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(54) LINEAR ACTUATOR AND FORKLIFT

(57) This invention includes a screw shaft 1, a screw
thread 10 formed spirally on an outer periphery of the
screw shaft, a plurality of rollers 2 arranged along the
thread so as to be spaced from one another in a circum-
ferential direction of the screw shaft to roll along a flank
surface 1a of the screw thread via a rolling surface 2c,
and a roller cage 3 accommodating the plurality of rollers
so as to rotate each of the rollers on respective axes and
constructed so that when the rollers are made to roll, the
cage moves about the screw shaft in relative form with
respect thereto; wherein the rollers each have a central
axis 26 fixedly positioned with respect to the roller cage
so that the roller takes a posture making a line imaginarily
extended from the central axis intersect the screw shaft,
and so that the central axis is inclined towards the flank
surface with which the rolling surface comes into contact.
Thus, a linear actuator is provided that has high motive
power transmission efficiency and excellent durability
since significant slipping between the rollers and the
screw shaft is suppressed.
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Description

Technical Field

[0001] The present invention relates to a linear actuator that generates relative rectilinear motion between a screw
shaft and a roller cage, and to a forklift truck equipped with the actuator.

Background Art

[0002] In recent years, a trend towards using electrically driven actuators as the actuators for various machines and
devices, in place of conventional hydraulic actuators, is increasing as integral part of the countermeasures against
environmental pollution and global warming. This tendency aims at achieving several advantageous effects obtainable
from using electrically driven actuators. For example, not using the hydraulic oil required for the operation of hydraulic
machines or devices serves as an environmental preventive in itself, and at the same time, the improvement of efficiency
by electrical driving is useful for reducing motive power consumption. In addition, it is possible to further reduce motive
power consumption by utilizing power regeneration, to reduce the local environmental load at the operating site of the
actuator by converting its source of energy from the fuel in an internal-combustion engine into electric power, and to use
energy more effectively in a wider area by using midnight electric power via batteries. Such a trend is already extending
to the application field of the linear actuators which generate large thrust, as with the hydraulic cylinders most commonly
used on construction machines. Needs for electrically driven linear actuators durable for large-thrust generation are also
increasing.
[0003] Among the rotary-to-linear conversion mechanisms used in electrically driven linear actuators are ball screws
that use a small ball as the rolling body disposed in a clearance between a screw shaft and a nut member. This conventional
technique causes point contact between the screw shaft, the nut member, and the small ball, thus resulting in flaking
due to a significant Hertzian stress, and tending not to guarantee enough durability for use in large-thrust long-life
applications.
[0004] The techniques intended to solve problems of this kind include adopting a tapered roller as a rolling body,
instead of the small ball in the ball screw. JP-2004-190767-A, for example, describes such a technique. This conventional
technique using a tapered roller aims at reducing the above-mentioned Hertzian stress for improved durability against
flaking, by generating point contact or a contact state close thereto between the roller, the screw shaft, and the nut member.

Prior Art Literature

Patent Documents

[0005]

Patent Document 1: JP-2004-190767-A

Summary of the Invention

Problems to be Solved by the Invention

[0006] In the above technique, however, a relative movement of the nut member with respect to the screw shaft also
causes a relative movement of the tapered roller itself with respect to the nut member. To prevent the tapered roller
from being moved out from the nut member, therefore, it is necessary to provide a route that circulates the tapered roller,
as is the case with the ball screw. Despite the formation of this route, the tapered roller, unlike the ball, has a shape with
directionality, so it is actually very difficult to maintain a point-contact posture on the circulating route or to circulate the
roller smoothly thereon. In addition, since the tapered roller accommodated in the nut member tends to become relatively
small in average diameter, a greater number of rollers need to be used to transmit thrust. Furthermore, making each of
these rollers equally share the load requires fabricating each tapered roller, the screw shaft, and the nut member very
accurately, in terms of which the conventional technique lacks feasibility.
[0007] It is an object of the present invention to provide a linear actuator having high motive power transmission
efficiency and excellent durability.

Means for Solving the Problems

[0008] In order to attain the above object, the present invention includes a screw shaft, a screw thread formed spirally
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on an outer periphery of the screw shaft, a plurality of rollers arranged along the thread so as to be spaced from one
another in a circumferential direction of the screw shaft to roll along flank surface of the screw thread via respective
rolling surfaces, and a roller cage accommodating the plurality of rollers so as to rotate each thereof on respective axes
and constructed so that when the rollers are made to roll, the cage moves about the screw shaft in relative form with
respect thereto; wherein the rollers each have a central axis fixedly positioned with respect to the roller cage so that the
roller takes a posture making a line imaginarily extended from the central axis intersect the screw shaft, and so that the
central axis is inclined towards the flank surfaces with which the rolling surfaces come into contact.

Effects of the Invention

[0009]  Since the present invention suppresses significant slipping between the roller and the screw shaft, the invention
provides a linear actuator having high motive power transmission efficiency and excellent durability.

Brief Description of the Drawings

[0010]

Fig. 1 is a side sectional view of a linear actuator which is a first embodiment of the present invention;
Fig. 2 is a front view of the linear actuator in direction II in Fig. 1;
Fig. 3 is a side sectional view of a linear actuator which is a second embodiment of the present invention;
Fig. 4 is a side sectional view of a linear actuator which is a third embodiment of the present invention;
Fig. 5 is a diagram that shows rolling distances of various sections at point P1 in Fig. 4;
Fig. 6 is a diagram that shows rolling distances of various sections at point P3 in Fig. 4;
Fig. 7 is an explanatory diagram of a design theory for minimizing friction loss in the third embodiment;
Fig. 8 is a sectional view that shows vicinity of a rolling portion 2e of a roller 2 on plane C in Fig. 4;
Fig. 9 is a sectional view that shows vicinity of a tapered roller 14a of a bearing 14 on plane C in Fig. 4;
Fig. 10 is a side sectional view of a linear actuator which is a fourth embodiment of the present invention;
Fig. 11 is a side view of a forklift truck equipped with a linear actuator according to the present invention; and
Fig. 12 is an enlarged view that shows a mast and its vicinity, of the forklift truck shown in Fig. 11.

Modes for Carrying out the Invention

[0011] Hereunder, embodiments of the present invention will be described with reference to the accompanying draw-
ings.
[0012] Fig. 1 is a side sectional view of a linear actuator which is a first embodiment of the present invention, and Fig.
2 is a front view of the linear actuator in direction II in Fig. 1.
[0013] The linear actuator shown in Figs. 1, 2 includes a screw shaft 1, a plurality of rollers 2, and a roller cage 3, as
main constituent elements.
[0014] Spirally formed screw threads 10 are provided on an outer periphery of the screw shaft 1. Each thread 10 is
inclined at its flank surfaces 1a and 1b with respect to a central axis of the screw shaft 1. The thread 10 in the present
embodiment has a section of a trapezoidal shape, and a face of the thread 10 on a radially outer side of the screw shaft
1 is substantially parallel to the central axis thereof. The inclined flank surfaces 1a, 1b stretch out from each ends of the
parallel face respectively, towards the screw shaft 1. The thread 10 formed into such a profile forms a thread groove on
the outer periphery of the screw shaft 1, and the screw shaft 1 is male-threaded. Hereinafter, where appropriate, the
flank surface located on the right side of the parallel face in Fig. 1 may be referred to as the right flank surface 1a, and
the flank surface located on the left side of the parallel face, as the left flank surface 1b.
[0015] Female-threaded portion 31 that mate with the male thread of the screw shaft 1 are formed on the roller cage
3, and the screw shaft 1 is inserted within the roller cage 3 via the female-threaded portions 31. As shown in Fig. 2, the
roller cage 3 also has a plurality of nearly cylindrical protrusions, 3a, 3b, 3c, each protruding towards the radial outside
of the screw shaft 1 (more specifically, towards a central axis of each roller 2). The description below assumes that in
Fig. 2, the protrusions 3a, 3b, 3c are positioned in that order when viewed from the front of the paper to the rear thereof.
The protrusion 3b is disposed at a position shifted from that of the protrusion 3a through 1/3 of a lead L of the screw
shaft 1 in a rightward direction of Fig. 1 (axial direction of the screw shaft 1) and rotated from the position of the protrusion
3a through 120 degrees (2 π /3) about the central axis of the screw shaft 1. The protrusion 3c is disposed at a position
shifted from that of the protrusion 3b through 1/3 of the lead L in the rightward direction of Fig. 1 and rotated from the
position of the protrusion 3b through 120 degrees about the central axis of the screw shaft 1. Because of these relation-
ships, the protrusions 3a, 3c in Fig. 1 should originally be shown at the positions shifted to the left and right, respectively,
of Fig. 1 from the position of the protrusion 3b (shown centrally in Fig. 1) through 1/3 of the lead L and rotated from the
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position of the protrusion 3b through 120 degrees. However, for the sake of convenience in representing all of the three
protrusions, 3a, 3b, 3c, on one plane, the protrusions 3a, 3c are shown at positions shifted to the left and the right,
respectively, through 1/4 of the lead L. In addition, in order to provide similar convenience, sections of the protrusions
3a, 3c in Fig. 1 are shown as sections each having cylindrical roller bearings 4, 5 and covers 6, as well as the rollers 2,
on a plane including the central axis 26 of each roller 2, and as sections each having the female-threaded portions 31
of the roller cage 3 on a plane including the central axis of the screw shaft 1.
[0016] Inside the protrusions 3a, 3b, 3c, the rollers 2 are rotatably accommodated via respective roller bearings (the
cylindrical roller bearings 4, 5 described later), with openings of the protrusions 3a, 3b, 3c being blocked by the respective
covers 6. The covers 6 are each fixed to the roller cage 3 by a fixture not shown, such as a bolt. The roller cage 3 and
the screw shaft 1 are in contact with each other only via rolling surfaces 2c of the plurality of rollers 2 accommodated in
the roller cage 3, and are not in contact at other sections. When the plurality of rollers 2 roll, the roller cage 3 turns about
the screw shaft 1 in relative fashion with respect thereto, creating relative rectilinear motion between the screw shaft 1
and the roller cage 3. While in the roller cage 3 of the present embodiment, the three protrusions, 3a, 3b, 3c, for
accommodating the three rollers, 2, are provided in terms of priority to ease of production, the number of protrusions,
or that of rollers 2, may be changed as appropriate according to a magnitude of axial thrust to be exerted.
[0017] In Fig. 1 with each roller 2 (rolling surface 2c) in contact with the right flank surface 1a (as described above,
neighborhood of the female-threaded portions 31 in Fig. 1 is conveniently shown as the section on the plane including
the central axis of the screw shaft 1), the female-threaded portions 31 are formed so that a clearance formed between
the right flank surface 1a and the female-threaded portions 31 is greater in relative fashion than a clearance formed
between the left flank surface 1b and the female-threaded portions 31.
[0018] Because of the female-threaded portions 31 being thus formed, when axial thrust Fth is acting in the direction
shown in Fig. 1 (the rightward direction in Fig. 1), the axial thrust Fth can be reliably transmitted to the roller cage 3 via
the roller 2. Forming the female-threaded portions 31 to have the above-described shape, therefore, enables the relative
rotation and axial movement between the screw shaft 1 and the roller cage 3 to be performed with a rolling pair of small
friction loss. Provided that the female-threaded portions 31 are formed as described above, even if the axial thrust Fth
acts in a direction opposite to that in Fig. 1 (i.e., a leftward direction in Fig. 1), the left flank surface 1b with the smaller
clearance from the female-threaded portions 31 comes into immediate contact with the female-threaded portions 31, so
a backlash due to the axial thrust Fth is held down to a small level.
[0019] Each roller 2 includes a rolling portion 2e that rotates about the central axis 26 and rolls along the right flank
surface 1a, a rotating shaft 2a that protrudes from the rolling portion 2e and includes the central axis 26 centrally inside,
an inner end face 2d as an end face formed on the rolling portion 2e and close to the screw shaft 1, and an outer end
face 2b as an end face formed on the rotating shaft 2a and close to the corresponding cover 6. A rolling surface 2c that
comes into contact with the right flank surface 1a is provided in a circumferential direction of the rolling portion 2e, and
the rolling portion 2e rolls along the right flank surface 1a via the rolling surface 2c.
[0020] The central axis 26 of the roller 2 is fixedly positioned with respect to the roller cage 3 to maintain the roller 2
in a posture that a line imaginarily extended from the central axis 26 intersects the screw shaft 1. The central axis 26 of
the roller 2 is positioned on plane A intersecting the central axis of the screw shaft 1 at an angle γ nearly equal to a lead
angle γ’ (see Fig. 1) of each screw thread 10. The phrasing of "the angle γ at which plane A intersecting the central axis
of the screw shaft 1 is nearly equal to the lead angle γ’" here is due to the following reason. The lead angle γ’ can be
calculated from an intersecting line of the right flank surface 1a and a predetermined cylindrical surface constantly
distanced from the central axis of the screw shaft 1. However, since the right flank surface 1a exists over a predetermined
range (in a height range of the thread 10) from the central axis of the screw shaft 1 in the radial direction thereof, the
lead angle γ’ also takes a value within a predetermined range, depending upon what section on the right flank surface
1a is selected. This makes it difficult to strictly associate the angle γ and the lead angle γ’, for which reason the above
phrasing has been used.
[0021] In addition, the lead angle γ’ is an angle formed by a tangent line denoted by single-dashed line B with respect
to the right flank surface 1a in Fig. 1, and a line perpendicular to the central axis of the screw shaft 1, so single-dashed
line B and plane A intersect nearly at right angles. That is, plane A is nearly perpendicular to the right flank surface 1a.
The central axis 26 of the roller 2 inside the protrusion 3a, 3b, as with that of the roller 2 inside the protrusion 3b, lies in
a plane intersecting the central axis of the screw shaft 1 at the angle of γ.
[0022] Forming the rolling surface 2c to ensure its contact with the right flank surface 1a while maintaining the central
axis 26 in the above posture, therefore, enables the rolling surface 2c and the right flank surface 1a to be brought into
contact with each other at sections close to respective central axes. Such forming also enables respective sections far
from the central axes to be brought into contact with each other. Thus, slipping between the roller 2 and the thread 10
can be suppressed.
[0023] Furthermore, while maintaining the above posture, the central axis 26 of the roller 2 of the present embodiment
is retained in a posture inclined towards the thread 10 with which the rolling surface 2c is in contact. That is, the central
axis 26 is inclined towards the contact section between the rolling surface 2c and the right flank surface 1a, in plane A.
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Inclining the central axis 26 towards the right flank surface 1a in this way enables the inner end face 2d of the roller 2
to be disposed externally to the thread 10 at a spacing of one pitch from the thread 10 with which the rolling surface 2c
is in contact. Compared with not inclining the central axis 26, therefore, such inclining thereof enables the rolling portion
2e of the roller 2 to be increased in diameter (more specifically, diameter of the inner end face 2d). For example, this
enables the diameter of the inner end face 2d to be made greater than a pitch of the thread 10 (in the present embodiment,
also equivalent to the lead L), and hence the inner end face 2d to be opposed to a thread 10 next to the thread 10 with
which the rolling surface 2c is in contact. Therefore, maintaining the posture in which the central axis 26 of the roller 2
is inclined towards the thread 10, as described above, enables a Hertzian stress upon the rolling surface 2c and right
flank surface 1a to be reduced since the diameter of the rolling portion 2e can be increased.
[0024] To increase the diameter of the rolling portion 2e to such a level that the inner end face 2d faces the thread 10
as described above, the inner end face 2d is preferably formed with a gently curved recess, as in the present embodiment.
This is because the recess of the inner end face 2d avoids contact of this end face with the thread 10. In addition, if the
inner end face 2d is formed with such a recess, even when an angle at which the central axis 26 of the roller 2 is inclined
towards the thread 10 is small, interference with the thread 10 at next pitch can be avoided. Inclining the central axis 26
at a small angle in this form enables an outside diameter of the roller cage 3 to be made small.
[0025] The rolling surface 2c of each roller 2 is formed to come into contact with the right flank surface 1a in a definite
range in the direction of the central axis 26. Bringing in this form in which the rolling surface 2c and the right flank surface
1a come into contact with each other reduces the Hertzian stress, improving durability against flaking. In a case in which
the right flank surface 1a of the thread 10 is inclined with respect to the central axis of the screw shaft 1, as in the present
embodiment, the roller 2 is preferably formed so that in a definite range in the direction of its central axis 26, as the
diametral section of the rolling portion 2e approaches the screw shaft 1, the diametral section is progressively reduced
in size to suit a particular shape of the right flank surface 1a. If the roller 2 is thus formed, the roller 2 and the screw shaft
1 can be brought into contact with each other at sections far from the respective central axes and at sections close
thereto, and slipping can therefore be suppressed to a very small level at any position in the region where both are in
contact.
[0026] It is preferable that the contact section of the rolling portion 2e and the right flank surface 1a be kept as long
as possible to achieve line contact between both. In this regard, the diameter of the rolling portion 2e in the present
embodiment is reduced at a fixed rate in line with the shape of the thread 10 (i.e., the trapezoid) as the diametral section
approaches the screw shaft 1 in a definite range in the direction of the central axis 26, and the rolling portion 2e is formed
by part of a cone "co" (see Fig. 1). In other words, the rolling surface 2c is formed by part of a side surface of the cone
"co", and the rolling portion 2e is in line contact with the right flank surface 1a, over an entire region of the latter.
[0027] Referring to Fig. 1, let an apex of the cone "co", defined by the rolling surface 2c, be 2β, and let an angle that
a contact line of the rolling surface 2c and the right flank surface 1a forms with respect to the central axis of the screw
shaft 1 be α (α also represents the inclining direction of the right flank surface 1a at a section in a plane including the
contact line; the angle formed by the central axis of the screw shaft 1 and the flank surface 1a shown as a profile of the
thread 10 in Fig. 1 is strictly not equal to α, but in approximate terms, the angle is equal to α if the value of the angle γ
is sufficiently small). Here, if a total angle of the angle α and the angle β is reduced below π/2, as in a case of the roller
2 shown in Fig. 1, the central axis 26 of the roller 2 can be inclined towards the contact section of the rolling surface 2c
and the right flank surface 1a. At this time, since the inner end face 2d of the roller 2 has an outer ring right-angled to
the central axis 26, the outer ring inclines with respect to the central axis of the screw shaft 1. Inclining the central axis
26 in this form enables, as described above, the diameter of the rolling portion 2e to be increased for reduced Hertzian
stress upon the rolling surface 2c and the right flank surface 1a.
[0028]  Each roller 2 is supported by the roller cage 3 via both a radial rolling bearing 4 capable of supporting a radial
load exerted upon the roller 2, and a thrust rolling bearing 5 capable of supporting a thrust load exerted upon the roller 2.
[0029] The radial rolling bearing 4 in the present embodiment is so-called a cylindrical roller bearing, which is formed
by a plurality of cylindrical rollers circularly arranged to surround the rotating shaft 2a circumferentially around the bearing.
The radial rolling bearing 4 is sandwiched between the rotating shaft 2a of the roller and inner walls of the protrusion
3a, 3b, 3c. The thrust rolling bearing 5 in the present embodiment is a cylindrical roller bearing, as with the bearing 4,
and is formed by a plurality of cylindrical rollers circularly arranged at an outer edge of the outer end face 2b. The thrust
rolling bearing 5 is sandwiched between the outer end face 2b and cover 6 of the roller 2. As a result, the radial load
and thrust load acting upon the rolling bearings 4, 5 supporting the roller 2 are supported by the roller cage 3 in the end.
The rotating shaft 2a and outer end face 2b of the roller 2 preferably have a heat-treated surface for enhanced surface
hardness since the cylindrical rollers of the rolling bearings 4, 5 directly roll as described above.
[0030] By the way, let an imaginary line be defined in a case that as in the present embodiment, the flank surfaces
1a, 1b of the thread 10 are inclined with respect to the central axis of the screw shaft 1, the imaginary line intersecting
the right flank surface 1a perpendicularly at where the rolling surface 2c and right flank surface 1a of the roller 2 come
into contact. In this case, the radial rolling bearing 4 is preferably fixed to a position at which the imaginary line passes
through a cylindrical space surrounded by the plurality of rollers forming the bearing 4. Such disposition of the radial
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rolling bearing 4 is described below.
[0031] Fig. 1 shows contact forces F1’, F2’, F3’ exerted upon the right flank surface 1a of the roller 2 from the rolling
surface 2c thereof by arrows extending perpendicularly from a central portion of the contact section between the two
surfaces to the right flank surface 1a. The contact forces F1’, F2’, F3’ are generated by axial thrusts Fth exerted upon a
left end face of the screw shaft 1 and a right end face of the roller cage 3, in a relationship of action and reaction, in Fig.
1. As the rolling surface 2c and right flank surface 1a in the present embodiment are in line contact, although a resulting
contact force is strictly a combination of linearly distributed loads, a resultant force of these loads conveniently represents
the contact force. In the region from the right flank surface 1a to the rolling surface 1a, however, contact repulsions F1,
F2 (not shown), and F3 are acting in the relationship of action and reaction, with respect to the contact forces F1’, F2’,
F3’. The contact repulsions F1 and F3 shown in Fig. 1 are the same in magnitude as, and opposite in direction with
respect to the contact forces F1’ and F3’, respectively. Therefore, F1, F2, F3 are acting upon the above-mentioned
imaginary line, or respective lines of action that pass through a central portion of the contact section between the rolling
surface 2c and right flank surface 1a and are perpendicular to the contact section.
[0032] Here, if as described above, the radial rolling bearing 4 is disposed at the position where the imaginary line
passes through the cylindrical space surrounded by the plurality of cylindrical rollers, since lines of action of the contact
repulsions F1, F2, F3 pass through the cylindrical space, the contact repulsions F1, F2, F3 do not become overhang loads
upon the radial rolling bearing 4. This makes it unnecessary to provide a separate bearing for supporting radial load
components of an overhang load, and thus enables radial components, or radial loads F1r, F2r (not shown), F3r, of the
contact repulsions F1, F2, F3 upon the roller 2 to be supported with one radial rolling bearing 4 alone.
[0033] In addition, since at this time the axial (thrust direction) components of the contact repulsions F1, F2, F3, or
thrust loads F1a, F2a (not shown), are supported by the thrust rolling bearing 5 sandwiched between the outer end face
2b and cover 6 of the roller 2, the contact repulsions F1, F2, F3 acting upon the roller 2 can be supported with one radial
rolling bearing 4 and one thrust rolling bearing 5. This holds down the number of bearings needed to support the roller
2, and hence reduces manufacturing costs of the linear actuator. Although details will be described later herein, if the
rolling bearing 4 is formed to be able to support both of the radial load and the thrust load, the number of bearings
required can be further reduced.
[0034] In the above case and further preferably, the radial rolling bearing 4 may be disposed such that as in the present
embodiment, the imaginary line intersects the central axis 26 of the roller 2 centrally in a cross direction of the radial
rolling bearing 4. Constructing the radial rolling bearing 4 in this form enables the contact repulsions F1, F2, F3 to be
decomposed into radial loads F1r, F2r, F3r and thrust loads F1a, F2a, F3a, at the intersection between the imaginary line
and the central axis 26. This enables the radial loads F1r, F2r, F3r to be acted upon the central section of the radial rolling
bearing 4, in the cross direction of the roller 2, and the thrust loads F1a, F2a, F3a to be acted upon a central section of
the thrust rolling bearing 5. Briefly, the contact repulsions F1, F2, F3 acting upon the roller 2 can be supported reasonably
with one bearing 4 for radial loads, and one bearing 5 for thrust loads. In addition, if the radial rolling bearing 4 is disposed
as described above, since the thrust loads F1a, F2a, F3a can be acted upon the central section of the thrust rolling bearing
5, the above disposition yields a further advantage in that life of the thrust rolling bearing 5 improves over that in a case
in which the linear actuator is designed so that the imaginary line merely passes through the radial rolling bearing 4.
[0035] Referring to the screw shaft 1, roller 2, and roller cage 3 having the construction described above, the screw
shaft 1 and the roller cage 3 can be made to function together as the linear actuator, by using a sliding key or the like
to form either the screw shaft 1 or the roller cage 3 as a member movable only in the axial direction without turning about
its axis, and using a thrust bearing or the like to form the other as a member turnable about its axis while being constrained
so as not to move axially. Briefly, rotationally driving one of the two turnable members (the screw shaft 1 and the roller
cage 3) enables the other member to generate axial thrust. The above description means that if one member movable
in the axial direction is driven axially, the other turnable member can also be rotationally driven.
[0036] Next, advantageous effects of the present invention are described below.
In the linear actuator having the above-described construction, the central axis 26 of each roller 2 is fixedly positioned
with respect to the roller cage 3 so that the roller 2 takes the posture making the line imaginarily extended from the
central axis 26 intersect the screw shaft 1, and so that the central axis 26 is inclined towards the flank surface 1a with
which the rolling surface 2c comes into contact. Additionally, the rolling surface 2c of the roller 2 is in contact with the
flank surface 1a in a definite range in the direction of the central axis 26 of the roller 2.
[0037] First, the fact that as described above, the roller 2 is fixed to keep the rolling surface 2c in contact with the flank
surface 1a and to retain the roller 2 itself in the posture making the imaginarily extended line from the central axis 26
intersect the screw shaft 1, prevents the central axis 26 of the roller 2 and the central axis of the screw shaft 1 from
being arranged in parallel to each other. Thus, the sections of the rolling surface 2c and right flank surface 1a, which
are close to the respective central axes come into contact with each other at the contact section of the two surfaces,
and sections far from the respective central axes come into contact with each other. Slipping is therefore suppressed
at any position in the region where the roller 2 and the thread 10 come into contact.
[0038] In addition to the above, fixing the roller 2 so that it is retained in the posture inclining the central axis 26 towards
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the flank surface 1a enables the inner end face 2d of the roller 2 to be disposed externally to a thread 10 spaced by one
pitch from the thread 10 with which the rolling surface 2c is in contact. Thus, inclining the central axis 26, compared with
not inclining this central axis, enables the roller 2 to be increased in the diameter of the rolling portion 2e, and the resulting
decrease in the Hertzian stress occurring on the rolling surface 2c and the right flank surface 1a contributes to improving
the roller 2 in durability.
[0039] According to the present embodiment of the above-described construction, therefore, significant slipping be-
tween the roller 2 and the screw shaft 1 is suppressed and at the same time, the Hertzian stress occurring between both
is reduced, so that motive power transmission efficiency and durability of the linear actuator improve.
[0040] Furthermore, since the diameter of the rolling portion 2e can be increased for the reason described above, the
load that one roller 2 is able to support can be correspondingly increased, in terms of which the number of rollers 2
necessary to support constant axial thrust can be reduced in comparison with the number of rollers required in conventional
technology. Moreover, since the decrease in Hertzian stress due to the above reason lowers the surface hardness
required of the screw shaft 1 and that of the rolling surface 2c of the roller 2, omitting a heat treatment such as the
quenching process required in the conventional technology becomes likely to reduce manufacturing costs.
[0041] If the number of rollers 2 which come into contact with the thread 10 is three as in the present embodiment,
the linear actuator becomes easier to produce than in a case that four or more rollers 2 are provided, since all of these
rollers 2 reliably come into contact with the thread 10 and support respective loads, even in presence of slight dimensional
errors between components of the actuator. The ease in production makes vary of motive power transmission efficiency
and durability, which are due to particular workmanship of the manufactured product, less liable to occur.
[0042] Next, a second embodiment of the present invention is described below. The present invention is equivalent
to a linear actuator in which the rolling bearings 4, 5 in the first embodiment are replaced by other bearings (tapered
roller bearings 14).
[0043] Fig. 3 is a side sectional view of the linear actuator which is the second embodiment of the present invention.
The same elements in the foregoing figures are each assigned the same reference number or symbol, and description
of these elements is omitted. The same also applies to the figures that follow.
[0044] The rollers 2 shown in Fig. 3 are each turnably supported only via one tapered roller bearing 14, in the roller
cage 3. The tapered roller bearing 14, unlike the cylindrical roller bearing 4 constituted by cylindrical rollers, is constituted
by a plurality of conically shaped rollers, thus being able to support the thrust direction components (thrust loads F1a,
F2a, F3a) of contact repulsions F1, F2, F3, as well as the radial components (radial loads F1r, F2r, F3r) thereof. In addition,
the tapered roller bearing 14 is fixed to the inside of the roller cage 3 via retaining rings 15 such that an imaginary line
intersecting perpendicularly with the flank surface 1a at a contact section of the roller 2 and the flank surface 1a passes
through a space surrounded by the tapered rollers. That is, since lines of action of the contact repulsions F1, F2, F3 in
the present embodiment pass through the space surrounded by the tapered rollers, the roller 2 can be supported using
one tapered roller bearing 14 only.
[0045] Using a rolling bearing capable of supporting both radial loads and thrust loads as the bearing for supporting
the roller 2, as described above, enables a total number of bearings needed in the entire linear actuator to be further
reduced relative to the number required in the first embodiment, and the reduction further reduces manufacturing costs
of the linear actuator.
[0046] In the present invention, intersections between the central axis 26 of the roller 2 and the lines of action of each
contact repulsion F1, F3 are arranged near the positions shown in a catalogue and others, as points of action of loads
in the tapered roller bearing 14. This enables the radial load components F1r, F3r and thrust load components F1a, F3a
of the forces F1, F3 to be reasonably supported with one tapered roller bearing 14 alone. In addition, while in the present
embodiment the tapered roller bearing 14 has been described and shown as an example of a rolling bearing capable
of sustaining both radial loads and thrust loads, this bearing may be replaced by any other bearing such as a deep-
groove ball bearing or angular ball bearing.
[0047] Furthermore, a distal end of the thread 10 is accommodated in the recess provided on the inner end face 2d
in the roller 2 of the present embodiment. Accommodating the thread 10 in the roller 2 in this form reduces dimensions
of the roller cage 3.
[0048] Next, a third embodiment of the present invention is described below. The present embodiment relates to
dimensions of the rolling portion 2e of the roller 2 and the flank surface 1a of the thread 10, and these sections are
dimensionally optimized for suppressed slipping between the roller 2 and the thread 10.
[0049] Fig. 4 is a side sectional view of a linear actuator which is the third embodiment of the present invention. The
linear actuator shown in Fig. 4 is equivalent to a partly omitted type of the linear actuator shown in Fig. 3.
[0050] As shown in Fig. 4, a point belonging to a contact section of the right flank surface 1a and the rolling surface
2c and positioned at an outermost peripheral side in a radial direction of the screw shaft 1 is defined as outer peripheral
contact point P1, a point belonging to the contact section and positioned at an innermost peripheral side in the radial
direction of the screw shaft 1 is defined as inner peripheral contact point P3, a point belonging to the contact section
and positioned midway between outer peripheral contact point P1 and inner peripheral contact point P3 is defined as



EP 2 390 532 A1

8

5

10

15

20

25

30

35

40

45

50

55

middle contact point P2, a point belonging to the contact section and positioned midway on a contact section between
the tapered roller 14a and inner ring 14b of the tapered roller bearing 14 is defined as middle contact point P4, and an
apex of the cone "co", defined by the central axis 26 and a line passing through points P1 and P3, is defined as cone
apex P5 (i.e., P5 is an intersection between the central axis 26 and the line passing through points P1 and P3). These
points are each marked with a black circle.
[0051] Furthermore, a spiral of one-lead length, which passes through point P1 with the central axis of the screw shaft
1 as a center, is defined as spiral Lso, a spiral of one-lead length, which passes through point P3 with the central axis
of the screw shaft 1 as a center, is defined as spiral Lsi, a circle on the rolling surface 2c, which passes through point
P1 with the central axis 26 as a center, is defined as circle Lso, and a circle on the rolling surface 2c, which passes
through point P3 with the central axis 26 as a center, is defined as circle Lri. These spirals and circles are each shown
as a dashed line.
[0052] Furthermore, a radial distance from the central axis of the screw shaft 1 to point P1 is defined as Ro, a radial
distance from the central axis of the screw shaft 1 to point P3, as Ri, a radial distance from cone apex P5 to point P1,
as Io, a radial distance from cone apex P5 to point P3, as Ii, and a deviation of cone apex P5 from the central axis of
the screw shaft 1, as δ. These definitions assume that when 6 takes a positive value, cone apex P5 is below the central
axis of the screw shaft 1 (i.e. P5 underlies the central axis), and that when δ takes a negative value, cone apex P5 is
above the central axis (and P5 stays above the central axis). In the linear actuator of Fig. 4, apex P5 of the cone formed
by the rolling portion 2e of the roller 2 is below the central axis of the screw shaft 1 and the value of 6 is positive. In Fig.
4, planes C and D, each including points P2 and P4 and orthogonal to the paper, are further shown as single-dashed lines.
[0053] Fig. 5 is a diagram that shows rolling distances of various sections at point P1 in Fig. 4. Fig. 6 is a diagram that
shows rolling distances of various sections at point P3 in Fig. 4. Fig. 5 schematically represents the way the circle Lso
rolls over a plane upon which the spiral Lso in Fig. 4 was developed. Likewise, Fig. 6 schematically represents the way
the circle Lri rolls over a plane upon which the spiral Lsi in Fig. 4 was developed.
[0054] Referring to Figs. 5 and 6, when length of the spiral Lso is expressed as lso, that of the spiral Lsi as lsi, that of
the circle Lso as Iso, and that of the circle Lri as lri, expression (1) must hold for rolling movements at points P1 and P3
to simultaneously become those substantially free from slipping.
[0055]

where a right side is rewritten as expression (2), which is then further rewritten as expression (3).
[0056]

[0057]

That is, it can be derived from expressions (1) and (3) that expression (4) needs to be established as a conditional
expression for the rolling movements at points P1 and P3 to become simultaneously substantially slipping-free move-
ments.
[0058]
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Fig. 7 is an explanatory diagram of a design theory for minimizing friction loss in the present embodiment.
This figure is used to illustrate a process for calculating the value of δ that satisfies expression (4). Horizontal axis "x"
of the graph shown in Fig. 7 denotes spiral disposition radius R (i.e., a distance from a spiral to the central axis of the
screw shaft 1), and vertical axis "y" denotes one lead (one pitch) of spiral length "ls" of the screw shaft having arbitrary
spiral disposition radius R and lead L. Here, "ls" can be calculated by assigning the arbitrary spiral disposition radius R
and the lead L of the screw shaft 1 to expression (5).
[0059]

Fig. 7 graphically represents "ls" as a function of R with the lead L fixed at 20 mm. In this case, even if R=0, "ls" has the
value of the lead L (i.e., if R=0, then Is=20>0) and is expressed as a curve whose curvature increases with decreases
in the value of R and decreases with increases in the value of R. In an interval with a sufficiently large value of R, however,
"ls" can be approximated with a straight line, as shown in Fig. 7. In Fig. 7. "ls" is approximated into straight-line form
based upon an interval from Ri=15 mm to R0=20 mm, and the straight line (approximation line) is shown as a dashed
line. If an intercept formed by the approximation line and the horizontal axis is taken as "Rx" in the graph of Fig. 7, the
approximation line can be written as shown in expression (6), and if -Rx=δ is additionally defined in expression (6), "ls"
can be rewritten as shown in expression (7).
[0060]

[0061]

It is evident here that if the relationship shown in expression (7) is present in the interval including "Ri" and "Ro", then
expression (4) holds. In Fig. 7, "Rx" has a negative value of approximately -0.6 mm, so δ takes a positive value. In
addition, since it is obvious from expression (5) that if R=0, "Is" (= lead L) takes a positive value, "Rx" is considered to
take a negative value in any situation, not only in the case of Fig. 7, and δ nearly always has a positive value. That is,
it can be seen that where expression (1) holds, cone apex P5 of the cone "co" formed by the rolling portion 2e nearly
always takes a position beyond the central axis of the screw shaft 1 (i.e., cone apex P5 is positioned on an opposite
side of the roller 2 relative to the central axis of the screw shaft 1). To rephrase this the other way around, cone apex
P5 must be positioned on the opposite side of the roller 2 relative to the central axis of the screw shaft 1 to prevent
substantially no slipping at any point of contact between the rolling surface 2c and the right flank surface 1a. Accordingly,
if as in the linear actuator of the present embodiment that is shown in Fig. 4, the roller 2 is disposed for the right flank
surface 1a and the rolling portion 2e to come into contact with each other and for cone apex P5 to be positioned on the
opposite side of the roller 2 relative to the central axis of the screw shaft 1, the roller 2 can be made to roll with substantially
no slipping. Constructing the linear actuator as described above, therefore, further improves motive power transmission
efficiency.
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[0062] The contact state between the roller 2 and thread 10 in the present embodiment, and the contact state between
the tapered roller 14a and inner ring 14b in the bearing 14 are described below.
[0063] Fig. 8 is a sectional view that shows vicinity of the rolling portion 2e of the roller 2 on plane C in Fig. 4. Fig. 9
is a sectional view that shows vicinity of the tapered roller 14a of the bearing 14 on plane C in Fig. 4.
[0064] The right flank surface 1a shown in the form of a nearly straight line in Fig. 8 has no curvature, even in a
direction perpendicular to the paper, and can thus be considered as a planar Hertzian contact model. On the other hand,
the rolling surface 2c of the roller 2, which is paired with the right flank surface 1a can be approximated with a cylindrical
surface having a large radius, as described above. Strictly speaking, the right flank surface 1a and the rolling surface
2c are in line contact. However, since one of the two surfaces (namely, the right flank surface 1a) is a plane and the
other (the rolling surface 2c) has a small curvature, the contact state of both is close to a surface contact state, so it can
be easily estimated that Hertzian stressing is suppressed.
[0065] Referring to Fig. 9, the smaller of two circles is the tapered roller 14a and the larger is the inner ring 14b. Contact
between the tapered roller 14a and the inner ring 14b can be approximated to contact between cylinders. More strictly,
however, this state is contact between bulges, and one of the two cylinders (namely, the tapered roller 14a) has a larger
curvature, such that an increase in Hertzian stress is avoided by distributing the load with the plurality of tapered rollers
14a in the bearing. In other words, the load that the tapered roller bearing 14 sustains via the plurality of tapered rollers
14a can be described as being transmitted at one contact section by the right flank surface 1a and rolling surface 2c
shown in Fig. 8.
[0066] Next, a fourth embodiment of the present invention is described below. The present embodiment is charac-
terized in that it includes one more set of rollers than in each of the above embodiments. More specifically, the present
embodiment includes not only a plurality of rollers 2 (first rollers) that come into contact with the right flank surfaces 1a
of each thread 10, but also a plurality of rollers (second rollers) that come into contact with the left flank surfaces 1b of
each thread 10.
[0067] Fig. 10 is a side sectional view of a linear actuator which is the fourth embodiment of the present invention.
Vicinity of female-threaded portions 31A (described later herein) of the roller cage 3 in this figure is conveniently shown
as a section in a plane including the central axis of the screw shaft 1.
[0068] The linear actuator shown in the figure includes: the first roller group 51 formed with the plurality of rollers 2
spaced from one another in the circumferential direction of the screw shaft 1, along the right flank surface 1a of the
thread 10, the rollers 2 each being formed to roll over the right flank surface 1a via the rolling surface 2c; the second
roller group 52 formed with the plurality of rollers 2A spaced from one another in the circumferential direction of the
screw shaft 1, along the left flank surface 1b of the thread 10, each roller 2A being formed to roll over the left flank surface
1b via a rolling surface 2Ac; and the female-threaded portions 31A each formed facing the thread 10 of the screw shaft
1, inside an inner circumferential region of the roller cage 3.
[0069] Each roller 2 in the first roller group 51, constructed similarly to the rollers 2 of each embodiment described
above, is accommodated in the protrusions 3a, 3b (not shown), 3c (not shown) of the roller cage 3, and rolls in contact
with the right flank surface 1a of the thread 10. The roller 2 in the first roller group 51 also transmits to the roller cage 3
a part of an axial thrust Fth-R acting in a rightward direction from the left end face of the screw shaft 1 and balancing with
a force shown at the right end face of the roller cage 3. For convenience’ sake, of the three protrusions, only the protrusion
3a containing the roller 2 is shown in Fig. 10. However, the other protrusions, 3b and 3c, are each disposed similarly to
those of the above embodiments, at 120-degree angle intervals with respect to the protrusion 3a, in the circumferential
direction of the screw shaft 1, and at intervals of 1/3 of the lead L, in the axial direction of the screw shaft 1.
[0070] Each roller 2A in the second roller group 52 is accommodated in protrusions 3d, 3e (not shown), 3f (not shown)
of the roller cage 3, and rolls in contact with the left flank surface 1b of the thread 10. The protrusion 3e, which is omitted
as with the protrusions 3b and 3c, is disposed at a position shifted from that of the protrusion 3d through 1/3 of the lead
L of the screw shaft 1 in a leftward direction in Fig. 10 and rotated from the position of the protrusion 3d through 120
degrees about the central axis of the screw shaft 1. The protrusion 3f is disposed at a position shifted from that of the
protrusion 3e through 1/3 of the lead L in the leftward direction of Fig. 10 and rotated from the position of the protrusion
3e through 120 degrees about the central axis of the screw shaft 1. That is, the protrusion 3d corresponds to the protrusion
3a, the protrusion 3e corresponds to the protrusion 3b, and the protrusion 3f corresponds to the protrusion 3c. The roller
accommodated in the protrusions having this correspondence relationship is constructed point-symmetrically via a point
on the central axis of the screw shaft 1. Each roller 2A of the second roller group 52 transmits to the roller cage 3 a part
of an axial thrust Fth-L acting in a leftward direction from the right end face of the screw shaft 1 and balancing with a
force shown at the left end face of the roller cage 3.
[0071] The female-threaded portions 31A are formed such that with each roller 2 of the first roller group 51 kept in
contact with the right flank surface 1a and with each roller 2A of the second roller group 52 kept in contact with the left
flank surface 1b, large clearances are formed between the right flank surface 1a and a corresponding female-threaded
portion 31A and between the left flank surface 1b and a female-threaded portion 31A corresponding thereto.
[0072] In the linear actuator of the present embodiment having the construction described above, even in a case that
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axial thrust acts in any of the leftward and rightward axial directions of the screw shaft 1, the axial thrust is transmitted
to the roller cage 3 via any one of the first roller group 51 and second roller group 52. Briefly, according to the present
embodiment, since the roller groups 51, 52 and the thread 10 can nearly always be brought into contact with each other
as rolling pairs, friction loss can nearly always be minimized, irrespective of the direction in which the axial thrust acts.
According to the present embodiment, even in a case that the direction of action of the axial thrust is fixed and momentum
and/or a transverse load acts, friction loss can also be minimized since all sections having the rollers 51, 52 and the
thread 10 in contact are rolling pairs.
[0073] While the rollers 2, 2A in the present embodiment are supported via tapered roller bearings 14, these rollers
may, of course, be supported via elements such as the above-described cylindrical roller bearings.
[0074] Next, a fourth embodiment of the present embodiment is described below.
Fig. 11 is a side view of a forklift truck equipped with a linear actuator according to the present invention, and Fig. 12 is
an enlarged view that shows a mast 70 and its vicinity, of the forklift truck shown in Fig. 11.
[0075] Referring to Fig. 11, the forklift truck shown in Figs. 11 and 12 includes a truck body 60 equipped with a track
device and a steering device, a mast 70 provided in front of the truck body 60, and forks 80 installed on an inner frame
72 (see Fig. 12) of the mast 70.
[0076] The mast 70 in Fig. 12 includes an outer frame 71 installed in front of the truck body 60, the inner frame 72
provided internally to the outer frame 71 and constructed to move upward and downward along the outer frame 71, and
a linear actuator 73 that moves the inner frame 72 upward and downward. The linear actuator 73 includes a screw shaft
1 fixed to the outer frame 71, a roller cage 3, and a motor (driving source) 74 that rotationally drives the screw shaft 1.
The roller cage 3 supports the inner frame 72 from below via a bracket 75 mounted on the inner frame 72. The motor
74 in the present embodiment transmits driving force to the screw shaft 1 via a plurality of gears 76.
[0077] In the forklift truck of the above-described configuration, when the motor 74 is driven using the steering device,
the screw shaft 1 is rotationally driven to move the roller cage 3 along the screw shaft 1. Thus, the inner frame 72
supported by the roller cage 3 is lifted upward or downward, thus moving the forks 80 upward or downward. The linear
actuator in each embodiment described above can be used in this way as a height control device for the forks 80 of the
forklift truck. That is, according to the present embodiment, an electrically driven actuator can be used as an actuator
for the forklift trucks in which a hydraulic actuator has been mainly used before.

Description of Reference Numbers and Symbols

[0078] 1 ... Screw shaft, 1a ... Right flank surface, 1b ... Left flank surface, 2 ... Roller, 2a ... Rotating shaft, 2b ... Outer
end face, 2c ... Rolling surface, 2d ... Inner end face, 2e ... Rolling portion, 3 ... Roller cage, 3a ... Protrusion, 3b ...
Protrusion, 3c ... Protrusion, 3d ... Protrusion, 3e ... Protrusion, 3f ... Protrusion, 4 ... Radial rolling bearing (Cylindrical
roller bearing), 5 ... Thrust rolling bearing (Cylindrical roller bearing), 6 ... Cover, 10 ... Screw thread, 14 ... Tapered roller
bearing, 14a ... Tapered roller, 14b ... Inner ring, 15 ... Retaining ring, 26 ... Central axis of roller 2, 31 ... Female-threaded
portion, 51 ... First roller group, 52 ... Second roller group, 60 ... Truck body, 70 ... Mast, 71 ... Outer frame, 72 ... Inner
frame, 73 ... Linear actuator, 74 ... Motor, 80 ... Fork

Claims

1. A linear actuator comprising:

a screw shaft;
a screw thread spirally formed on an outer periphery of the screw shaft;
a plurality of rollers arranged along the screw thread so as to be spaced from one another in a circumferential
direction of the screw shaft, the rollers being formed to roll along a flank surface of the screw thread via respective
rolling surfaces; and
a roller cage accommodating the plurality of rollers so as to rotate each thereof on respective axes, the roller
cage being constructed such that when the rollers are made to roll, the cage moves about the screw shaft in
relative form with respect thereto;
wherein each roller has a central axis fixedly positioned with respect to the roller cage such that the roller takes
a posture making a line imaginarily extended from the central axis intersect the screw shaft, and such that the
central axis is inclined towards the flank surface with which the corresponding rolling surface comes into contact.

2. The linear actuator according to claim 1, wherein:

the rolling surface of the roller is in contact with the flank surface in a definite range in a direction of the central
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axis of the roller.

3. The linear actuator according to claim 1, wherein:

the central axis of the roller is positioned on a plane intersecting a central axis of the screw shaft at an angle
substantially equal to a lead angle of the screw thread, and is inclined to a contact section between the rolling
surface and the flank surface, in the plane.

4. The linear actuator according to claim 1, wherein:

a diameter of the roller at a section thereof, the section being closest to the screw shaft, is greater than a pitch
of the thread; and
the roller includes an end face formed near the screw shaft, the end face being opposed to an adjacent thread
spaced by one pitch from the thread with which the rolling surface is in contact.

5. The linear actuator according to claim 4, wherein:

the end face of the roller that is formed near the screw shaft includes a recess to avoid contact of the end face
with the adjacent thread spaced by one pitch from the thread with which the rolling surface is in contact.

6. The linear actuator according to claim 1, wherein:

the flank surface of the thread is inclined with respect to the central axis of the screw shaft;
in order to bring the rolling surface into line contact with the flank surface, the roller is formed such that in a
definite range in the direction of the central axis of the roller, as a diametral section of the roller approaches the
screw shaft, the diametral section is progressively reduced in size to suit a particular shape of the flank surface.

7. The linear actuator according to claim 6, wherein:

as the diametral section of the roller approaches the screw shaft in a definite range in the direction of the central
axis of the roller, the diametral section is reduced in size at a fixed rate in line with the shape of the thread
including the inclined flank surface; and
the rolling surface of the roller is formed by part of a side of a cone.

8. The linear actuator according to claim 1, wherein the roller is formed such that:

when a point belonging to a contact section of the roller and the flank surface and positioned at an outermost
peripheral side in a radial direction of the screw shaft is defined as an outer peripheral point of contact,
when a point belonging to the contact section of the roller and the flank surface and positioned at an innermost
peripheral side in the radial direction of the screw shaft is defined as an inner peripheral point of contact, and
when a cone is defined by a line passing through the outer peripheral point of contact and the inner peripheral
point of contact, as well as by the central axis of the roller,
the roller has an apex overstepping a central axis of the screw shaft.

9. The linear actuator according to claim 1, wherein:

the flank surface of the thread is inclined with respect to a central axis of the screw shaft;
the roller cage supports the roller via a rolling bearing sustaining a radial load exerted upon the roller;
the rolling bearing is formed by a plurality of rolling bodies each disposed in a circumferential direction of a
rotating shaft of the roller; and
the rolling bearing is fixed to an internal portion of the roller cage such that an imaginary line intersecting the
flank surface perpendicularly at a contact section between the rolling surface and the flank surface passes
through a space surrounded by the plurality of rolling bodies.

10. The linear actuator according to claim 9, wherein:

the rolling bearing is a single rolling bearing sustaining both of a radial load upon the roller and a thrust load
thereupon; and
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the roller cage supports the roller via the single rolling bearing.

11. The linear actuator according to claim 9, wherein:

the rolling bearing is a single rolling radial bearing sustaining a radial load exerted upon the roller; and
the roller cage supports the roller via the rolling radial bearing and a single rolling thrust bearing sustaining a
thrust load exerted upon the roller.

12. The linear actuator according to claim 1, wherein:

the number of rollers used is three; and
the three rollers are arranged at equal intervals along the thread such that respective positions of the rollers in
an axial direction of the screw shaft are shifted through 1/3 of a lead of the screw shaft from one another, and
such that respective positions of the rollers in the circumferential direction of the screw shaft are shifted through
2π/3 from one another.

13. A linear actuator comprising:

a screw shaft;
a screw thread spirally formed on an outer periphery of the screw shaft;
a first roller group formed by a plurality of rollers arranged along right flank surface of the thread so as to be
spaced from one another in a circumferential direction of the screw shaft, the rollers each being formed to roll
along each right flank surface via a first rolling surface;
a second roller group formed by a plurality of rollers arranged along left flank surface of the thread so as to be
spaced from one another in the circumferential direction of the screw shaft, the rollers each being formed to roll
along each left flank surface via a second rolling surface; and
a roller cage accommodating the rollers of the first roller group and of the second roller group so as to rotate
each of the rollers on respective axes, the roller cage being constructed such that when the rollers are made
to roll, the cage moves about the screw shaft in relative form with respect thereto;
wherein each roller in the first and second roller groups has a central axis fixedly positioned with respect to the
roller cage such that the roller takes a posture making a line imaginarily extended from the central axis intersect
the screw shaft, and such that the central axis is inclined towards the left flank surface or right flank surface
with which the rolling surface comes into contact.

14. The linear actuator according to claim 13, wherein:

the rolling surfaces of each roller in the first and second roller groups are each in contact with the right flank
surface or the left flank surface, respectively, in a definite range in a direction of the central axis of the roller.

15. A forklift truck equipped with the linear actuator of any one of claims 1 to 14 as means for height control of forks.
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