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(54) LINEAR DRIVE DEVICE

(57) Provided is a linear drive device that makes it possible to surely prevent occurrence of backlash in a slider. The
linear drive device of the present invention includes: a lead screw (10); a guide shaft (11); a base (1) including a traveling
surface (1d) parallel to the lead screw (10) and the guide shaft (11); and a slider (20) that includes a guide hole (29)
through which the guide shaft penetrates and a nut (28) to which the lead screw is screwed, and linearly moves along
an axis direction through rotation of the lead screw. The slider includes a first preload spring (35) and a steel ball (24).
The first preload spring (35) applies rotational biasing force (RA and RB) along a circumferential direction with the lead
screw as a center. The steel ball (24) is travelably disposed between the traveling surface and the slider, transmits, to
the traveling surface, the rotational biasing force applied to the slider, and receives reactive force of the rotational biasing
force.
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Description

Technical Field

[0001] The present invention relates to a linear drive
device that linearly moves a slider through operation of
a motor.

Background Art

[0002] A linear drive device of this type including: a
motor such as a step motor; a lead screw (feed screw)
rotationally driven by the motor; a guide shaft disposed
in parallel to the lead screw; a base (case) supporting
the lead screw and the guide shaft; and a slider that in-
cludes a guide hole through which the guide shaft pen-
etrates and a nut to which the lead screw is screwed, and
linearly moves along an axis direction of the lead screw
through rotation of the lead screw while being prevented
from rotating by the guide shaft, is disclosed in, for ex-
ample, Patent Literature 1.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent Laid-
Open No. 2009-127742

Summary of Invention

Technical Problem

[0004] Incidentally, in a linear drive mechanism of this
type, backlash may occur in movement of the slider due
to a clearance between the lead screw and the nut or a
clearance between the guide shaft and the guide hole.
[0005] The present invention is made in consideration
of the above-described circumstances, and an object of
the present invention is to provide a linear drive device
that makes it possible to surely prevent occurrence of
backlash in a slider.

Solution to Problem

[0006] To solve the above-described issues, a linear
drive device according to the invention disclosed in claim
1 includes: a lead screw that is rotationally driven by a
motor; a guide shaft that is disposed in parallel to the
lead screw at a position eccentric from the lead screw; a
base that includes a traveling surface parallel to an axis
direction of the lead screw and the guide shaft, and sup-
ports the lead screw and the guide shaft; and a slider that
includes a guide hole through which the guide shaft pen-
etrates and a nut to which the lead screw is screwed, and
linearly moves along the axis direction of the lead screw
and the guide shaft by being guided by the guide shaft
in a movement direction through rotation of the lead

screw around the axis while being prevented from rotat-
ing around the axis of the lead screw. The slider includes
biasing means and a rolling element. The biasing means
applies rotational biasing force along a circumferential
direction with the lead screw or the guide shaft as a cent-
er. The rolling element is disposed between the traveling
surface of the base and the slider to be travelable along
a surface direction of the traveling surface, transmits, to
the traveling surface, the rotational biasing force applied
by the biasing means to the slider, and receives reactive
force of the rotational biasing force.
[0007] In the invention disclosed in claim 2, in the linear
drive device according to claim 1, the slider is divided
into a slider body and a movable member, the slider body
includes the nut to which the lead screw is screwed and
the guide hole through which the guide shaft penetrates,
and the movable member is relatively displaceable in the
circumferential direction or in a tangential direction of the
circumference with respect to the slider body. Further, a
first preload spring in a compressed state is interposed
between the slider body and the movable member, as
the biasing means biasing the slider body and the mov-
able member in a separating direction, and the rolling
element is mounted on each of the slider body and the
movable member.
[0008] In the invention disclosed in claim 3, in the linear
drive device according to claim 2, a cylinder is provided
on one of the slider body and the movable member, a
piston is provided on the other of the slider body and the
movable member, the piston is assembled to the cylinder
to be slidable in the tangential direction, and the first
preload spring is interposed between the cylinder and
the piston.
[0009] In the invention disclosed in claim 4, in the linear
drive device according to any of claims 1 to 3, the nut
includes two split nuts that are split in the axis direction,
and a second preload spring is provided to apply, to one
or both of the split nuts, preload to adjust an axis direction
distance between the two split nuts.

Advantageous Effects of Invention

[0010] According to the invention disclosed in any of
claims 1 to 4, it is possible to suppress backlash of the
slider at the clearance of the engaging portion between
the lead screw and the nut and at the clearance between
the guide shaft and the guide hole in the plane orthogonal
to the axis direction of the lead screw and the guide shaft.
For example, when the direction perpendicular to the
traveling surface in the plane perpendicular to the axis
direction of the lead shaft and the guide shaft is X direc-
tion, and the direction parallel to the traveling surface in
that plane is Y direction, the reactive force that acts on
the rolling element from the traveling surface against the
rotational biasing force applied to the slider is directed in
the X direction perpendicular to the traveling surface.
This is because the rolling element freely travels on the
traveling surface to guide a movement of the slider, which
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causes only the reactive force in the direction perpendic-
ular to the traveling force to act on the rolling element.
Accordingly, the backlash in the X direction at the engag-
ing portion between the lead screw and the nut and the
backlash in the X direction between the guide shaft and
the guide hole are suppressed by the reactive force in
the X direction.
[0011] Next, the reactive force that acts on the slider
from the lead screw or the guide shaft against the rota-
tional biasing force applied to the slider is directed in the
direction having at least a force component of the Y di-
rection when the line segment connecting the center of
the lead screw and the center of the guide shaft is inclined
from or perpendicular to the traveling surface along the
Y direction (that is, not parallel to the Y direction). There-
fore, the backlash in the Y direction at the engaging part
between the lead screw and the nut and the backlash in
the Y direction between the guide shaft and the guide
hole are suppressed by the force component of the Y
direction. In other words, the slider receives reactive
force against the rotational biasing force in both of the X
direction and the Y direction. This makes it possible to
suppress the backlash of the slider (the backlash in the
radial direction) in the X-Y plane (the plane perpendicular
to the axis direction of the lead shaft and the guide shaft).
[0012] In addition, according to the invention disclosed
in claim 2, it is possible to apply, between the slider body
and the movable member, the rotational biasing force
along the circumferential direction with the lead screw or
the guide shaft as a center by the first preload spring
interposed between the slider body and the movable
member. In addition, it is possible to depress, by the ro-
tational biasing force, the rolling element mounted on
each of the slider body and the movable member to the
traveling surface of the base. This makes it possible to
transmit, to the slider, the reactive force in the direction
perpendicular to the traveling surface that is received by
the rolling element from the traveling surface.
[0013] Furthermore, according to the invention dis-
closed in claim 3, it is possible to easily apply, between
the slider body and the movable member, the rotational
biasing force along the circumferential direction with the
lead screw or the guide shaft as the center by the first
preload spring interposed between the cylinder and the
piston.
[0014] Moreover, according to the invention disclosed
in claim 4, it is possible to suppress the backlash at the
clearance of the engaging part between the lead screw
and the nut (the backlash between the male screw and
the female screw) in the axis direction of the lead screw
and the guide shaft. For example, when the direction per-
pendicular to the X direction and the Y direction is referred
to as the Z direction, the second preload spring applies
preload in the Z direction (axis direction) between the two
split nuts, which makes it possible to slightly move the
two split nuts relatively in a separating direction or a clos-
ing direction. This makes it possible to absorb the clear-
ance in the Z direction between the male screw of the

lead screw and the female screw of the nut, and to ac-
cordingly suppress the backlash in the Z direction (the
backlash in a thrust direction) that is the axis direction of
the lead screw.

Brief Description of Drawings

[0015]

[Figure 1] Figure 1 is an appearance perspective
view of a linear drive device according to an embod-
iment of the present invention.
[Figure 2A] Figure 2A is a cross-sectional diagram
taken along a plane perpendicular to an axis direc-
tion of the linear drive device according to the em-
bodiment of the present invention.
[Figure 2B] Figure 2B is an enlarged view of a circle
IIb in Figure 2A.
[Figure 3A] Figure 3A is a vertical cross-sectional
diagram at a position of a lead screw of the linear
drive device according to the embodiment of the
present invention.
[Figure 3B] Figure 3B is an enlarged view of a circle
IIIb in Figure 3A.

Description of Embodiment

[0016] An embodiment of the present invention is de-
scribed below with reference to the drawings.
[0017] As illustrated in Figure 1 and Figure 2A, a linear
drive device includes: a base 1; a step motor 2 attached
to the base 1; a lead screw 10 that is rotationally driven
by the step motor 2; a guide shaft 11 that is disposed in
parallel to the lead screw 10 at a position eccentric from
the lead screw 10; and a slider 20 that includes a guide
hole 29 through which the guide shaft 11 penetrates and
a nut 28 to which the lead screw 10 is screwed. The slider
20 linearly moves along the axis direction of the lead
screw 10 and the guide shaft 11 by being guided by the
guide shaft 11 in a movement direction through rotation
of the lead screw 10 around the axis while being prevent-
ed from rotating around the axis of the lead screw 10.
[0018] As illustrated in Figure 1 and Figure 3A, the base
1 includes flanges 1b and 1c that are respectively pro-
vided by bending at a proximal end and a distal end, in
a longitudinal direction, of a belt-like base body 1a. The
step motor 2 is fixed to an outside of the flange 1b on the
proximal end of the base 1. A top surface of the base
body 1a is a traveling surface 1d that is parallel to the
axis direction of the lead screw 10 and the guide shaft 11.
[0019] Further, the lead screw 10 is integrally provided
on extension of a rotary shaft of the step motor 2, and a
distal end of the lead screw 10 is rotatably supported by
the flange 1c at the distal end of the base 1 through a
radial-thrust bearing 15. Moreover, the guide shaft 11 is
disposed at an obliquely upward position that is eccentric
from the lead screw 10, and both ends of the guide shaft
11 are respectively fixed to the flange 1b at the proximal
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end of the base 1 and the flange 1c at the distal end of
the base 1.
[0020] In this case, the following description is given
assuming that a direction perpendicular to the traveling
surface 1d in a plane perpendicular to the axis direction
of the lead shaft 10 and the guide shaft 11 is an X direc-
tion, a direction parallel to the traveling surface 1d in that
plane is a Y direction, and a direction perpendicular to
the X direction and the Y direction, namely, the axis di-
rection of the lead shaft 10 and the guide shaft 11 is a Z
direction.
[0021] Since the guide shaft 11 is disposed obliquely
upward of the lead screw 10, a line segment S that con-
nects a center axis of the lead screw 10 and a center axis
of the guide shaft 11 is inclined by about 30 degrees to
60 degrees from the Y direction, in an X-Y plane. In other
words, the above-described line segment S is not parallel
to the Y direction, and the respective positions of the lead
screw 10 and the guide shaft 11 with respect to the
traveling surface 1d are determined to positions satisfy-
ing the condition.
[0022] As illustrated in Figure 2A and Figure 2B, a first
preload spring (biasing means) 35 that applies rotational
biasing force along a circumferential direction with the
lead screw 10 as a center, is incorporated in the slider
20. In addition, a steel ball (rolling element) 24 that is
travelable along a surface direction of the traveling sur-
face 1d is provided between the traveling surface 1d of
the base 1 and the slider 20. The steel ball 24 is mounted
to be rollable in all directions along the surface direction
of the traveling surface 1d, and has a function of trans-
mitting, to the traveling surface 1d, the rotational biasing
force that is applied to the slider 20 by the first preload
spring 35, and receiving reactive force of the rotational
biasing force.
[0023] The slider 20 is divided into a slider body 21 and
a movable member 30. The slider body 21 includes the
nut 28 to which the lead screw 10 is screwed and a guide
hole 29 through which the guide shaft 11 penetrates. The
movable member 30 is relatively displaceable in the cir-
cumferential direction or a tangential direction of the cir-
cumference with respect to the slider body 21. Two leg
parts 22 and 23 are provided in the slider 20 at positions
sandwiching the lead screw 10 in the Y direction. The
one leg part 22 of the slider 20 is provided in the slider
body 21, and the other leg part 23 of the slider 20 is
provided in the movable member 30. In addition, the steel
ball 24 rotatable in all directions is mounted at a lower
end of each of the leg parts 22 and 23.
[0024] A cylinder 25 is provided at a shoulder part on
the side opposite to the side provided with the guide shaft
11 of the slider body 21. In addition, a piston 31 corre-
sponding to the cylinder 25 is provided in the movable
member 30. Further, the piston 31 is so assembled to
the cylinder 25 as to be slidable in the tangential direction
of the circumference with the lead screw 10 as a center.
In other words, an outer peripheral surface 31a of the
piston 31 is slidably fitted to an inner peripheral surface

25a of the cylinder 25. The tangential direction in this
case is set to an angle close to 45 degrees obliquely to
the X direction and the Y direction.
[0025] A spring housing space 32 is provided inside
the piston 31, and a columnar portion 27 projected from
an inner bottom part 25a of the cylinder 25 is inserted
into the spring housing space 32 with an annular gap
therebetween. Further, the first preload spring 35 that is
configured of a compression coil spring is housed in the
annular gap. The both ends of the first preload spring 35
respectively depress the inner bottom part 25a of the
cylinder 25 and an inner bottom part of the spring housing
space 32 of the piston 31, which causes the cylinder 25
and the piston 31 to be biased respectively with force FA
and FB in a separating direction. The cylinder 25 and the
piston 31 are biased respectively with the force FA and
FB in such a manner, which applies, to the slider body
21 and the movable member 30, rotational biasing force
with the lead screw 10 as a center as illustrated by arrows
RA and RB in Figure 2A.
[0026] In addition, as illustrated in Figure 3A and Figure
3B, the nut 28 screwed with the outer periphery of the
lead screw 10 includes two split nuts 28a and 28b that
are split in the axis direction (Z direction) of the lead screw
10. These split nuts 28a and 28b are fitted to a concave
part 28d penetrating through the slider body 21 in the
axis direction. The one split nut 28a is sandwiched be-
tween holding walls 28e and 28f and is so held as not to
move in the axis direction. The holding walls 28e and 28f
are projected from an inner wall of the concave part 28d.
Further, the other split nut 28b is so housed in the con-
cave part 28d as to be movable in the axis direction.
[0027] Further, a second preload spring 40 that is con-
figured of a compression coil spring is interposed be-
tween the split nut 28b and one of the split nut 28a and
the holding wall 28f. The second preload spring 40 ap-
plies, between the two split nuts 28a and 28b, preload to
increase an axis direction (Z direction) distance between
the split nuts 28a and 28b in the separating direction.
[0028] Next, action of the linear drive device including
the above-described configuration is described.
[0029] In the linear drive device, it is possible to apply,
between the slider body 21 and the movable member 30,
the rotational biasing force RA and RB along the circum-
ferential direction with the lead screw 10 as a center by
the biasing force FA and FB of the first preload spring 35
that is interposed between the cylinder 25 of the slider
body 21 and the piston 31 of the movable member 30.
Further, it is possible to depress, by the rotational biasing
force RA and RB, the steel balls 24 that are respectively
mounted on the lower end of the leg part 22 of the slider
body 21 and the lower end of the leg part 23 of the mov-
able member 30, with respect to the traveling surface 1d
of the base 1. This makes it possible to transmit, to the
slider 20, reactive force NA and NB in the direction (X
direction) perpendicular to the traveling surface 1d that
is received by the steel balls 24 from the traveling surface
1d. This is because the steel balls 24 freely travel on the
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traveling surface 1d in all directions to guide the move-
ment of the slider 20, which causes only the reactive force
in the direction (X direction) perpendicular to the traveling
surface 1d to act on the steel ball 24.
[0030] In other words, the reactive force NA and NB
that acts on the steel ball 24 from the traveling surface
1d, against the rotational biasing force RA and RB applied
to the slider body 21 and the movable member 30, is
directed in the X direction perpendicular to the traveling
surface 1d. Accordingly, as a result, it is possible to sup-
press, by the reactive force NA and NB in the X direction,
the backlash in the X direction at an engaging part be-
tween the lead screw 10 and the nut 28 and the backlash
in the X direction between the guide shaft 11 and the
guide hole 29.
[0031] In addition, reactive force NC that acts on the
slider body 21 from the guide shaft 11, against the rota-
tional biasing force RA and RB applied to the slider body
21 and the movable member 30, is directed to a direction
that has at least a force component of the Y direction
orthogonal to the X direction because the line segment
S connecting the center of the lead screw 10 and the
center of the guide shaft 11 is inclined to the traveling
surface 1d along the Y direction (namely, not parallel to
the Y direction). Accordingly, it is possible to suppress,
by the force component of the Y direction, the backlash
in the Y direction at the engaging part between the lead
screw 10 and the nut 28 and the backlash in the Y direc-
tion between the guide shaft 11 and the guide hole 29.
[0032] As described above, since the slider body 21
and the movable member 30 receive the reactive force
NA, NB, and NC against the rotational biasing force RA
and RB, in both of the X direction and the Y direction, it
is possible to suppress the backlash of the slider 20 in
the X-Y plane.
[0033] In addition, as for the thrust direction (Z direc-
tion), the second preload spring 40 applies the preload
in the Z direction (axis direction) between the two split
nuts 28a and 28b, which makes it possible to slightly
move the two split nuts 28a and 28b relatively in the sep-
arating direction. This makes it possible to absorb the
clearance (backlash) in the Z direction between a male
screw of the lead screw 10 and a female screw of the nut
28, and to accordingly suppress the backlash of the slider
20 in the Z direction.
[0034] Note that, in the above-described embodiment,
the cylinder 25 is provided on the slider body 21 and the
piston is provided on the movable member 30. Converse-
ly, the piston may be provided on the slider body 21 and
the cylinder may be provided on the movable member 30.
[0035] In addition, in the above-described embodi-
ment, the case has been described where the line seg-
ment S connecting the center axis of the lead screw 10
and the center axis of the guide shaft 11 is inclined from
the traveling surface 1d of the base 1 by about 30 degrees
to 60 degrees in the X-Y plane; however, the above-de-
scribed line segment S may be perpendicular to the Y
direction. In other words, the above-described line seg-

ment S may be coincident with the X direction.
[0036] Moreover, the case where the biasing direction
of the cylinder 25 and the piston 31 by the first preload
spring 35 is set to the tangential direction of the circum-
ference with the lead screw 10 as a center has been
described in the above-described embodiment; however,
the biasing direction may be set to a tangential direction
of a circumference with the guide shaft 11 as a center.
As a result, the rotational biasing force in the circumfer-
ential direction with the guide shaft 11 as a center acts
on the slider body 21 and the movable member 30.
[0037] Furthermore, in the above-described embodi-
ment, the direction in which the second preload spring
40 applies the preload to the two split nuts 28a and 28b
is set to the direction in which the two split nuts 28a and
28b are separated from each other; however, the direc-
tion may be set to a direction in which the two split nuts
28a and 28b come close to each other by, for example,
disposing the preload spring 40 outside the split nut 28b.

Industrial Applicability

[0038] The present invention can provide the linear
drive device that makes it possible to reliably prevent
occurrence of backlash in the slider linearly moved
through rotation of the motor.

Reference Signs List

[0039]

1 Base
1d Traveling surface
2 Step motor
10 Lead screw
11 Guide shaft
20 Slider
21 Slider body
24 Steel ball (rolling element)
25 Cylinder
28 Nut
28a, 28b Split nut
29 Guide hole
30 Movable member
31 Piston
35 First preload spring (biasing means)
40 Second preload spring
FA, FB Biasing force
RA, RB Rotational biasing force
NA, NB, NC Reactive force

Claims

1. A linear drive device, comprising:

a lead screw that is rotationally driven by a mo-
tor;
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a guide shaft that is disposed in parallel to the
lead screw at a position eccentric from the lead
screw;
a base that includes a traveling surface parallel
to an axis direction of the lead screw and the
guide shaft, and supports the lead screw and
the guide shaft; and
a slider that includes a guide hole through which
the guide shaft penetrates and a nut to which
the lead screw is screwed, and linearly moves
along the axis direction of the lead screw and
the guide shaft by being guided by the guide
shaft in a movement direction through rotation
of the lead screw around the axis while being
prevented from rotating around the axis of the
lead screw, wherein
the slider includes biasing means and a rolling
element, the biasing means applying rotational
biasing force along a circumferential direction
with the lead screw or the guide shaft as a center,
the rolling element being disposed between the
traveling surface of the base and the slider to be
travelable along a surface direction of the
traveling surface, transmitting, to the traveling
surface, the rotational biasing force applied by
the biasing means to the slider, and receiving
reactive force of the rotational biasing force.

2. The linear drive device according to claim 1, wherein
the slider is divided into a slider body and a movable
member, the slider body including the nut to which
the lead screw is screwed and the guide hole through
which the guide shaft penetrates, and the movable
member being relatively displaceable in the circum-
ferential direction or in a tangential direction of the
circumference with respect to the slider body,
a first preload spring in a compressed state is inter-
posed between the slider body and the movable
member, as the biasing means biasing the slider
body and the movable member in a separating di-
rection, and
the rolling element is mounted on each of the slider
body and the movable member.

3. The linear drive device according to claim 2, wherein
a cylinder is provided on one of the slider body and
the movable member,
a piston is provided on the other of the slider body
and the movable member,
the piston is assembled to the cylinder to be slidable
in the tangential direction, and
the first preload spring is interposed between the cyl-
inder and the piston.

4. The linear drive device according to any one of
claims 1 to 3, wherein
the nut includes two split nuts that are split in the axis
direction, and

a second preload spring is provided to apply, to one
or both of the split nuts, preload to adjust an axis
direction distance between the two split nuts.
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