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(54) LINEAR MOTION GUIDE DEVICE AND METHOD FOR ASSEMBLING SAME

(57) A slider (2) of a linear motion guide device com-
prises: a slider main body (2A); a slider end surface com-
ponent attached to the movement-direction end part of
the slider main body (2A); and an underseal (30) that
seals a gap between a guide rail (1) and the slider (2).
The underseal (30) has a seal member (31) comprising
a main lip (31g) that contacts the guide rail (1). The seal
member (31) has a main-body-side lip part (31e) that
projects toward a lower surface (6c) of the slider main
body (2A) and extends along the movement direction of
the slider (2). The main-body-side lip part (31e) contacts
both the lower surface (6c) of the slider main body (2A)
and a lower surface of the slider end surface component.
This makes it possible to maintain high dust prevention
and waterproofing properties between the underseal and
the lower surfaces of the slider main body and the slider
end surface component.
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Description

Technical Field

[0001] The present invention relates to a linear motion guide device and a method for assembling the linear motion
guide device. More particularly, the present invention relates to a linear motion guide device used in a machine tool, an
automobile manufacturing equipment, a transporting device, and the like, and a method for assembling the linear motion
guide device.

Background Art

[0002] In the related art, a linear motion guide device used in a machine tool or the like generally includes a guide rail
having rail-side track surfaces on left and right sides thereof, a slider having, on inner sides thereof, slider-side track
surfaces facing the respective rail-side track surfaces of the guide rail, and a plurality of rolling elements capable of
rolling in a linear rolling element rolling path formed between two track surfaces of the guide rail and the slider. Further,
when the rolling elements roll in the rolling element rolling path, the slider moves relative to the guide rail along an axial
direction thereof. The rolling elements rolling in the rolling element rolling path change direction in an end cap attached
to both end portions in the axial direction of the slider, and thereafter return to an initial position through a rolling element
return path formed in the slider.
[0003] In addition, when foreign a matter such as dust enters the rolling element rolling path from a gap between a
side surface of the guide rail and an inner side surface of the slider in the linear motion guide device, rolling motion of
the rolling elements is impaired and running performance of the slider is greatly lowered. In response, a linear motion
guide device provided with a seal that prevents a foreign matter such as dust from entering the rolling element rolling
path from the gap between the side surface of the guide rail and the inner side surface of the slider has been proposed
(see, for example, Patent Literatures 1 to 6). In a linear motion guide device disclosed in Patent Literature 1, a seal
member includes a lip member protruding toward a guide rail side, and a holding member that fixes the lip member, and
is attached to a slider by a screw inserted into the holding member.
[0004] In a guide device disclosed in Patent Literature 2, a foreign matter entry prevention plate is formed by inserting
one side-edge end portion of a foreign matter entry prevention plate body into a concave groove of a foreign matter
entry prevention plate accommodating case and bonding the side-edge end portion with an adhesive. Further, the foreign
matter entry prevention plate is attached to a moving block body by inserting a screw into an oblong screw hole of the
foreign matter entry prevention plate accommodating case and pushing the screw toward a track rail side.
[0005] Further, in a ball slide way disclosed in Patent Literature 3, a bottom seal is formed by attaching synthetic
rubber to an iron plate and is fastened and fixed by a bolt, and an iron plate portion thereof abuts on a lower end surface,
which is provided with a step, of a lower guide portion.
[0006] Further, a contact seal that protects a slider such as a side seal, an inner seal, and an under seal is used for
the linear motion guide device, and there are many proposals for a lip shape thereof (see, for example, Patent Literatures
7 to 10). With respect to shapes disclosed in Patent Literatures 7 and 8, a plurality of lips are formed on a contact surface
of one seal. Generally, it is known that prevention with a plurality of lips is more excellent than prevention with one lip
when a foreign matter enters from the outside, and a plurality of seals are often used in an overlapping manner. In Patent
Literatures 7 and 8, even in a case of one seal, a plurality of lips are provided, and an effect similar to that of a case
where a plurality of seals are overlapped is expected. Further, in Patent Literature 9, constant seal efficiency is secured
regardless of a sliding direction by arranging lips symmetrically with respect to a core metal.

Citation List

Patent Literature

[0007]

Patent Literature 1: WO2016/152123 (FIG. 9)
Patent Literature 2: JP-A-2005-114034 (FIGS. 9 and 10)
Patent Literature 3: JP-A-S63-77622
Patent Literature 4: JP-A-2014-219025
Patent Literature 5: JP-A-2005-291341
Patent Literature 6: JP-A-H7-12626
Patent Literature 7: JP-A-2010-84811
Patent Literature 8: JP-A-11-287245
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Patent Literature 9: JP-A-2002-266858
Patent Literature 10: JP-A-2014-163482

Summary of Invention

Technical Problem

[0008] However, with respect to the linear motion guide device disclosed in Patent Literature 1, there is no specific
description of fixing the lip member to the holding member. For this reason, for example, when the lip member is fixed
to the holding member with a screw with the lip member sandwiched therebetween, a restraining force is weak, and
there is a concern about positional displacement of the lip member.
[0009] In addition, with respect to the guide device disclosed in Patent Literature 2, the foreign matter entry prevention
plate body is bonded to the foreign matter entry prevention plate accommodating case with an adhesive, but the man-
ufacturing is complicated, and there is concern about increase in cost.
[0010] Further, with respect to the ball slide way disclosed in Patent Literature 3, the manufacturing is complicated
since the synthetic rubber is attached to the iron plate portion, and there is a problem in seal efficiency since the iron
plate portion abuts on the lower end surface, which is provided with a step, of the lower guide portion.
[0011] In addition, with respect to seal shapes thereof, the seal efficiency is improved, and a seal friction force tends
to increase. As disclosed in Patent Literatures 7 and 9, when n lips of a same shape are brought into contact with each
other, seal friction is n times. As disclosed in Patent Literature 8, even if the lip shapes are changed, the seal friction
force basically increases. Since the lips are disposed side by side, a width dimension of all the lips is larger than that of
a standard single lip.
[0012] For this reason, the seals disclosed in Patent Literatures 7, 8, and 9 have large seal friction and large lip width
dimensions, which may cause a problem depending on use conditions, although seal efficiency thereof are improved.
[0013] With respect to a seal disclosed in Patent Literature 10, an outermost lip and an inner lip do not come into
contact with a counterpart component at the same time and only the outermost lip is in contact with the mating component,
and in this case the seal friction force is small. However, when interference is increased and a plurality of lips are brought
into contact with each other, the seal friction increases and the plurality of lips are in contact with each other, and thus
the effect of multiple lips as in Patent Literatures 7 and 9 cannot be expected. Further, since being a laminated seal, the
width dimension of the entire seal is increased, and application may be difficult depending on an application position of
the seal.
[0014] The present invention has been made in view of the above-described problems, and a first object thereof is to
provide a linear motion guide device including an under seal which can be assembled at low cost and with high accuracy,
and a method for assembling the linear motion guide device. Further, a second object of the present invention is to
provide a linear motion guide device that allows to use a contact state properly according to an application and that is
capable of improving the seal efficiency with a width dimension equivalent to that of a single lip seal.

Solution to Problem

[0015] The object of the present invention is achieved with the following configuration.

(1) A linear motion guide device, comprising:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes:

a seal member that includes a seal member body, a lip portion and a fitting hole, wherein the seal member
body extends in a longitudinal direction of the slider, wherein the lip portion is formed at a tip in a direction
of extending from the seal member body toward the guide rail and has a main lip in contact with the guide
rail, and wherein the fitting hole penetrates the seal member body; and
a seal cover that includes a fitting protrusion in which an opening is formed, and that holds the seal member,
and
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the fitting protrusion is fitted into the fitting hole, and with the fitting protrusion in a state of abutting on a fixing
surface of the slider, the under seal is attached to the slider as a fastening member penetrating the opening is
fastened to the slider.

(2) A linear motion guide device, comprising:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes:

a seal member that includes a seal member body and a lip portion, wherein the seal member body extends
in a longitudinal direction of the slider, and wherein the lip portion is formed at a tip in a direction of extending
from the seal member body toward the guide rail and has a main lip in contact with the guide rail; and
a seal cover that holds the seal member, and

an auxiliary lip protruding outward is further formed on a surface of the lip portion in contact with the guide rail,
the auxiliary lip is formed between a section to a connection portion connected to the seal member body.

Advantageous Effects of Invention

[0016] According to the configuration (1) of the present invention, the fitting protrusion of the seal cover is fitted into
the fitting hole of the seal body, and with the fitting protrusion in a state of abutting on the fixing surface of the slider, the
fastening member penetrating the opening is fastened to the slider, so that the under seal can be appropriately positioned.
Accordingly, it is possible to provide a linear motion guide device including an under seal which can be assembled at
low cost and with high accuracy, and a method for assembling the linear motion guide device.
[0017] Further, according to the configuration of (2) of the present invention, since an auxiliary lip protruding outward
is further formed on a surface of the lip portion in contact with the guide rail, the auxiliary lip is formed between a section
to a connection portion connected to the seal member body, it is possible to properly use the contact state according to
the use, and to improve the seal efficiency with a width dimension equivalent to that of the single lip seal.

Brief Description of Drawings

[0018]

FIG. 1 is a perspective view of a linear motion guide device according to a first embodiment of the present invention.
FIG. 2 is a perspective view of a slider to which an under seal is attached.
FIG. 3 is a perspective view illustrating a state where the under seal is removed from the slider.
FIG. 4 is a cross-sectional view of the linear motion guide device of FIG. 1.
FIG. 5A is a front view of a seal member, FIG. 5B is a side view of the seal member, and FIG. 5C is a cross-sectional
view taken along a line V-V in FIG. 5A.
FIG. 6A is a front view of a holding member, FIG. 6B is a side view of the holding member, and FIG. 6C is a cross-
sectional view taken along a line VI-VI in FIG. 6A.
FIG. 7A is a cross-sectional view illustrating a state that is before the seal member being assembled to the holding
member, and FIG. 7B is a cross-sectional view illustrating a state that is after the seal member being assembled to
the holding member.
FIG. 8 is a cross-sectional view taken along a line VIII-VIII of in FIG. 4.
FIG. 9 is a view of the part in FIG. 4 as viewed in a direction indicated by an arrow IX in FIG. 4.
FIG. 10 is a cross-sectional view of the linear motion guide device, which is taken orthogonally to an axis and is
different from that of FIG. 4.
FIG. 11 is a view of an under seal according to a first modification of the present embodiment, as viewed from a
slider side.
FIG. 12A is a front view of a seal member according to a second modification of the present embodiment, and FIG.
12B is a cross-sectional view taken along a line XII-XII in FIG. 12A.
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FIG. 13 is a perspective view of a seal member according to a third modification of the present embodiment.
FIG. 14 is a cross-sectional view of a slider to which an under seal according to a third modification is attached.
FIG. 15 a cross-sectional view of a guide rail and a slider according to a second embodiment, which is taken along
a direction orthogonal to a longitudinal direction of the guide rail.
FIG. 16A is a front view of a seal member according to the second embodiment, and FIG. 16B is a cross-sectional
view taken along a line XVI-XVI in FIG. 16A.
FIG. 17A and FIG. 17B are cross-sectional views of an under seal according to a third embodiment, which are similar
to those of FIG. 7.
FIG. 18A is a front view of a seal member according to a fourth embodiment, FIG. 18B is a side view of the seal
member, and FIG. 18C is a cross-sectional view taken along a line XVIII-XVIII in FIG. 18A.
FIG. 19A is a front view of a seal cover according to the fourth embodiment, FIG. 19B is a side view of the seal
cover, and FIG. 19C is a cross-sectional view taken along a line XIX-XIX in FIG. 19A.
FIG. 20A is a cross-sectional view illustrating a state that is before the seal member being assembled to the seal
cover in the fourth embodiment, and FIG. 20B is a cross-sectional view illustrating a state that is after the seal
member being assembled to the seal cover.
FIG. 21A is a cross-sectional view illustrating a slider, and a jig according to a fifth embodiment that is used when
assembling an under seal to the slider, and FIG. 21B is a partial enlarged view thereof.
FIG. 22A is a cross-sectional view illustrating a slider and another jig that is used when an under seal according to
a modification of the fifth embodiment is assembled to the slider, and FIG. 22B is a partial enlarged view thereof.
FIG. 23A and FIG. 23B are views of the under seal according to the modification of the fifth embodiment as viewed
from a slider side.
FIG. 24 is a schematic cross-sectional view of a guide rail and a slider in a linear motion guide device according to
a sixth embodiment of the present invention, which is taken orthogonally to a longitudinal direction of the guide rail.
FIG. 25 is a partially exploded perspective view of the slider shown in FIG. 24.
FIG. 26 is a cross-sectional view illustrating an attachment state of an under seal to a slider body.
FIG. 27 is an enlarged cross-sectional view of an under seal taken orthogonally to a longitudinal direction.
FIG. 28A is an enlarged view of a main part of an under seal used in a low friction application, and FIG. 28B is an
enlarged view of a main part of an under seal used in a strict dustproof application.
FIG. 29 is an illustrative diagram illustrating a correlation between a circular arc radius and a protrusion amount of
an auxiliary lip.
FIG. 30 is a graph illustrating a correlation between a radius ratio and a cross-sectional area ratio of an auxiliary lip.
FIG. 31 is a reference diagram illustrating an auxiliary lip whose circular arc radius is less than a protrusion amount.
FIG. 32 is a cross-sectional view of an inner seal in a direction orthogonal to a longitudinal direction of a guide rail.
FIG. 33A is a front view of a side seal, and FIG. 33B is a cross-sectional view taken along a line XXXIII-XXXIII in
FIG. 33A.
FIG. 34A is a plan view in which a table of a transporting device including a linear motion guide device is omitted,
FIG. 34B is a front view of the transporting device in FIG. 34A which includes the table, and FIG. 34C is an enlarged
view of FIG. 34B.

Description of Embodiments

[0019] Hereinafter, linear motion guide devices according to embodiments of the present invention will be described
with reference to FIGS. 1 to 34.

(First Embodiment)

[0020] As illustrated in FIG. 1, a linear motion guide device according to a first embodiment includes a guide rail 1 that
extends in an axial direction, and a slider 2 that straddles the guide rail 1 and is assembled so as to be relatively movable
in an axial direction of the guide rail 1.
[0021] Upper and lower guide rail-side track surfaces 10 are formed on both left and right side surfaces 1a and 1a of
the guide rail 1 along the axial direction of the guide rail 1.
[0022] As illustrated in FIGS. 1 and 2, the slider 2 includes slider end surface components that are detachably attached
to both end portions of the slider body 2A in the axial direction, and a slider body 2A. As the slider end surface components,
an end cap 2B, a lubrication unit 21, a side seal 7, an attachment plate 19, and the like are exemplified. Other slider end
surface components include various dustproof components and the like.
[0023] The slider body 2A includes an upper portion 5 along an upper surface 1b of the guide rail 1 and two leg portions
6 extending downward from both left and right sides of the upper portion 5, and is formed to have a substantially U cross-
sectional shape. Similarly to the slider body 2A, the end caps 2B and 2B also have a substantially U cross-sectional
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shape so as to straddle the guide rail 1.
[0024] Further, the side seals 7 and 7 formed to have a cross-sectional shape similar to that of the end cap 2B are
mounted on an outer end surface of the end cap 2B. The side seals 7 and 7 are in sliding contact with the upper surface
1b and both left and right side surfaces 1a and 1a of the guide rail 1, and seal a gap between the guide rail 1 and the
slider 2, from above an opening of the gap and at an end surface side in the axial direction of the slider 2.
[0025] Further, the lubrication unit 21 is made of a synthetic resin in which lubricating oil is contained in a large number
of air bubbles, is provided between the end cap 2B and the side seal 7, and is capable of supplying the lubricating oil
to the guide rail-side track surface 10 for a long period of time.
[0026] The side seals 7, the lubrication unit 21, and the end caps 2B are fastened and fixed to the slider body 2A by
screws 25 or the like via the attachment plate 19.
[0027] Further, the side seals 7 and the lubrication unit 21 also have a substantially U cross-sectional shape so as to
straddle the guide rail 1. That is, in the slider body 2A, the end caps 2B, the lubrication unit 21, and the side seals 7, a
recessed portion for accommodating the guide rail 1 is formed. A recessed portion 60A of the slider body 2A is illustrated
in FIG. 24, which will be described below, and a recessed portion 60B of each end cap 2B, a recessed portion 60C of
the lubrication unit 21, and a recessed portion 60D of the side seal are illustrated in FIG. 2.
[0028] As illustrated in FIG. 4, two slider-side track surfaces 11 (only one is illustrated in FIG. 4) facing the two guide
rail-side track surfaces 10 respectively are formed on an inner side surface of each leg portion 6 of the slider body 2A.
[0029] Further, a rolling element rolling path 13 having a substantially rectangular cross-sectional shape and extending
in the axial direction is formed on both sides between the guide rail-side track surface 10 of the guide rail 1 and the
slider-side track surface 11 of the slider 2. In the rolling element rolling path 13, a plurality of cylindrical rollers 3 as rolling
elements are rotatably mounted and are held by a retainer 8, and the slider 2 moves in the axial direction along the
guide rail 1 via rolling of the cylindrical rollers 3.
[0030] A spacer (not illustrated) is interposed between the plurality of cylindrical rollers 3, and the cylindrical rollers 3
are guided by the spacer to roll in the rolling element rolling path 13.
[0031] Further, a rolling element return hole 16 that is parallel to the rolling element rolling path 13 and penetrates in
the axial direction is formed in both left and right leg portions 6 of the slider body 2A. A tubular member 18 having an
inner surface having a cross-sectional shape conforming to a shape of the cylindrical roller 3 is inserted into the rolling
element return hole 16, and constitutes a rolling element return passage 14 to which the plurality of cylindrical rollers 3
rolling in the rolling element rolling path 13 are returned. When the rolling element is a ball, a tubular member having a
substantially circular cross-sectional shape may be inserted into the rolling element return hole 16.
[0032] A curved direction change path connecting the rolling element rolling path 13 and the rolling element return
passage 14 is formed in the end cap 2B, and constitutes an endless circulation path together with the rolling element
rolling path 13 and the rolling element return passage 14.
[0033] Accordingly, when the slider 2 assembled to the guide rail 1 moves in the axial direction along the guide rail 1,
the cylindrical rollers 3 move in a same direction as the slider 2 with respect to the guide rail 1 while rolling in the rolling
element rolling path 13, and circulate in the endless circulation path.
[0034] As illustrated in FIG. 4, an attachment groove 8a for attaching an inner seal 20 is formed at a lower end of the
retainer 8. The inner seal 20 seals a gap between the side surface 1a of the guide rail 1 and an inner surface of the
retainer 8. Note that the inner seal 20 includes an opening-opposite-side inner seal 20b as illustrated in FIG. 24, which
will be described below, in addition to an opening side inner seal illustrated in FIG. 4.
[0035] Further, in order to seal, at a tip side of the leg portion 6, a gap between the side surface 1a of the guide rail 1
and an inner surface of the slider 2, an under seal 30 attached to the fixing surface of the slider 2, that is, a lower surface
6c of the slider body 2A is provided. The under seal 30 seals a gap formed between the guide rail 1 and each of the
slider 2, the lubrication unit 21 and the side seal 7. Hereinafter, the under seal 30 will be described.
[0036] As illustrated in FIGS. 3 to 6C, the under seal 30 includes a seal member 31 and a seal cover 32 for attaching
the seal member 31 to the leg portion 6. The seal cover 32 protrudes from the lower surface 6c of the leg portion 6
toward a guide rail 1 side.
[0037] As illustrated in FIG. 5, the seal member 31 made of a soft material such as rubber or resin has an elongated
rectangular plate-like seal member body 31a extending in a longitudinal direction of the slider 2, and a lip portion 31b
that is formed at a tip in a direction of extending from the seal member body 31a toward the guide rail 1 and that has a
blade-like main lip 31g in contact with the guide rail 1. A plurality of (three in the present embodiment) circular fitting
holes 31c are formed in the seal member body 31a at predetermined intervals and penetrate the seal member body 31a
in a thickness direction thereof. The seal member 31 has a body-side lip portion 31e that protrudes toward the lower
surface 6c of the slider body 2A and a lower surface of a slider end portion component and that extends along a moving
direction of the slider 2.
[0038] It is preferable that the material constituting the seal member 31 has relatively high elasticity and abrasion
resistance so as to improve sealing performance and service life thereof. As an example of the seal member 31, a rubber
material having oil resistance such as nitrile rubber or fluororubber, or a thermoplastic polyester elastomer is preferable.
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Although soft steel can also be used, since abrasion of a contact portion is concerned, it is necessary to reduce a lip
thickness as much as possible so as to obtain a spring property.
[0039] As illustrated in FIG. 6, the seal cover 32 made of hard plastic, metal (steel), or the like has an elongated
rectangular plate-like bottom wall portion 32a, a side wall portion 32b connected and bent from the bottom wall portion
32a along one edge of the bottom wall portion 32a, and an end wall portion 32c connected and bent from the bottom
wall portion 32a at both ends in a longitudinal direction of the bottom wall portion 32a. In the bottom wall portion 32a, a
plurality of fitting protrusions 32d (three in the present embodiment) are formed at positions away from the side wall
portion 32b and the end wall portion 32c and at a same pitch as the fitting holes 31c, and protrude toward a side to which
the side wall portion 32b and the end wall portion 32c are bent. A circular opening 32e is formed in a top wall of each
fitting protrusion 32d. The bottom wall portion 32a is a flat surface having no step except for the fitting protrusions 32d.
[0040] Particularly, in the present embodiment, the seal cover 32 is made of a metal plate material having a uniform
thickness, and the side wall portion 32b and the end wall portion 32c are all formed by being bent from the bottom wall
portion 32a. Therefore, as illustrated in FIG. 6, a thickness t1 of the side wall portion 32b is substantially equal to a
thickness t2 of the end wall portion 32c.
[0041] Further, as illustrated in FIG. 7A, an inner peripheral surface of the fitting hole 31c of the seal member 31 is
an inner tapered surface 31d in a tapered shape (truncated cone shape), and an outer peripheral surface of the fitting
protrusion 32d of the seal cover 32 is an outer tapered surface 32f in a tapered shape (truncated cone shape) whose
diameter decreases as getting away from the bottom wall portion 32a.
[0042] Therefore, as illustrated in FIG. 7B, when the seal member 31 is assembled to the seal cover 32, the inner
tapered surface 31d and the outer tapered surface 32f are in contact with each other, and the fitting hole 31c and the
fitting protrusion 32d are fitted to each other and positioned relative to each other. Accordingly, a position of the lip portion
31b is determined with respect to the opening 32e through which a screw 33 (FIG. 4) is inserted. Even if the seal member
31 is to be assembled upside down, the fitting hole 31c and the fitting protrusion 32d cannot be fitted together. Therefore,
by proper fitting between the fitting hole 31c and the fitting protrusion 32d, the lip portion 31b is set in a downward
orientation as a prescribed orientation, thereby preventing erroneous assembling. Further, by preventing displacement
of the seal member 31 with respect to the seal cover 32, a restraining force of the seal also increases.
[0043] Further, the under seal 30 in which the seal member 31 and the seal cover 32 are integrated is attached to the
lower surface 6c of the leg portion 6 using the screw (fastening member) 33. Specifically, the under seal 30 is disposed
in such a manner that the seal member 31 is sandwiched between the seal cover 32 and the lower surface 6c of the leg
portion 6, and thereafter, the screw 33 is inserted to pass through the opening of the fitting protrusion 32d and the fitting
hole 32e and screwed into a screw hole 6b formed in the lower surface 6c of the leg portion 6. Accordingly, the seal
member 31 can be fixed to the lower surface 6c of the leg portion 6 via the seal cover 32.
[0044] Referring to FIGS. 8 and 10, a thickness A1 of the side wall portion 32b in a height direction is designed to be
substantially equal to a thickness A2 of the end wall portion 32c in a height direction.
[0045] The seal cover 32 of the present embodiment is fixed with the screw 33, and alternatively, may be fixed using
another fastening member such as a rivet.
[0046] At this time, since the position of the lip portion 31b is determined with respect to the opening 32e as described
above, the main lip 31g can abut on the side surface 1a of the guide rail 1 at an appropriate abutment margin. Further,
since an upper end of the fitting protrusion 32d directly abuts on the lower surface 6c, reliable fastening is possible and
excessive compression of the seal member 31 is prevented, thereby preventing deformation and breakage of the seal
member 31. A head of the screw 33 is accommodated in a space SP in the fitting protrusion 32d and does not protrude
downward from the seal cover 32, and interference with other components can be prevented.
[0047] Here, in the present embodiment, the lip portion 31b of the seal member 31 which is inclined toward the guide
rail 1 is formed over an entire length of the seal member 31 in a longitudinal direction thereof (same direction as a
longitudinal direction of the guide rail 1). The main lip 31g of the lip portion 31b abuts on the side surface 1a of the guide
rail 1, and is in sliding contact with the side surface 1a of the guide rail 1 when the slider 2 and the guide rail 1 move
relative to each other. In the linear motion guide device, the lip portion 31b prevents a foreign matter from entering
between the side surface 1a of the guide rail 1 and the slider 2.
[0048] The body-side lip portion 31e extends along the moving direction of the slider 2 on a surface that faces the
lower surface 6c of the slider body 2A and lower surfaces of the slider end surface components, and abuts on both the
lower surface 6c of the slider body 2A and the lower surfaces of the slider end surface components. The pair of body-
ide lip portions 31e are spaced apart from each other in a direction orthogonal to the longitudinal direction of the guide
rail 1 (a width direction of the seal member 31) and are provided parallel to each other. In the linear motion guide device,
entry of a foreign matter from an abutting surface between the lower surface 6c of the slider body 2A and the under seal
30 can be prevented by the body-side lip portion 31e. In the present embodiment, each of the pair of body-side lip
portions 31e is formed such that an apex side thereof in contact with the lower surface 6c of the slider body 2A has a
triangular cross-sectional shape.
[0049] Accordingly, the under seal 30 abuts on both the lower surface 6c of the slider body 2A and the lower surfaces
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of the slider end surface components (as illustrated in FIG. 8, a lower surface 26 of the end cap 2B, a lower surface 27
of the lubrication unit 21, a lower surface 28 of the side seal 7, and a lower surface 29 of the attachment plate 19).
Further, the under seal 30 covers the lower surface 6c of the slider body 2A and the lower surfaces of the slider end
surface components over substantially an entire length of the slider 2 in the moving direction.
[0050] Therefore, even if there is a step in the lower surface 6c of the slider body 2A or in the lower surface 6c of the
slider end surface components, the body-side lip portion 31e is deformed to abut on each lower surface 6c. Therefore,
there is no occurrence of a gap between the body-side lip portion 31e and the lower surfaces of the slider 2 and the
slider end surface components, and a high dustproof property and waterproof property can be maintained.
[0051] The pair of body-side lip portions 31e are disposed parallel to each other and in line symmetry with the fitting
hole 31c interposed therebetween. That is, since the plurality of body-side lip portions 31e are disposed at symmetrical
positions with respect to a center of the fitting hole 31c, it is possible to uniformly pressurize the body-side lip portions
31e of both sides. Accordingly, reliable seal efficiency can be obtained, and a high dustproof property and waterproof
property can be maintained.
[0052] Further, according to the present embodiment, the seal member 31, including a periphery of the fitting hole
31c, is sandwiched and fixed by the bottom wall portion 32a of the seal cover 32, so that stable attachment can be
performed.
[0053] Particularly, according to the present embodiment, since the side wall portion 32b and the end wall portion 32c
that have a height corresponding to a thickness of the seal member 31 are provided in the seal cover 32, side surfaces
and end surfaces of the seal member 31 are covered and thus protected. When assembled, the lip portion 31b having
the main lip 31g abutting on the side surface 1a of the guide rail 1 is protected by the bottom wall portion 32a of the seal
cover 32. Accordingly, the seal member 31 can also be protected in a case where other components are brought into
contact with the under seal 30 due to undesired handling or the like. At the same time, since rigidity of the seal cover
32 is increased by providing the side wall portion 32b and the end wall portion 32c, it is possible to reliably attach the
under seal 30 to the leg portion 6 while using a lightweight component.
[0054] When a metal plate material is bent to form the side wall portion 32b and the end wall portion 32c of the seal
cover 32, a force for entire deformation is increased even if a thin plate material is used for weight reduction, and a
uniform and large force is applied to the seal member 31 by fastening of the screw 33. Further, since the seal member
31 is continuous over the entire length of the slider 2 and also in the periphery of the fitting hole 31c, a close contact
with the lower surface 6c of the leg portion 6 by fastening the screw 33 is possible. Therefore, sealing performance
between the seal member 31 and the slider 2 is improved, and the entry of a foreign matter such as a liquid or fine dust
therefrom can be prevented. Note that in order to avoid interference with the lip portion 31b, a side surface of the seal
cover 32 on a lip portion 31b side is not erected, and the lip portion 31b is unlikely to be damaged since a gap between
the side surface 1a and the seal cover 32 is small.
[0055] Further, by forming the end wall portion 32c by bending the metal plate material at end sides in the longitudinal
direction of the seal, protection for the sealing member 31 in a traveling direction thereof is possible, the seal member
31 is less likely to deform even when coming into contact with a large foreign matter or a hard foreign matter, and it is
possible to reduce a possibility that the sealing member 31 is damaged and sealing performance thereof deteriorates.
[0056] Further, since the seal cover 32 covers the side surface and end surfaces of the seal member 31, an advantage
is presented that the seal member 31 is not exposed to the air or a foreign matter environment and deterioration over
time can be suppressed. Accordingly, the seal member 31 is less likely to deform even when coming into contact with
a large foreign matter or a hard foreign matter, and it is possible to reduce the possibility that the sealing member 31 is
damaged and the sealing performance thereof deteriorates.
[0057] According to the linear motion guide device including an under seal according to the present embodiment, a
long service life driving is possible even in a foreign matter environment such as dust and a liquid, and therefore, an
increase of service life in multiple environments of the linear motion guide device can be realized in applications such
as large machines and automobiles.
[0058] The thickness A1 of the side wall portion 32b in the height direction is substantially equal to the thickness A2
of the end wall portion 32c in the height direction. Therefore, the seal member 31 having a uniform thickness can be
uniformly covered by the side wall portion 32b and the end wall portion 32c, and high dustproof performance can be
secured.
[0059] Further, as illustrated in FIG. 6, the thickness t1 of the side wall portion 32b is substantially equal to the thickness
t2 of the end wall portion 32c. Therefore, since the seal cover 32 can be made by bending a plate material having a
certain thickness to erect the end wall portion 32c and the side wall portion 32b, the manufacturability is good.
[0060] In the seal cover 32 illustrated in FIG. 6, an end surface edge of the end wall portion 32c and an end surface
edge of the side wall portion 32b are brought into contact with each other, and a space C is formed between an end
surface of the end wall portion 32c and an end surface of the side wall portion 32b. Therefore, the end wall portion 32c
and the side wall portion 32b can be erected independently, and a manufacturing difficulty level at the time of erecting
is reduced, which leads to cost reduction.
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[0061] With respect to an under seal 130 illustrated in FIG. 11 serving as a modification of the present embodiment,
an end surface of the end wall portion 32c may abut on a side surface of the side wall portion 32b in a seal cover 132.
[0062] Next, a shape of the leg portion 6 will be described with reference to FIG. 4. As described above, the leg portion
6 of the slider 2 is formed with the rolling element return hole 16 to which the cylindrical rollers 3 rolling between the
guide rail-side track surface 10 and the slider-side track surface 11 are returned, and the screw hole 6b into which the
screw 33 is screwed.
[0063] Here, in FIG. 4, a center of the screw hole 6b is disposed between the rolling element return hole 16 and the
slider-side track surface 11 in a width direction of the slider 2. When a distance from the center of the screw hole 6b to
an outer side surface away from the guide rail 1 in the under seal 30 is taken as W3, and a distance from the center of
the screw hole 6b to a center of the rolling element return hole 16 is taken as W4, then W3 ≥ W4.
[0064] Since the lower surface (fixing surface) 6c of the leg portion 6 to which the under seal 30 is fixed is formed in
the same plane without a step, and W3 ≥ W4, the lower surface 6c having a sufficient width in a left-right direction is
provided. Therefore, the under seal 30 can be reliably and closely fixed to the lower surface 6c of the leg portion 6, and
the dustproof property and the waterproof property can be reliably maintained.
[0065] Further, in FIG. 4, when a distance from a surface 6d on the guide rail 1 side of the slider 2, which is continuous
with the lower surface 6c of the leg portion 6 and intersects the lower surface 6c, to the center of the screw hole 6b is
taken as W1 and a distance from a closest portion on the guide rail 1 side of the rolling element return hole 16 to the
center of the screw hole 6b is taken as W2, W1 ≥ W2 is established.
[0066] That is, in an lower end of the leg portion 6, a fixing surface expansion portion 6f protruding toward the guide
rail 1 side with respect to an inner side surface 6e of the leg portion 6 which is most far from the guide rail 1 in the left-
right direction is provided, so that the lower surface 6c is extended and the distance W1 to the surface 6d is increased.
Accordingly, the under seal 30 can be reliably attached to the lower surface 6c. With such a configuration, a thickness
from the screw hole 6b to the surface 6d can be sufficiently secured. Therefore, deformation, overheating and the like
during heat treatment can be prevented, and the manufacturability is good.
[0067] Further, when a minimum distance from the inner side surface 6e of the slider 2, which is most far from the
guide rail 1 in the left-right direction, to the center of the screw hole 6b is take as T1, W1 > T1 is established.
[0068] As described, by providing the fixing surface expansion portion 6f in the lower end of the leg portion 6 such
that W1 > T1, the lower surface 6c can be further widened. Accordingly, the under seal 30 can be reliably and closely
fixed to the lower surface 6c.
[0069] From a viewpoint of preventing deformation, overheating and the like during heat treatment, it is preferable that
T1 ≥ 1 mm. Further, it is preferable that T1 and W2 are substantially equal, and it is more preferable that W2 = T1.
Accordingly, a thickness of the leg portions 6 in the width direction from the screw hole 6b can be made substantially
uniform, and deformation and overheating during the heat treatment can be prevented.
[0070] The dimensions W1, W2, W3, W4, and T1 are all distances in the width direction of the slider 2.
[0071] In the embodiment described above, the pair of body-side lip portions 31e are formed so as to pass through
the fitting holes 31c due to restriction of a dimension of the seal member 31 in the width direction. However, the pair of
body-side lip portions 31e of the seal member 131 may be formed along the moving direction of the slider 2, on outer
sides of the fitting holes 31c without passing through the fitting holes 31c in the width direction of a seal member 131
as a modification illustrated in FIG. 12. Therefore, even if a liquid enters from the fitting hole 31c, the body-side lip portion
31e of the present embodiment more reliably prevents inward entry of the liquid to the slider 2.
[0072] The seal member 31 is provided with a pair of body-side lip portions 31e in the present embodiment, and the
present invention is not limited thereto. Alternatively, the body-side lip portion 31e may be any number of one or more.
In addition, in a case of one body-side lip portion 31e, it is preferable that the body-side lip portion 31e is disposed only
on a side surface 1a side of the guide rail 1 from the viewpoint of dustproof property and waterproof property.
[0073] Further, as a modification illustrated in FIGS. 13 and 14, an under seal 230 may include, in a seal member 231,
a pair of end lip portions 31f (only one illustrated in the drawings) that extend in a direction orthogonal to the guide rail
1 (a width direction of the seal member 231) and that are connected to end portions in an extending direction of the
body-side lip portion 31e.
[0074] Each of the pair of end lip portions 31f is connected to two ends of the pair of body-side lip portions 31e in the
extending direction. Therefore, the pair of body-side lip portions 31e and the pair of end lip portions 31f define a space
surrounded by ridge lines from four sides. The fitting holes 31c are disposed in this space. In this space, the under seal
230 abuts on the lower surface 6c of the slider body 2A to form a closed space 69. Therefore, even if a liquid enters
from the fitting hole 31c, the liquid remains in the closed space 69, and inward entry of the liquid to the slider 2 is prevented.
[0075] In the under seal 230 according to this modification, the end lip portions 31f abut on on lower surfaces of the
slider end surface components (the lower surface 29 of the attachment plate 19 and the lower surface 28 of the side
seal 7). Entry of a foreign matter from an abutting surface between the under seal 230 and the lower surfaces of the
slider end surface components is prevented by the end lip portions 31f.
[0076] When the screw 33 is tightened, the pair of body-side lip portions 31e and the end lip portions 31f are elastically
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deformed at the time when an upper end of the fitting protrusion 32d abuts on the lower surface 6c of the slider body
2A, and an upper surface of the seal member body 31a also comes into contact with the lower surface 6c. Accordingly,
the closed space 69 is not visible, but in FIG. 14, the closed space 69 is illustrated for convenience of description.

(Second Embodiment)

[0077] Next, an under seal 330 according to a second embodiment will be described with reference to FIGS. 15 and
16. In the embodiment described above, the seal cover 32 is formed by pressing a metal plate material, but a seal cover
332 of the present embodiment is formed by resin injection molding as illustrated in FIG. 15.
[0078] In the seal cover 332, the fitting protrusion 32d does not have the space SP for accommodating a head of the
screw 33, and the head of the screw 33 protrudes downward from the bottom wall portion 32a of the seal cover 32. In
this case, the opening 32e formed in the fitting protrusion 32d is formed of a through-hole having a uniform inner diameter
along a thickness direction of the under seal 30, and an outer peripheral surface of the fitting protrusion 32d is in a
tapered shape as in the first embodiment.
[0079] As illustrated in FIG. 16, the fitting hole 31c having a tapered shape is formed in a seal member 331 so as to
fit with the fitting protrusion 32d, in accordance with a shape of the seal cover 332.
[0080] Other configurations and operations are the same as those of the first embodiment described above.

(Third Embodiment)

[0081] Next, an under seal 430 according to a third embodiment will be described with reference to FIGS. 17A and
17B. As illustrated in FIG. 17A, a seal cover 432 of the present embodiment has the side wall portion 32b and the end
wall portions 32c removed as compared with the seal cover 32 of the first embodiment. Accordingly, manufacturing cost
of a seal cover 432 can be reduced. The seal member 31 is the same as those of the above-described embodiments.
[0082] Also in the present embodiment, when the seal member 31 is assembled to the seal cover 432, the inner
tapered surface 31d and the outer tapered surface 32f are brought into contact with each other, so that the fitting hole
31c and the fitting protrusion 32d are fitted to each other to be positioned relative to each other.
[0083] Other configurations and operations are the same as those of the first embodiment described above.

(Fourth Embodiment)

[0084] Next, an under seal 530 according to a fourth embodiment will be described with reference to FIGS. 18A to
20B. The under seal 530 of the present embodiment includes a seal member 531 and a seal cover 532 for attaching
the seal member 531 to the leg portion 6.
[0085] As illustrated in FIGS. 18A to 18C, the seal member 531 has a plurality of (three in the present embodiment)
rectangular fitting holes 31c at predetermined intervals. As illustrated in FIG. 20A, one side surface of the fitting hole
31c is an inner tapered surface 31d1. Meanwhile, as illustrated in FIGS. 19A to 19C, the seal cover 532 has, in the
bottom wall portion 32a, a plurality of (three in the present embodiment) fitting protrusions 32d having a rectangular
cross-sectional shape at a same pitch as the fitting holes 31c. The circular opening 32e is formed in a top wall of each
fitting protrusion 32d. As illustrated in FIG. 20A, one side surface of the fitting protrusion 32d is an outer tapered surface
32f1. That is, the fitting protrusion 32d of the present embodiment is formed by cutting a part of a plate material in a
rectangular shape, and the fitting hole 31c is formed in accordance with this shape.
[0086] Therefore, as illustrated in FIG. 20B, when the seal member 531 is assembled to the seal cover 532, the inner
tapered surface 31d1 and the outer tapered surface 32f1 come into contact with each other, and the fitting hole 31c and
the fitting protrusion 32d are fitted to each other and positioned relative to each other. Accordingly, a position of the lip
portion 31b is determined with respect to the opening 32e through which the screw 33 (FIG. 4) is inserted.
[0087] Other configurations and operations are the same as those of the first embodiment described above.

(Fifth Embodiment)

[0088] In a fifth embodiment, a method for assembling the linear motion guide device by using the under seal 30 of
the first embodiment will be described. FIG. 21 is a cross-sectional view illustrating the slide 2, and a jig 40 according
to the present embodiment which is used when assembling the under seal 30 to the slider 2. A cross-sectional shape
of the jig 40 is similar to that of the guide rail 1, but the jig 40 and the guide rail 1 are different in that a recessed groove
42 is provided along the axial direction on a side surface (facing surface) 41 facing the leg portion 6, and that the side
surface 41 protrudes further toward a leg portion 6 side than the side surface 1a of the guide rail 1.
[0089] Hereinafter, a method for assembling the under seal 30 to the slider 2 by using the jig 40 will be described.
First, as illustrated in FIG. 21, the jig 40 is disposed in the slider 2. Next, in a state where an inner side edge of the seal
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cover 32 of the under seal 30 abuts on the side surface 41 of the jig 40, the lip portion 31b of the seal member 31 is
accommodated in the recessed groove 42, and the under seal 30 is attached to the leg portion 6 using the screw 33
(adjusting step). By fixing the under seal 30 to the leg portion 6 such that the inner side edge of the seal cover 32 abuts
on the side surface 41, an abutment margin of the main lip 31g of the lip portion 31b of the seal member 31 is appropriate.
[0090] Thereafter, the jig 40 is removed and the guide rail 1 is assembled (assembling step). As described above,
since the seal member 31 is positioned with respect to the seal cover 32 with high accuracy, the seal cover 32 abuts on
the side surface 41, so that the abutment margin of the main lip 31g is secured with high accuracy when assembling
the guide rail 1. Since the seal cover 32 is not in contact with the side surface 1a of the guide rail 1 when the guide rail
1 is assembled (see FIG. 4), there is no occurrence of damaging the guide rail 1.
[0091] FIG. 22 is a cross-sectional view illustrating the slider 2, and another jig 40A according to a modification of the
present embodiment which is used when assembling the under seal 30 to the slider 2. The jig 40A includes a base 43
disposed with respect to the slider 2, and a block-shaped adjustment portion 44 whose position is adjustable with respect
to the base 43. The base 43 has a shape similar to that of the guide rail 1, and forms the recessed groove 42 together
with an upper surface of the adjustment portion 44. The position of the adjustment portion 44 can be adjusted with
respect to the base 43, and further the adjustment portion 44 is fastened to the base 43 with a screw 45.
[0092] Hereinafter, a method for assembling the under seal 30 to the slider 2 by using the jig 40A will be described.
In a pre-process, positional adjustment is performed in advance such that a side surface 46 of the adjustment portion
44 abuts on an inner side edge of the seal cover 32 of the under seal 30 at an appropriate position, and while maintaining
such a state, the adjustment portion 44 is fastened to the base 43 with the screw 45.
[0093] Next, as illustrated in FIG. 22, the jig 40A is disposed in the slider 2, and in a state where the inner side edge
of the seal cover 32 of the under seal 30 abuts on the side surface 46 of the adjustment portion 44, the lip portion 31b
of the seal member 31 is caused to be accommodated in the recessed groove 42 of the base 43, and the under seal 30
is attached to the leg portion 6 using the screw 33.
[0094] Thereafter, the jig 40 is removed, and the guide rail 1 is assembled. According to the modification of the present
embodiment, since the position of the side surface 46 of the adjustment portion 44 which abuts on the inner side edge
of the seal cover 32 can be finely adjusted, an abutment margin of the main lip 31g of the lip portion 31b can be finely
adjusted.
[0095] Other configurations and operations are the same as those of the first embodiment described above.
[0096] When assembling the under seal 30 to the slider 2 by using the jig 40 or 40A, the position of the seal cover 32
is preferably adjustable so as to appropriately abut on the side surface 41 or the side surface 46. Therefore, in the
present embodiment, as in a seal cover 832 illustrated in FIG. 23A, an inner diameter ϕ2 of the opening 32e may be
increased with respect to an outer diameter of the screw 33.
[0097] Alternatively, as in a seal cover 932 illustrated in FIG. 23B, the opening 32e may be a long hole whose longitudinal
direction is a direction orthogonal to the axis of the guide rail 1. Accordingly, a gap is formed between the opening 32e
and the screw 33 at least in the direction orthogonal to the axis of the guide rail 1, and the seal covers 832 and 932 can
appropriately abut on the side surface 41 or the side surface 46.
[0098] When the seal covers 832 and 932 illustrated in FIGS. 23A and 23B are used, the fitting hole 31c of the seal
member is formed to correspond to the shape of the fitting protrusion 32d.

(Sixth Embodiment)

[0099] Next, a linear motion guide device according to a sixth embodiment will be described with reference to FIGS.
24 to 31. The present embodiment is different from the above-described embodiments in configuration of a seal com-
ponent including an under seal.
[0100] As illustrated in FIGS. 24 to 26, an under seal 630 of the present embodiment includes a seal member 631
that is formed in a plate shape and has one long side extending toward a side surface of the guide rail 1, and a seal
cover 632 for holding the seal member 631 and attaching the seal member 631 to the leg portion 6. Through-holes 31j
and 32g are formed in the seal member 631 and the seal cover 632, respectively.
[0101] As illustrated in FIG. 26, the screw 33 is inserted into the through-holes 31j and 32g, and is screwed into the
screw hole 6b formed in the slider body 2A. Accordingly, the under seal 630 is fastened and fixed to the slider body 2A
by the screw 33.
[0102] Here, a dimensional difference between an inner diameter of the through-holes 31j and 32g and an outer
diameter of the screw 33 is used as an adjustment amount of a seal fastening margin. When the dimensional difference
is insufficient as the adjustment amount of the seal fastening margin, the through-holes 31j and 32g may be formed as
long holes.
[0103] FIG. 27 is an enlarged cross-sectional view of the under seal 630 taken orthogonally to a longitudinal direction
thereof.
[0104] The under seal 630 includes the seal member body 31a extending in a longitudinal direction of the slider 2,
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and the lip portion 31b that is formed at a tip in a direction of extending from the seal member body 31a toward the guide
rail 1 (see FIG. 26) and that has the main lip 31g in contact with the guide rail 1.
[0105] The seal member body 31a is a plate-like member, and the lip portion 631b extends from a connection portion
31i side, which is one end in a plate thickness direction of the seal member body 31a, toward the other end in the plate
thickness direction. The lip portion 31b extends in a direction inclined from the plate thickness direction of the seal
member body 31a, and is rotatable about the connection portion 31i by elastic deformation.
[0106] An auxiliary lip 31h is formed on a surface of the lip portion 31b, which is in contact with the guide rail 1, between
a section from the main lip 31g to the connection portion 31i connected to the seal member body 31a. That is, the
auxiliary lip 31h is disposed between the main lip 31g serving as a contact start point with a contact counterpart side
and a rotation center (connection portion 31i) of the main lip 31g. The auxiliary lip 31h has a circular arc-shaped cross
section orthogonal to the longitudinal direction, and is formed to protrude outward (toward the contact counterpart side).
In a no-load state, the main lip 31g is away from the seal member body 31a by a distance L from the connection portion
31i. The distance L is appropriately set according to a material, application, or the like of the seal member.
[0107] FIG. 28A is an enlarged view of a main part of the under seal 630 used in a low friction application, and FIG.
28B is an enlarged view of a main part of the under seal 630 used in a strict dustproof application.
[0108] Since the auxiliary lip 31h is disposed between the main lip 31g and the connection portion 31i serving as the
rotation center of the lip portion 31 b, it is possible to easily adjust a contact state with the contact counterpart side or
adjust to non-contact in accordance with deformation of the lip portion 31b by the above-described fastening margin.
[0109] That is, a state illustrated in FIG. 28A is a single-lip seal state where only the main lip 31g comes into contact
with the guide rail 1 that is a contact counterpart, and the seal is with low friction force. On the other hand, a state
illustrated in FIG. 28B is a double-lip seal state where the main lip 31g and the auxiliary lip 31h both come into contact
with the guide rail 1, and sealing efficiency is improved. As described, the state where only the main lip 31g comes into
contact with the guide rail and the state where both the main lip 31g and the auxiliary lip 31h come into contact with the
guide rail can be selectively set in accordance with a pressing state of the under seal 630 toward the contact counterpart
side. That is, the single-lip state and the double-lip state can be selectively set, and the seal efficiency and sliding
resistance can be adjusted to an appropriate relationship according to an application purpose. Since the auxiliary lip
31h has a circular arc shape, a constant contact state of the under seal 630 can be secured even when the auxiliary lip
31h comes into contact with the counterpart component (the side surface of the guide rail 1) at any point thereof.
[0110] A width tr of the lip portion 31b in the thickness direction illustrated in FIG. 27 is smaller than a thickness t of
the seal member body 31a. Accordingly, a width dimension of a seal own body can be made equivalent to that of a
standard single-lip seal and a compact configuration is possible.
[0111] FIG. 29 is an illustrative diagram illustrating a correlation between a circular arc radius and a protrusion amount
of the auxiliary lip 31h.
[0112] The auxiliary lip 31h is formed such that a surface thereof in a vertical cross-section in the longitudinal direction
of the guide rail described above 1 has a circular arc shape. A contact point between the auxiliary lip 31h and the contact
counterpart side differs according to a deformation state of the lip portion 31b (see FIG. 27). If the auxiliary lip 31h is a
polygonal lip, the contact state may change depending on a position of the contact point, and as a result, seal friction
and seal efficiency may significantly change. In order to avoid the change as much as possible, it is preferable that the
auxiliary lip 31h is set in a circular arc shape. By setting the cross-sectional shape described above to a circular arc
shape for the auxiliary lip 31h, even when the contact point with the contact counterpart side changes according to the
deformation of the lip portion 31b, a constant contact state can be secured.
[0113] Further, a cross-sectional area S of the auxiliary lip 31h, which is determined by a circular arc having a circular
arc radius r and by a protrusion amount a that is a protrusion height from the surface of the lip portion 31b, is made as
small as possible, thereby reducing a contact area with the contact counterpart and reducing the seal friction. The cross-
sectional area S of the auxiliary lip 31h is determined by Expression (1) as a function of the circular arc radius r and the
protrusion amount a.

[0114] The cross-sectional area S is obtained by doubling a difference between a sector ABO and a triangle BCO that
are illustrated in FIG. 29, and is expressed by Expression (2).
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[0115] Based on the triangle BCO, a relationship between the circular arc radius r, a distance x, and the protrusion
amount a is expressed by Expression (3).

[0116] Expression (1) is derived by substituting Expression (3) into Expression (2).
[0117] FIG. 30 is a graph illustrating a correlation between a radius ratio (r/a) and an area ratio of the cross-sectional
area S of the auxiliary lip 31h.
[0118] A curve illustrated in FIG. 30 is a result of plotting a ratio of the cross-sectional area S to a cross-sectional area
S0, which is obtained in a case of r = a. The circular arc radius r is changed and the cross-sectional area S is calculated,
with the protrusion amount a set as a constant. If the circular arc radius r is 5 times or less of the protrusion amount a,
a decrease amount is steep, and the cross-sectional area can be significantly reduced.
[0119] FIG. 31 is a reference diagram illustrating the auxiliary lip 31h whose circular arc radius is less than the protrusion
amount.
[0120] When the circular arc radius r is less than 1 times of the protrusion amount a, a neck is formed at a joint portion
between the auxiliary lip 31h and the lip portion 31b. For this reason, a problem occurs in strength of the seal member.
An appropriate circular arc radius r of the auxiliary lip 31h is preferably 1 to 5 times of the protrusion amount a.
[0121] If the circular arc radius r is 5 times or less of the protrusion amount a, the cross-sectional area S can be
significantly reduced. On the other hand, when the circular arc radius of the auxiliary lip 31h is less than the protrusion
amount a, a neck is formed at a joint portion between the lip portion 31b and the seal member body 31a, and a problem
occurs in strength. Therefore, if the circular arc radius of the auxiliary lip 31h is set in a range of 1 to 5 times of the
protrusion amount from the surface of the lip portion 31b, a particularly remarkable effect in suppressing friction and
improving the strength is obtained.
[0122] Next, an operation of the above configuration of the seal member 631 will be described.
[0123] In the linear motion guide device according to the present embodiment, the lip portion 31b of the seal member
631 includes the main lip 31g at a tip portion in contact with the guide rail 1, and the auxiliary lip 31h is provided on a
base end side of the main lip 31g. Due to the relative positional relationship between the main lip 31g and the auxiliary
lip 31h, adjustment of the contact state with the contact counterpart side or adjustment to the non-contact state in
accordance with the deformation of the main lip 31g is possible for the auxiliary lip 31h.
[0124] When interference of the seal member 631 with the contact counterpart side is slight, first, the main lip 31g
comes into contact with the contact counterpart side. When the interference is increased, both the main lip 31g and the
auxiliary lip 31h come into contact with the contact counterpart side. Therefore, the seal member 631 can function as a
single-lip seal or a double-lip seal in accordance with the application purpose, and high slidability and high seal efficiency
are selectively obtained. In addition, since the auxiliary lip 31h is formed to have a circular arc-shaped cross section
orthogonal to the longitudinal direction of the guide rail 1, a constant contact state is easily secured regardless of the
change of the contact point.
[0125] For example, with a seal member for strict dustproof application, the interference between the contact coun-
terpart side and the main lip 31g is increased to bring the auxiliary lip 31h into contact with the contact counterpart side.
On the other hand, with a seal member for low friction application, the interference between the contact counterpart side
and the main lip 31g is reduced to obtain a single-lip contact. In this case, there is no occurrence that the main lip 31g
and the auxiliary lip 31h come into contact with the counterpart component at the same time.
[0126] As described, in the seal member 631, by adjusting the seal fastening margin, it is possible to properly use the
contact state according to the application, and the seal efficiency can be improved with a width dimension equivalent to
that of the single-lip seal.
[0127] The configuration having the auxiliary lip 31h of the present embodiment can also be applied to an opening-
side inner seal 20a and the opening-opposite-side inner seal 20b, which are seal components.
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[0128] As illustrated in FIG. 24, the opening-side inner seal 20a and the opening-opposite-side inner seal 20b are
attached to the retainer 8 so as to seal a space surrounded by the guide rail-side track surface 10 and the slider-side
track surface 11. The opening-side inner seal 20a and the opening-opposite-side inner seal 20b are seals having a same
shape and are disposed in a vertically reversed manner. The seal provided on the opening side of the recessed portion
60A with respect to the track surface is the opening-side inner seal 20a and the seal provided on a side opposite to the
opening side is the opening-opposite-side inner seal 20b.
[0129] FIG. 32 is a cross-sectional view of the opening-side inner seal 20a (opening-opposite-side inner seal 20b) in
a direction orthogonal to the longitudinal direction of the guide rail 1.
[0130] The opening-side inner seal 20a and the opening-opposite-side inner seal 20b have a seal member body 731a
that extends in the longitudinal direction of the guide rail, and a lip portion 731b that extends from the seal member body
731a toward the guide rail and that comes into contact with the guide rail by the main lip 31g at a tip in an extension
direction. In a lip portion 131b, the auxiliary lip 31h protruding outward is formed on a surface in contact with the guide
rail, between a section from the main lip 31g to the connection portion 31i connected to the seal member body 731a.
The opening-side inner seal 20a and the opening-opposite-side inner seal 20b are long in the longitudinal direction of
the guide rail 1, and seal friction is likely to increase. Therefore, the lip portion 131b is formed to be thin so as to reduce
the seal friction as much as possible. In order to reduce the seal friction as much as possible, the circular arc radius r
is set to be equal to the protrusion amount a (protrusion height) in the auxiliary lip 31h.
[0131] An example in which the configuration having the auxiliary lip 31h of the present embodiment is applied to the
side seal 7 that is a seal component will be described.
[0132] FIG. 33A is a front view of the side seal 7, and FIG. 33B is a cross-sectional view taken along line a line XXXIII-
XXXIII in FIG. 33A.
[0133] As illustrated in FIG. 33A, the side seal 7 is formed in a substantially U shape as viewed from the front, and
presents a shape fitting with both side surfaces and an upper surface of the guide rail 1. As illustrated in FIG. 33B, the
side seal 7 has a steel plate 65 disposed as a core metal on a slider body side as viewed from a side, and a seal member
body 831a formed so as to cover a portion other than a surface of the steel plate 65 on the slider body side. A lip portion
831b that is thin due to a groove 68 is formed in the side seal 7. The main lip 31g that comes into contact with the guide
rail is formed at a tip of the lip 831b, and the auxiliary lip 31h protruding toward a contact counterpart side is formed
between a section of the lip portion 831b from the main lip 31g to the connection portion 31i side with the seal member
body 831a.
[0134] The side seal 7 is a seal for which high dustproof property is required, and the main lip 31g of the lip portion
231b is configured to be thick and highly rigid. As described above, the auxiliary lip 31h has a circular arc radius r of 5
times of the protrusion amount a.

<Application to Linear Motion Guide Device>

[0135] FIG. 34A is a plan view in which a table 73 of a transporting device 71 including a linear motion guide device
is omitted, FIG. 34B is a front view of the transporting device in FIG. 34A which includes the table 73, and FIG. 34C is
an enlarged view of FIG. 34B.
[0136] The linear motion guide device including the under seal 30 can be incorporated into the transporting device
71, which is a mechanical device as illustrated in FIGS. 34A to 34C. That is, in the linear motion guide device of the
present embodiment, the sliders 2 are fixed, in pairs and in parallel, to an upper surface of a base 75, which is an
attachment portion of the transporting device 71, and a pair of guide rails 1 are attached to a lower surface of the table
73, and the table 73 moves linearly with respect to the base 75. In the transporting device 71, the table 73 is disposed
on an upper side and the base 75 is disposed on a lower side, with respect to a gravity direction (indicated by an arrow).
The guide rail 1 is attached to the table 73 with high accuracy so as to come into contact with a step, that is, a shoulder
77 provided in the table 73.
[0137] Here, when the transporting device 71 is used, a foreign matter such as dust may fall from above. Therefore,
the under seal 30 may be attached to the sliders 2, which are disposed in parallel on the base 75, only at an outer side
thereof as illustrated in FIG. 34C.
[0138] This is because a side where the shoulder 77 is provided in the linear motion guide device is covered with the
table 73 from above, so the need for dustproof performance is not high, and accordingly the under seal is not attached
at the side where the shoulder 77 is provided.
[0139] With this configuration, it is possible to secure a large height dimension (d1) from the lower surface 6c of the
slider 2 to a bottom surface of the guide rail. Therefore, the slider 2 is less likely to interfere with the shoulder 77 of the
table 73, and thus a degree of freedom in design of the transporting device 71 is increased. Meanwhile, since the side
where the shoulder 77 is not provided is not covered with the table 73, there is a need for dustproof, and the under seal
30 is attached to the side of each slider 2 where the shoulder 77 is not provided. Although a dimension (d2) in a height
direction from a bottom surface portion of the guide rail 1 to the lower surface 6c of the slider 2 is reduced at the outer



EP 3 722 630 A1

15

5

10

15

20

25

30

35

40

45

50

55

side in the width direction of each slider 2 (left-right direction in FIG. 34C), the design of the transporting device 71 is
not restricted since there is no shoulder 77.
[0140] As described, even when the linear motion guide device of the present embodiment is applied to the transporting
device 71, since the inner seal 20 (see FIG. 4) and the under seal 30 are separately fixed (see FIG. 4), only the under
seal 30 on one side, left or right, in the width direction can be removed. That is, the attachment plate 19 can be configured
such that only the under seal 30 on one side is removed as it is. Therefore, the transporting device 71 capable of adjusting
the dustproof performance in accordance with a surrounding environment is obtained. Since it is possible to omit only
the under seal at an unnecessary portion in the transporting device 71, there is no unnecessary increase of the cost.
[0141] Further, according to the transporting device 71 to which the linear motion guide device of the present embod-
iment is applied, even when the transporting device 71 is used in an environment where dirt, chips, dust, liquid and the
like are scattered with respect to a gap formed between the guide rail 1 and the slider 2, entry of a foreign matter into
the slider can be prevented and high dustproof performance can be provided.
[0142] Therefore, according to the linear motion guide device according to the present embodiment, it is possible to
maintain a high dustproof property between the under seal 30 and the lower surfaces of the slider 2 and the slider end
surface components.
[0143] The present invention is not limited to the above embodiments, and combinations of the respective configurations
of the embodiments, or changes and applications made by those skilled in the art based on the description of the
specification and the well-known technology are also intended by the present invention and are included within the scope
to be protected.
[0144] For example, in the first to fifth embodiments, the seal member, which includes the body-side lip portion and
the seal member body having the fitting hole, and the seal cover, which includes the fitting protrusion in which the opening
is formed, are provided, the fitting protrusion is fitted into the fitting hole of the seal member, and the under seal is
attached to the slider.
[0145] In the present invention, the seal member, which includes the seal member body having the fitting hole, and
the seal cove having the fitting protrusion are provided, the fitting protrusion of the seal cover is fitted into the fitting hole
of the seal member, and the under seal is attached to the slider. On the other hand, the seal member body of the seal
member may not include the body-side lip portion.
[0146] In addition to the above configuration of the first embodiment, the lip portion of the seal member of the sixth
embodiment may further include the auxiliary lip.
[0147] In the sixth embodiment, the lip portion of the seal member further includes the auxiliary lip.
[0148] However, the present invention is not limited thereto, and the configuration of the sixth embodiment may be
combined with the configuration in which the seal member body has the body-side lip portion.
[0149] Alternatively, in the present invention, the configuration of the sixth embodiment may be combined with a
configuration in which the seal member, which includes the seal member body having the fitting hole, and the seal cover
including the fitting protrusion are provided, the fitting protrusion of the seal cover is fitted into the fitting hole of the seal
member, and the under seal is attached to the slider. For example, in this case, as described in the fifth embodiment, it
is more preferable that a gap is formed between the opening of the seal cover and the fastening member at least in the
direction orthogonal to the axis of the guide rail.
[0150] Further, in the above configuration examples, a case where the mechanical device is a transporting device is
described as an example, and the mechanical device may be, for example, various machines such as a turning machine,
a drilling machine, a boring machine, a milling machine, a toothed wheel cutting machine, and a grinding machine.
[0151] As described above, the present specification discloses the following matters.
[0152] The objects of the present invention are achieved by the following configurations.

(1) A linear motion guide device, including:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes:

a seal member that includes a seal member body, a lip portion and a fitting hole, wherein the seal member
body extends in a longitudinal direction of the slider, wherein the lip portion is formed at a tip in a direction
of extending from the seal member body toward the guide rail and has a main lip in contact with the guide
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rail, and wherein the fitting hole penetrates the seal member body; and
a seal cover that includes a fitting protrusion in which an opening is formed, and that holds the seal member,
and

the fitting protrusion is fitted into the fitting hole, and with the fitting protrusion in a state of abutting a fixing
surface of the slider, the under seal is attached to the slider as a fastening member penetrating the opening is
fastened to the slider.

According to the linear motion guide device, the fitting protrusion of the seal cover is fitted into the fitting hole of the
seal body, and with the fitting protrusion in a state of abutting the fixing surface of the slider, the fastening member
penetrating the opening is fastened to the slider, so that the under seal can be appropriately positioned. Accordingly,
it is possible to provide a linear motion guide device including an under seal which can be assembled at low cost
and with high accuracy, and a method for assembling the linear motion guide device.
(2) The linear motion guide device according to (1), wherein the fitting protrusion has an outer tapered surface, the
fitting hole has an inner tapered surface, and the fitting protrusion is fitted into the fitting hole by bringing the outer
tapered surface into contact with the inner tapered surface.
According to the linear motion guide device, erroneous assembling of the seal member and the seal cover can be
prevented.
(3) The linear motion guide device according to (1) or (2), wherein the seal cover includes a bottom wall portion that
supports a lower surface of the seal member body, a side wall portion that is bent from the bottom wall portion and
covers an outer side surface of the seal member body, and a pair of end wall portions that are bent from the bottom
wall portion and cover both end surfaces of the seal member body.
According to the linear motion guide device, the side surface and the end surfaces of the seal member can be
covered, and a seal cover having a high rigidity and a light weight can be obtained.
(4) The linear motion guide device according to any one of (1) to (3), wherein the slider is formed with a rolling
element return hole to which the plurality of rolling elements rolling between the guide rail-side track surface and
the slider-side track surface are returned, and a screw hole into which the fastening member is screwed, and
when viewing from the axial direction of the guide rail, a center of the screw hole is closer to the guide rail than to
a center of the rolling element return hole, and a distance from the center of the screw hole to an outer side surface
away from the guide rail in the under seal is taken as W3, a distance from the center of the screw hole to the center
of the rolling element return hole is taken as W4, and W3 ≥ W4 is satisfied.
According to the linear motion guide device, a lower surface of a leg portion having a sufficient width in a left-right
direction can be provided, and the under seal can be reliably and closely fixed to the lower surface of the leg portion,
and thus a dustproof property and a waterproof property can be reliably maintained.
(5) The linear motion guide device according to (4), wherein when viewing from the axial direction of the guide rail,
a distance from a surface of the slider, which is on a guide rail side and intersects the fixing surface of the slider, to
the center of the screw hole is taken as W1, a distance from a closest portion on the guide rail side of the rolling
element return hole to the center of the screw hole is taken as W2, and W1 ≥ W2 is satisfied.
According to the linear motion guide device, the under seal can be reliably attached to the lower surface of the leg
portion 6, and a thickness from the screw hole to the surface on the guide rail side can be sufficiently secured.
Therefore, deformation, overheating and the like during heat treatment can be prevented, and the manufacturability
is good.
(6) The linear motion guide device according to (4) or (5), wherein when viewing from the axial direction of the guide
rail, the distance from the surface of the slider, which is on the guide rail side and intersects the fixing surface of the
slider, to the center of the screw hole is taken as W1, a minimum distance from an inner side surface facing the
guide rail of the slider to the center of the screw hole is taken as T1, and W1>T1 is satisfied.
According to the linear motion guide device, the lower surface of the leg portion can be further widened, and the
under seal can be reliably and closely fixed to the lower surface.
(7) The linear motion guide device according to any one of (4) to (6), wherein when, viewing from the axial direction
of the guide rail, a distance from an end on the guide rail side of the rolling element return hole to the center of the
screw hole is taken as W2, and the minimum distance from the inner side surface facing the guide rail of the slider
to the center of the screw hole is taken as T1, then W2 = T1.
According to the linear motion guide device, a thickness of the leg portion in the width direction from the screw hole
can be made substantially uniform, and deformation and overheating during heat treatment can be prevented.
(8) A method for assembling a linear motion guide device according to any one of (1) to (7), the method including:

an adjusting step of disposing a jig having a recessed groove in the slider before assembling the guide rail, and
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in a state where the seal cover abuts on a facing surface of the jig, accommodating a part of the seal body in
the recessed groove and attaching the under seal to the slider; and
an assembling step of removing the jig and assembling the guide rail.

According to the method for assembling a linear motion guide device, when assembling the guide rail, an abutment
margin of the main lip is secured with high accuracy.
(9) The method for assembling a linear motion guide device according to (8), wherein the jig includes a base disposed
to the slider and an adjustment portion whose position is adjustable with respect to the base, and in the adjusting
step, the under seal is attached to the slider in a state where the seal cover abuts on the facing surface of the
adjustment portion.
According to the method for assembling a linear motion guide device, since a position of a side surface of the
adjustment portion abutting an inner side edge of the seal cover can be finely adjusted, the abutment margin of the
main lip of the lip portion can be finely adjusted.
(10) The method for assembling a linear motion guide device according to (8) or (9), wherein the seal cover is not
in contact with the guide rail in a state where the guide rail is assembled.
According to the method for assembling a linear motion guide device, damage to the guide rail by the seal cover
can be prevented.
(11) The method for assembling a linear motion guide device according to any one of (8) to (10), wherein a gap is
formed between the opening and the fastening member at least in a direction orthogonal to an axis of the guide rail.
According to the method for assembling a linear motion guide device, when assembling the under seal to the slider,
the position of the seal cover can be adjusted in the direction orthogonal to the axis of the guide rail.
(12) A linear motion guide device, including:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes

a seal member that includes a seal member body extending in a longitudinal direction of the slider, and a
lip portion which is formed at a tip in a direction of extending from the seal member body toward the guide
rail and which has a main lip in contact with the guide rail, a fitting hole penetrating in a thickness direction
being formed in the seal member body, and
a seal cover that includes a fitting protrusion wherein an opening is formed, and that holds the seal member,

the fitting protrusion is fitted into the fitting hole, and with the fitting protrusion in a state of abutting a fixing
surface of the slider, a fastening member penetrating the opening is fastened to the slider, thereby attaching
the under seal to the slider, and
the seal member further includes body-side lip portions that protrude toward a fixing surface of the slider and
that extend along a moving direction of the slider.

According to the linear motion guide device, the under seal can be appropriately positioned with the seal cover
having the fitting protrusion, and the body-side lip portions are deformed to abut the fixing surface of the slider even
when there is a step on the fixing surface of the slider. Therefore, there is no occurrence of a gap between the fixing
surface of the slider and the body-side lip portions, and a high dustproof property and waterproof property can be
maintained.
(13) The linear motion guide device according to (12), wherein the slider includes a slider body that has the slider-
side track surface, and a slider end surface component that is attached to an end portion in the moving direction of
the slider body, and
the body-side lip portions abut both a lower surface of the slider body and a lower surface of the slider end surface
component.
According to the linear motion guide device, even when there is a step on the lower surface of the slider body or
the lower surface of the slider end surface component, the body-side lip portions are deformed to abut the lower
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surfaces. Therefore, there is no occurrence of a gap between the lower surfaces of the slider body and the slider
end surface component and the body-side lip portions, and a high dustproof property and waterproof property can
be maintained.
(14) The linear motion guide device according to (12) or (13), wherein the body-side lip portions are disposed
symmetrically with respect to a center of the fitting hole with the fitting hole interposed therebetween in a direction
orthogonal to an extending direction of the body-side lip portions.
According to the linear motion guide device, by arranging the body-side lip portions at symmetrical positions with
respect to the center of the fitting hole, it is possible to uniformly pressurize the body-side lip portions of both sides.
Accordingly, reliable seal efficiency can be obtained, and a high dustproof property and waterproof property can be
maintained.
(15) The linear motion guide device according to (14), wherein the body-side lip portions are disposed at two or
more positions of the seal member.
According to the linear motion guide device, a bottom surface of the slider body can be reliably sealed along the
longitudinal direction.
(16) The linear motion guide device according to (14) or (15), wherein the under seal has, at both end portions of
the seal member in the extending direction, a pair of end lip portions that extend in a direction orthogonal to the
extending direction, and
each of the pair of end lip portions is connected to end portions of the body-side lip portions in the extending direction.
According to the linear motion guide device, an end auxiliary lip portion abuts the lower surface of the slider end
surface component (side seal or attachment plate). Entry of a foreign matter from an abutting surface between the
lower surface of the slider end surface component and the under seal is prevented by the end auxiliary lip portions.
(17) A mechanical device including a linear motion guide device according to any one of (12) to (16).
According to the mechanical device, even when used in an environment where chips, dust, liquid and the like are
scattered, entry of a foreign matter into the slider can be prevented, and high dustproof performance and waterproof
performance can be provided.
(18) A linear motion guide device, including: a guide rail that extends in a longitudinal direction; a slider that moves
along the guide rail; and a seal component that blocks a gap between the guide rail and the slider, wherein
the seal component includes a seal member body that extends in the longitudinal direction, and a lip portion that
extends from the seal member body toward the guide rail and that comes into contact with the guide rail by a main
lip at a tip in an extension direction, and
in the lip portion, an auxiliary lip protruding outward is formed on a surface in contact with the guide rail, between a
section from the main lip to a connection portion connected to the seal member body.
According to the linear motion guide device, since the seal component has the auxiliary lip in addition to the main
lip, it is possible to easily adjust a contact state with the guide rail or adjust to non-contact in accordance with
deformation of the lip portion. When interference of the seal component with the guide rail is slight, only the main
lip comes into contact with the guide rail. When the interference is increased, in addition to the main lip, the auxiliary
lip also comes into contact with the guide rail. In that case, the seal provides high seal efficiency similar to that of
multiple lips. Therefore, with a seal component for strict dustproof application, interference of the lip portion is set
to be large, and the main lip and the auxiliary lip are brought into contact with the guide rail. On the other hand, with
a seal component for low friction application, the interference of the lip portion is set to be slight, and single-lip
contact is performed. As described, by adjusting a seal fastening margin, it is possible to properly use the contact
state according to the application, and the seal efficiency can be improved with a width dimension equivalent to that
of a single-lip seal.
(19) The linear motion guide device according to (18), wherein with the seal component, it is possible to selectively
set a state where only the main lip comes into contact with the guide rail, and a state where both the main lip and
the auxiliary lip come into contact with the guide rail.
According to the linear motion guide device, with a single seal component, a single-lip state and a double-lip state
can be selectively set, and the seal efficiency and sliding resistance can be adjusted to an appropriate relationship
according to an application purpose.
(20) The linear motion guide device according to (18) or (19), wherein a shape of a cross section of the auxiliary lip,
which is orthogonal to the longitudinal direction, is a circular arc shape.
According to the linear motion guide device, a contact point between the auxiliary lip and the guide rail changes
according to a deformation state of the lip portion, but since the auxiliary lip is formed to have a circular arc-shaped
cross section, a constant contact state can be secured.
(21) The linear motion guide device according to (20), wherein a circular arc radius of the auxiliary lip is 1 to 5 times
of a projection height of the auxiliary lip from the surface of the lip portion.
According to the linear motion guide device, by setting the circular arc radius of the auxiliary lip to 5 times or less
of the protrusion height of the auxiliary lip, a cross-sectional area of the auxiliary lip can be significantly reduced.
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On the other hand, when the circular arc radius of the auxiliary lip is less than the protrusion height, a neck is formed
at a joint portion between the auxiliary lip and the lip portion, and strength of the auxiliary lip decreases. Therefore,
if the circular arc radius is set within the above range, the friction can be reduced and the decrease in strength of
the auxiliary lip can be prevented.
(22) The linear motion guide device according to any one of (18) to (21), wherein the seal member body is a plate-
like member, and the lip portion extends from one end portion of the seal member body in a plate thickness direction,
and
a width of the lip portion in the plate thickness direction is smaller than a plate thickness of the seal member body.
According to the linear motion guide device, by setting the width of the lip portion in the plate thickness direction to
be smaller than the plate thickness of the seal member body, it is possible to secure a dimension equivalent to that
of a standard single-lip seal.
(23) The linear motion guide device according to any one of (18) to (22), wherein a recessed portion along the
longitudinal direction is formed in a bottom surface of the slider, and the guide rail is accommodated in the recessed
portion, and
the seal component is an under seal that is fixed to the bottom surface of the slider and that extends toward a side
surface of the guide rail.
According to the linear motion guide device, a gap between the bottom surface of the slider and the side surface of
the guide rail can be sealed by the seal member provided as an under seal.
(24) The linear motion guide device according to any one of (18) to (22), wherein a recessed portion along the
longitudinal direction is formed in a bottom surface of the slider, and the guide rail is accommodated in the recessed
portion,
a rolling element track surface, on which a rolling element is rotatably disposed, is provided on a side surface of the
guide rail and on an inner side surface of the recessed portion of the slider which faces the side surface, and
the seal component is an opening-side inner seal that is disposed on an opening side of the recessed portion from
the rolling element track surface or an opening-opposite-side inner seal that is disposed on a side opposite to the
opening side of the recessed portion.
According to the linear motion guide device, a gap between the rolling element track surface on the slider side and
the rolling element track surface on the guide rail side, which are formed on the opening side of the recessed portion,
can be sealed by the opening-side inner seal. Further, a gap between the rolling element track surface on the slider
side and the rolling element track surface on the guide rail side, which are formed on the side opposite to the opening
side of the recessed portion, can be sealed by the opening-opposite-side inner seal.
(25) The linear motion guide device according to any one of (18) to (22), wherein a recessed portion along the
longitudinal direction is formed in a bottom surface of the slider, and the guide rail is accommodated in the recessed
portion,
an end cap is disposed at both end portions of the slider in the longitudinal direction, and
the seal component is a side seal that is fixed to the end cap and that extends toward the guide rail.
According to the linear motion guide device, a gap between an outer surface of the guide rail and an inner surface
of the end cap can be sealed by the side seal provided in the end cap.
(26) A mechanical device including a linear motion guide device according to any one of (18) to (25).
According to the mechanical device, a foreign matter such as dirt, dust, chip powder, and chips can be prevented
from entering the gap formed between the guide rail and the slider, and smooth rolling of the rolling element can be
performed over a long period of time.

[0153] This application is based on Japanese Patent Application No. 2017-234350 filed on Dec 6, 2017, Japanese
Patent Application No. 2017-234351 filed on Dec 6, 2017, and Japanese Patent Application No. 2018-218340 filed on
Nov 21, 2018, the contents of which are incorporated herein by reference.

Reference Signs List

[0154]

1 guide rail
1a side surface
1b upper surface
2 slider
2A slider body
2B end cap (slider end surface component)
3 cylindrical roller (rolling element)
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6b screw hole
6c lower surface
6d surface
6e inner side surface
7 side seal (slider end surface component, seal component)
8 retainer
8a attachment groove
10 guide rail-side track surface
11 slider-side track surface
13 rolling element rolling path
16 rolling element return hole
18 tubular member
19 attachment plate (slider end surface component)
20a opening-side inner seal (seal component)
20b opening-opposite-side inner seal (seal component)
21 lubrication unit (slider end surface component)
30, 130, 230, 330, 430, 630 under seal (seal component)
31, 131, 231, 331, 531, 631 seal member
31a, 731a, 831a seal member body
31b, 731b, 831b lip portion
31c fitting hole
31d, 31d1 inner tapered surface
31e body-side lip portion
31f end lip portion
31g main lip
31h auxiliary lip
31i connection portion
32, 132, 232, 332, 432, 532, 632, 832, 932 seal cover
32a bottom wall portion
32b side wall portion
32c end wall portion
32d fitting protrusion
32e opening
32f, 32f1 outer tapered surface
33 screw
40, 40A jig
41 side surface
42 recessed groove
43 base
44 adjustment portion
45 screw
46 side surface
71 transporting device (mechanical device)
r circular arc radius

Claims

1. A linear motion guide device, comprising:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes:
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a seal member that includes a seal member body, a lip portion and a fitting hole, wherein the seal member
body extends in a longitudinal direction of the slider, wherein the lip portion is formed at a tip in a direction
of extending from the seal member body toward the guide rail and has a main lip in contact with the guide
rail, and wherein the fitting hole penetrates the seal member body; and
a seal cover that includes a fitting protrusion in which an opening is formed, and that holds the seal member,
and

the fitting protrusion is fitted into the fitting hole, and with the fitting protrusion in a state of abutting on a fixing
surface of the slider, the under seal is attached to the slider as a fastening member penetrating the opening is
fastened to the slider.

2. The linear motion guide device according to claim 1, wherein
the fitting protrusion has an outer tapered surface,
the fitting hole has an inner tapered surface, and
the fitting protrusion is fitted into the fitting hole by bringing the outer tapered surface into contact with the inner
tapered surface.

3. The linear motion guide device according to claim 1 or 2, wherein
the seal cover includes:

a bottom wall portion that supports a lower surface of the seal member body;
a side wall portion that is bent from the bottom wall portion and covers an outer side surface of the seal member
body; and
a pair of end wall portions that are bent from the bottom wall portion and cover both end surfaces of the seal
member body.

4. The linear motion guide device according to any one of claims 1 to 3, wherein
the slider is formed with:

a rolling element return hole to which the plurality of rolling elements rolling between the guide rail-side track
surface and the slider-side track surface are returned; and
a screw hole into which the fastening member is screwed,

when viewing from the axial direction of the guide rail, a center of the screw hole is closer to the guide rail than to
a center of the rolling element return hole, and a distance from the center of the screw hole to an outer side surface
away from the guide rail in the under seal is taken as W3, a distance from the center of the screw hole to the center
of the rolling element return hole is taken as W4, and W3 ≥ W4 is satisfied.

5. The linear motion guide device according to claim 4, wherein
when viewing from the axial direction of the guide rail, a distance from a surface of the slider, which is on a guide
rail side and intersects the fixing surface of the slider, to the center of the screw hole is taken as W1, a distance
from a closest portion on the guide rail side of the rolling element return hole to the center of the screw hole is taken
as W2, and W1 ≥ W2 is satisfied.

6. The linear motion guide device according to claim 4 or 5, wherein
when viewing from the axial direction of the guide rail, the distance from the surface of the slider, which is on the
guide rail side and intersects the fixing surface of the slider, to the center of the screw hole is taken as W1, a minimum
distance from an inner side surface of the slider, which is most far from the guide rail, to the center of the screw
hole is taken as T1, and W1 > T1 is satisfied.

7. The linear motion guide device according to any one of claims 4 to 6, wherein when viewing from the axial direction
of the guide rail, a distance from an end on the guide rail side of the rolling element return hole to the center of the
screw hole is taken as W2, a minimum distance from an inner side surface facing the guide rail of the slider to the
center of the screw hole is taken as T1, and W2 = T1 is satisfied.

8. The linear motion guide device according to any one of claims 1 to 7, wherein
the seal member further includes a body-side lip portion that protrudes toward the fixing surface of the slider and
that extends along a moving direction of the slider.
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9. The linear motion guide device according to claim 8, wherein
the slider includes:

a slider body that has the slider-side track surface; and
a slider end surface component that is attached to an end portion in the moving direction of the slider body, and

the body side lip portion abuts on both a lower surface of the slider body and a lower surface of the slider end surface
component.

10. The linear motion guide device according to claim 8 or 9, wherein
the body side lip portion are disposed symmetrically with respect to a center of the fitting hole with the fitting hole
interposed therebetween in a direction orthogonal to an extending direction of the body side lip portion.

11. The linear motion guide device according to claim 10, wherein
the body side lip portions are disposed at two or more positions of the seal member.

12. The linear motion guide device according to claim 10 or 11, wherein
the under seal has, at both end portions of the seal member in the extending direction, a pair of end lip portions that
extend in a direction orthogonal to the extending direction, and
each of the pair of end lip portions is connected to an end portion of the body side lip portion in the extending direction.

13. The linear motion guide device according to any one of claims 1 to 12, wherein
an auxiliary lip protruding outward is further formed on a surface of the lip portion in contact with the guide rail, the
auxiliary lip is formed between a section to a connection portion connected to the seal member body.

14. The linear motion guide device according to claim 13, wherein
a shape of a cross section of the auxiliary lip, which is orthogonal to the longitudinal direction, is a circular arc shape.

15. The linear motion guide device according to claim 14, wherein
a circular arc radius of the auxiliary lip is 1 to 5 times of a protrusion height of the auxiliary lip from a surface of the
lip portion.

16. The linear motion guide device according to any one of claims 13 to 15, wherein
the seal member body is a plate-like member,
the lip portion extends from one end of the seal member body in a plate thickness direction, and
a width of the lip portion in the plate thickness direction is smaller than a plate thickness of the seal member body.

17. The linear motion guide device according to any one of claims 13 to 16, wherein
a gap is formed between the opening and the fastening member at least in a direction orthogonal to an axis of the
guide rail.

18. A method for assembling a linear motion guide device according to any one of claims 1 to 17, the method comprising:

an adjusting step of disposing a jig having a recessed groove in the slider before assembling the guide rail, and
in a state where the seal cover abuts on a facing surface of the jig, accommodating a part of the seal member
body in the recessed groove and attaching the under seal to the slider; and
an assembling step of removing the jig and assembling the guide rail.

19. The method for assembling a linear motion guide device according to claim 18, wherein the jig includes:

a base disposed to the slider; and
an adjustment portion whose position is adjustable with respect to the base, and

in the adjusting step, the under seal is attached to the slider in a state where the seal cover abuts on the facing
surface of the adjustment portion.

20. The method for assembling a linear motion guide device according to claim 18 or 19, wherein
the seal cover is not in contact with the guide rail in a state where the guide rail is assembled.
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21. The method for assembling a linear motion guide device according to any one of claims 18 to 20, wherein
a gap is formed between the opening and the fastening member at least in a direction orthogonal to an axis of the
guide rail.

22. A linear motion guide device, comprising:

a guide rail that has a guide rail-side track surface extending in an axial direction thereof;
a slider that is mounted so as to straddle the guide rail, has a slider-side track surface facing the guide rail-side
track surface, and is disposed so as to move relative to the guide rail in the axial direction;
a plurality of rolling elements that are rotatably disposed in a rolling element rolling path formed between the
guide rail-side track surface and the slider-side track surface; and
an under seal that is attached to the slider to seal a gap formed between a side surface of the guide rail and
an inner side surface of the slider, wherein
the under seal includes:

a seal member that includes a seal member body and a lip portion, wherein the seal member body extends
in a longitudinal direction of the slider, and wherein the lip portion is formed at a tip in a direction of extending
from the seal member body toward the guide rail and has a main lip in contact with the guide rail; and
a seal cover that holds the seal member, and

an auxiliary lip protruding outward is further formed on a surface of the lip portion in contact with the guide rail,
the auxiliary lip is formed between a section to a connection portion connected to the seal member body.

23. The linear motion guide device according to claim 22, wherein
a shape of a cross section of the auxiliary lip, which is orthogonal to the longitudinal direction, is a circular arc shape.

24. The linear motion guide device according to claim 23, wherein
a circular arc radius of the auxiliary lip is 1 to 5 times of a protrusion height of the auxiliary lip from a surface of the
lip portion.

25. The linear motion guide device according to any one of claims 22 to 24, wherein
the seal member body is a plate-like member,
the lip portion extends from one end of the seal member body in a plate thickness direction, and
a width of the lip portion in the plate thickness direction is smaller than a plate thickness of the seal member body.
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