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(57) ABSTRACT

A device includes first and second elements. The first
element includes a cross-linked thermoplastic. The second
element is configured to engage and to strain the first
element by a predetermined amount. The first and second
elements are configured to move relative to each other and
such that movement of the first and second elements pro-
duces a substantially repeatable shearing force between the
first and second elements.
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SHEARING-FORCE MECHANISM WITH
CROSS-LINKED THERMOPLASTIC

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority under 35
U.S.C. § 119(e) to U.S. Provisional Patent Application Ser.
No. 60/780,114 entitled “CROSS-LINKED THERMO-
PLASTIC TORQUE ENGINE,” having a filing date of Mar.
8, 2006, the contents of which are incorporated herein by
reference.

BACKGROUND

[0002] Many applications require controlled movement
between two elements. For example, hinges are often used
for providing a movable connection between different por-
tions of an apparatus. This movement often requires
repeated cycles of smooth and substantially repeatable force
exerted by the user of the device to position one element
relative to another element. The result of this movement is
positioning of the device in a way that resists further
movement against disturbing environmental forces such as
imposed by gravity or vibration.

[0003] One such example of such a hinge mechanism is in
conjunction with a laptop computer, which hinges a screen
relative to a base. Other applications may include relative
linear motion between two elements. For example, it may be
desired to control the up and down motion of a headrest
relative to a seat.

[0004] Unlike simpler bearing applications, whose object
is to minimize wear by minimizing friction, controlled
movement and positioning devices must generate significant
and substantially repeatable forces or torques through con-
trolled friction, often over many thousands of operating
cycles. Furthermore, the need to minimize the size of these
elements relative to these forces and torques results in the
generation of internal stresses hundreds of times greater than
those experienced by typical bearing applications.

[0005] For these reasons, the preferred technology set for
such devices has been precision-formed hardened steel
surfaces lubricated with grease. However, this technology
results in higher than desired cost, complexity of manufac-
ture, and complications attendant to grease application.
[0006] Engineering plastics, while finding wide use in
bearing applications, have found only limited use in such
controlled movement and positioning applications. While
eliminating the need for grease with their self-lubricating
properties, these engineering plastics typically cannot with-
stand high internal stresses without stress relaxation or
creep, making them unsuitable for applications requiring
both small size and large repeatable forces and torques. A
few engineering plastics such as UHMW-PE have partially
overcome this size drawback, but require more expensive
manufacturing operations than molded or extruded plastics
to achieve a finished, functional shape.

[0007] For these and other reasons, there exists a need for
the present invention.

SUMMARY

[0008] On embodiment includes a device having first and
second elements. The first element includes a cross-linked
thermoplastic. The second element is configured to engage
and to strain the first element by a predetermined amount.

Sep. 13, 2007

The first and second elements are configured to move
relative to each other and such that movement of the first and
second elements produces a substantially repeatable shear-
ing force between the first and second elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings are included to pro-
vide a further understanding of the present invention and are
incorporated in and constitute a part of this specification.
The drawings illustrate the embodiments of the present
invention and together with the description serve to explain
the principles of the invention. Other embodiments of the
present invention and many of the intended advantages of
the present invention will be readily appreciated as they
become better understood by reference to the following
detailed description. The elements of the drawings are not
necessarily to scale relative to each other. Like reference
numerals designate corresponding similar parts.

[0010] FIGS. 1A and 1B illustrate prospective and cross-
sectional views of a shearing-force mechanism in accor-
dance with one embodiment.

[0011] FIGS. 2A and 2B illustrate prospective and cross-
sectional views of an alternative shearing-force mechanism
in accordance with one embodiment.

[0012] FIGS. 3A and 3B illustrate prospective and cross-
sectional views of an alternative shearing-force mechanism
in accordance with one embodiment.

[0013] FIGS. 4A and 4B illustrate exploded and cross-
sectional views of an alternative shearing-force mechanism
in a torque hinge application in accordance with one
embodiment.

[0014] FIGS. 5A and 5B illustrate prospective and cross-
sectional views of an alternative shearing-force mechanism
in a linear-force device in accordance with one embodiment.
[0015] FIGS. 6A through 6C illustrate cross-sectional
views of alternative embodiments of shearing-force mecha-
nisms.

[0016] FIGS. 7A and 7B illustrate exploded and cross-
sectional views of an alternative shearing-force mechanism
in a torque hinge application in accordance with one
embodiment.

[0017] FIGS. 8A and 8B illustrate exploded and cross-
sectional views of an alternative shearing-force mechanism
in a torque hinge application in accordance with one
embodiment.

[0018] FIGS. 9A and 9B illustrate exploded and cross-
sectional views of an alternative shearing-force mechanism
in a torque hinge application in accordance with one
embodiment.

[0019] FIGS. 10A and 10B illustrate exploded and cross-
sectional views of an alternative shearing-force mechanism
in accordance with one embodiment.

DETAILED DESCRIPTION

[0020] In the following Detailed Description, reference is
made to the accompanying drawings, which form a part
hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bot-
tom,” “front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described.
Because components of embodiments of the present inven-
tion can be positioned in a number of different orientations,
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the directional terminology is used for purposes of illustra-
tion and is in no way limiting. It is to be understood that
other embodiments may be utilized and structural or logical
changes may be made without departing from the scope of
the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope
of the present invention is defined by the appended claims.
[0021] The FIGS. 1A and 1B illustrate respective prospec-
tive and cross-sectional views of shearing-force mechanism
10 in accordance with one embodiment. Shearing-force
mechanism 10 includes receiver 12 and insert 14. As spe-
cifically illustrated in the cross-sectional view of FIG. 1B,
insert 14 has a relaxed height of g;.

[0022] In one embodiment, receiver 12 is of sufficient
rigidity to maintain a strain imposed on insert 14. As such,
when insert 14 is forced into the opening formed by the
c-shape of receiver 12, insert 14 is compressed by a normal
force (indicated with N in FIG. 1B). In one embodiment, the
normal force N is caused by the opening in receiver 12
having a height of g,, which is smaller than the height g, of
one of insert 14. In the cross-sectional view of FIG. 1B the
compression of insert 14 is illustrated with a small shoulder
in insert 14 as it enters the opening of receiver 12. In the
illustration, the normal force resulting from the interference
is directed in the vertical direction of the arrows indicating
the normal force N.

[0023] Compressing insert 14 from it relaxed height g,
down to the height of the opening g, in receiver 12 causes
material strain (e) on insert 14. In the example, strain (e) is
equal to (g,-g,)/g;. Where the height differential between
insert 14 height g, and opening height g, is significant, the
material strain (e) on insert 14 is likewise significant.
Furthermore, the compression caused by the height differ-
ential and resulting normal force N on insert 14 can also be
used to calculate the stress on insert 14 using Hooke’s law.
Hooke’s law provides that stress (0) is equal to the strain (€)
multiplied by the modulus (E) of the material.

[0024] In one embodiment, insert 14 is a thermoplastic
material. For most thermoplastic materials, subjecting them
to a high normal force, such as that indicated in FIGS. 1A
and 1B, will strain the thermoplastic beyond its elasticity
causing failure in the material. In one embodiment of the
present invention, however, insert 14 is made of a cross-
linked thermoplastic. Cross-linked thermoplastic contains
cross-linked bonds which are introduced into the thermo-
plastic structure. Examples of cross-linking thermoplastic
have been known for decades, and examples can be found in,
for example, U.S. Pat. No. 3,097,150 to Redding et al.
[0025] One type of cross-linked thermoplastic is known as
cross-linked polyethylene or “PEX”. There are different
types of PEX, commonly referred to as PEX-A, PEX-B and
PEX-C. PEX-A variety PEX is produced by the peroxide or
“Engel method,” referring to the inventor of a process
technique for forming it; see, for example, U.S. Pat. No.
3,591,674 to Engel. This method performs “hot” cross-
linking, above the crystal melting temperature. It provides a
consistent and uniform cross-linking with good control over
the production process. However, the process takes longer
and tends to be more expensive than the other two methods
(below), as the polymer has to be kept at high temperature
and pressure for long periods during the extrusion process.
[0026] PEX-B variety PEX is referred to as the “silane
method” or the “moisture cure” method. In this method,
cross-linking is performed in a secondary post-extrusion
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process, producing cross-links between a cross-linking agent
(eg. vinylsilane) and a catalyst added into the polymer
matrix during extrusion. One of several processes, for
example, Sioplas, Spherisil or Monosil, are used in this
method. The process can be accelerated with heat and
moisture. Unlike PEX-A and PEX-C, the bonds are not
between the carbon atoms, but are realized as oxygen-
silicon-oxygen bridges, which are principally similar to the
sulfur bridges introduced during rubber vulcanization.
[0027] PEX-C variety PEX is produced by an electron
irradiation method, in a “cold” cross-linking process, that is,
below the crystal melting temperature. It provides less
uniform, lower-degree cross-linking than the Engel method,
especially at tube diameters over 1 inch, and when the
process is not controlled properly, the outer layer of the
tubes may become brittle. However, it is the cleanest, most
environmentally-friendly method of the three, as it does not
involve other chemicals and uses only high-energy electrons
to split the carbon-hydrogen bonds and facilitate cross-
linking. Because the irradiation takes place after the tube is
produced, cross-linking can be performed with this method
in a different processing step and/or facility.

[0028] When cross-linked thermoplastic, such as the PEX
examples cited above, is used for insert 14, the normal force
N asserted against insert 14 by receiver 12 creates a rela-
tively uniform and stable stress (o) at very high strain (e),
significantly higher than thermoplastic that is not cross-
linked. Loading the cross-linked thermoplastic with a rela-
tively uniform stress (o) at high strain (¢) can then be
utilized in providing a very accurate and predictable shear-
ing-force in many applications.

[0029] For example, FIG. 1A illustrates a first force direc-
tion F, and a second force direction F,, which are directly
opposed. When a force is applied to insert 14 in either the
first or second force directions F, or F,, insert 14 is moved
relative to receiver 12—-either “in” for force direction F, or
“out” for force direction F, relative to the illustrations in
FIGS. 1A and 1B. In the illustration, the first and second
force directions F, and F, are perpendicular the applied
normal force N. With this relative movement of insert 14 and
receiver 12, a relatively uniform and predictable shearing-
force is produced when insert 14 is loaded with a relatively
stable and uniform strain (e) from normal force N of receiver
12.

[0030] In order make practical use of the shearing force
created by such relative movement, insert 14 needs to be
loaded with a significant amount of strain (€). Most ther-
moplastics cannot withstand the amount of strain (e) that is
required to make practical use of a created shearing force.
For example, strain (e) of 2 percent or more is more than
most thermoplastics can withstand. The size that would be
required for the insert 14 made of thermoplastic would make
it impractical for many applications.

[0031] One type of thermoplastic that has shown some
promise in withstanding significant strain (e) is ultra high
molecular weight (UHMW) thermoplastics. UHMW ther-
moplastic is generally defined as thermoplastic having a
molecular weight of 3,100,000 or more. These UHMW
materials, however, are not practical for many applications.
In addition to being quite expensive, these UHM W materials
cannot be easily injection molded or even readily extruded.
[0032] UHMW materials have a melt flow index of zero
and, as such cannot be readily injection molded. Further-
more, regular tool steel will dull easily on UHMW materials.
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Dull tools will then overheat the surface, causing internal
stresses and possibly warping or distortion. UHMW-PE is
most often formed into bulk shapes, and then machined.
While the bulk material is somewhat more expensive than
other engineering plastics, the need to machine it further
widens the cost disadvantage. All of these limitations com-
plicate manufacturing and forming UHMW materials in
many practical applications or even prevent their use in
many other applications.

[0033] When a cross-linked thermoplastic material is used
for insert 14, however, a thermoplastic can be used to easily
form the insert into any desired shape or form. Furthermore,
insert 14 can be cross-linked thereby creating the cross-
linking thermoplastic and giving the material the properties
needed to withstand a relatively uniform and stable stress (o)
at very high strain (e¢) without causing the cross-linked
thermoplastic to deform past its elasticity. In one example,
a cross-linked polyethylene (PEX) is used for insert 14.
[0034] In some embodiments, when cross-linked thermo-
plastic material is used for insert 14, it can remain elastic up
to approximately 6% strain (e), which is far beyond the
elastic limit of most plastics. “Elastic” as used here, means
that the material will return to its original dimension if
unloaded or unstrained. Furthermore, in some embodiments
the cross-linked thermoplastic material remains a viable
material for generating repeatable shear at strain (e) up to
and beyond 15%. While the material is no longer elastic at
this point—if unloaded there will be a semi-permanent
deformation—it still continues to generate repeatable shear-
ing forces, unlike most plastics. As such, loading the cross-
linked thermoplastic with a relatively uniform stress (o) at
high strain (e) can then be utilized in providing a very
accurate and predictable shearing force in many applica-
tions.

[0035] Furthermore, configuration of receiver 12 can be
specifically controlled such that it applies a predictable and
relatively uniform amount of high strain (e) on the cross-
linked thermoplastic material, such as a PEX, of insert 14.
Controllably loading insert 14 may then be used to control
and predict the amount or level of shearing force generated
by shearing-force generator 10 in certain embodiments, even
at high levels of strain (e).

[0036] In addition, shearing-force mechanism 10 can also
be configured such that receiver 12 is made of PEX or other
cross-linked thermoplastic, while insert 14 is of sufficient
rigidity to maintain a strain (€) imposed on receiver 12. As
such, it is possible to “invert” the embodiment and still
generate a usable shearing force. In fact, in each of the
embodiments described below, a cross-linked thermoplastic
is discussed with respect to a certain element, but these
embodiments can also be inverted to have other elements
made of a cross-linked thermoplastic and still generate
repeatable shearing forces.

[0037] FIGS. 2A and 2B illustrate respective prospective
and cross-sectional views of shearing-force mechanism 20
in accordance with one embodiment. Shearing-force mecha-
nism 20 includes sleeve 22 and shaft 24. In one embodiment,
shaft 24 also includes knurls 26. In one embodiment, sleeve
22 is made of a cross-linked thermoplastic material, such as
PEX, into which shaft 24 is inserted. Relative to the cross-
linked thermoplastic of sleeve 22, shaft 24 is of sufficient
rigidity to maintain a strain (€) imposed on sleeve 22. In one
example, shaft 24 is mild steel and in another it is hardened
steel. In one case, the outer diameter of shaft 24 is greater

Sep. 13, 2007

than the inner diameter of sleeve 22 such that insertion of
shaft 24 into sleeve 22 deflects or compresses sleeve 22,
thereby loading sleeve 22 with relatively uniform strain (€).

[0038] In one example, shearing-force mechanism 20 can
be used to generate relatively constant torque. Shaft 24 can
be rotated within sleeve 22 while sleeve 22 is held stable.
For example, a hinged element can be coupled to the knurls
26 of shaft 24 and rotated with shaft 24 relative to sleeve 22.
The relatively uniform strain (e) imposed on sleeve 22, in
combination with the relative rotation of sleeve 22 and shaft
24, creates a relatively uniform torque.

[0039] Where sleeve 22 is a cross-linked thermoplastic
material, it can be easily formed into a desired shape, for
example, by injection molding or extruding a thermoplastic
into the desired form. The thermoplastic can be cross-linked
during or after forming to create the cross-linked thermo-
plastic material and its associated properties. Once sleeve 22
formed with cross-linked thermoplastic material, it has the
properties needed to withstand a relatively uniform and
stable stress (o) at very high strain () without causing the
cross-linked thermoplastic to deform past its elasticity. In
one example, sleeve 22 is formed with cross-linked thermo-
plastic material and is loaded with strain () well beyond 3
percent, such that a relatively uniform torque is generated
with relative rotation of sleeve 22 and shaft 24.

[0040] FIGS. 3A and 3B illustrate respective prospective
and cross-sectional views of shearing-force mechanism 30
in accordance with one embodiment. Shearing-force mecha-
nism 30 includes receiver 32, insert 34 and pivot rod 36.
Similar to insert 14 in FIGS. 1A and 1B, insert 34 has a
height that is greater than the height of the opening in
receiver 32. As such, insert 34 is compressed as it is inserted
within the opening of receiver 32. Pivot rod 36 is then
inserted through both receiver 32 and insert 34, thereby
creating an axis (a) around which insert 34 can pivot in a first
direction of rotation R, or a second direction of rotation R,.

[0041] In one embodiment, insert 34 is a cross-linked
thermoplastic material, such as PEX, that experiences rela-
tively high strain (e) when it is inserted within the opening
of receiver 32. When insert 34 is rotated in either the first
direction of rotation R, or the second direction of rotation R,
a shearing-force is generated. This shearing-force is a torque
relative to the rotation of insert 34 about axis (a). In one
embodiment, receiver 32 is of sufficient rigidity to assert a
uniform and predictable normal force on the portion of insert
34 that is within the opening of receiver 32. Controllably
loading insert 34 with this uniform and predictable normal
force generates an accurate and predictable shearing-force or
torque as insert 34 is rotated in first or second rotational
directions R, and R,. Such predictable and uniform torque
may be useful in a variety of applications.

[0042] FIGS. 4A and 4B illustrate respective exploded and
cross-sectional views of shearing-force mechanism 40 in
accordance with one embodiment. Shearing-force mecha-
nism 40 includes sleeve 42, shaft 44, dowel 45, housing 46,
and bracket 48. In one example, dowel 45 and housing 46
may be formed as a single piece, and in other examples,
dowel 45 can be mounted within housing 46. Sleeve 42 is
inserted between dowel 45 and housing 46, such that sleeve
42 is firmly secured between housing 46 and dowel 45. Shaft
44 is inserted within sleeve 42, which projects at least some
distance out of housing 46. Bracket 48 is then press fit over
shaft 44 and firmly secured thereto. In one case, shaft 44
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may include a knurled portion over which bracket 48 may be
secured to further ensure a tight connection between them.
[0043] In one embodiment, sleeve 42 is a cross-linked
thermoplastic material, such as PEX, in a tubular shape
having an inner diameter that is smaller than the outer
diameter of shaft 44. In one case, shaft 44 has sufficient
rigidity such that, when shaft 44 is inserted within sleeve 42,
sleeve 42 is deflected or compressed causing strain (e) on
sleeve 42. As shaft 44 is rotated within sleeve 42 a shearing
force is created by the combination of the strain (e) on the
sleeve 42 and the relative rotation 42 and shaft 44.

[0044] In one example, housing 46 is provided with holes
or other mounting means such that it can be secured to a first
hinged element. Similarly, bracket 48 is configured with
holes or other mounting means such that it can be secured to
a second hinged element. In this way, rotation of the first
hinged element tends to rotate housing 46, dowel 45 and
sleeve 42. Also, rotation of the second hinged element tends
to rotate bracket 48 and shaft 44. As such, when the first and
second hinged elements are rotated relative to each other,
shaft 44 tends to rotate within sleeve 42, thereby generating
a torque.

[0045] In one example, sleeve 42 is a cross-linked ther-
moplastic material, such as PEX, that is loaded with a
relatively stable and high strain (€) asserted by the insertion
of shaft 44 within sleeve 42. Shaft 44 and sleeve 42 can be
configured to specifically control the amount of strain (€)
asserted on sleeve 42. When sleeve 42 is a cross-linked
thermoplastic material, the asserted strain (e) can be sub-
stantial. For example, strain (e) could be 3 percent or even
as high as 15 percent. In any case, controlling the amount of
strain (e) asserted on sleeve 42 allows a relatively uniform
and predictable amount of shearing-force or torque gener-
ated by shearing-force mechanism 40, even at these high
levels of strain (e).

[0046] In one example, shearing-force mechanism 40 is
used on a laptop computer. Housing 46 is mounted to a base
portion of the laptop computer, while bracket 48 is mounted
to a screen. In this way, the rotation of the computer screen
relative to the base generates a torque via shearing-force
mechanism 40. Again, the shaft 44 and sleeve 42 can be
specifically configured to control the amount of strain (e)
asserted on sleeve 42, thereby controlling the toque gener-
ated for the application. As such, the torque can be predict-
ably tailored to the size, shape, weight and desired perfor-
mance of the laptop computer.

[0047] FIGS. 5A and 5B illustrate respective perspective
and cross-sectional views of shearing-force mechanism 50
in accordance with one embodiment. Shearing-force mecha-
nism 50 includes sleeve 52, shaft 54, first bracket 56, and
second bracket 58. In one embodiment of shearing-force
mechanism 50, sleeve 52 is coupled within second bracket
58. Sleeve 52 can be configured in a variety of ways to be
secured second bracket 58. First bracket 56 is then coupled
to shaft 54. This can also be accomplished in a variety of
ways, including providing shaft 54 with knurls and press
fitting first bracket 56 over the knurls on shaft 54. Shaft 54
is inserted into sleeve 52.

[0048] In one embodiment, sleeve 52 is a cross-linked
thermoplastic material, such as PEX, in a tubular shape. The
inner diameter of sleeve 52 is smaller than the outer diameter
of shaft 54. Consequently when shaft 54 is inserted into
sleeve 52, sleeve 52 is displaced or compressed such that the
cross-linked thermoplastic material is strained. In one case,
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sleeve 52 and shaft 54 are controllably configured such that
a relatively uniform and high strain (e) is placed on the
cross-linked thermoplastic material of sleeve 52.

[0049] In one embodiment, first bracket 56 is provided
with holes or other mounting means such that it can be
secured to a first movable element. Similarly, second bracket
58 is configured with holes or other mounting means such
that it can be secured to a second movable element. In this
way, movement of the first movable element tends to move
first bracket 56 and shaft 54. Also, movement of the second
movable element tends to move second bracket 58 and
sleeve 52. As such, when the first and second movable
elements are moved relative to each other along axis (a),
shaft 54 tends to slide within sleeve 52, thereby generating
a linear shearing force.

[0050] In one example, sleeve 52 is a cross-linked ther-
moplastic material, such as PEX, that is loaded with a
relatively stable and high strain (€) asserted by the insertion
of shaft 54 within sleeve 52. Shaft 54 and sleeve 52 can be
configured to specifically control the amount of strain (€)
asserted on sleeve 52. In one example, controlling the
amount of strain (e) asserted on sleeve 52 allows a relatively
uniform and predictable amount of shearing-force or linear
force generated along the axis (a) by shearing-force mecha-
nism 50. In one example, the strain (€) asserted on sleeve 52
is as much as 3 percent, and in others it is as much as 15
percent.

[0051] Shearing-force mechanism 50 can be used in a
variety of linear force applications. For example, second
bracket 58 may be attached to a seat in an automobile. First
bracket 56 can then be attached to a headrest above the seat.
When a force is applied in the force direction F,, the
headrest will be raised. Shearing-force mechanism 50 will
provide a linear force in opposition to the force applied in
force direction F,. Similarly, a force applied in force direc-
tion F, will move the headrest down toward the seat.
Shearing-force mechanism 50 will provide an opposing
shearing-force to the force applied force direction F,. Where
the strain (€) applied to cross-linked thermoplastic sleeve 52
is relatively uniform and high, the shearing-force or linear
force is relatively accurate and predictable lending itself
well to many practical applications. Controlling the strain (e)
applied to cross-linked thermoplastic sleeve 52 also controls
the amount of linear shearing force generated by shearing-
force mechanism 50 for the particular application.

[0052] It should also be noted that shearing-force mecha-
nism 50 can also be used in a variety of torque applications.
For example, second bracket 58 may be attached to a base
element. First bracket 56 can then be attached to rotatable
element that can rotate relative to the base. When a force is
applied the rotatable element thereby rotating the rotatable
element, shearing-force mechanism 50 will provide a torque
force in opposition to the force applied to the rotatable
element. Again, where the strain (€) applied to cross-linked
thermoplastic sleeve 52 is relatively uniform and high, the
shearing-force or torque is relatively accurate and predict-
able lending itself well to many practical applications.
[0053] FIGS. 6A through 6C illustrate cross-sectional
views of alternative embodiments of shearing-force mecha-
nisms. These alternative configurations can be used in
conjunction with a variety of configurations, such as those
illustrated in FIGS. 4-5. Only cross-sectional views are
illustrated for simplicity of illustration.
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[0054] Shearing-force mechanism 60q in FIG. 6 A includes
housing 62, sleeve 64, and shaft 66. In one example, sleeve
64 is made of a cross-linked thermoplastic material, such as
PEX, that is sandwiched between housing 62 and shaft 66.
Compressing sleeve 64 between both housing 64 and shaft
66 can achieve a fairly uniform and consistent strain () on
sleeve 64. As such, when sleeve 64 is moved relative to
housing 62 and/or shaft 66, a relatively predictable and
uniform shearing-force is generated. Controlling compres-
sion on both the inner and outer diameters of sleeve 64 can
allow further control over the strain (e) applied to cross-
linked thermoplastic sleeve, thereby allowing predictable
and uniform control of the shearing force generated by
shearing-force mechanism 60a.

[0055] In one example, sleeve 64 is rotated relative to
housing 62 and/or shaft 66 such that the shearing-force
generated by shearing-force mechanism 60aq is a torque. In
another example, sleeve 64 is moved linearly relative to
housing 62 and/or shaft 66 such that the shearing-force
generated by shearing-force mechanism 60a is a linear force.
[0056] Similarly, shearing-force mechanism 604 in FIG.
6B includes housing 62, sleeve 64, and shaft 68. In one
example, shaft 68 further includes knurls 70 around its
perimeter. The operation of shearing-force mechanism 605
is similar to that described with respect to shearing-force
mechanism 60a above in the torque example. In addition,
knurls 70 on shaft 68 help facilitate coupling shaft 68 with
sleeve 64. In this way, as shaft 68 is rotated, sleeve 64 will
rotate with shaft 68. When sleeve 64 is a cross-linked
thermoplastic material and is compressed between housing
62 and shaft 68 a shearing-force or torque is produced by the
relative rotation of sleeve 64 and housing 62.

[0057] Shearing-force mechanism 60c¢ in FIG. 6¢ includes
housing 62, sleeve 71, and shaft 72. While shearing-force
mechanisms 60a and 605 are configured to provide rela-
tively uniform and constant torque under relative rotation of
housing 62 and sleeve 64, shearing-force mechanism 60c is
configured to provide uniform periodic torque. In this way,
shaft 72 is configured with detent 74. Similarly, sleeve 71 is
configured to receive detent 74 and is thicker adjacent detent
74 when shaft is in the “home” position. As such, when shaft
72 is rotated within sleeve 71, a uniform torque is produced
through most of the rotation. When detent 74 rotates toward
the home position where the thicker region of sleeve 71 is
located, however, shaft 72 will tend to seat securely into the
home position, thereby causing a slight interruption in the
uniform torque. Specifically, the torque decreases below the
uniform level just before shaft 72 reaches the home position,
and the torque increases above the uniform level when shaft
72 is moved away from the home position. This can be a
desired effect for certain applications, such as when one
hinged element is configured to firmly close against another.
[0058] FIGS. 7A and 75 illustrate respective exploded and
cross-sectional views of shearing-force mechanism 100 in
accordance with one embodiment. Shearing-force mecha-
nism 100 includes shaft 102, first bracket 104, second
bracket 106, press ring 110, first friction element 112, and
second friction element 114.

[0059] In one example, shaft 102 extends through first
bracket 104 and first friction element 112 is placed over shaft
102 on one side of first bracket 104 and second friction
element 114 is placed over shaft 102 on the other side of first
bracket 104. Press ring 110 and second bracket 106 are then
fixed over opposite ends of shaft 102 in such a way that they
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axially compress first and second friction elements 112 and
114 between then and against first bracket 104.

[0060] In additional to axially compressing first and sec-
ond friction elements 112 and 114 between them, press ring
110 and second bracket 106 are both also coupled to shaft
102. In one example, press ring 110 and second bracket 106
are both secured to shaft 102 by a compression fit. Other
means of coupling can also be used. In this way, any rotation
of'second bracket 106 also tends to rotate shaft 102 and press
ring 110.

[0061] Furthermore, first and second friction elements 112
and 114 are configured to be coupled to press ring 110 and
second bracket 106, respectively. More specifically, face
1104 of press ring 110 is coupled to the adjacent face (not
visible in FIG. 7A) of first friction element 112. Similarly,
face 114a of second friction element 114 is coupled to the
adjacent surface of second bracket 106. Such coupling of
first and second friction elements 112 and 114 to press ring
110 and second bracket 106 can be accomplished in a variety
of ways, such as roughing up adjacent faces of first and
second friction elements 112 and 114, roughing up the
adjacent surfaces of press ring 110 and second bracket 106,
or both. Also, knurls or tines could be added or an adhesive
could be used.

[0062] In this way, first and second friction elements 112
and 114 tend to rotate with relative rotation of second
bracket 106, shaft 102 and press ring 110. As such, when first
and second brackets 104 and 106 rotate relative to one
another, the adjacent surfaces of first and second friction
elements 112 and 114 frictionally engage adjacent surfaces
of first bracket 104. For example, face 112a of first friction
element 112 frictionally engages the adjacent surface of first
bracket 104.

[0063] In one embodiment, first and second friction ele-
ments 112 and 114 are a cross-linked thermoplastic material,
such as PEX. Press ring 110 and second bracket 106 are
configured axially compress first and second friction ele-
ments 112 and 114 between then thereby loading the cross-
linked thermoplastic material with a controllable amount of
strain (e€). In one example, the strain (e) applied to the
cross-linked thermoplastic of first and second friction ele-
ments 112 and 114 is relatively uniform and high. In one
example it is controlled to a predetermined amount. As such,
the shearing-force generated by the relative rotation of first
and second brackets 104 and 106 is relatively accurate and
predictable lending itself well to many practical applica-
tions.

[0064] FIGS. 8A and 8B illustrate respective exploded and
cross-sectional views of shearing-force mechanism 130 in
accordance with one embodiment. Shearing-force mecha-
nism 130 includes shaft 132, first bracket 134, second
bracket 136, third bracket 138, fourth bracket 140, press ring
142, first friction element 144, second friction element 146,
third friction element 148, and fourth friction element 150.
[0065] In one example, shaft 132 extends through first-
fourth brackets 134-140 and first-fourth friction elements
144-150 are placed over shaft 132 in an alternating manner
with first-fourth brackets 134-140, as illustrated. Press ring
142 is fixed over one end of shaft 132 and fourth bracket 140
is fixed over an opposite end of shaft 132 such that press ring
142 and fourth bracket 140 axially compress first element
144, first bracket 134, second friction element 146, second
bracket 136, third friction element 148, third bracket 138,
and fourth friction element 150 between them.
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[0066] Similar to the embodiment in FIGS. 7A and 7B,
first and second friction elements 144 and 146 are config-
ured to be coupled adjacent elements because of the axial
compression caused by press ring 142 and fourth bracket
140. More specifically, face 142a of press ring 142 is
coupled to the adjacent face (not visible in FIG. 8A) of first
friction element 144. Similarly, face 1464 of second friction
element 146 is coupled to the adjacent surface of second
bracket 136. Also, third and fourth friction elements 148 and
150 are configured to be coupled adjacent elements, namely,
second bracket 136 and fourth bracket 140, respectively.
More specifically, the face of third friction element 148 (not
visible in FIG. 8A) is coupled to the adjacent surface of
second bracket 136. Similarly, face 150a of second friction
element 150 is coupled to the adjacent surface of fourth
bracket 140.

[0067] In this way, first-fourth friction elements 144-150
tend to rotate with relative rotation of second bracket 136,
fourth bracket 140, shaft 132, and press ring 142. Also, first
and third brackets 134 and 138 are coupled together (via
flange 134a and slot 1385) and second and fourth brackets
136 and 140 are coupled together (via flange 1364 and slot
1405). As such, when coupled first and third brackets 134
and 138 are rotated relative to coupled second and fourth
brackets 136 and 140, the adjacent surfaces of first and
second friction elements 144 and 146 frictionally engage
adjacent surfaces of first bracket 134 and the adjacent
surfaces of third and fourth friction elements 148 and 150
frictionally engage adjacent surfaces of third bracket 138.

[0068] In one embodiment, first-fourth friction elements
144-150 are a cross-linked thermoplastic material, such as
PEX. Press ring 142 and second bracket 136 are configured
axially compress first and second friction elements 144 and
146 between them, thereby loading the cross-linked ther-
moplastic material with a controllable amount of strain (¢).
Similarly, second bracket 136 and fourth bracket 140 are
configured axially compress third and fourth friction ele-
ments 148 and 150 between them, thereby loading the
cross-linked thermoplastic material with a controllable
amount of strain (e). In one example, the strain (e) applied
to the cross-linked thermoplastic of first-fourth friction
elements 144-150 is relatively uniform and high. In one
example it is controlled to a predetermined amount. As such,
the shearing-force generated by the rotation of coupled first
and third brackets 134 and 138 relative to coupled second
and fourth brackets 136 and 140 is relatively accurate and
predictable lending itself well to many practical applica-
tions.

[0069] First-fourth brackets 134-140 are modular in that
they can be added to in order to build larger toque for
shearing-force mechanism 130. For instance, relative to the
embodiment illustrated in FIGS. 7A and 7B, the embodi-
ment of FIGS. 8A and 8B generates double the torque with
double the amount of brackets and friction elements. Fur-
thermore, additional brackets and friction elements can be
added to shaft 132 to incrementally increase torque of the
mechanism 130. Each “odd” bracket added couples to first
and third brackets 134 and 138 (via flange 134a and corre-
sponding slot in the added bracket, if it is added adjacent
third bracket 138), and each “even” bracket added couples
to second and fourth brackets 136 and 140 (via flange 140a
and corresponding slot in the added bracket, if it is added
adjacent third bracket 140).
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[0070] FIGS. 9A and 9B illustrate respective exploded and
cross-sectional views of shearing-force mechanism 160 in
accordance with one embodiment. Shearing-force mecha-
nism 160 includes double-flat shaft assembly 162, first
bracket 168, second bracket 170, press ring 182, first friction
element 172, second friction element 174, third friction
element 178, fourth friction element 180, and spacer ring
176. First and second brackets 168 and 170 each include a
flange (1684 and 170a) and a slot (16856 and 1705). In one
example, double-flat shaft assembly 162 is an integral com-
ponent including a shoulder portion 164 and a shaft portion
166.

[0071] In one example, shaft portion 166 extends through
first and second brackets 168 and 170, first-fourth friction
elements 172, 174, 178 and 180, slip ring 176 and press ring
182. Press ring 182 is fixed over one end of shaft portion 166
in such a way that press ring 182 axially compresses
first-fourth friction elements 172, 174, 178 and 180 against
shoulder 164. First friction element 172 is compressed
between shoulder 164 and first bracket 168, second friction
element 174, slip ring 176 and second friction element 178
are compressed between first and second brackets 168 and
170, and fourth friction element 180 is compresses between
second brackets 170 and press ring 182.

[0072] Similar to the embodiment in FIGS. 7-8, first-
fourth friction elements 172, 174, 178 and 180 are config-
ured to be coupled to one adjacent element, namely, shoulder
164, slip ring 176 and press ring 182. More specifically, face
164a of shoulder 164 is coupled to the adjacent face (not
visible in FIG. 9A) of first friction element 172. Face 174a
of second friction element 174 is coupled to the adjacent
surface of slip ring 176 (not visible in FIG. 9A). Face 176a
of slip ring 176 is coupled to the adjacent surface of third
friction element 178 (not visible in FIG. 9A). Finally, Face
180a of fourth friction element 180 is coupled to the
adjacent surface of press ring 182 (not visible in FIG. 9A).
[0073] In one example, first-fourth friction elements 172,
174, 178 and 180, slip ring 176, and press ring 182 each have
an opening with flat portions configured to receive shaft
portion 166. As such, shaft portion 166 cannot rotate within
the openings of these elements. The openings in first and
second brackets 168 and 170, however, are essentially round
such that shaft portion 166 rotates within these openings
without rotating brackets 168 and 170. Also, as with the
embodiment of FIGS. 8A and 8B, first and second brackets
168 and 170 are coupled together (via flange 168a and slot
1705).

[0074] In this way, first-fourth friction elements 172, 174,
178 and 180, slip ring 176, and press ring 182 tend to rotate
with relative rotation double-flat shaft assembly 162. Also,
when coupled first and second brackets 168 and 170 are
rotated relative to double-flat shaft 162, the adjacent surfaces
of first and second friction elements 172 and 174 frictionally
engage adjacent surfaces of first bracket 168 and the adja-
cent surfaces of third and fourth friction elements 178 and
180 frictionally engage adjacent surfaces of second bracket
170.

[0075] In one embodiment, first-fourth friction elements
172, 174, 178 and 180 are a cross-linked thermoplastic
material, such as PEX. Press ring 182 is configured axially
compress first-fourth friction elements 172, 174, 178 and
180 against shoulder 164, thereby loading the cross-linked
thermoplastic material with a controllable amount of strain
(€). In one example, the strain (e) applied to the cross-linked
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thermoplastic of first-fourth friction elements 172, 174, 178
and 180 is relatively uniform and high. In one example it is
controlled to a predetermined amount. In one example
first-fourth friction elements 172, 174, 178 and 180 are
loaded to 3 percent strain (e), and in another as much 15
percent strain (e) is used. In any case, the shearing-force
generated by the rotation of coupled first and second brack-
ets 168 and 170 relative to double-flat shaft 162 is relatively
accurate and predictable lending itself well to many practical
applications.

[0076] Similar to the embodiment of FIGS. 8 A and 8B, the
embodiment of FIGS. 9A and 9B is modular and the overall
torque of shearing-force mechanism can be increased by
adding more friction elements and brackets.

[0077] One skilled in the art will understand that the
embodiments illustrated exemplify configurations for gen-
erating shearing force for elements in relative motion and
the other exemplary configurations are possible. For
example, 10A and 10B illustrate respective exploded and
cross-sectional views of shearing-force mechanism 200 in
accordance with one embodiment. Shearing-force mecha-
nism 200 includes shell assembly 202 and ball assembly
204. Shell assembly 202 includes upper half 210, upper
flange 212, lower half 214, and lower flange 216. Ball
assembly 204 includes ball 222 and shaft 220.

[0078] In one embodiment, ball 222 is sandwiched
between upper half 210 and lower half 214, which are
configured to receive it. Upper flange 212 and lower flange
216 can then be tightly coupled together, such as bolted
together via holes 212a, 2125 and 212¢. When ball 222,
upper half 210 and lower half 214 are each configured
appropriately, a controllable and relatively high strain (e)
can be asserted on ball 222. As such, when shaft 220 is
moved relative to shell assembly 202, as shearing force is
generated by the relative movement of shell assembly 202
and ball assembly 204, while ball 222 is loaded with a high
strain (€). Upper half 210 and lower half 214 are configured
with an opening to allow shaft 220 to extend out from shell
assembly 202 and for shaft 220 to move within the opening.
[0079] In one embodiment, ball 222 is a cross-linked
thermoplastic material, such as PEX. Upper half 210 and
lower half 214 are configured to radially compress ball 222,
thereby loading the cross-linked thermoplastic material with
a controllable amount of strain (e). In one example, the strain
(e) applied to the cross-linked thermoplastic of ball 222 is
relatively uniform and high. In one example it is controlled
to a predetermined amount. In one example, ball 222 is
loaded to 3 percent strain (e), and in another as much 15
percent strain (e) is used. In any case, the shearing-force
generated by the relative rotation of shell assembly 202 and
ball assembly 204 is relatively accurate and predictable
lending itself well to many practical applications.

[0080] Unlike a traditional ball-and-socket used in a bear-
ing application, shearing-force mechanism 200 is specifi-
cally configured to load a strain (e¢) on ball 222. Where
ball-and-socket bearing applications are configured specifi-
cally to minimize interference of the ball within the socket
and prevent friction between them, shearing-force mecha-
nism 200 is contrarily configured to specifically place a high
strain (e) on ball 222.

[0081] Other configurations of shearing-force mechanism
200 are also possible in generating a controlled shearing
force. For example, rather than ball assembly 204, shell
assembly 202 can be configured of a cross-linked thermo-

Sep. 13, 2007

plastic material, such as PEX. Furthermore, somewhat
analogous to FIG. 6 A, a cross-linked thermoplastic material,
such as PEX, can be configured between shell assembly 202
and ball assembly 204. In that case, shell assembly 202 and
ball assembly 204 can be a material with sufficient rigidity
to maintain a strain (e) imposed on the cross-linked ther-
moplastic material between them. Such a shearing-force
mechanism also generates a controlled shearing force
[0082] Although specific embodiments have been illus-
trated and described herein, it will be appreciated by those
of ordinary skill in the art that a variety of alternate and/or
equivalent implementations may be substituted for the spe-
cific embodiments shown and described without departing
from the scope of the present invention. This application is
intended to cover any adaptations or variations of the
specific embodiments discussed herein. Therefore, it is
intended that this invention be limited only by the claims and
the equivalents thereof.

What is claimed is:

1. A device comprising:

a first element comprising a cross-linked thermoplastic;

and

a second element configured to engage and to strain the

first element by a predetermined amount;

wherein the first and second elements are configured to

move relative to each other and such that movement of
the first and second elements produces a substantially
repeatable shearing force between the first and second
elements.

2. The device of claim 1, wherein the cross-linked ther-
moplastic of the first element comprises a cross-linked
polyethylene (PEX).

3. The device of claim 1, wherein the cross-linked ther-
moplastic of the first element has a molecular weight less
than 3,000,000.

4. The device of claim 1, wherein the cross-linked ther-
moplastic of the first element has a melt flow index greater
than zero.

5. The device of claim 1, wherein the first element of
cross-linked thermoplastic is injection-molded thermoplas-
tic that is cross-linked after it is molded into a desired shape.

6. The device of claim 1, wherein the first element of
cross-linked thermoplastic is thermoplastic that is cross-
linked as it is formed into a desired shape.

7. The device of claim 1, wherein the deflection the first
element by the second element causes at least a six percent
strain on the first element.

8. The device of claim 1, wherein the deflection the first
element by the second element causes at least a ten percent
strain on the first element.

9. The device of claim 1, wherein the first and second
elements are rotated relative to each other such that both the
relative movement of the elements and the deflection of the
first element by the second element produce a substantially
repeatable torque between the elements.

10. The device of claim 1, wherein the first and second
elements are configured along an axial direction and are
moved relative to each other in the axial direction such that
both the relative movement of the elements and the deflec-
tion of the first element by the second element produce a
substantially repeatable linear force between the elements.

11. A shearing-force mechanism comprising:

a first element comprising a cross-linked thermoplastic;

and
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a second element configured to deflect the first element
thereby controllably straining the first element;

wherein the first and second elements are configured to
move relative to each other and such that the combi-
nation of the controlled strain on the first element and
the relative movement of the first and second elements
produces a consistent shearing force between the first
and second elements.

12. The shearing-force mechanism of claim 11, wherein
the cross-linked thermoplastic of the first element has a
molecular weight less than 3,000,000 and has a melt flow
index greater than zero.

13. The shearing-force mechanism of claim 11, wherein
the cross-linked thermoplastic of the first element comprises
a cross-linked polyethylene (PEX).

14. The shearing-force mechanism of claim 11, wherein
the second element is configured to deflect the first element
a predetermined and fixed amount such that the shearing
force between the first and second elements is relatively
constant.

15. The shearing-force mechanism of claim 11, wherein
the shearing force between the first and second elements is
relatively repeatable for repeated relative movement of first
and second elements.

16. The shearing-force mechanism of claim 11, wherein
an external load is applied to either of the first and second
members thereby causing their relative movement and
wherein the shearing force between the first and second
elements is independent of the external load.

17. The shearing-force mechanism of claim 11, wherein
the second element deflects the first element, resulting in a
normal force on the first element in a first direction, and
wherein the relative movement of the first and second
elements is orthogonal to the first direction on the normal
force.

18. The shearing-force mechanism of claim 11 configured
as a torque engine such that the first and second elements are
rotated relative to each other generating a torque.
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19. The shearing-force mechanism of claim 11 configured
as a linear-force mechanism such that the first and second
elements are moved relative to each other in an axial
direction such that a substantially repeatable linear force is
generated between the elements.

20. A torque engine comprising:

a first element comprising a cross-linked thermoplastic;

and

a second element configured for relative rotation to the

first element and configured to be engaged with the first
element such that the second element deflects the first
element in and such that the relative rotation and
deflection of the first element produces a consistent
torque for the torque engine.

21. The torque engine of claim 20 configured as hinge
such that an external load applied to either of the first and
second elements causing their relative movement and such
that the torque between the first and second elements is
independent of the external load.

22. A linear-force mechanism comprising:

a first element comprising a cross-linked thermoplastic;

and

a second element configured for relative linear movement

to the first element and configured to be engaged with
the first element such that the second element deflects
the first element in and such that the relative linear
movement and deflection of the first element produces
a consistent linear force for the linear-force mecha-
nism.

23. The linear-force mechanism of claim 22 configured
such that the first element is coupled to a seat and the second
element is coupled to a corresponding head rest such that an
external load applied to the head rest causes relative move-
ment of the first and second elements and such that the linear
force between the first and second elements is independent
of the external load.



