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(57) ABSTRACT 
Correspondence Address: - 0 
3M INNOVATIVE PROPERTIES COMPANY A bearing assembly is disclosed, which comprises at least 
PO BOX 33427 two slidable fasteners interengaged with at least two bearing 
ST. PAUL, MN 55133-3427 (US) pieces Such that the Slidable fastenerS have Substantially 

9 unrestricted biaxial motion relative to one another. The 
bearing pieces are comprised of Self-closable fastener film 

(73) Assignee: 3M Innovative Properties Company comprising a base sheet and a multiplicity of ribs projecting 
from the base sheet, wherein the flat side of the first bearing 

(21) Appl. No.: 10/376,787 piece is attached to the flat Side of the Second bearing piece 
Such that the ribs of the first bearing piece are not parallel 

(22) Filed: Feb. 28, 2003 relative to the ribs of the Second bearing piece. 
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SLIDABLE EASTENER BEARING ASSEMBLY 

FIELD 

0001. This invention relates to bearing assemblies using 
mating reclosable mechanical fasteners, which provide 
biaxial motion to two or more Substrates relative to one 
another. 

BACKGROUND 

0002. In current applications, motion of an assembly or 
Substrate along one axis is typically provided by ball bearing 
Slides, or by creating a hole in the assembly and Sliding it 
along a Suspended rod or wire. This simple type of motion 
can be created also by sliding two engaged lengths of 
reclosable fastener film relative to one another along the rib 
direction, Such as the Self-mating fastenerS as described in 
U.S. Pat. No. 6,367,128. 

0003. Self-mating fasteners, such as those described in 
U.S. Pat. No. 6,367,128, comprise a base sheet and a 
multiplicity of parallel, narrowly spaced, elastically deform 
able ribs with at least one flange projecting from a major 
Surface of the base sheet. The width and spacing of ribs are 
chosen so that when the ribbed Surface of the fastener is 
pressed against an identical ribbed Surface, the ribs of one 
Surface will be accommodated between the ribs of the other 
Surface, and ribs on the two Surfaces can deform and their 
flanges move past one another to interengage and hold the 
Surfaces together. 
0004 Fasteners as described have a number of important 
advantages. These include convenient engagement at a 
desired level of pressure or force; resistance to disengage 
ment, especially resistance to peel forces, which combines 
with low engagement force to provide a wide range of 
utilities, an advantageous Self alignment when fasteners are 
brought into engagement with one another; high durability 
adapting the fasteners to repeated use; low manufacturing 
cost; and low inventory cost, given the need to Stock only 
one product in the case of a Self-mating fastener. 
0005. In view of the foregoing, one drawback of sliders 
based on reclosable mating fastenerS is that motion is 
restricted to one direction. What is desired is means to 
introduce biaxial motion between two Substrates using 
reclosable mating fastenerS. 

SUMMARY 

0006 The present invention provides a means to intro 
duce biaxial motion between two Substrates using reclosable 
mating fasteners. A bearing assembly is provided that allows 
motion along two planes relative to one another when two or 
more mating reclosable fasteners are interengaged. 
0007. In one aspect of the invention, a bearing assembly 
is provided that comprises a reclosable fastener film com 
prising a base sheet and a multiplicity of parallel ribs 
projecting from the base sheet to form a first slidable 
fastener; a reclosable fastener film comprising a base sheet 
and a multiplicity of parallel ribs projecting from the base 
sheet to form a first bearing piece; a reclosable fastener film 
comprising a base sheet and a multiplicity of parallel ribs 
projecting from the base sheet to form a Second bearing 
piece; and a reclosable fastener film comprising a base sheet 
and a multiplicity of parallel ribs projecting from the base 
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sheet to form a Second slidable fastener, and a bearing 
formed when the flat side of the base sheet opposite the 
ribbed surface of the first bearing piece is attached to the flat 
side of the base sheet opposite the ribbed surface of the 
Second bearing piece Such that the ribs of the Second bearing 
piece are not parallel to the ribs of the first bearing piece. 
0008. The ribs of the first bearing piece are interengaged 
with the ribs of the first slidable fastener and the ribs of the 
Second bearing piece are interengaged to the ribs of Second 
slidable fastener Such that the second slidable fastener is not 
parallel to the first slidable fastener. After interengagement 
with the bearing, the first and second slidable fasteners of the 
bearing assembly have Substantially unrestricted biaxial 
motion relative to one another while maintaining Substan 
tially restricted motion in the axial direction perpendicular to 
the plane of motion of the slidable fasteners. 
0009. Also provided is a bearing assembly as described 
below attached to at least one Substrate to provide Substan 
tially unrestricted biaxial motion to another substrate while 
maintaining Substantially restricted motion in the axial 
direction perpendicular to the plane of motion of the Sub 
Strate. 

0010 Also provided is a bearing assembly further com 
prising a rotational element in the bearing that provides 
rotational motion around a hypothetical Z-axis perpendicular 
to the X-Y plane defined by the bearing while effectively 
preventing perpendicular motion of the Substrate along the 
Z-XS. 

0011. Also provided is a bearing assembly that has con 
Venient low engagement at a desired level of pressure or 
force; resistance to disengagement, especially resistance to 
peel forces, which combines with low engagement force to 
provide a wide range of utilities, high durability adapting the 
assembly to repeated use; low manufacturing cost; low 
inventory cost; and easy customization by an end-user. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The present invention will be further described 
with reference to the accompanying drawings, in which: 
0013 FIG. 1 is a perspective and cross-sectional view of 
one embodiment of the bearing assembly of the invention. 
0014 FIG. 2 is a top plan view of multiple slidable 
fasteners interengaged with multiple bearing pieces of the 
present invention. 
0015 FIG. 3 is a perspective view of a bearing assembly 
with tabs in one embodiment of the present invention. 
0016 FIG. 4 is a perspective view of a bearing assembly 
in another embodiment of the present invention. 
0017 FIG. 5 is a perspective view of a bearing assembly 
on a SubStrate in one embodiment of the present invention. 
0018 FIG. 6 is a perspective view of the bearing assem 
bly with rotational elements in another embodiment of the 
present invention. 
0019 FIG. 7 shows a cross-sectional view of the fastener 
film used in Some embodiments of the present invention. 

DETAILED DESCRIPTION 

0020. The present invention provides a bearing assembly 
using mating reclosable mechanical fasteners between two 
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Substrates or Surfaces. AS used herein the term “mating 
reclosable mechanical fastener” refers to fasteners compris 
ing a base sheet with a multiplicity of parallel, narrowly 
Spaced, elastically deformable ribs with at least one flange 
projecting from a major Surface of the base sheet. The width 
and Spacing of ribs are chosen So that when the ribbed 
Surface of the fastener is pressed against a mating ribbed 
Surface, the ribs of one Surface will be accommodated 
between the ribs of the other Surface, and ribs on the two 
Surfaces can deform and their flanges move past one another 
to interengage and hold the Surfaces together. Self-mating 
reclosable mechanical fasteners are mating fasteners in 
which the ribbed Surfaces are identical. This bearing assem 
bly allows continuous translational movement of one Sub 
Strate along two axes in a plane, i.e., the X-Y plane, relative 
to the other Substrate, while effectively preventing motion in 
a third planar direction, i.e., the Z axis. For ease of reference, 
the present invention can be described in reference to the 
X-Y-Z axes to describe motion in the relative planes. How 
ever, it should be understood that the present invention 
would include a bearing assembly with translational motion 
in the X-Z or Y-Z plane without limitation. 

0021 For nominal loads, typically less than ten pounds, 
and where extreme precision is not required, with a number 
of repeat cycle movements that is in the hundreds or 
thousands, the fastener films can be interconnected to form 
bearing assemblies of the present invention which provide 
two-dimensional guided motion for minimal cost. The 
present invention can also provide easy customization by an 
end user. For example, fastener films laminated with a 
preSSure Sensitive adhesive and a liner on the flat Side of the 
fastener film base sheet can be made available to end-users 
to create customized bearing assemblies with no need of 
Special tools or equipment. 

0022. As shown in FIG. 1, an embodiment of the present 
invention demonstrates a bearing assembly 10 that permits 
continuous translational movement of two planar slidable 
fasteners 20 parallel to their surfaces in the X-Y plane, while 
restricting movement perpendicular to their Surface or in 
rotation. This biaxial motion is created by constructing a 
bearing 60 that is capable of interengaging with the Slidable 
fasteners 20. The two slidable fasteners 20 are fastener film 
of varying lengths and width with a ribbed Surface on one 
side. The bearing pieces 30 are also constructed with fas 
tener film having a ribbed surface 40 and a flat surface 50 
opposite the ribbed surface 40. Bearing pieces 30 can be any 
length and width but are typically Smaller in dimension than 
slidable fasteners 20. The bearing 60 is created by attaching 
the flat surface 50 of one bearing piece to the flat surface 50 
of another bearing piece such that the ribbed surfaces 40 are 
not parallel. Alternatively, the bearing 60 may be formed as 
a single piece, for example, by injection molding. 

0023. In FIG. 1, the bearing pieces 30 are attached such 
that the ribbed surfaces 40 on each bearing piece 30 are 
perpendicular to each other. However, in alternate embodi 
ments the ribbed Surfaces on each bearing piece can range 
between 0 and 180 degrees from parallel to each other. The 
bearing pieces 30 can be laminated to one another using an 
adhesive, or other means of attaching flat Surfaces. The 
opposing ribbed surfaces 40 of the bearing 60 are interen 
gaged with the two slidable fastenerS20 to create the bearing 
assembly 10. In FIG. 2, an embodiment of the present 
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invention in provided using multiple bearings 60 (shown by 
dashed lines) interengaged with multiple slidable fasteners 
2O. 

0024. In an alternate embodiment shown in FIG. 3, the 
flat Surface of slidable fasteners 110 and 112 are laminated 
to rigid substrates 120 which may be the same or different. 
A bearing 60, similar to the one shown in FIG. 1, is located 
between the rigid substrates 120. The ribbed surfaces of 
bearing 60 are interengaged on opposite sides with the 
ribbed Surfaces of slidable fasteners 110 and 112. The 
bearing 60 interengaged with the slidable fasteners 110 and 
112 allow biaxial motion of the rigid substrates 120 in the 
X-Y plane with movement substantially restricted perpen 
dicular to the plane of the rigid substrates 120. More than 
one bearing 60 can be included to facilitate movement of 
rigid substrates 120 relative to one another. In alternate 
embodiments not shown, one or more of the Substrates may 
be flexible and/or curved. 

0025 If it is desired to limit the motion of the substrates 
as shown in FIG.3, then a cross direction tab 160 of fastener 
film can be placed strategically on slidable fastener 110. The 
tab 160 is constructed of sufficient thickness to prevent 
further movement of the Substrate. The tab 160 located on 
slidable fastener 110 stops motion of the opposite rigid 
Substrate 120 when the second slidable fastener 112 contacts 
the tab 160. 

0026 Optionally, to limit machine direction motion of 
the slidable fastener 112 machine direction tabs 170 are 
provided. As shown, machine direction tabs 170 comprise 
two roughly similar pieces of fastener film. Machine direc 
tion tabs 170 form spacers that stop slidable fastener 112. 
The tabs 170 contact raised edge 180 on slidable fastener 
110 to prevent tabs 170 from moving beyond edge 180. 
Alternatively, multiple cross direction tabs 160 and machine 
direction tabs 170 can be used on slidable fasteners 110 and 
112 either together or alone. 
0027 Other means exist to provide stops of relative 
motion of the Substrates. For instance, holes may be placed 
through Substrates laminated with fastener film and a pin 
positioned through a hole in the upper Substrate which is 
aligned with a hole in the lower Substrate. In addition, 
deformations of the rib structure are also useful to limit 
relative movement of the fasteners in the bearing assembly. 
One Such deformation Structure, or dam, can be conve 
niently formed by contact of the ribbed surface of an 
extruded web with projections on a heated wheel, whereby 
longitudinally Spaced portions of the ribbed Structure are 
periodically pressed down and accumulate as a raised Struc 
ture or dam. 

0028. In an alternate embodiment shown in FIG. 4, the 
flat Surfaces of slidable fasteners 210 and 212 are laminated 
to rigid substrates 220. On the side of rigid substrates 220 
opposite the slidable fastener, knobs 230 are attached to 
allow manipulation of the rigid Substrates 220. A bearing 
240 is constructed by laminating the flat surface of bearing 
pieces 250 to one side of a rigid plate 251, and laminating 
the flat Surface of bearing pieces 252 to the opposite Side of 
rigid plate 251 Such that the ribbed Surface on bearing pieces 
250 is perpendicular to the ribbed surface on bearing piece 
252. In alternate embodiments not shown, the ribbed Sur 
faces of 250 and 252 (and also 210 and 212) can range 
between 0 and 180 degrees from parallel to each other. 
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0029. The ribbed surfaces of 250 and 252 of bearing 240 
are interengaged on opposite sides with the ribbed Surfaces 
of slidable fasteners 210 and 212. When the two knobs 230 
are grasped and manipulated to move the rigid Substrates 
220 relative to one another, the bearing 240 interengaged 
with the slidable fasteners 210 and 212 allow biaxial motion 
of the rigid substrates in the X-Y planes with movement 
Substantially restricted perpendicular to the plane of the rigid 
Substrates 220. 

0.030. In FIG. 5, a bearing assembly as shown and 
described in FIG. 1 is constructed with the flat side of one 
slidable fastener 320 attached to a cylinder 310. The bearing 
60 (shown with dashed lines) slides along the slidable 
fastener 320 and slidable fastener 330 assumes continuously 
variable biaxial motion along the outer Surface of the 
cylinder while Substantially restricting motion perpendicular 
to the circumference of the cylinder. 
0031. In an alternative embodiment as shown in FIG. 6, 
the present invention includes a rotational element to pro 
vide Substrates 420 with both biaxial motion in the X-Y 
plane and rotational motion around a hypothetical Z-axis that 
extends through the bearing while effectively preventing 
perpendicular motion of the Substrate along the Z-axis. The 
flat surface of each slidable fastener 410 is laminated to rigid 
substrate 420. A bearing 440 comprising the flat surface of 
one bearing piece 450 laminated to the flat surface of a 
second bearing piece 460, such that the ribbed surfaces are 
not parallel, is located between the rigid substrates 420. The 
bearing 440 further comprises a rotational element 480 that 
extends through the base sheet of both bearing pieces 450, 
460. In FIG. 6, the rotational element is a two-part metal 
Snap, with one part attached to 450 and the second part 
attached to 460. Other rotational elements are possible such 
as a bolt or Screw assembly, rivets, an axel and bushing 
assembly and the like. 
0.032 The ribbed surfaces of bearing 440 surrounding the 
rotational element 480 are interengaged on opposite sides 
with the ribbed Surfaces of each slidable fastener 410. The 
bearing 440 interengaged with the slidable fasteners 410 
allow biaxial motion of the rigid substrates in the X-Y plane 
with movement Substantially restricted perpendicular to the 
plane of the rigid substrates 420. In addition, the rotational 
element 480 in bearing 440 allows rotational movement of 
rigid Substrates 420 around a hypothetical Z-axis that 
extends through bearing 440. More than one bearing 440 
with rotational element 480 can be included to facilitate 
movement of rigid substrates 420 relative to one another. 
0033. In some embodiments of the invention, the surface 
of the base sheet opposite from the ribbed surface on the 
fastener film carries Structure that Specially adapts the fas 
tener to attachment to another Substrate. Such structure may 
include ribbed Surfaces of the invention in which the rib 
profile is the same or different from that on the first surface, 
as well as other mechanical fastening Structure Such as 
hooks or loops or headed elements as described, for 
example, in U.S. Pat. No. 4,290,174, or various adhesive 
layers. Slidable fasteners of the invention may also be 
attached onto a Substrate by means Separate from the fas 
tener, e.g., by a separately applied adhesive, by Sewing, 
welding of base sheet material to the Substrate, and other 
CS. 

0034. Alternatively, the bearing assembly of the present 
invention can be incorporated into a larger article having 
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other functions besides fastening, e.g., a frame that could be 
mounted on a wall to Support a picture or other display. The 
bearing assembly can be incorporated into the larger article 
in various ways, e.g., by inserting an already prepared 
bearing assembly into a mold and molding the rest of the 
article around at least one Slidable fastener, or by configur 
ing a mold Surface with mold structure shaped to form a 
slidable fastener of the invention. When the bearing assem 
bly of the invention is incorporated into a larger article, the 
term “base sheet’ herein includes the structure of the article 
into which the slidable fastener is incorporated. 
0035. The bearing assembly of the invention has a num 
ber of important advantages, which adapt the bearing assem 
blies to a number of important uses. For example, for use in 
environments where rust or corrosion is possible (Such as 
marine environments) for use as a temporary fastener to 
allow repositioning prior to permanent fastening or in cases 
where many cycles of assembly and disassembly are antici 
pated (Such as in toys or games) to preclude the loss of Small 
parts and pieces. 
0036. It should be clear that by arranging two such 
assemblies at right angles, an apparatus can be constructed 
that would allow translational motion along all three axes. 
With less complexity and expense, three-dimensional 
motion can also be provided by combining the invention 
described above with a one-dimensional or similar slidable 
fastener in the Z plane. 
0037. The bearing assembly of the present invention is 
not limited to a particular fastener shape, but can be realized 
with any fastener composed of ridges (ribs, rails, etc.) that 
extend in one direction with the same croSS-Sectional shape 
or alternatively ridges that are relatively long and Straight. 
Although Slidable fasteners of the invention generally are 
used in mating pairs and Self-mating pairs are preferred for 
ease of use, they need not be Self-mating pairs, i.e. they also 
can be interengaged with a fastener of a different shape. For 
example, a fastener having tall and Short ribs may be 
interengaged with a fastener in which the ribs are all the 
Same height. A wide variety of alternative fastenerS have 
been disclosed from which headed, interengaging elements 
protrude. See, for example, the fastenerS described in U.S. 
Pat. Nos. 3,266,113; 4,290,174; 4.894,060; and 5,119,531. 

0038. The rib shape of the slidable fastener selected to 
construct the bearing assemblies of the present invention 
will provide Some means of non-destructive engagement 
(for instance, Side insertion) and resist peel, shear, cleavage, 
and tensile debonding forces. A wide variety of profiles and 
shapes are known and are Suitable for the Slidable fastener. 
0039. As illustrated in FIG. 7, a representative fastener 
Suitable for constructing the bearing assembly of the present 
invention comprises a base sheet 11 and a multiplicity of ribs 
12 attached to and projecting upwardly from the base sheet. 
The ribs 12 are parallel to one another and Spaced apart a 
transverse distance 13. Each rib comprises a stem portion 14 
and flanges 15 and 16 attached to each side of the stem 
portion. Both flanges 15 and 16 are spaced from the base 
sheet 11, but the right flange 16 is attached to the top of the 
stem portion 14 while the left flange 15 is attached at a lower 
height on the stem portion (“right,”“left” and “top” refer to 
positions in FIG. 7; “top” may also be thought of as the 
surface furthermost from the base sheet). Both flanges 15 
and 16 extend at an angle from their point of attachment on 
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the stem portion 14 toward the base sheet 11, with the result 
that at their outer or lateral edge the flanges are closer to the 
base sheet than are their points of attachment to the Stem 
portion. The difference between the flanges 15 and 16 as to 
their height of attachment to the Stem portion 14 makes the 
ribs 12 asymmetric about a central Vertical plane 21. Such an 
asymmetry has been found to aid the Self-mating interen 
gagement of fasteners of the invention. 
0040. The bearing assembly can be constructed using 
fastener film with Symmetrical ribs, e.g., ribs that have 
identical flanges attached to the Stem portion at the same 
height on each side of the Stem portion. Higher application 
of force is required to accomplish interengagement of the 
fasteners. Different applications will determine the Selection 
of the appropriate mating reclosable fastener to use. In the 
embodiments of the present invention, the fastener film used 
to construct the bearing assembly is the fastener film as 
shown and described in U.S. Pat. No. 6,367,128, and incor 
porated herein by reference. 

0041. The rib used in the fastener film of the present 
invention is a representative coextruded rib, which in this 
case includes two different materials, one constituting the 
principal portion of the rib and the other constituting a top 
portion of the rib. More than two materials may be extruded 
and may constitute different portions of a rib or base sheet 
(as described, for example, in U.S. Pat. No. 6,106,922). For 
example, the base sheet might comprise one material, e.g., 
for flexibility or Suppleness, and the ribs comprise a different 
material, e.g., a Stiffer material. Or the Stem portion of a rib 
may comprise one material, e.g., having flexibility, elastic 
ity, or fatigue-resistant properties desired for repeated flex 
ing, and the head portion, i.e., the top portion of the rib 
including the flanges, may comprise a different material, 
e.g., a Stiffer, non-flexing material. 

0.042 Fasteners used in the bearing assembly of the 
invention may include combinations of features Such as 
those discussed above. When a combination of features is 
used, the profile formed by the ribs may have more than one 
regularly repeated deviation in the direction transverse to the 
length of the ribs from the profile that would be formed by 
a full population of equally Spaced, identical, undivided, 
Symmetric ribs. The asymmetries or profile-deviation fea 
tures discussed above are illustrative only and are not 
exhaustive. Profile features may be selected from a variety 
of features including, as examples only, non-identity of ribs 
(e.g., Some ribs in a regularly repeated pattern being differ 
ent from other ribs in croSS-Sectional shape, Such as different 
in rib height, or different in flange shape or flange dimen 
Sions), asymmetry of rib shape (e.g., at least Some ribs in a 
regularly repeated pattern being asymmetric in shape about 
a central vertical plane through the rib), inequality of rib 
spacing (e.g., the spacing between Some ribs being different 
in a regularly repeated pattern from the Spacing between 
other ribs), and dividing of ribs (e.g., at least Some ribs in a 
regularly repeated pattern having an elongated opening Such 
as a slot or a slit. 

0043. The size of the ribs may be varied for different 
applications. Bearing assemblies of the invention will gen 
erally function as desired through a range of rib Sizes. 
Depending on composition and rib shape, larger rib sizes 
often involve larger engagement and disengagement forces 
than Smaller rib sizes. Larger rib Sizes may be used for 
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heavy-duty applications, where a fastener pair may be 
intended to stay engaged longer and/or resist greater disen 
gagement forces, while Smaller sizes may be appropriate for 
lighter-duty applications. Depending on rib size, ten or more 
ribs of a slider are usually interengaged with ribs of the 
bearing in a mated fastener pair. 
0044) The fastener film typically has deformable charac 
teristics to allow repeated closing and opening cycles with 
nondestructive engagement. However, the bearing assembly 
can be designed for Single use, in which permanent defor 
mation may occur during engagement and/or disengage 
ment. 

0045 For many applications, the lower the force required 
to achieve engagement while maintaining other desired 
properties, the better. In contrast to the desire for a lower 
engagement force, it is generally desired that the disengage 
ment force be high, i.e., higher than what was perceived as 
the engagement force. Disengagement forces will vary 
depending on the kind of Support that is provided to the 
fastener. Thus, a fastener of the invention attached to a rigid 
Substrate will generally experience tensile-type disengage 
ment forces acting perpendicular to the plane of the fastener 
base sheet or Shear or cleavage forces acting parallel to the 
fastener base sheet, and will experience little if any peel-type 
forces. On the other hand, a fastener of the invention 
attached to a flexible Substrate will experience peel-type 
forces in addition to tensile and shear forces. 

0046. In other embodiments of the invention a friction 
reducing agent is incorporated into a fastener film used in the 
invention, e.g., on the rib Surfaces to enhance relative 
movement between the interengaged ribs of a bearing 
assembly. Such friction-reducing agents, for example sili 
cone materials, also have the advantage that they help 
molten polymeric material flow during extrusion or other 
forming of the fastener body and thus assist the material to 
fill out the desired rib shape. 
0047 The self-closable fastener film used in the inven 
tion may be made from a variety of materials but most 
commonly are made from polymeric materials, using gen 
erally any polymer that can be melt processed. Homopoly 
mers, copolymers and blends of polymers are useful, and 
may contain a variety of additives. Inorganic materials. Such 
as metals may also be used. The composition is chosen to 
provide desired bending characteristics, including usually an 
elastic bending movement of the stem of the rib in a 
direction lateral to the length of the rib and little if any 
bending of the flanges during engagement and disengage 
ment. Generally a modulus of from 10 MPa to 107 MPa 
for the composition of the fastener including any additives 
is Satisfactory but this may change depending on the appli 
cation. 

0048 Suitable thermoplastic polymers include, for 
example, polyolefins Such as polypropylene or polyethylene, 
polystyrene, polycarbonate, polymethyl methacrylate, eth 
ylene Vinyl acetate copolymers, acrylate-modified ethylene 
Vinyl acetate polymers, ethylene acrylic acid copolymers, 
nylon, polyvinylchloride, and engineering polymerS Such as 
polyketones or polymethylpentanes. Elastomers include, for 
example, natural or Synthetic rubber, Styrene block copoly 
mers containing isoprene, butadiene, or ethylene (butylene) 
blocks, metallocene-catalyzed polyolefins, polyurethanes, 
and polydiorganosiloxanes. Mixtures of the polymers and/or 
elastomerS may also be used. 
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0049 Suitable additives include, for example, plasticiz 
ers, tackifiers, fillers, colorants, ultraViolet light Stabilizers, 
antioxidants, processing aids (urethanes, Silicones, fluo 
ropolymers, etc.), low-coefficient-of-friction materials (sili 
cones), conductive fillers to give the fastener a level of 
conductivity, pigments, and combinations thereof. Gener 
ally, additives can be present in amounts up to 50 percent by 
weight of the composition depending on the application. 
0050 Fastener film used in the bearing assembly can be 
formed by extruding a polymeric web through a die having 
an opening cut, for example, by electron discharge machin 
ing. The shape of the die is designed to generate a web with 
a desired croSS-Sectional shape or profile. The web is gen 
erally quenched after leaving the die by pulling it through a 
quenching material Such as water. A wetting agent may be 
required in the quenching medium to assure good wetting of 
the whole Surface of the extruded web, including Spaces 
between ribs. The extruded web may be further processed, 
e.g., by cutting extruded ribs and Stretching the web to form 
interruptions in the ribs or by forming Structure to limit 
relative movement between fasteners. Fasteners are then 
formed, generally by cutting and slitting the extruded web. 
Extrusion is strongly preferred; but instead of extruding, 
fasteners of the invention can be prepared in other ways, for 
example, by injection molding or casting. 

EXAMPLES 

0051. These examples are merely for illustrative pur 
poses only and are not meant to be limiting on the Scope of 
the appended claims. All parts, percentages, ratios, etc. in the 
examples and the rest of the Specification are by weight 
unless indicated otherwise. 

Table of Abbreviations 

9671LE Transfer adhesive commercially available from 3M 
Company, St. Paul, MN 
Prepared as described in Example 13 of U.S. Pat. 
No. 6,367,128 (Galkiewicz et al.). A 
polypropylene resin (SRC-7644 PPco available 
from Union Carbide; Danbury, CT) was used along 
with 5% by weight of MD-50 Silicone pellets (a 
50/50 silicone/polypropylene blend available from 
Dow Corning Corporaton: Midland, MI) with a 
typical hook width of 711–762 micrometers and a 
mass per area of 363 grams/m. 

Self-Mating 
Fastener Film 

Example 1 

0.052 Four pieces of self-mating fastener film were cut. 
Two of the pieces (slidable fasteners) were cut with a length 
of 10 centimeters and width of 1 centimeter cut along the rib 
direction or machine direction of the film. The remaining 2 
pieces (bearing pieces) were cut as Squares with Side dimen 
sions of 1 centimeter. To the base sheet opposite the ribbed 
Surface of one of the bearing pieces was laminated with 
9671LE laminating adhesive and the base sheet of the 
Second bearing piece was attached to this construction Such 
that the ribs of the Second bearing piece were perpendicular 
to the ribs of the first bearing piece to form a bearing. The 
bearing was engaged first with one Slidable fastener and then 
the Second slidable fastener was engaged to the bearing to 
form a cross with the first slider piece. The slidable fasteners 
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of this assembly were manipulated to Slide along the bearing 
and assume continuously variable biaxial motion, i.e., in the 
X-Y plane, of the two slidable fasteners relative to one 
another but motion orthogonal to the two planes, i.e., along 
the Z axis, was restricted and required disengagement of the 
fastener film ribs. 

Example 2 
0053 Twelve pieces of self-mating fastener film were 
cut, as described in Example 1: 4 Slidable fasteners and 8 
bearing pieces. The 8 bearing pieces were laminated 
together to form four bearings as described in Example 1. 
Two of the slidable fasteners were laid parallel to each other 
approximately 5 centimeters apart. Two bearings were 
engaged to each slider piece approximately 2 centimeters 
from each end. The other two slidable fasteners were 
engaged to the bearings perpendicular to the original two 
Slidable fasteners to form an assembly resembling a pound 
symbol, if, as shown in FIG. 2. The slidable fasteners of this 
assembly were manipulated to Slide along the bearing and 
assume continuously variable relative motion in the X-Y 
plane but motion orthogonal to this plane was restricted and 
required disengagement of the Self-mating fastener film ribs. 

Example 3 
0054 As shown in FIG. 4, square polycarbonate plates 
with side dimensions of 7.6 centimeters and 0.5 centimeter 
thickness were fitted with cylindrical knobs of 2.5 centime 
ter diameter and 1.9 centimeter length. Square sheets of 
self-mating fastener film with side dimensions of 7.6 cen 
timeters were laminated to these plates using 9671LElami 
nating adhesive to the Side of the plate opposite the knobs. 
Two Square bearing pieces with Side dimensions of 1.9 
centimeters were cut from the Self-mating fastener film and 
laminated together to form a bearing as described in 
Example 1. The bearing was positioned in the middle of one 
plate and clicked into engagement. The other plate was 
positioned with ribs rotated perpendicular to the first plate 
and engaged onto the available Outer face of the bearing. 
When the two knobs were grasped, the slidable fasteners of 
this assembly were manipulated to Slide along the bearing 
and assume continuously variable relative motion in the X-Y 
plane but motion orthogonal to this plane was restricted and 
required disengagement of the Self-mating fastener film ribs. 

Example 4 
0055. The same assembly described in Example 3 was 
prepared only with the addition that a Second bearing 
prepared in the same way described in Example 3 was also 
used. The slidable fasteners of this assembly were manipu 
lated to Slide along the bearings and assume continuously 
variable relative motion in the X-Y plane but motion 
orthogonal to this plane was restricted and required disen 
gagement of the Self-mating fastener film ribs. 

Example 5 
0056 An assembly similar to that described in Example 
4 with 2 slidable fasteners attached to two plates and 2 
bearings was prepared only with 2 croSS direction tabs. The 
croSS direction tabs were prepared of the same Self-mating 
fastener film as the slidable fasteners and were 2.54 centi 
meters Square. The croSS directional tabs were attached to 
the edges of the top and bottom Slidable fasteners approxi 
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mately in the center of ribs. The assembly was put together 
Such that the bottom croSS directional tab Stopped the motion 
of the top plate when the top slidable fastener reached the tab 
and the top croSS directional tab Stopped the motion of the 
bottom plate when the bottom slidable fastener reached the 
tab. 

Example 6 

0057. As shown in FIG. 5, a slidable fastener as 
described in Example 1 was laminated using 9671LE lami 
nating adhesive to a cylinder with an outer diameter of 8.89 
centimeters. A bearing piece as described in Example 1 was 
attached. The bearing of this assembly was manipulated to 
Slide along the Slidable fastener and assume continuously 
variable relative motion along the outer Surface of the 
cylinder but motion orthogonal to this Surface was restricted 
and required disengagement of the Self-mating fastener film 
ribs. 

Example 7 

0.058 Similar to the embodiment shown in FIG. 6, a 
series of 10 slidable fasteners of 30 centimeters length and 
1 centimeter width were cut in the machine or rib direction 
of Self-mating fastener film. These Strips were laminated in 
a parallel configuration to a Stainless Steel plate using Strips 
of 9671LElaminating adhesive with a space of 1 centimeter 
between each strip. A series of 12 slidable fasteners of 15 
centimeters length and 1 centimeter width were cut in the 
machine or rib direction of self-mating fastener film. These 
Strips were laminated in a parallel configuration to a poly 
carbonate plate using Strips of 9671LElaminating adhesive 
with a space of 1 centimeter between each Strip. Two (2) 
rectangular bearing Strips of 3.5 centimeters by 4.0 centi 
meters were cut from the self-mating fastener film. The 
center 5 ribs of each bearing strip were cut off with a razor 
blade and hole was punched in the center of each bearing 
Strip. Two-part metal SnapS were used to attach the two 
bearing pieces together flat Side to flat Side through the 
holes. This produced bearing pieces that were able to rotate 
relative to each other. The bearing ribs were engaged with 
the Slidable fastenerSlaminated to the Stainless Steel plate 
and the Slidable fastenerSlaminated to the polycarbonate 
plate. The slidable fasteners of this assembly were manipu 
lated to slide along the bearing and assume continuously 
variable relative motion in the X-Y plane as well as rotation 
about the metal Snap of the bearing, but motion Substantially 
orthogonal to this plane was restricted and required disen 
gagement of the Self-mating fastener film ribs. 

Example 8 

0059) The same assembly described for Example 7 was 
prepared only with the addition that a Second bearing 
prepared in the same way described in Example 7 was also 
used. The slidable fasteners of this assembly were manipu 
lated to slide along the bearing and assume continuously 
variable relative motion in the X-Y plane as well rotation 
about the metal Snap of the bearing, but motion orthogonal 
to this plane was Substantially restricted and required dis 
engagement of the Self-mating fastener film ribs. 
0060. The complete disclosures of the patents, patent 
documents, and publications cited herein are incorporated 
by reference in their entirety as if each were individually 
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incorporated. Various modifications and alterations to this 
invention will become apparent to those skilled in the art 
without departing from the Scope and Spirit of this invention. 
It should be understood that this invention is not intended to 
be unduly limited by the illustrative embodiments and 
examples Set forth herein and that Such examples and 
illustrative embodiments are presented by way of example 
only with the scope of the invention intended to be limited 
only by the claims set forth herein as follows. 

What is claimed is: 
1. A bearing assembly, comprising: 
a reclosable fastener film comprising a base sheet and a 

multiplicity of parallel ribs projecting from the base 
sheet to form a first slidable fastener; 

a reclosable fastener film comprising a base sheet and a 
multiplicity of parallel ribs projecting from the base 
sheet to form a first bearing piece, 

a reclosable fastener film comprising a base sheet and a 
multiplicity of parallel ribs projecting from the base 
sheet to form a Second bearing piece; and 

a reclosable fastener film comprising a base sheet and a 
multiplicity of parallel ribs projecting from the base 
sheet to form a Second Slidable fastener; 

wherein a bearing is formed when the flat side of the base 
sheet opposite the ribbed surface of the first bearing 
piece is attached to the flat side of the base sheet 
opposite the ribbed Surface of the Second bearing piece 
Such that the ribs of the Second bearing piece are not 
parallel to the ribs of the first bearing piece; 

wherein the ribs of the first bearing piece are interengaged 
with the ribs of the first slidable fastener and the ribs of 
the Second bearing piece are interengaged to the ribs of 
Second slidable fastener Such that the second slidable 
fastener is not parallel to the first slidable fastener; 

wherein the first and second slidable fasteners have Sub 
Stantially unrestricted biaxial motion relative to one 
another, and 

wherein the first and second slidable fasteners have Sub 
Stantially restricted motion in the axial direction per 
pendicular to the slidable fasteners. 

2. The bearing assembly of claim 1, wherein the wherein 
the flat side of the base sheet opposite the ribbed surface of 
the first bearing piece is attached to the flat Side of the base 
sheet opposite the ribbed Surface of the Second bearing piece 
Such that the ribs of the Second bearing piece are perpen 
dicular to the ribs of the first bearing piece. 

3. The bearing assembly of claim 1, wherein the fastener 
film of the slidable fasteners and the bearing pieces are 
different but interengagable. 

4. The bearing assembly of claim 1, wherein the fastener 
film of the slidable fasteners and the bearing pieces are 
Self-mating. 

5. The bearing assembly of claim 1, wherein at least the 
topmost portion of the ribs includes a friction-reducing agent 
to facilitate interengagement of the Slidable fasteners with a 
bearing piece. 

6. The bearing assembly of claim 1, wherein the base 
sheet of at least one slidable fastener has a raised area 
attached to the ribs to limit the biaxial motion of the bearing. 
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7. The bearing assembly of claim 6, wherein the raised 
area comprises a reclosable fastener film comprising a base 
sheet and a multiplicity of parallel ribs projecting from the 
base sheet to form a tab. 

8. The bearing assembly of claim 1, wherein the ribs of at 
least one Slidable fastener have been permanently deformed 
to limit the biaxial motion of the bearing. 

9. The bearing assembly of claim 1, wherein the fastener 
film is prepared by coextrusion from at least two different 
materials, whereby one portion of the fastener film com 
prises one material and a different portion of the fastener 
comprises a different material. 

10. An article comprising the bearing assembly of claim 
1, wherein the flat side of the base sheet opposite the ribbed 
Surface of at least one slidable fastener is attached to a 
Substrate. 

11. The article of claim 10, wherein the base sheet is a 
Substrate. 

12. The article of claim 10, wherein the Substrate is rigid. 
13. The article of claim 10, wherein the Substrate is 

flexible. 
14. The article of claim 10, wherein the Substrate is flat. 
15. The article of claim 10, wherein the Substrate is 

curved. 
16. The article of claim 10, further comprising a second 

Substrate attached to the Second slidable fastener. 
17. The bearing assembly of claim 1, wherein the bearing 

assembly comprises multiple Slidable fasteners interengaged 
to multiple bearings, wherein at least one slidable fastener is 
not parallel to at least one other Slidable fastener, and 
wherein at least one Slidable fastener has Substantially 
unrestricted biaxial motion relative to at least one other 
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slidable fastener; and wherein all the slidable fasteners have 
Substantially restricted motion in the axial direction perpen 
dicular to the slidable fasteners 

18. The bearing assembly of claim 1, further comprising 
a Substrate located between the first and Second bearing 
pieces wherein the flat Side of the base sheet opposite the 
ribbed Surface of the first bearing piece is attached to the 
Substrate, and the flat Side of the base sheet opposite the 
ribbed Surface of the Second bearing piece is attached to an 
opposite Side of the same Substrate, Such that the ribs of the 
Second bearing piece are not parallel to the ribs of the first 
bearing piece, to form a bearing. 

19. The bearing assembly of claim 1, wherein the flat side 
of the first and Second bearing pieces are laminated to each 
other with an adhesive. 

20. The bearing assembly of claim 1, wherein the bearing 
further comprises a rotational element that is attached to the 
bearing and wherein the bearing provides rotational motion 
about a hypothetical axis extending though the bearing while 
Substantially preventing motion perpendicular to the bear 
Ing. 

21. The bearing assembly of claim 17, wherein the 
bearings further comprise rotational elements that are 
attached to the bearings and wherein the bearings provide 
rotational motion about a hypothetical axis extending 
though the bearings while Substantially preventing motion 
perpendicular to the bearings. 

22. The bearing assembly of claim 1, further including a 
one-dimensional Slidable fastener to allow Z-direction 
motion. 


