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[57] ABSTRACT

A linear motion rolling contact guide unit having a rod rail
having a substantially circular cross section 1s provided. The
guide unit also includes a slider slidably mounted on the rod
rail and a plurality of rolling members interposed between
the rod rail and the slider to thereby provide a rolling contact
therebetween. The slider 1s so structured that it surrounds
only a part the circumference of the rod rail and thus the
slider has a generally U-shaped cross sectional shape. Since
the rod rail is not surrounded completely, it may be placed
in a V-shaped groove of a bed substantially over its entire
stroke.

7 Claims, 5 Drawing Sheets
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LINEAR MOTION ROLLING CONTACT
GUIDE UNIT USING A ROD RAIL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a linear motion rolling
contact guide unit, and, in particular, to a small-sized linear
motion rolling contact guide unit using a rod rail suitable for
use in precision measuring apparatuses and semiconductor
facilities.

2. Description of the Prior Art

A linear motion rolling contact guide unit using a rod rail
1s well known 1n the art as disclosed, for example, in the
Japanese Patent Lain-open Pub. No. 63-152719. The struc-
ture of the guide unit disclosed in this publication is illus-
trated here in FIGS. 4 through 7.

As shown in FIGS. 4 through 7, a linear motion rolling
contact guide unit generally includes a rail 31 extending
over a desired length, a slider 32 slidably mounted on the rail
and a plurality of rolling members 33 interposed between the
rail and the slider. The guide unit shown in FIGS. 4 through
7 has a characteristic feature in that its rail 31 is in the shape
of a rod having a substantially circular cross section. In the
illustrated example, the rod rail 31 is formed with a pair of
upper and lower inner guide grooves 31a on each side
thereof. As a result, the rod rail 31 is formed with four inner
guide grooves 31a in total, each extending in parallel with
the longitudinal axis of the rod rail 31.

The slider 32 generally includes a hollow cylindrical
section through which the rod rail 31 extends and a flat
mounting section, which is generally rectangular in shape
and provided with a plurality (four in the illustrated
example) of threaded mounting holes 32a one at each corner.
Four endless circulating paths are provided in the hollow
cylindrical section of the slider 32 and each of the endless
circulating paths includes a load path section, a return path
section and a pair of curved connecting path sections, each
connecting the corresponding ends of the load and return
path sections as well known in the art. An outer guide groove
is formed in the inner peripheral surface of the hollow
cylindrical section located opposite to its associated outer
guide groove 31a as best shown in FIG. 6 so that the load
section of each endless circulating path is defined by a pair
of oppositely arranged inner and outer guide grooves. A
plurality of rolling members or balls 33 in the illustrated
example are provided in each of the endless circulating paths
as best shown by the dotted lines in FIG. 5 so that the balls
33 roll along each of the endless circulating paths as the
slider 32 moves along the rod rail 31, whereby those balls 33
which are located in the load path sections provide a rolling
contact between the slider 32 and the rod rail 31.

Such a guide unit is typically mounted on a bed 34, for
example, of a precision measuring apparatus or the like as
shown in FIG. 7. Typically, two or more pairs of such guide
units are provided and arranged in parallel to each other on
the bed 34 or the like. The rod rail 31 is formed with a
plurality of mounting holes 31b extending transversely
across the rod rail 31, and the rod rail 31 is fixedly mounted
on the bed 34 by means of bolts 35. For example, the bed 34
1s provided with a block 36 having a raised end section
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formed with a V-shaped groove 36a for receiving therein an
end portion of the rod rail 31. Since the slider 32 has a
hollow cylindrical section which is loosely fitted onto the
rod rail 31, the rod rail 31 must be located away or above the
mounting block 36 so as to provide a continuous gap
between the rod rail 31 and the mounting block 36. For this
purpose, the mounting block 36 must have a raised section
at each end.

As best shown in FIG. 7, since the flat mounting section
of the slider 32 is formed with a plurality of threaded
mounting holes 32a, the flat mounting section of the slider
32 may be fixedly attached to a sliding table 37 by means of
bolts 38. The table 37 may be fixedly attached to two or
more sliders 32 of other guide units which are arranged in
parallel to each other. Any desired object, such as cutting
tools or a work piece to be machined, may be mounted on
the table 37 and the table 37 may be driven to move in any
direction as indicated by a double arrow A.

Such a guide unit using a rod rail is particularly advan-
tageous since it is simple in structure and thus easy and less
expensive to manufacture. For example, the rod rail 31 is
simple 1n structure and easy to fabricate. In addition, the rod
rail 31 can be made smaller in size since its rigidity is
relatively high. In additions, the slider 32 is also relatively
simple in structure and thus easy to manufacture.

However, in the pnor art guide unit using a rod rail as
shown in FIGS. 4 through 7, since the slider 32 includes a
hollow cylindnical section which completely surrounds the
rod rail 31, difficulty may still be encountered in fabricating,
in particular in molding and machining, the slider 32. In
addition, because of such a completely surrounding struc-
ture, a continuous gap 36b between the rod rail 31 and the
mounting block 36 must be provided along the entire stroke
of the slider 32. As a result, there is a limit in locating the
rod rail 31 closer to the mounting block 36, which, in turn,
impairs the effort in making the overall size of the guide unit
even smaller. Furthermore, since the rod rail 31 must be
supported at its opposite ends only, the rod rail 31 may bend
undesirably if the rod rail 31 is too long and/or too small in
diameter. Thus, there is also a limit in making the overall
size of the guide units smaller or larger.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is pro-
vided a linear motion rolling contact guide unit which
generally includes a rod rail having a substantially circular
cross section and at least one inner guide groove extending
in parallel with a longitudinal axis of the rail, a slider
slidably mounted on said rod rail extending only a part of a
circumference of said rod rail and having at least one guide
groove extending in parallel with and in an opposed rela-
tionship with said inner guide groove to thereby define a
guide channel, and a plurality of rolling members provided
in said guide channel to thereby provide a rolling contact
between said rod rail and said slider.

Preferably, the rod rail ts formed with a pair of inner guide
grooves located substantially on opposite sides thereof and
the slider 1s also formed with a pair of outer guide grooves
each of which is associated with one of the pair of inner
guide grooves to thereby define the guide channel. In one
embodiment, the slider is provided with at least one endless
circulating path including a load path section, a return path
section and a pair of curved connecting path sections, each
connecting the corresponding ends of the load and returmn
path sections. In this instance, the load path section sub-
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stantially corresponds to the guide channel set forth above.

It 1s therefore a primary object of the present invention to
provide an improved linear motion rolling contact guide
unit.,

Another object of the present invention 18 to provide an
improved linear motion rolling contact guide unit having a
rod rail.

A further object of the present invention is to provide an
improved linear motion guide unit compact 1n size, simple
and yet sturdy in structure and casy and inexpensive to
manufacture.

A further object of the present invention is to provide an
improved linear motion guide unit having an increased
degree of freedom in designing and mounting.

Other objects, advantages and novel features of the
present invention will become apparent from the following
detailed description of the invention when considered in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic illustration showing in partly
exploded, perspective view a linear motion rolling contact
guide unit constructed in accordance with one embodiment
of the present invention;

FIG. 2 is a schematic illustration showing in side eleva-
tion the guide unit of FIG. 1;

FIG. 3 is a schematic illustration showing in transverse
cross section the guide unit of FIG. 1 taken along line C—C
indicated in FIG. 2;

FIG. 4 is a schematic illustration showing in exploded,
perspective view a typical prior art linear motion rolling
contact guide unit using a rod rail;

FIG. 5 is a schematic illustration showing 1in side eleva-
tion with its upper half in longitudinal cross section the
guide unit of FIG. 4;

FIG. 6 is a schematic illustration showing in transverse
cross section the guide unit of FIG. 4 taken along line D—D
indicated in FIG. §; and

FIG. 7 is a schematic illustration showing in partly
exploded, perspective view the prior art guide unit of FIG.
4 when mounted on the bed of a precision measuring
apparatus.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to FIGS. 1 through 3, there is schemati-
cally shown a linear motion rolling contact guide umnit
constructed in accordance with one embodiment of the
present invention. As shown, the present linear motion guide
unit generally includes a rod rail 1, a slider 2 and a plurality

of rolling members or balls 13 interposed between the rod
rail 1 and the slider 2.

In the present guide unit, the rod rail 1 has a substantially
circular cross section and extends straight over a desired
length. Typically, the rod rail 1 has a diameter of equal to or
less than 30 mm, but the rod rail 1 may have a larger
diameter, if desired. The rod rail 1 is formed with a pair of
inner guide grooves 1a on its opposite sides, each extending
in parallel with the longitudinal axis of the rod rail 1.
Preferably, the pair of inner guide grooves 1a are located
substantially in a diametncally opposite relationship.
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In the structure shown in FIG. 1, the rod rail 1 is fixedly
mounted on a bed 3, for example, of a precision measuring
apparatus as partly received in a V-shaped groove 3a formed
at the top surface of the bed 3. Although only one such rod
rail 1 is shown in FIG. 1, two or more such rod rails 1 may
be mounted on the bed 3 as arranged in parallel to each other.
The rod rail 1 is formed with a plurality of transverse
through-holes 1b, through which screws or bolts § may
extend to have the rod rail 1 fixedly attached to the bed 3.

It is to be noted that in the structure shown in FIG. 3, the
rod rail 1 is partly received in the V-shaped groove 3a almost
along its entire length. As will be described more in detail
later, such a contact between the rod rail 1 and the V-shaped
groove 3a is possible because the slider 2 does not com-
pletely surround the rod rail 1 unlike the prior art guide unit
described before. Such a structure i1s particularly important
since it allows to prevent the rod rail 1 from being bent
undesirably so that the rod rail 1 may have any desired
diameter no matter how small it may be. Although the rod
rail 1is in contact with the V-shaped groove 3a substantially
along its entire length in the illustrated embodiment, it
should be noted that the rod rail may be supported at a
plurality of spaced apart locations along its longitudinal axis
in place of a continuous contact between the rod rail 1 and
the V-shaped groove 3a.

As shown in FIG. 1, the slider 1s formed with a plurality
(two in the illustrated embodiment) of mounting holes 2a at
the top surface thereof so that the slider 2 may be fixedly
attached to a sliding table 7, for example, by means of
screws or bolts 8, to which another or more sliders 2 may
also be fixedly attached. The table 7 may be used as a carrier
for carrying thereon a cutting tool or a work piece to be
processed.

The slider 2 in the illustrated embodiment has a generally
U-shaped cross section in the transverse direction and thus
the slider 2 is slidably mounted on the rod rail 1 in a
straddling manner. As a result, in the present guide unit, the
slider 2 only partly surrounds the rod rail 1 and not com-
pletely around the rod rail 1 as in the prior art guide unit
shown in FIGS. 4 through 7. Since the slider 2 of the present
invention is generally trough-shaped and thus has an open
structure which allows an easy access to its outer guide
grooves. Therefore, the slider 2 of the present invention can
be fabricated with ease and at high accuracy. Besides, since
the slider 2 only partly surrounds the rod rail 1, its height H
indicated in FIG. 3 may be mimimized, which in turn
contributes to make the overall size of the guide unit as small
as possible. In addition, there is no need to provide a
continuous gap 36b in the present invention uniike the prior
art guide unit as described before. This allows to make the
present guide unit even smaller in size and significantly
sturdy in structure.

In the specific embodiment shown in FIGS. 1 through 3,
the slider 2 has a three part structure, including a center
block, comprised of an inner sliding member 10 and an outer
cover member 14, and a pair of end blocks 11 located at each
end of the center block. The inner sliding member 10 is
preferably comprised of a resin material and each of the pair
of end blocks 11 is also preferably comprised of a resin
material. The outer cover member 14 is preferably com-
prised of a metal.

In the present embodiment, the slider 2 1s provided with
a pair of endless circulating paths 13, each including a load
path section 15a, a return path section 13b and a pair of
curved connecting path sections 13c, each connecting the
corresponding ends of the load and return path sections. As
best shown in FIG. 3, the load path section 15a of the endless
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circulating path is defined by a pair of opposed inner and
outer guide grooves laand 14a and also by a lower passage
10a formed in the inner sliding member 10. Those balls 13

that are located in the load path section 15a are partly
received 1n each of the inner and outer guide grooves 1a and
14a to thereby provide a rolling contact between the rod rail
1 and the slider 2. Thus, the passage 10a formed in the inner
sliding member 10 may be a simple clearance passage which
does not hinder the rolling motion of the balls 13 along the
load path section 15a. On the other hand, the return path
section 15b is defined by an upper passage 10b provided at
each upper corner of the inner sliding member 10 extending
in parallel with the lower passage 10a as best shown in FIG.
3 and also by an inner corner of the U-shaped outer cover
member 14. Thus, the return path section 15b is defined
when the outer cover member 14 and the inner sliding
member 10 are assembled together, for example, by an
adhesive or bolts.

The load and return path sections 15a and 15b are
provided in the center block of the slider 2 as best seen in
FIG. 2. On the other hand, in the present embodiment, each
of the pair of curved connecting path sections 15c¢ is pro-
vided in each of the end blocks 11. Thus, the endless
circulating path is properly defined when the center and end
blocks are assembled together. Any fixing means, such as an
adhesive or bolts, may be used to have the center and end
blocks fixedly attached together as well known in the art.

Since the inner sliding member 10 is comprised of a resin,
it may be set to be in sliding contact with the rod rail 1. In
this case, however, the resin of the inner sliding member 10
should have an excellent sliding characteristic relative to the
rod rail 1. Otherwise, a lubricating scheme may be required.
On the other hand, the inner sliding member 10 may be so
set to be separated away from the surface of the rod rail 1,
if desired. For example, the slider 2 may be slidably
mounted on the rod rail 1 at its lower half or in an upside
down structure from that shown in FIG. 3.

The cover member 14 is preferably comprised of a metal
since 1t is normally provided with a plurality of threaded
mounting holes 2a as shown in FIG. 1 for fixedly attaching
the slider 2 to a desired object, such as a sliding table 7 by
means of bolts or screws 8. Thus, the table 7 may move
reciprocatingly in either direction along the rod guide 1 as
indicated by a double arrow B in FIG. 1. The table 7 may be

SO structured to carry thereon a cutting tool or a work piece
to be machined.

As described above, in accordance with the present inven-
tion, since use is made of a rod rail having a substantially
circular cross section, it is extremely easy to manufacture the
rail. Moreover, the size of the rail may be made the smallest
for a required level of strength. In addition, in accordance
with the present invention, since the slider is so structured to
surround only a part of the circumference of the rod rail, the
slider may be made with ease and at high accuracy because
of its increased accessibility. Furthermore, since the rod rail
in only partly surrounded by the slider, there is an increased
freedom in mounting the rod rail and the overall size of the
guide unit can be made significantly smaller than the prior
art structure without detenorating its mechanical strength.
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While the above provides a full and complete disclosure
of the preferred embodiments of the present invention,
various modifications, alternate constructions and equiva-
lents may be employed without departing from the true spirit
and scope of the invention. For example, although the
present invention has been described with respect to a linear
motion guide umit having an endless circulating path, the
present invention is equally applicable to a linear motion
guide unit of the finite stroke type. In addition, the present
invention is also applicable to other types of rolling mem-
bers, such as rollers. Therefore, the above description and
illustration should not be construed as limiting the scope of
the invention, which is defined by the appended claims.

What is claimed is:

1. A linear motion rolling contact guide unit, comprising:

a rod rail having a substantially circular cross section and
a pair of inner guide grooves extending in parallel with
a longitudinal axis of the rail and formed in a peripheral
surface of said rod rail, one of said grooves located
substantially diametrically opposite the other of said
grooves in a substantially horizontal orientation;

a slider shidably mounted on said rod rail extending
around only a part of a circumference of said rod rail
and having a pair of guide grooves, each extending in
parallel with and 1n an opposed relationship with a
corresponding one of said inner guide grooves to
thereby define a pair of guide channels, said slider
including an inner sliding member substantially in
sliding contact with a top half of the peripheral surface
of said rod rail and an outer cover member covering
sald inner sliding member; and

a plurality of rolling members provided in each of said
guide channels to thereby provide a rolling contact
between said rod rail and said slider.

2. The guide unit of claim 1, wherein said slider includes
at least one endless rolling members circulating path defined
by a load path section, a return path section and a pair of
curved connecting path sections, each connecting the cor-
responding ends of said load and return path sections.

3. The guide unit of claim 2, wherein said slider includes
a center block, 1n which said load and return path sections
are provided, and a pair of end blocks fixedly attached to
each end of said center block and each provided with said
curved connecting path sections.

4. The guide unit of claim 3, wherein said center block
includes said inner sliding member comprised of a resin
matertal and said outer cover member comprised of a metal.

5. The guide unit of claim 4, wherein each of said pair of
end blocks 1s comprised of a resin material.

6. The guide unit of claim 1, further comprising a base
formed with a V-shaped groove at its top surface for receiv-
ing therein said rod rail at least partly.

7. The guide unit of claim 6, wherein said rod rail is
provided with a plurality of transverse through-holes
through which mounting bolts may extend to have said rod
rail fixedly attached to said base.

% * * * *k
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