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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This disclosure relates to a linear bearing.

Description of the Related Art

[0002] In a linear motion bearing, a generally cylindrical
housing is designed to move relative to a shaft. The hous-
ing includes a load bearing plate structure comprising a
plurality of ball retaining segments. Each ball retaining
segment includes a plurality of ball bearings moveable
in a track. The segments are mounted within the housing
so that movement of the housing with respect to the shaft
is effectuated through engagement of the bearings with
the shaft. As the housing moves, the ball bearings move
in respective tracks. This disclosure describes an im-
provement on these prior art systems. WO 00/25034 A1
discloses a linear motion bearing assembly according to
the preamble of claim 1.

SUMMARY OF THE INVENTION

[0003] The linear motion bearing assembly of the
present invention has the technical features defined in
claim 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying drawings, referred to herein
and constituting a part hereof, illustrate the preferred em-
bodiments of the bearing assembly of the present inven-
tion and, together with the description, serve to explain
the principles of the invention.

FIG. 1 is an exploded perspective view of a linear
motion bearing assembly in accordance with one
embodiment of the present invention.
FIG. 2 is a perspective view of a ball retainer segment
in accordance with the linear motion bearing assem-
bly of FIG. 1.
FIG. 3A is a perspective view of the sleeve portion
of the outer housing of the linear motion bearing as-
sembly of FIG. 1.
FIG. 3B is a side view of the sleeve portion of FIG. 3A.
FIG. 3C is a cross-sectioned view taken along line
3C--3C in FIG. 3B of the sleeve portion of FIG. 3A.
FIG. 4 is a perspective view of the load bearing plate
in accordance with the linear motion bearing assem-
bly of FIG. 1.
FIG 4A is a perspective view of the load bearing plate
in accordance with the linear motion bearing assem-
bly of FIG. 1.
FIG. 5 is a cross- sectioned view of the bearing plate
to housing intermediary ring taken along line 5--5 of

FIG. 1.
FIG. 5A is a cross- sectioned view of the bearing
plate to housing intermediary ring taken along line
5--5 of FIG. 1.
FIG. 6 is a perspective view of the assembled linear
motion bearing assembly of FIG. 1.
FIG. 6A is a perspective view of the assembled linear
motion bearing assembly of FIG. 1.
FIG. 7 is an exploded perspective view of a linear
motion bearing assembly in accordance with another
embodiment.
FIG. 8 is a perspective view of a monolithic ball re-
tainer segment in accordance with the linear motion
bearing assembly of FIG. 7.
FIG. 9A is a perspective view of the sleeve portion
of the outer housing of the linear motion bearing as-
sembly of FIG. 7.
FIG. 9B is a side view of the sleeve portion of FIG. 9A.
FIG. 9C is a cross- sectioned view taken along line
9C--C of FIG. 9B of the sleeve portion of FIG. 9A.
FIG. 10 is a perspective view of the load bearing
plate in accordance with the linear motion bearing
assembly of FIG. 7.
FIG. 11 is a cross- sectioned view of the bearing
plate to housing intermediary ring taken along line
11--11 of FIG. 7.
FIG. 12 is a perspective view of the assembled linear
motion bearing assembly of FIG. 7.
FIG. 13 is an exploded perspective view of a closed-
type linear motion bearing assembly in accordance
with another embodiment.
FIG. 14 is a longitudinal cross-sectioned view of the
extended bearing plate to housing intermediary load
structure in accordance with the linear motion bear-
ing assembly of FIG. 13.
FIG. 15 is a perspective view of a ball retainer seg-
ment in accordance with the linear motion bearing
assembly of FIG. 13.
FIG. 16 is a perspective view of a monolithic load
bearing plate structure for use with the linear motion
bearing assembly of FIG. 13.
FIG. 17 is a perspective view of a load bearing plate
in accordance with the linear motion bearing assem-
bly of FIG. 13.
FIG. 18 is a perspective view in partial cross-section
of the linear motion bearing assembly of FIG. 13 in
an assembled configuration.
FIG. 19 is an exploded perspective view of an open-
type linear motion bearing assembly in accordance
with another preferred embodiment of the present
invention.
FIG. 20 is a perspective view in partial cross-section
of the linear motion bearing assembly of FIG. 19 in
an assembled configuration.
FIG. 21 is a perspective view of a linear motion bear-
ing assembly according to an embodiment of the
present invention.
FIG. 22 is a cross sectional view of the linear motion
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bearing assembly according to the embodiment
shown in FIG. 21.
FIG. 23 is a perspective view of a ball retainer seg-
ment in accordance with the linear motion bearing
assembly of FIG. 21.
FIG. 24 is a perspective view of a linear motion bear-
ing assembly according to a further embodiment of
the present invention.
FIG. 25 is a perspective view of a load bearing plate
in accordance with the linear motion bearing assem-
bly of FIG. 24.
FIG. 26 is a perspective view of a ball retainer seg-
ment in accordance with the linear motion bearing
assembly of FIG. 24.
FIG. 27 is a perspective view of a linear motion bear-
ing assembly according to a further embodiment.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0005] Various embodiments of the invention are de-
scribed hereinafter with reference to the figures. Ele-
ments of like structures or function are represented with
like reference numerals throughout the figures. The fig-
ures are only intended to facilitate the description of the
invention or as a guide on the scope of the invention. In
addition, an aspect described in conjunction with a par-
ticular embodiment of the invention is not necessarily lim-
ited to that embodiment and can be practiced in conjunc-
tion with any other embodiments of the invention.
[0006] Referring initially to FIGS. 1-6, there is shown
a linear motion open-type bearing assembly 40 in ac-
cordance with a preferred embodiment of the present
invention. The bearing assembly includes load bearing
plate structure, shown generally at 42, load bearing
plates 44, bearing balls 46, outer housing sleeves 48, 50
and bearing plate to housing intermediary load structure
52.
[0007] In FIGS. 1-2 details of the load bearing plate
structure 42 are illustrated. In this embodiment of the
present invention the load bearing plate structure 42
comprises four ball retainer segments 54, each opera-
tively associated with adjacent ball retainer segments
along longitudinal sides thereof to form a polygonally
shaped load bearing plate structure having a bore there-
through for receiving a shaft 70. Each ball retainer seg-
ment 54 includes an outer radial surface 56 and an inner
radial surface 58. Axial ball tracks 60 are formed in the
outer radial surface 56 of each ball retainer segment 54
and include load bearing portions 62, return portions 64
and turnarounds 66. The load bearing and return portions
of the ball tracks in this embodiment are undercut to fa-
cilitate loading and retention of the bearing balls 46 there-
in. This also eliminates the need for separate retainer
structure to keep the bearing balls in the ball tracks. A
longitudinal bore 68 in the inner radial surface 58 of the
ball retainer segment 54 extends substantially the length
of the load bearing portions 62 and accesses support

shaft 70. Although support shaft 70 is illustrated as a
substantially cylindrical shaft, one skilled in the art will
appreciate that support members of other configurations
are within the scope of the invention.
[0008] In this embodiment of the linear motion bearing
assembly 40, the individual ball retainer segments 54 are
easily molded from an appropriate engineering plastic
using known materials and molding techniques. By indi-
vidually forming each of the ball retainer segments, the
molding process is greatly simplified and thus results in
a lower cost to produce. It is also within the scope of the
present invention to fabricate the ball bearing segments
from an engineering metal using known fabrication tech-
niques.
[0009] A plurality of bearing balls 46 are disposed in
the ball tracks 60 with those bearing balls 46 in the load
bearing tracks 62 extending at least partially into longi-
tudinal bores 68 to contact support shaft 70. In this em-
bodiment of the invention, a pair of axial ball tracks 60
are formed in each outer radial surface 56 of the ball
retainer segment with the corresponding load bearing
tracks being oriented in substantially parallel adjacent
relation. This orientation facilitates enhanced load capac-
ity and maximizes space utilization for a more compact
and efficient bearing ball arrangement. Locking structure
in the form of locking clips 72 are formed on opposing
longitudinal ends of each ball retainer segment 54 to fa-
cilitate assembly with outer housing sleeves 48, 50, dis-
cussed in greater detail hereinbelow.
[0010] Referring now to FIGS. 1 and 3A-C, the linear
motion bearing assembly in accordance with one pre-
ferred embodiment includes a pair of outer housing
sleeves 48, 50 which, when assembled serve to close
and protect the exposed outer radial surfaces 56 of load
bearing plate structure 42. Preferably, each of sleeves
48, 50 are identical in configuration and are molded from
an engineering plastic to facilitate ease of manufacture
and assembly. However, one skilled in the art will appre-
ciate that, when operating conditions or specific applica-
tions require, the sleeves may be made in differing con-
figurations and/or from engineering metals.
[0011] The outer radial surface 74 of sleeves 48, 50
are preferably of a smooth cylindrical shape and are con-
figured and dimensioned to fit within a mounting bore of
a tool carriage (not shown). The inner radial surface 76
of sleeves 48, 50 include mounting surfaces 78 which
are configured to receive at least a portion of load bearing
plates 44 therein. These mounting surfaces 78 further
include extension portions 80 which define a mounting
space for bearing plate to housing intermediary load
structure 52, described in greater detail below. Prefera-
bly, mounting surfaces 78 are recessed from outer radial
surface 74 by a distance approximating the cross-sec-
tioned thickness of bearing plate to housing intermediary
load structure 52. In this manner, the outer housing
sleeves 48, 50 and the bearing plate to housing interme-
diary load structure 52 combine to form a relatively
smooth and uniform outer radial surface of the linear mo-
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tion bearing assembly 40. See, FIG. 6.
[0012] In this embodiment of the present invention,
mounting surfaces 78 are configured to fit the shape of
individual ball retainer segments 54. A plurality of locking
bores 82 are formed in respective ends of sleeves 48,
50 in alignment with locking clips 72 of ball retainer seg-
ments 54. Thus, when the ball retainer segments 54 are
assembled into the sleeves 48, 50, locking clip 72 ex-
tends into respective locking bores 82 and assists in hold-
ing linear motion bearing assembly 40 together.
[0013] Referring now to FIGS. 1 and 4, a plurality of
individual load bearing plates 44 are incorporated into
the linear motion bearing assembly 40 and serve to re-
ceive load from the bearing balls 46 in contact with shaft
70. In the embodiment of FIG. 4, load bearing plate 44
is elongated along the longitudinal axis of the bearing
assembly and includes an outer radial surface 84, an
inner radial surface 86, and a pair of side wall surfaces
88. The outer radial surface 84 is substantially arcuate
and, in a preferred embodiment, includes a crown portion
90 disposed on the outer radial surface 84 in a medial
position. Crown portion 90 is configured and dimen-
sioned to permit the load bearing plates to rock both cir-
cumferentially and longitudinally into and out of parallel-
ism with the axes of the ball retainer 42.
[0014] The inner radial surface 86 of the load bearing
plate of this embodiment is advantageously provided with
a pair of axial grooves which serve as the upper surface
of load bearing portions 62 of ball tracks 60. By providing
a single load bearing plate 44 for each pair of load bearing
portions 62 in each outer radial surface 56, the linear
motion bearing assembly 40 is easier to fabricate and
assemble. Further, the bearing assembly has a high load
bearing capacity.
[0015] In this embodiment of the present invention, a
longitudinal groove 92 is formed in each side wall surface
88 of load bearing plates 44. These grooves 92 make up
a side wall of the axial ball tracks 60 and guide bearing
balls 46 as they move through the return portion thereof.
[0016] Referring now to FIGS. 1, 5 and 6, bearing plate
to housing intermediary load structure 52 is illustrated in
a C-ring configuration having an outer radial surface 94
conforming substantially in dimension to the outer radial
surface 74 of sleeves 48, 50. In this embodiment of the
invention, the inner radial surface 96 is substantially par-
allel to the outer radial surface and is configured and
dimensioned, when assembled, to contact crown portion
90 of load bearing plates 44. The radius of curvature of
the crown portion 90 in the transverse direction is pref-
erably smaller than the radius of curvature of the inner
radial surface of the bearing plate to housing intermediary
load structure 52. This configuration allows the plates to
rock circumferentially with respect to the inner surface of
the bearing plate to housing intermediary load structure
52.
[0017] Further, referring to FIGS. 1 and 6, the bearing
plate to housing intermediary load structure 52 encom-
passes and engages extension portions 80 of sleeve 48,

50 to assist in enclosing and protecting load bearing plate
structure 42. Although shown in a narrow width, it is con-
templated that the bearing plate to housing intermediary
load structure 52 may extend substantially the entire lon-
gitudinal length of the bearing assembly, as discussed
herein below. The bearing plate to housing intermediary
load structure is preferably formed of a hard abrasion
resistant material such as, for example, stainless steel
or ceramic. Alternatively, a softer material such as bronze
or aluminum may also be used.
[0018] When the inner radial surface 96 is positioned
in contact with the crown portion 90 of the load bearing
plates 44, this structure acts as the primary conduit for
load from the load bearing plates and transmits that load
directly to the carriage (not shown) into which the bearing
assembly is mounted. This configuration permits sleeves
48, 50 to be relieved from primary load bearing respon-
sibility and can thus be fabricated from less expensive
and lighter engineering plastics such as, for example,
acetal or nylon. This arrangement of elements also facil-
itates ease of manufacture and assembly resulting in an
inexpensive, highly efficient, high load capacity bearing
assembly.
[0019] It is also envisioned that various seals and/or
wiper structure will be incorporated into the bearing as-
sembly to inhibit the ingress of dust, dirt or other contam-
inants. See, for example, U.S. Pat. No. 3,545,826 to Ma-
gee et al., the disclosure of which is incorporated herein
by reference.
[0020] Referring now to Figs. 1 and 4A, a plurality of
individual load bearing plates 44 are incorporated into
the linear motion bearing assembly 40 and serve to re-
ceive load from the bearing balls 46 in contact with shaft
70. In the embodiment of Fig. 4A, load bearing plate 44
is elongated along the longitudinal axis of the bearing
assembly and includes an outer radial surface 84, an
inner radial surface 86, and a pair of side wall surfaces
88. The outer radial surface 84 is substantially accurate
and may include a crown portion 90 disposed on the outer
radial surface 84 in a medial position. Crown portion 90
is configured and dimensioned to permit the load bearing
plates 44 to rock both circumferentially and longitudinally
into and out of parallelism with the axes of the ball retainer
structure 42.
[0021] The inner radial surface 86 of the load bearing
plate is advantageously provided with a pair of axial
grooves which serve as the upper surface of load bearing
portions 62 of ball tracks 60. By providing a single load
bearing plate 44 for each pair of load bearing portions 62
in each outer radial surface 56, the linear motion bearing
assembly 40 is easier to fabricate and assemble. Further,
the bearing assembly has a high load bearing capacity.
[0022] In this embodiment, a longitudinal groove 92 is
formed in each side wall surface 88 of load bearing plates
44. These grooves 92 make up a side wall of the axial
ball tracks 60 and guide bearing balls 46 as they move
through the return portion thereof.
[0023] Referring now to Figs. 1, 5A and 6A, bearing
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plate to housing intermediary load structure 52 is illus-
trated in a C-ring configuration having an outer radial
surface 94 conforming substantially in dimension to the
outer radial surface 74 of sleeves 48, 50. In this embod-
iment, the inner radial surface 96 is substantially parallel
to the outer radial surface and is configured and dimen-
sioned, when assembled, to contact crown portion 90 of
load bearing plates 44. In an example, the radius of cur-
vature of the crown portion 90 in the transverse direction
is smaller than the radius of curvature of the inner radial
surface of the bearing plate to housing intermediary load
structure 52. This configuration allows the plates to rock
circumferentially with respect to the inner surface of the
bearing plate to housing intermediary load structure 52.
In other examples, crown portion 90 is substantially flat
at shown in Fig. 4A.
[0024] Further, referring to Figs. 1 and 6A, the bearing
plate to housing intermediary load structure 52 encom-
passes and engages extension portions 80 of sleeve 48,
50 to assist in enclosing and protecting ball retainer struc-
ture 42. Although shown in a narrow width, the bearing
plate to housing intermediary load structure 52 may ex-
tend substantially the entire longitudinal length of the
bearing assembly. The bearing plate to housing interme-
diary load structure is preferably formed of a hard abra-
sion resistant material such as, for example, stainless
steel or ceramic. Alternatively, a softer material such as
bronze or aluminum may also be used.
[0025] FIGS. 7-11 illustrate a second preferred embod-
iment of a linear motion bearing assembly, shown gen-
erally at 98. Although shown as a closed-type bearing
assembly, one skilled in the art will readily appreciate
that the features of this bearing assembly are equally
applicable to open-type bearing assemblies. The linear
motion bearing assembly 98 includes a monolithic ball
bearing plate to housing intermediary load structure 100,
load bearing plates 102, bearing balls 104, outer housing
sleeves 106, 108 and retainer structure 110.
[0026] Referring now to FIGS. 7-8, the load bearing
plate structure 100 comprises a monolithic structure hav-
ing a pentagonal cross-section and defining an axial bore
therethrough configured and dimensioned to receive
shaft 112. The load bearing plate structure 100 includes
five planar faces, each having an outer radial surface 114
and an inner radial surface 116. A single axial ball track
118 is formed in each of the five faces. Each ball track
118 includes a load bearing portion 120, a return portion
122 and a pair of turnarounds 124. The outer radial sur-
face 114 is preferably shaped to conform to the inner
radial surface 126 of outer housing sleeves 106, 108. A
longitudinal channel 128 extends through the inner radial
surface 116 of the load bearing portion 120 to permit
bearing balls 104 therein access to shaft 112. Both the
load bearing portions 120 and the return portions 122 of
the ball tracks of this embodiment of the present invention
are substantially open to facilitate loading of the bearing
balls 104 therein.
[0027] FIGS. 7 and 9A-C show the outer housing

sleeves 106, 108. As in the previously described embod-
iment, it is preferable that both sleeves be identical to
facilitate manufacture and assembly. Sleeves 106, 108
include an inner radial surface 126 and an outer radial
surface 130. Because axial ball tracks 118 are open, as
opposed to undercut, upper ball track housing structure
132 is formed in the inner radial surface 126 of sleeves
106, 108. This upper ball track housing structure 132
forms an outer radial portion of the ball tracks and serves
to better guide bearing balls 104 between load bearing
and return portions, 120 and 122 respectively. Upper ball
track housing structure 132 preferably extends axially
beyond sleeves 106, 102 and is recessed from the outer
radial surface 130 thereof to permit emplacement of bear-
ing plate to housing intermediary load structure 110 dis-
cussed in detail below.
[0028] In this embodiment, cavities 134 are formed be-
tween said upper ball track housing structures 132 and
configured and dimensioned to receive at least an outer
radial portion of the load bearing plates 102. As in the
previous embodiment, preferably each sleeve 106, 108
is monolithically formed from an engineering plastic to
facilitate ease of manufacture and assembly. Where de-
sirable, an annular groove 136 may be formed in the outer
radial surface 130 of the sleeves 106, 108 to assist in
mounting in carriage structure. Other known methods of
mounting the bearing assembly in a carriage structure
are also contemplated and include, for example, bolts,
clips, pins, etc.
[0029] Referring now to FIGS. 7 and 10, load bearing
plates 102 are positionable between ball retainer 100 and
outer housing sleeves 106, 108 in cavities 134. These
load bearing plates 102 include a single longitudinal
groove 138 formed on an inner radial surface thereof for
contacting and guiding bearing balls 104 in the load bear-
ing portions 120 of ball tracks 118. A side wall 140 of the
load bearing plate 102 also includes a longitudinal groove
142 for guiding the bearing balls 104 in the return portion
122 of the ball tracks 118. The outer radial surface 144
of the load bearing plate 102 has a substantially smooth
arcuate configuration to facilitate both axial and circum-
ferential self alignment as will be described in greater
detail hereinbelow.
[0030] Bearing plate to housing intermediary load
structure 110 is illustrated in FIGS. 7, 11 and 12, and is
shown as a generally closed ring configuration having an
outer radial surface 146 conforming substantially in di-
mension to the outer radial surface 130 of sleeves 106,
108. The inner radial surface 148 is substantially convex
when viewed in cross-section (FIG. 11) relative to the
outer radial surface 146. This inner radial surface 148 is
configured and dimensioned to contact the arcuate outer
radial surface 144 of load bearing plates 102 when the
linear motion bearing is assembled. The radius of curva-
ture of the arcuate outer radial surface 144 of the load
bearing plates 102 is preferably smaller than the radius
of curvature of the inner radial surface 148 of the bearing
plate to housing intermediary load structure 110. This
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configuration results in a contact between the arcuate
outer radial surface 144 and the inner radial surface 148.
This point-to-point contact permits both circumferential
and axial self alignment of the bearing assembly when
positioned on the shaft 112. The width of the bearing
plate to housing intermediary load structure 110 is di-
mensioned to encompass and engage the portions of
housing structure 132 extending from sleeves 106, 108
to assist in enclosing and protecting the exposed portion
of load bearing plate structure 110. As in the previous
embodiment, the bearing plate to housing intermediary
load structure 100 is preferably formed of a hard abrasion
resistant material. This facilitates the transfer of load from
the load bearing plates directly to the carriage without
the need for a heavy cast or forged outer housing.
[0031] Referring now to FIGS. 13-18, a closed-type lin-
ear motion bearing assembly 200 is shown incorporating
an extended bearing plate to housing intermediary load
structure 202 to replace the housing sections 48, 50 of
the previous embodiments. The bearing assembly 200
includes a pentagonal ball retainer assembly 204 made
up of five individual ball retainer elements 206. (FIG. 15)
Alternatively, as shown in FIG. 16, the pentagonal ball
retainer assembly 204 may be monolithically formed. A
pair of ball tracks 208 are formed in each outer surface
of ball retainer element 206 and comprise load bearing
tracks 210 and return tracks 212 joined by turnarounds
214. Preferably, both the return tracks 212 and turna-
rounds 214 are undercut to facilitate maintenance of the
balls 216 therein. In this embodiment, the load bearing
tracks 210 of each of the ball tracks 208 are situated
adjacent one another. A plurality of balls 216 are dis-
posed in the ball tracks 208 and facilitate movement of
the linear motion bearing assembly 200 along rail 218.
[0032] Referring now to FIGS. 13 and 17, the linear
motion bearing assembly 200 includes a plurality of lon-
gitudinally extending load bearing plates 220. A pair of
parallel axial grooves 222 are formed in an inner surface
of the load bearing plates 220 and serve as the outer
portion of the load bearing tracks 210. In operation, when
balls 216 are disposed in the load bearing tracks 210,
load is transmitted from rail 218 through balls 216 to load
bearing plates 220. The outer surface 224 of the load
bearing plates 220 is substantially uniform along its lon-
gitudinal length and has a radius of curvature which cor-
responds essentially to the radius of curvature of the inner
surface 226 of the extended bearing plate to housing
intermediary load structure 202. This configuration max-
imizes the contact between the outer surface 224 of the
load bearing plates 220 and the inner surface 226 of the
extended load bearing plate structure 202, thus increas-
ing the efficiency and load transfer of the linear motion
bearing assembly 200.
[0033] The pentagonal ball retainer assembly 204 is
held in place within the extended bearing plate to housing
intermediary load structure by end containment elements
228. In this embodiment the end containment elements
include C-Rings which snap fit into transverse channels

230 formed in the inner surface 226 of the extended load
bearing plate structure 202 adjacent each longitudinal
end. (FIG. 14) One skilled in the art will readily appreciate
that other structure may be used with equal effect includ-
ing friction fit end caps, or rounding the edges of the lon-
gitudinal ends of the extended bearing plate to housing
intermediary load structure to form a flange to hold in the
ball retainer assembly. Also, where desired, seals 232
may be incorporated into the linear motion bearing as-
sembly 200 to protect the balls 216 and ball tracks 208
from ambient contamination.
[0034] The extended bearing plate to housing interme-
diary load structure 202 is preferably in the form of an
open hollow cylinder having substantially uniform inner
surface 226. This extended bearing plate to housing in-
termediary load structure extends longitudinally to cover
and enclose (FIG. 18) the pentagonal ball retainer as-
sembly 204, the balls 216 and the load bearing plates
220. In addition, the extended bearing plate to housing
intermediary load structure 202 serves to transmit loads
from the outer surface 224 of the load bearing plates 220
to the carriage (not shown) in which the linear motion
bearing assembly 200 is to be mounted. In this embod-
iment, the extended bearing plate to housing intermedi-
ary load structure is formed of aluminum. However, other
materials are also envisioned including steel, bronze,
plastic, brass, etc.
[0035] Turning now to FIGS. 19 and 20, an open-type
linear motion bearing assembly 300 incorporating an ex-
tended bearing plate to housing intermediary load struc-
ture 302 is shown. In contrast to the closed-type embod-
iment shown in FIGS. 13-18, the open-type linear motion
bearing assembly 300 requires a modified extended
bearing plate to housing intermediary load structure 302
including a longitudinally extending opening formed
therein. Transverse flanges 304 are formed along this
opening to assist in retaining the individual ball retainer
elements therewithin. Other than this specific change,
the balance of the open-type linear motion bearing 300
is substantially the same as the closed-type bearing
shown in FIGS. 13-18. The ball retainer assembly 204
remains polygonally shaped, however one face is re-
moved to provide for the opening in the linear motion
bearing assembly.
[0036] This linear motion bearing design is efficiently
and easily assembled using a novel process. In one em-
bodiment, the process includes the step of providing ei-
ther a monolithic ball retainer assembly (FIG. 16) or, al-
ternatively, a plurality of individual ball retainer elements
(FIG. 15) loaded with balls 216 and load bearing plates
220. For clarity, the assembly process will be described
herein with reference to a ball retainer assembly made
up of individual ball retainer elements. Once the ball re-
tainer elements 206 are fully assembled with balls 216
and load bearing plates 220, they are positioned, either
simultaneously or sequentially into the extended bearing
plate to housing intermediary load structure 202. Prefer-
ably, one end containment element 228 is fixed in place
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prior to insertion of the ball retainer elements 206. Also,
a central fixture such as, for example, a shaft or rail, may
be positioned within the extended bearing plate to hous-
ing intermediary load structure 202 to facilitate accurate
placement of the ball retainer elements 206. In this man-
ner, the linear motion bearing assembly 200 can be po-
sitioned vertically or substantially vertically to ease as-
sembly.
[0037] After all of the assembled ball retainer elements
206 are in position within the extended bearing plate to
housing intermediary load structure 220, the remaining
end containment element 228 is set in place and the bear-
ing assembly 200 is ready for use. Optionally, a seal 232
may be installed at either longitudinal end of the extended
bearing plate to housing intermediary load structure 202
to protect the bearing assembly from ambient contami-
nation.
[0038] FIG. 21 is a perspective view of a linear motion
bearing assembly according to an embodiment of the
present invention. The embodiment illustrated in FIG. 21
replaces the single track of bearing balls with nested
tracks of bearing balls for further load bearing capacity.
The embodiment illustrated in FIG. 21 is a 2x2 nested
track configuration. FIG. 21 illustrates two pair of tracks.
The first pair run on tracks 2101 and 2103, and the second
pair run on tracks 2102 and 2104. The darker shaded
bearing balls being the load bearing balls and the lighter
shaded bearing balls being the recirculation balls. Each
pair of bearing balls run on a twin track bearing plate
similar to that shown in FIG. 17.
[0039] FIG. 23 is a perspective view of a ball retainer
segment in accordance with the linear motion bearing
assembly of FIG. 21. As can be seen from FIG. 23, ball
retainer segment 2301 is modified to accommodate the
2x2 pair of bearing balls. A pair of ball tracks 2302 are
formed in each outer surface of ball retainer element 2301
and comprise load bearing tracks 2304 and return tracks
2306 joined by turnarounds 2308. Each pair of ball tracks
2303 are formed with two concentric ball tracks, an inner
ball track 2302a and an outer ball track 2302b. The twin
track bearing plate (not shown) is situated above the pair
of the inner ball track 2302a and the outer ball track 2302b
of each of load bearing track 2304. Preferably, both the
return tracks 2306 and turnarounds 2308 are undercut
to facilitate maintenance of the balls (not shown) therein.
In this embodiment, the load bearing tracks 2304 of each
of the ball tracks 2302 are situated adjacent one another.
A plurality of balls are disposed in the ball tracks 2302
and facilitate movement of the linear motion bearing as-
sembly along the rail.
[0040] FIG. 22 is a cross sectional view of the linear
motion bearing assembly according to the embodiment
shown in FIG. 21. Load bearing balls 2202 and 2204 are
shown contacting rail 2212. Twin track bearing plates
2206 can pivot and roll to provide balanced loading to
maintain an even load on all tracks. Recirculation balls
2210a and 2210b are shown not in contact with rail 2212.
Bearing balls 2202 and 2208 run on the outer ball tracks

2302b, and bearing balls 2204 and 2210 run on the inner
ball tracks 2302a. An outer housing sleeve 2214 is also
shown.
[0041] FIG. 24 is a perspective view of a linear motion
bearing assembly according to a further embodiment of
the present invention. The embodiment illustrated in FIG.
24 replaces the single track of bearing balls with nested
tracks of bearing balls for further load bearing capacity.
The embodiment illustrated in FIG. 24 is a 3x3 nested
track configuration. FIG. 24 illustrates two sets of tracks.
The first set runs on tracks 2401, 2403 and 2405, and
the second set runs on tracks 2402, 2404 and 2406.
Again, the darker shaded bearing balls being the load
bearing balls and the lighter shaded bearing balls being
the recirculation balls. Each set of bearing balls run on a
tri-track bearing plate shown in FIG. 25.
[0042] FIG. 25 is a perspective view of a load bearing
plate in accordance with the linear motion bearing as-
sembly of FIG. 24. The linear motion bearing assembly
includes a plurality of longitudinally extending load bear-
ing plates 2506. A set of parallel axial grooves 2504 are
formed in an inner surface of the load bearing plates 2506
and serve as the outer portion of the load bearing tracks.
In operation, when balls are disposed in the load bearing
tracks, load is transmitted from rail through balls to load
bearing plates 2506. The outer surface 2502 of the load
bearing plates 2506 is substantially uniform along its lon-
gitudinal length and has a radius of curvature which cor-
responds essentially to the radius of curvature of the inner
surface of the extended bearing plate to housing inter-
mediary load structure. This configuration maximizes the
contact between the outer surface 2502 of the load bear-
ing plates 2506 and the inner surface of the extended
load bearing plate structure, thus increasing the efficien-
cy and load transfer of the linear motion bearing assem-
bly.
[0043] FIG. 26 is a perspective view of a ball retainer
segment in accordance with the linear motion bearing
assembly of FIG. 24. As can be seen from FIG. 26, ball
retainer segment 2601 is modified to accommodate the
3x3 pair of bearing balls. A set of ball tracks 2602 are
formed in each outer surface of ball retainer element 2601
and comprise load bearing tracks 2604 and return tracks
2606 joined by turnarounds 2608. Each set of ball tracks
2603 are formed with three concentric ball tracks, an in-
ner ball track 2602a, a middle ball track 2602b and an
outer ball track 2602c. The tri-track bearing plate of FIG.
25 is situated above the set of the inner ball track 2602a,
the middle ball track 2602b and the outer ball track 2602c
of each of load bearing track 2604. Preferably, both the
return tracks 2606 and turnarounds 2608 are undercut
to facilitate maintenance of the balls (not shown) therein.
In this embodiment, the load bearing tracks 2604 of each
of the ball tracks 2602 are situated adjacent one another.
A plurality of balls are disposed in the ball tracks 2602
and facilitate movement of the linear motion bearing as-
sembly along the rail.
[0044] FIG. 27 is a perspective view of a linear motion
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bearing assembly according to a further embodiment.
Again in FIG. 27 is shown a 2x2 nested track configura-
tion. FFIG. 27 differs from the 2x2 nested track configu-
ration of FIG. 21 in that the embodiment in FIG. 27 has
a common return path. That is, bearing balls from both
the inner ball track and the outer ball track are circulated
on the common return path 2701. A certain specific ge-
ometry with tight tolerance control or a switching means
(e.g. a magnetic guide door) may be used to ensure that
the balls go into or come out of the proper path/channel
to ensure there is no lock up of ball movement. This com-
mon return enables bearings to have more loaded work-
ing balls for a given envelope.
[0045] While the invention has been described with ref-
erence to a number of exemplary embodiments, it will be
understood by those skilled in the art that various chang-
es can be made and equivalents can be substituted for
elements thereof without departing from the scope of the
invention. In addition, many modifications can be made
to adapt a particular situation or material to the teachings
of the invention without departing from essential scope
thereof. Therefore, it is intended that the invention not be
limited to any particular exemplary embodiment dis-
closed herein.

Claims

1. A linear motion bearing assembly, comprising:

a load bearing plate structure having at least a
portion of open axial ball tracks (2302a, 2302b)
formed therein, said open axial ball tracks com-
prised of at least two concentric ball tracks
(2302a, 2302b), said ball tracks each including
an open load bearing portion (2304), an open
return portion (2306) and turnarounds (2308) in-
terconnecting the load bearing and return por-
tions;
a plurality of bearing balls (2202, 2204, 2208,
2210a, 2210b) disposed in the ball tracks;
a plurality of load bearing plates (220; 2206) ax-
ially positioned adjacent the load bearing plate
structure for receiving load from the balls dis-
posed in the load bearing portion of the ball
tracks; and
a bearing plate to housing intermediary load
structure (202; 302) having a uniform substan-
tially cylindrical inner surface in direct contact
with said load bearing plates, said bearing plate
to housing intermediary load structure being
configured and dimensioned to maintain said
plurality of load bearing plates in position and
for receiving load directly from said load bearing
plates,
characterized in that said concentric ball tracks
(2302a, 2302b) are positioned such that balls
(2202, 2204) in the load bearing portions are

located most radially inwardly, balls (2210a,
2210b) in return portions immediately adjacent
the load bearing portions are located most radi-
ally outwardly, and balls (2208) in outermost re-
turn portions are located radially between the
balls (2202, 2204) in the load bearing portions
and the balls (2210a, 2210b) in the return por-
tions immediately adjacent the load bearing por-
tions.

2. The linear motion bearing assembly of Claim 1
wherein the open axial ball tracks comprises two pair
of two concentric ball tracks (2302a, 2302b).

3. The linear motion bearing assembly of Claim 1
wherein the open axial ball tracks comprises two sets
of three concentric ball tracks (2602a, 2602b,
2602c).

4. The linear motion bearing assembly of Claim 1
wherein a set of parallel axial grooves (222) are
formed in an inner surface of the plurality of load
bearing plates (220) which serve as the outer portion
of the load bearing tracks.

5. The linear motion bearing assembly of Claim 2
wherein two sets of two parallel axial grooves (222)
are formed in an inner surface of the plurality of load
bearing plates (220) which serve as the outer portion
of the load bearing tracks.

6. The linear motion bearing assembly of Claim 3
wherein two sets of three parallel axial grooves are
formed in an inner surface of the plurality of load
bearing plates which serve as the outer portion of
the load bearing tracks.

7. The linear motion bearing assembly of Claim 2
wherein twin track bearing plates (2206) can pivot
and roll to provide balanced loading to maintain an
even load on all tracks.

8. The linear motion bearing assembly of Claim 2
wherein the respective load bearing portions (2304)
of the two pair of two open axial ball tracks are ar-
ranged in parallel along a common longitudinal axis.

9. A linear motion bearing assembly for movement
along a shaft comprising the linear motion bearing
assembly of Claim 1.

Patentansprüche

1. Lagerbaugruppe für Linearbewegung, umfassend:

eine lasttragende Plattenstruktur mit zumindest
einem Abschnitt offener axialer Kugelführungen
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(2302a, 2302b), die darin geformt sind, wobei
die offenen axialen Kugelführungen aus zumin-
dest zwei konzentrischen Kugelführungen
(2302a, 2302b) bestehen, wobei die Kugelfüh-
rungen jeweils einen offenen lasttragenden Ab-
schnitt (2304), einen offenen Rückführabschnitt
(2306) und Wendestellen (2308) aufweisen, die
die lasttragenden Abschnitte und die Rück-
führabschnitte miteinander verbinden;
eine Mehrzahl von Lagerkugeln (2202, 2204,
2208, 2210a, 2210b), die in den Kugelführungen
angeordnet sind;
eine Mehrzahl von lasttragenden Platten (220;
2206), die axial benachbart der lasttragenden
Plattenstruktur zur Aufnahme einer Last von den
Kugeln positioniert sind, die in dem lasttragen-
den Abschnitt der Kugelführungen angeordnet
sind; und
eine Lagerplatte, um eine dazwischen befindli-
che Laststruktur (202; 302) aufzunehmen, die
eine gleichförmige, im Wesentlichen zylindri-
sche Innenfläche in direktem Kontakt mit den
lasttragenden Platten aufweist, wobei die Lager-
platte zum Aufnehmen der dazwischen befind-
lichen Laststruktur so konfiguriert und bemes-
sen ist, dass die Mehrzahl von lasttragenden
Platten in Position gehalten ist und eine Last di-
rekt von den lasttragenden Platten aufgenom-
men ist;
dadurch gekennzeichnet, dass die konzentri-
schen Kugelführungen (2302a, 2302b) so posi-
tioniert sind, dass Kugeln (2202, 2204) in den
Lasttrageabschnitten am weitesten radial ein-
wärts positioniert sind, Kugeln (2210a, 2210b)
in Rückführabschnitten unmittelbar benachbart
den Lasttrageabschnitten am weitesten radial
auswärts positioniert sind und Kugeln (2208) in
den äußersten Rückführabschnitten radial zwi-
schen den Kugeln (2202, 2204) in den lasttra-
genden Abschnitten und den Kugeln (2210a,
2210b) in den Rückführabschnitten unmittelbar
benachbart der lasttragenden Abschnitte posi-
tioniert sind.

2. Lagerbaugruppe für Linearbewegung nach An-
spruch 1, wobei die offenen axialen Kugelführungen
zwei Paare von zwei konzentrischer Kugelführungen
(2302a, 2302b) umfassen.

3. Lagerbaugruppe für Linearbewegung nach An-
spruch 1, wobei die offenen axialen Kugelführungen
zwei Sätze von drei konzentrischen Kugelführungen
(2602a, 2602b, 2602c) umfassen.

4. Lagerbaugruppe für Linearbewegung nach An-
spruch 1, wobei ein Satz paralleler axialer Nuten
(222) in einer Innenfläche der Mehrzahl von lasttra-
genden Platten (220) gebildet ist, die als der Außen-

abschnitt der lasttragenden Führungen dienen.

5. Lagerbaugruppe für Linearbewegung nach An-
spruch 2, wobei zwei Sätze von zwei parallelen axi-
alen Nuten (222) in einer Innenfläche der Mehrzahl
von lasttragenden Platten (220) gebildet sind, die als
der Außenabschnitt der lasttragenden Führungen
dienen.

6. Lagerbaugruppe für Linearbewegung nach An-
spruch 3, wobei zwei Sätze von drei parallelen axi-
alen Nuten in einer Innenfläche der Mehrzahl von
lasttragenden Platten gebildet sind, die als der Au-
ßenabschnitt der lasttragenden Führungen dienen.

7. Lagerbaugruppe für Linearbewegung nach An-
spruch 2, wobei paarige Führungslagerplatten
(2206) schwenken und rollen können, um eine aus-
geglichene Belastung bereitzustellen und damit eine
gleichmäßige Last auf alle Führungen beizubehal-
ten.

8. Lagerbaugruppe für Linearbewegung nach An-
spruch 2, wobei die jeweiligen lasttragenden Ab-
schnitte (2304) der zwei Paare von zwei offenen axi-
alen Lagerführungen parallel entlang einer gemein-
samen Längsachse angeordnet sind.

9. Lagerbaugruppe für Linearbewegung zur Bewe-
gung entlang eines Schafts, die die Lagerbaugruppe
für Linearbewegung nach Anspruch 1 umfasst.

Revendications

1. Ensemble de support à mouvement linéaire
comprenant :

une structure de plaque de support de charge
présentant au moins une partie de gorges à
billes axiales ouvertes (2302a, 2302b) formées
dans celle-ci, lesdites gorges à billes axiales
ouvertes étant constituées d’au moins deux gor-
ges à billes concentriques (2302a, 2302b), les-
dites gorges à billes incluant chacune une partie
de support de charge ouverte (2304), une partie
de retour ouverte (2306), et des retournements
(2308) reliant les parties de retour et de support
de charge en elles ;
une pluralité de billes de roulement (2202, 2204,
2208, 2210a, 2210b) disposées dans les gorges
à billes ;
une pluralité de plaques de support de charge
(220 ; 2206) positionnées axialement de maniè-
re adjacente à la structure de plaque de support
de charge pour recevoir la charge des billes dis-
posées dans la partie de support de charge des
gorges à billes ; et
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une plaque de support pour loger la structure de
charge intermédiaire (202 ; 302) présentant une
surface intérieure uniforme sensiblement cylin-
drique en contact direct avec lesdites plaques
de support de charge, ladite plaque de support
destinée à loger la structure de charge intermé-
diaire étant configurée et dimensionnée pour
maintenir ladite pluralité de plaques de support
de charge en position et pour recevoir directe-
ment la charge desdites plaques de support de
charge,
caractérisé en ce que lesdites gorges à billes
concentriques (2302a, 2302b) sont position-
nées de sorte que des billes (2202, 2204) dans
les parties de support de charge soient situées
le plus radialement vers l’intérieur, des billes
(2210a, 2210b) dans les parties de retour im-
médiatement adjacentes aux parties de support
de charge soient situées le plus radialement
vers l’extérieur, et des billes (2208) dans des
parties de retour les plus extérieures soient si-
tuées radialement entre les billes (2202, 2204)
dans les parties de support de charge et les
billes (2210a, 2210b) dans les parties de retour
immédiatement adjacentes aux parties de sup-
port de charge.

2. Ensemble de support à mouvement linéaire selon la
revendication 1, dans lequel les gorges à billes axia-
les ouvertes comprennent deux paires de gorges à
billes concentriques (2302a, 2302b).

3. Ensemble de support à mouvement linéaire selon la
revendication 1, dans lequel les gorges à billes axia-
les ouvertes comprennent deux ensembles de trois
gorges à billes concentriques (2602a, 2602b,
2602c).

4. Ensemble de support à mouvement linéaire selon la
revendication 1, dans lequel un jeu de rainures axia-
les parallèles (222) est formé dans une surface in-
térieure de la pluralité de plaques de support de char-
ge (220) qui servent de partie extérieure des gorges
de support de charge.

5. Ensemble de support à mouvement linéaire selon la
revendication 2, dans lequel deux ensembles de
deux rainures axiales parallèles (222) sont formés
dans une surface intérieure de la pluralité de plaques
de support de charge (220) qui servent de partie ex-
térieure des gorges de support de charge.

6. Ensemble de support à mouvement linéaire selon la
revendication 3, dans lequel deux ensembles de
trois rainures axiales parallèles sont formés dans
une surface intérieure de la pluralité de plaques de
support de charge qui servent de partie extérieure
des gorges de support de charge.

7. Ensemble de support à mouvement linéaire selon la
revendication 2, dans lequel des plaques de support
à gorge double (2206) peuvent pivoter et rouler pour
fournir un chargement équilibré afin de maintenir une
charge uniforme sur toutes les gorges.

8. Ensemble de support à mouvement linéaire selon la
revendication 2, dans lequel les parties de support
de charge respectives (2304) des deux paires de
deux gorges à billes axiales ouvertes sont agencées
parallèlement le long d’un axe longitudinal commun.

9. Ensemble de support à mouvement linéaire pour le
mouvement le long d’un arbre comprenant l’ensem-
ble de support à mouvement linéaire selon la reven-
dication 1.
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