the cylinder 412
are formed of only cylindrical faces except a position
where the cylinder key hole 402 (described later) is
formed. The cylinder 412 is attached to the ball nut 410
so as to be rotatable together with the ball nut 410 and
movable in the axial direction X together with the ball nut
410 in the state where the entire region of the outer pe-
ripheral face 410B of the ball nut 410 is surrounded by
the cylinder 412.
[0090] The inner diameter of the cylinder 412 is set
larger than the outer diameter of the ball nut 410 by a
predetermined amount. Therefore, in the state where the
cylinder 412 is attached to the ball nut 410, the inner
peripheral face 412A of the cylinder 412 is disposed ra-
dially outward of the outer peripheral face 410B of the
ball nut 410 across a space S1 (see FIG. 22 and FIG.
23). For example, the space S1 has a size corresponding
to approximately half the diameter of each ball 24. There-
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fore, in the state where the cylinder 412 is attached to
the ball nut 410, an annular space SP (see FIG. 23) is
formed between the inner peripheral face 412A of the
cylinder 412 and the outer peripheral face 410B of the
ball nut 410.
[0091] In the third embodiment, a turning rolling path
60 is formed by the outer periphery turning groove 449,
the inner peripheral face 412A of the cylinder 412, and
the space SP between the outer periphery turning groove
449 and the inner peripheral face 412A. In an intermedi-
ate portion of the cylinder 412 in the axial direction X and
the circumferential direction Y, the cylinder key hole 402
that passes through the cylinder 412 in its thickness di-
rection is formed. The cylinder key hole 402 is arranged
so as to face the ball nut key groove 401 in the state
where the cylinder 412 is attached to the ball nut 410.
The cylinder key hole 402 has such a shape as to match
the ball nut key groove 401 as viewed from the outside
in the radial direction.
[0092] The key 403 is, for example, a quadrangular
prism. The ball nut key groove 401 of the ball nut 410
has a flat bottom face 404 that extends along the outer
peripheral face of the ball nut 410. The shape and the
dimensions of the key 403 in a section perpendicular to
the longitudinal direction of the key 403 match the shapes
and the sectional dimensions of the cylinder key hole 402
and the ball nut key groove 401, respectively. The key
403 is fitted in the cylinder key hole 402 and the ball nut
key groove 401 with almost no space left in the axial
direction X or the circumferential direction Y.
[0093] In FIG. 23, an outer end face 403A of the key
403 projects radially outward from the outer peripheral
face 412B of the cylinder 412 in the state where the key
403 is fitted in the ball nut key groove 401. When the key
403 is crimped from the outer end side, the key 403 is
fixed to the outer peripheral face 412B of the cylinder
412. Note that the key 403 need not be crimped as long
as the key 403 has such a shape that the key does not
drop toward the ball nut 410 side.
[0094] The length of the key 403 in the radial direction
need to be set longer than the length obtained by adding
up a groove depth W1 of the ball nut key groove 401 and
the space S 1. In this case, the key 403 is not removed
from the ball nut key groove 401, and engagement be-
tween the key 403 and the ball nut 410 is achieved. As
a result, the rotation of the cylinder 412 relative to the
ball nut 410 and the movement of the cylinder 412 relative
to the ball nut 410 in the axial direction X are prohibited.
[0095] The deflectors 440 are small pieces. The
number of the deflectors 440 is the same as the number
of the accommodation holes 45 (two in the present em-
bodiment). Each deflector 440 is fitted in a corresponding
one of the accommodation holes 45. Each deflector 440
is accommodated in a corresponding one of the accom-
modation holes 45. In this state, an outer portion 451 that
projects outward from the outer peripheral face 410B of
the ball nut 410 is accommodated in the circular space
SP. As a material of the deflectors 440 as well as the

deflectors 40 according to the first embodiment, for ex-
ample, resin or metal may be used.
[0096] As illustrated in FIG. 21, the deflector 440 is a
single-piece member having the outer portion 451 and
an inner portion 452. Each deflector 440 has the connec-
tion passage 54 that extends therein in the form of a
tunnel. The deflector 440 differs from the deflector 40
according to the first embodiment of the invention in that
the outer portion 451 having a thickness in the radial di-
rection, which is smaller than that of the outer portion 51
of the deflector 40 according to the first embodiment of
the invention is provided, and the inner portion 452 having
a thickness in the radial direction, which is smaller than
that of the inner portion 52 of the deflector 40 according
to the first embodiment is provided.
[0097] The outer portion 451 is a block. In the state
where the cylinder 412 is attached to the ball nut 410,
the outer portion 451 has such a shape as to match the
outer region 45A of the accommodation hole 45 as
viewed from the outside in the radial direction. The outer
portion 451 is, for example, a rectangular parallelepiped
body in which edges of four corners are chamfered. The
outer face of the outer portion 451 will be referred to as
an outer face 451A. The outer face 451A is curved so as
to be flush with the inner peripheral face 412A of the
cylinder 412. That is, the outer face 451A of the outer
portion 451 of the deflector 440 are in contact with the
inner peripheral face 412A in the state where the cylinder
412 is attached to the ball nut 410. The thickness of the
outer portion 451 in the radial direction is set such that
the size of the outer portion 451 that projects from the
outer peripheral face 410B of the ball nut 410 in the state
where the deflector 440 is accommodated in the accom-
modation hole 45 substantially coincides with the size of
the space S1 between the outer peripheral face 410B of
the ball nut 410 and the inner peripheral face 412A of the
cylinder 412.
[0098] The inner portion 452 is a block elongated along
the longitudinal direction of the outer portion 451. The
inner portion 452 has such a shape as to be just fitted in
the inner region 45B of the accommodation hole 45 (see
FIG. 22). In the inner portion 452, both end portions in
the longitudinal direction are rounded. A face of the outer
portion 451, which is on the opposite side of the outer
portion 451 from the outer face 451A, will be referred to
as an inner face 451B. The inner portion 452 is fixed to
the inner face 451B. As viewed from the thickness direc-
tion of the outer portion 451, the inner portion 452 is po-
sitioned inside the contour of the outer portion 451.
[0099] The assembly of the ball screw device 411 will
be described. A worker first inserts the deflectors 440
into the accommodation holes 45 of the ball nut 410 from
the outside in its radial direction to fit the deflectors 440
in the accommodation holes 45. In the state where each
deflector 440 is fitted in a corresponding one of the ac-
commodation holes 45, the inner portion 452 of the de-
flector 440 is accommodated in the inner region 45B of
the accommodation hole 45. In the state where each de-

25 26 



EP 2 778 476 A1

15

5

10

15

20

25

30

35

40

45

50

55

flector 440 is fitted in a corresponding one of the accom-
modation holes 45, part of the outer portion 451 of the
deflector 440 is accommodated in the outer region 45A
of the accommodation hole 45, but a major part of the
outer portion 451 of the deflector 440 projects outward
from the outer peripheral face 410B of the ball nut 410.
[0100] The peripheral edge portion of an inner face
451B of the outer portion 451 (a face of the outer portion
451, which is on the opposite side of the outer portion
451 from the outer face 451A) is brought into contact with
the step portion 46 in the accommodation hole 45 from
the outside in the radial direction of the ball nut 410, and
the deflector 440 is positioned in the accommodation hole
45. Furthermore, four corners of the rectangular outer
portion 451 are crimped from the outer face 451A side,
so that each deflector 440 is fixed to the outer peripheral
face 410B of the ball nut 410. Note that it is not necessary
to crimp all the four corners of the outer portion 451, as
long as at least two corners of the outer portions 451 are
crimped.
[0101] The deflector 440 may be positioned in the ac-
commodation hole 45 by crimping a portion of the ball
nut 410 instead of crimping the deflector 440. Further-
more, the deflector 440 need not be fixed to the outer
peripheral face 410B of the ball nut 410. The deflector
440 is prevented from being detached from the accom-
modation hole 45 by the inner peripheral face 412A of
the cylinder 412. Even if the deflector 440 is not fixed to
the outer peripheral face 410B, the deflector 440 is re-
tained in the accommodation hole 45.
[0102] The ball nut 410 to which the deflectors 440 are
attached is inserted into the cylinder 412 along the axial
direction X from one side or the other side of the cylinder
412 in the axial direction X. As described above, the thick-
ness of each deflector 440 in the radial direction is set
such that the size of the outer portion 451 that projects
from the outer peripheral face 410B of the ball nut 410
in the state where the deflector 440 is accommodated in
the accommodation hole 45 substantially coincides with
the size of the space S1 between the outer peripheral
face 410B of the ball nut 410 and the inner peripheral
face 412A of the cylinder 412. Thus, it is possible to move
the ball nut 410 relative to the cylinder 412 in the axial
direction X, so that it is possible to insert the ball nut 410
in the cylinder 412.
[0103] The ball nut 410 and the cylinder 412 are moved
relative to each other in the axial direction X and rotated
relative to each other, so that the ball nut key groove 401
faces the cylinder key hole 402. Then, the key 403 is
inserted into the cylinder key hole 402 and the ball nut
key groove 401. The inserted key 403 is fitted in the cyl-
inder key hole 402 and the ball nut key groove 401, so
that the rotation of the cylinder 412 relative to the ball nut
410 is prohibited. In other words, the relative rotation pro-
hibiting structure is the key fitting structure K1.
[0104] The deflector 440 fitted in the accommodation
hole 45 on the rolling start position 47A side (lower left
side in FIG. 21) and the deflector 440 fitted in the accom-

modation hole 45 on the rolling end position 47B side
(upper right side in FIG. 21) are disposed so as to be
oriented toward the opposite sides in the circumferential
direction Y. One of the deflectors 440 is fitted in the ac-
commodation hole 45 on the rolling start position 47A
side (lower left side in FIG. 21) such that the outer opening
55 of the deflector 440 faces the one end 449A of the
outer periphery turning groove 449, and the other one of
the deflectors 440 is fitted in the accommodation hole 45
on the rolling end position 47B side (upper right side in
FIG. 21) such that the outer opening 55 of the deflector
440 faces the other end 449B of the outer periphery turn-
ing groove 449.
[0105] The connection passages 54 of the two deflec-
tors 440 and the turning rolling path 60 formed by the
outer periphery turning groove 449 and the inner periph-
eral face 412A of the cylinder 412 constitute a bypass of
the ball rolling paths 47 in the axial direction X. The turning
rolling path 60 and the two connection passages 54 con-
stitute a circulation path 61 through which the balls 24
are returned from the rolling end position 47B in the ball
rolling path 47 to the rolling start position 47A in the ball
rolling path 47.
[0106] FIG. 24 and FIG. 25 are schematic cross-sec-
tional views of the ball screw device 411. FIG. 24 illus-
trates the ball screw device 411 in a section taken along
the direction in which the connection passage 54 of the
deflector 440 fitted in the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 21)
extends. FIG. 25 illustrates the ball screw device 411 in
a section taken along the direction in which the connec-
tion passage 54 of the deflector 440 fitted in the accom-
modation hole 45 on the rolling start position 47A side
(lower left side in FIG. 21) extends.
[0107] As illustrated in FIG. 21 and FIG. 24, the deflec-
tor 440 fitted in the accommodation hole 45 on the rolling
end position 47B side (upper right side in FIG. 21) is used
to guide the balls 24 from the ball rolling paths 47 formed
on the inner periphery of the ball nut 410 to the turning
rolling path 60 formed on the outer periphery of the ball
nut 410. The inner opening 56 of the connection passage
54 functions as the inlet 54A, and the outer opening 55
of the connection passage 54 functions as the outlet 54B.
[0108] As illustrated in FIG. 21 and FIG. 25, the deflec-
tor 440 fitted in the accommodation hole 45 on the rolling
start position 47A side (lower left side in FIG. 21) is used
to guide the balls 24 from the turning rolling path 60
formed on the outer periphery of the ball nut 410 to the
ball rolling paths 47 formed on the inner periphery of the
ball nut 410. The outer opening 55 of the connection pas-
sage 54 functions as the inlet 54A, and the inner opening
56 of the connection passage 54 functions as the outlet
54B. Note that the deflector 440 fitted in the accommo-
dation hole 45 on the rolling start position 47A side (lower
left side in FIG. 21) has the same design as that of the
deflector 440 fitted in the accommodation hole 45 on the
rolling end position 47B side (upper right side in FIG. 21).
[0109] In each deflector 440 as well as in each deflector
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40 in the first embodiment, the connection passage 54
is bent in a doglegged form along the circumferential di-
rection Y, so that the connection passage 54 provides
communication between the groove 43 and the outer pe-
riphery turning groove 449 that extends in the directions
different from each other. The movement of the balls 24
of the ball screw device 411 according to the third em-
bodiment will be described with reference to FIG. 21,
FIG. 24 and FIG. 25. In the ball screw device 411 as well
as in the ball screw device 11 in the first embodiment
(see FIG. 3 and FIG. 6), the balls 24 in the ball rolling
paths 47 move from the rolling start position 47A to the
rolling end position 47B along the ball rolling paths 47
while rolling in the ball rolling paths 47 as the ball nut 410
rotates. When each ball 24 reaches the rolling end posi-
tion 47B, the ball 24 enters the connection passage 54
from the inner opening 56 of the connection passage 54
of the deflector 440 fitted in the accommodation hole 45
on the rolling end position 47B side (upper right side in
FIG. 21), passes through the connection passage 54,
and is picked up into the outer periphery turning groove
449 of the outer peripheral face 10B of the ball nut 410.
[0110] The ball 24 moves through the turning rolling
path 60 including the outer periphery turning groove 449
to turn around the outer periphery of the ball nut 410,
thereby advancing in a direction opposite to the direction
in which the ball 24 has been advancing in the axial di-
rection X (thereby advancing in a direction toward the left
side in FIG. 21). Then, the ball 24, which has passed
through the turning rolling path 60, enters the connection
passage 54 from the outer opening 55 (the inlet 54A) of
the connection passage 54 of the deflector 440 fitted in
the accommodation hole 45 on the rolling start position
47A side (lower left side in FIG. 21), passes through the
connection passage 54, and is returned to the rolling start
position 47A in the ball rolling path 47. The balls 24 mov-
ing in the ball rolling paths 47 are circulated through the
circulation path 61 including the turning rolling path 60
and the connection passages 54. Thus, it is possible to
stably supply the balls 24 into the ball rolling paths 47.
[0111] According to the third embodiment described
above, the ball 24 is returned from the rolling end position
47B in the ball rolling path 47 to the rolling start position
47A in the ball rolling path 47 through the circulation path
61 including the turning rolling path 60. Thus, it is possible
to smoothly circulate the balls 24 through the ball rolling
paths 47. Further, regardless of the relative positional
relationship between the rolling start position 47A and
the rolling end position 47B in the axial direction X and
in the circumferential direction Y, it is possible to connect
the rolling start position 47A and the rolling end position
47B via the circulation path 61. There is no limitation on
the relative positions in the circumferential direction Y,
where the deflectors 440 are arranged, unlike in the case
where a through-hole extending along the axial direction
X is formed in the peripheral wall 10C of the ball nut 410.
As a result, the theoretically effective number of the turns
of the ball screw device 411 can be employed as it is.

Consequently, it is possible to reduce the size of the ball
screw device 411 in the axial direction X.
[0112] In the third embodiment, as the connection pas-
sage formed in each deflector 440, the connection pas-
sage 154 (see FIG. 10) may be employed in place of the
connection passage 54 that extends linearly along the
groove 43 in the circumferential direction Y. In this case
as well as in the first embodiment of the invention, the
connection groove 101 that connects the spiral outer pe-
riphery turning groove 449 to the connection passage
154 is formed in the outer peripheral face 410B of the
ball nut 410, and the connection groove 101 substantially
linearly extends along the connection passage 154 and
is connected to the other end 449B of the outer periphery
turning groove 449.
[0113] In the third embodiment, the deflectors 440 are
arranged at the same position in the circumferential di-
rection Y. Alternatively, the deflectors 440 may be ar-
ranged at different positions in the circumferential direc-
tion Y. In this case, the theoretically effective number of
the turns is employed as it is in the ball screw device 411.
Consequently, it is possible to increase the flexibility of
the layout of the positions where the deflectors 440 are
arranged. As a result, it is possible to further reduce the
size of the ball screw device 411 in the axial direction X.
[0114] In the third embodiment, as the connection pas-
sage formed in each deflector 440, the connection pas-
sage 254 in the form of a groove (see FIG. 12) may be
formed in place of the connection passage 54, 154. The
connection passage 254 is formed so as to break through
a side wall of the deflector 440 along the longitudinal
direction of the deflector 440. While the three example
embodiments have been described above, the invention
may be implemented in various other embodiments.
[0115] For example, in the first and second embodi-
ments, the space between the outer peripheral face 10B
of the ball nut 10 and the inner peripheral face 12A, 312A
of the cylinder 12, 312 is the small space S. Alternatively,
a predetermined space (e.g., the space S1 having a size
of approximately half the diameter of each ball 24 as il-
lustrated in FIG. 22 and FIG. 23) may be formed between
the outer peripheral face 10B and the inner peripheral
face 12A, 312A. In this case, the groove depth of the
outer periphery turning groove 49 formed in the outer
peripheral face 10B of the ball nut 10 is set to such a
value that only part of each ball 24 is accommodated in
the outer periphery turning groove 49 (e.g., the groove
depth D1 of the outer periphery turning groove 449 in
FIG. 22 and FIG. 23).
[0116] In the third embodiment, the space between the
outer peripheral face 410B of the ball nut 410 and the
inner peripheral face 412A of the cylinder 412 is the space
S1 having a predetermined size. Alternatively, the outer
peripheral face 410B and the inner peripheral face 412A
may be opposed to each other across a small space (e.g.,
the space S1 illustrated in FIG. 22 and FIG. 23). In this
case, the groove depth of the outer periphery turning
groove 449 formed in the outer peripheral face 410B of
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the ball nut 410 is set to such a value that the entirety of
each ball 24 is accommodated (e.g., the groove depth D
of the outer periphery turning groove 49 in FIG. 4 and
FIG. 14).
[0117] In the third embodiment, the key fitting structure
K1 has been illustrated as one example of the relative
rotation prohibiting structure. However, the relative rota-
tion prohibiting structure is not limited to the key fitting
structure K1. For example, an engagement portion hav-
ing a double face width shape or a hexagonal shape may
be formed in an end portion of the ball nut 410 in the axial
direction X, a fitting portion that is fitted to the engage-
ment portion may be formed in an end portion of the cyl-
inder 412 in the axial direction X, and the relative rotation
prohibiting structure may be formed of the fitting between
the engagement portion and the fitting portion.
[0118] In the first to third embodiments, the step portion
46 is formed at a portion that defines each accommoda-
tion hole 45 in the ball nut 10, 410 to prevent the drop of
the deflector 40, 340, 440 toward the ball nut 10, 410.
Alternatively, each accommodation hole 45 may be
formed only of the inner region 45B without forming the
step portion 46. In the first to third embodiments, the outer
periphery turning groove 49, 449 is turned once around
the outer periphery of the ball nut 10, 410. Alternatively,
the number of turns may be more than one. The outer
periphery turning groove 49, 449 may be formed such
that the number of turns in the circumferential direction
is smaller than one (e.g., 0.3 or 0.5 turns).
[0119] The cylinder 12, 312, 412 may function as an
inner ring of the rolling bearing 13, 16. That is, an inner
ring raceway may be formed in the outer peripheral face
12B, 312B, 412B of the cylinder 12, 312, 412, and balls
for the bearing may roll on the inner ring raceway.

Claims

1. A ball screw device comprising:

a threaded shaft having an outer peripheral face
in which a groove is formed;
a ball nut fitted onto the threaded shaft and hav-
ing an inner peripheral face in which a groove
is formed;
a plurality of balls rollably disposed in a spiral
ball rolling path formed by the groove of the ball
nut and the groove of the threaded shaft; and
a cylinder disposed so as to surround an outer
periphery of the ball nut, wherein
in the ball rolling path, accommodation recesses
that pass through a peripheral wall of the ball
nut in a thickness direction are formed in at least
two accommodation recess formed positions
that are apart from each other in an axial direc-
tion of the threaded shaft,
in an outer peripheral face of the ball nut, an
outer periphery turning groove that turns in a

spiral manner along the outer periphery of the
ball nut is formed, and the outer periphery turn-
ing groove and an inner peripheral face of the
cylinder constitute a turning rolling path in which
the balls are rollable,
the ball screw device further comprises:

deflectors accommodated in the respective
accommodation recesses, and each having
a connection passage that connects a cor-
responding one of the accommodation re-
cess formed positions to the turning rolling
path; and
a relative rotation prohibiting structure that
prohibits rotation of the cylinder relative to
the ball nut, and
the turning rolling path and the two connec-
tion passages constitute a circulation path
through which the balls are returned from
one of the accommodation recess formed
positions to the other one of the accommo-
dation recess formed positions.

2. The ball screw device according to claim 1, wherein
the relative rotation prohibiting structure is a struc-
ture which has an engagement recess formed in the
inner peripheral face of the cylinder and in which the
deflectors accommodated in the accommodation re-
cesses are engaged with the engagement recess.

3. The ball screw device according to claim 2, wherein
the engagement recess is each of engagement holes
that pass through the cylinder in the thickness direc-
tion and that are formed in an intermediate portion
of the inner peripheral face of the cylinder in the axial
direction.

4. The ball screw device according to any one of claims
1 to 3, wherein the inner peripheral face of the cyl-
inder is formed of only a cylindrical face.

5. The ball screw device according to claim 2, wherein
the engagement recess is an engagement groove
formed in the inner peripheral face of the cylinder
and extending along the axial direction.

6. The ball screw device according to claim 1, wherein
the relative rotation prohibiting structure is a key fit-
ting structure having a ball nut key recess formed in
the outer peripheral face of the ball nut, a cylinder
key recess formed in the inner peripheral face of the
cylinder, and a key fitted in both the ball nut key re-
cess and the cylinder key recess.

7. The ball screw device according to any one of claims
1 to 6, wherein a depth of the outer periphery turning
groove is set to such a value that the balls do not
project outward from the outer peripheral face of the
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ball nut in a state where the balls are accommodated
in the outer periphery turning groove.

8. The ball screw device according to any one of claims
1 to 6, wherein:

the ball nut and the cylinder are disposed with
a predetermined space formed between the out-
er peripheral face of the ball nut and the inner
peripheral face of the cylinder; and
a depth of the outer periphery turning groove is
set to such a value that the balls partially project
outward from the outer peripheral face of the ball
nut in a state where the balls are accommodated
in the outer periphery turning groove.
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