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ROPE STRUCTURES AND METHODS

RELATED APPLICATIONS

[0001] This application (Attorney’s Ref. No. P216949)
claims benefit of U.S. Provisional Patent Application Ser. No.
61/489,661 filed May 24, 2011, which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention relates to rope systems and
methods and, in particular, to rope structures and methods
employing a core component and a cover component.

BACKGROUND

[0003] Rope structures must operate in a wide variety of
operating environments. Each particular operating environ-
ment has its own operating requirements. The operating
requirements of a particular operating environment may be
defined in terms of rope characteristics such as shape stability,
abrasion and/or cut resistance, surface characteristics,
weather resistance, and/or weight per unit length.

[0004] The need exists for rope structures that can be
designed or engineered for optimum operation in operating
environments having particular operating requirements.

SUMMARY

[0005] The present invention may be embodied as a rope
structure comprising a core component comprising core
fibers combine to form a first rope structure and a first cover
component comprising first cover strands comprising first
cover fibers within a first matrix material. The first cover
strands are arranged around at least a portion of the core
component.

[0006] The present invention may also be embodied as a
method of forming a rope structure comprising the steps of
providing core fibers, combining the core fibers to form a core
component comprising a first rope structure, providing first
cover fibers, forming at least one cover first cover strand by
combining the first cover fibers with a first matrix material,
and arranging the at least one first cover strand to form a cover
component by arranging the first cover strands around at least
a portion of the core component.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1A is a schematic side elevation view of a first
example rope structure of the present invention;

[0008] FIG. 1B is a schematic cross-sectional view of the
first example rope structure;

[0009] FIG. 2 is a side elevation view of the first example
rope structure;
[0010] FIG.3isaside elevation view of one of the example

cover members forming a part of the first example rope struc-
ture;

[0011] FIG. 4A is a schematic side elevation view of a
second example rope structure of the present invention;
[0012] FIG. 4B is a schematic cross-sectional view of the
second example rope structure;

[0013] FIG.5A is a schematic side elevation view of a third
example rope structure of the present invention;

[0014] FIG. 5B is a schematic cross-sectional view of the
third example rope structure.
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[0015] FIG. 6A is a schematic side elevation view of a
fourth example rope structure of the present invention;
[0016] FIG. 6B is a schematic cross-sectional view of the
fourth example rope structure;

[0017] FIG. 7A is a schematic side elevation view of a fifth
example rope structure of the present invention;

[0018] FIG. 7B is a highly schematic cross-sectional view
of the fifth example rope structure;

[0019] FIG. 8A is a schematic side elevation view of a sixth
example rope structure of the present invention;

[0020] FIG. 8B is a highly schematic cross-sectional view
of the sixth example rope structure;

[0021] FIG. 9A is a highly schematic cross-sectional view
of a seventh example rope structure;

[0022] FIG. 9B is a highly schematic cross-sectional view
of an eighth example rope structure;

[0023] FIG. 9C is a highly schematic cross-sectional view
of a ninth example rope structure; and

[0024] FIG. 9D is a highly schematic cross-sectional view
of a tenth example rope structure.

DETAILED DESCRIPTION

[0025] Referring initially to FIGS. 1A, 1B, and 2, depicted
therein is a first example rope structure 20 constructed in
accordance with, and embodying, the principles of the
present invention. The example rope structure 20 comprises a
core component 22 and a cover component 24. The example
cover component 24 may be formed along the entire length of
the example core component; alternatively, the example
cover component may be formed only at one or more particu-
lar locations along the length of the example core component
22.

[0026] The example core component 22 is or may be
formed by any conventional rope structure, including, but not
limited to, a braided rope structure, a twisted strand rope
structure, a rope structure formed by a bundle of parallel
fibers, a rope structure formed by twisted yarns, and/or a
bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component 22 will typically be made of core
strands 30 comprising core fibers 32 that are combined into
rope sub-components such as yarns. In turn, the yarns are
combined into rope sub-components such as rope or core
strands 30 as depicted in FIG. 1B. The rope or core strands 30
are combined to form the rope structure that may be used as
the example core component 22.

[0027] An appropriate rope structure for forming the
example core component 22 will typically be made of core
fibers 32 formed from one or more materials such as Nylon,
polyester, olefin (e.g., polyolefin), acrylic, carbon fiber, ara-
mid fiber (e.g., Kolon, Twaron, Kevlar, Technora, and
Nomex), high modulus polyethylene fiber (HMPE) (e.g.,
Dyneema, Spectra, Tensylon, Ocher), high performance
polyolefin fiber (e.g., Tyvek, CoolMax, and Innegra S), PBO
fiber (e.g., Zylon), TLCP fiber (e.g., Vectran), PIPD fiber
(e.g., M-5), PBI fiber (polybenzimidazole fiber), PEN fiber
(or Pentex), Acrylonitrile rubber, glass fiber, metallic fiber,
Vinyon, Saran, Spandex, Vinalon, Modal, Sulfar, Lyocell,
PLA, Orlon, and the like. These types of core fibers 32 are
commonly referred to as synthetic fibers, and a conventional
rope structure made from such core fibers 32 is typically
referred as a synthetic rope.

[0028] Theexample cover component 24 may be formed by
a plurality cover strands 40 that are arranged to form a cover
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or jacket for the example core component 22. A plurality of
the example cover strands 40 are arranged helically around
the example core component 22 such that the entire core
component is effectively covered along substantially the
entire length of the rope structure 20. The term “covered” in
this context may refer to a cover component 24 in which the
strands 40 are either tightly adjacent to each such that no gaps
exist between adjacent or overlapping strands 40 or to a cover
component 24 in which gaps exist between adjacent or over-
lapping strands 40.

[0029] The example cover strands 40 are formed of cover
fibers 42 dispersed or arranged in a resin matrix 44. In the
example rope structure 20, the example cover fibers 42 are
continuous fibers made of one or more materials such as
Nylon, polyester, olefin, HMPE, L.CD, acrylic, carbon fiber,
aramid fiber (e.g., Twaron, Kevlar, Technora, and Nomex),
high performance polyethylene fiber (e.g., Dyneema and
Spectra), high performance polyolefin fiber (e.g., Tyvek,
CoolMax, and Innegra S), PBO fiber (e.g., Zylon), TLCP
fiber (e.g., Vectran), PIPD fiber (e.g., M-5), PBI fiber (poly-
benzimidazole fiber), PEN fiber (or Pentex), Acrylonitrile
rubber, glass fiber, metallic fiber, Vinyon, Saran, Spendex,
Vinalon, Modal, Sulfar, Lyocell, PLA, Orlon, and the like.
The resin material is or may be a conventional polymeric
resin, such as a thermoplastic or thermosetting resin. The
combination of resin and fibers used to form the example
cover strands 40 may be referred to as a composite structure.

[0030] To form the example cover strands 40, the individual
cover fibers 42 are arranged in bundles, and the resin material
is applied to the bundles by wet coating, powder coating,
pultrusion, extrusion, or other means such that the resin coats
or penetrates the bundles. For example, the resin may be
applied in a fluid (e.g., liquid) or fluidized (e.g., powder) form
to facilitate penetration of the fiber bundles and then solidified
into the matrix 44 by techniques such as solvent removal,
solidification from melting, or chemical curing. The example
cover stands 40 may be formed in one or more of a number of
cross-sectional shapes such as round, dogbone, square or
rectangular, A-shape, or trapezoidal. A number of example
cross-sectional shapes of the cover strands are depicted in
FIGS. 9A-9D and will be described in further detail below.
The example cover strands 40 and components thereof may
also be formed of one or more sizes, shapes, and/or materials.
The example cover strands 40 are round in cross-section and
equal size in the example depicted in FIG. 1B, but one or more
other shapes and sizes may be used in a given example rope
structure 20 of the present invention depending on the desired
operating characteristics and operating environment of the
given rope structure 20. In addition, one or both of the fibers
and the resin may be made of different materials for one or
more of the cover strands 40 based on the desired operating
characteristics and operating environment of the given rope
structure 20.

[0031] Referring now more specifically to FIGS. 2 and 3,
the example cover strands 40 forming a part of the example
rope structure 20 will now be described in further detail. FIG.
2 illustrates that the rope structure 20 defines a length axis A.
FIG. 3 illustrates a single one of the example cover strands 40
removed from the rope structure 20 and illustrates that each of
the example cover strands 40 is generally helical about a
longitudinal axis B. When assembled with other cover strands
and the example core component 22 to form the rope structure
20, the longitudinal axes B defined by the substantially helical
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cover strands 40 will be substantially aligned with the length
axis A of the overall rope structure 20.

[0032] The example cover strands 40 may be twisted,
wound, braided, or otherwise arranged in a solidified form or
in an un-solidified or un-cured form around the example core
component 22. In some situations, the strands 40 maintain the
helical shape only when the held at two or more locations by
clamps, tape, resin, adhesives, or the like. When held in the
helical shape, the strands 40 will return (e.g., spring back) to
a straight configuration after the holding force is removed. In
other situations, the strands 40 may be allowed to solidify or
cure around the core component 22 in the substantially helical
shape. In yet another example, the example cover strands 40
may be solidified or cured in the substantially helical shape in
advance and then assembled in solidified form to form the
rope structure 20.

[0033] FIG. 2 also illustrates that the example cover strand
40 defines a pitch associated with repeated angular positions
of portions of the substantially helical shape defined by the
example cover strand 40. With the example cover strands 40,
the pitch is predetermined in relation to the number of cover
strands 40 and the thickness of the example cover stands 40
such that the strands 40 form a relatively tight fit (minimal
space) between the adjacent cover stands 40 forming the
example cover component 24.

[0034] One or more of the strands 40 may contain one or
more wires or fibers capable of carrying signals (e.g., electri-
cal signals, optical signals) that can be monitored to deter-
mine the state of the rope structure 20 (e.g., non-destructive
monitoring or testing). The use of the example cover compo-
nent 24 in conjunction with the example core component 22
may provide the rope structure 20 with improved shape sta-
bility, increased abrasion and cut resistance, better surface
characteristics, improved weather resistance, non-destructive
testing capabilities, and/or reduced weight per unit length.
The rope structure 20 can thus be engineered for increased
performance in a number of specific operating environments.
[0035] Referring now to FIGS. 4A and 4B, depicted therein
is a second example rope structure 120 constructed in accor-
dance with, and embodying, the principles of the present
invention. The example rope structure 120 comprises a core
component 122, a first cover component 124, and a second
cover component 126. One or both of the example first and
second cover components 124 and 126 may be formed along
the entire length of the example core component 122, and one
or both ofthe example cover components 124 and 126 may be
formed only at particular locations along the length of the
example core component 122.

[0036] The example core component 122 may be formed
by a conventional rope structure such as a braided or twisted
strand rope, a bundle of parallel fibers or twisted yarns, and/or
a bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component will typically be made of core or
rope strands 130 comprising core fibers 132 that are com-
bined into rope sub-components such as yarns. In turn, the
yarns are combined into rope sub-components such as the
core or rope strands 130 as depicted in FIG. 4B. The core or
rope strands 130 are combined to form the rope structure that
may be used as the example core component 122.

[0037] An appropriate rope structure for forming the
example core component 122 will typically be made of core
fibers 132 formed from one or more materials such as any of
the materials that may be used to form the core fibers 32
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described above. These types of core fibers are commonly
referred to as synthetic fibers, and a conventional rope struc-
ture made from such core fibers is typically referred as a
synthetic rope.

[0038] The example first cover component 124 may be
formed by a plurality of first cover strands 140 comprising
first cover fibers 142 dispersed or arranged in a first resin
matrix 144. The example second cover component 126 may
be formed by a plurality second cover strands 150 comprising
second cover fibers 152 dispersed or arranged in a second
resin matrix 154. The first and second cover strands 140 and
150 are arranged to form a cover or jacket for the example
core component 122.

[0039] A plurality of the example first cover strands 140
and 150 are arranged helically around the example core com-
ponent 122 such that the entire core component is effectively
covered along substantially the entire length of the rope struc-
ture 120. As shown in FIG. 4A, the example first and second
cover strands 140 and 150 are wound in opposite directions
around the example core component 122. In other situations,
the first and second cover strands 140 and 150 may be wound
in the same direction around the example core component
122.

[0040] In the example rope structure 120, the example
cover fibers 142 and 152 are continuous fibers made of one or
more materials such as the materials used to form the example
cover fibers 42 described above. The resin material is or may
be a conventional polymeric resin, such as a thermoplastic or
thermosetting resin. Different resin materials may be used to
form the matrixes 144 and 154. The example first cover fibers
142 may be made of a different material than the example
second cover fibers 152, or both of the example cover fibers
142 and 152 may be made of the same material. The combi-
nation of resin and fibers used to form the example cover
strands 142 and 152 may, in either or both cases, be referred
to as a composite structure.

[0041] To form the example cover strands 140 and 150, the
individual cover fibers 142 or 152 are arranged in bundles,
and the resin material is applied to the bundles by wet coating,
powder coating, pultrusion, extrusion, or other means such
that the resin coats or penetrates the bundles. For example, the
resin may be applied in a fluid (e.g., liquid) or fluidized (e.g.,
powder) form to facilitate penetration of the fiber bundles and
then solidified into the matrix 144 or 154 by techniques such
as solvent removal, solidification from melting, or chemical
curing. Like the example cover strands 40 described above,
the example cover strands 140 and 150 may be twisted,
wound, braided, or otherwise arranged in a solidified form or
in an un-solidified or un-cured form around the example core
component 122.

[0042] As described above with respect to the example
cover strands 40, the example cover stands 140 and 150 may
be formed in one or more of a number of cross-sectional
shapes such as round, dogbone, square or rectangular,
A-shape, or trapezoidal. The example cover strands 140 and
150 and components thereof may also be formed of one or
more sizes, shapes, and/or materials as generally discussed
above. The example first cover strands 140 and second cover
strands 150 are round in cross-section as depicted in FIG. 4B,
but one or more other shapes and sizes may be used depend-
ing on the desired operating characteristics and operating
environment of the rope structure 120.

[0043] The use of the example first and second cover com-
ponents 124 and 126 in conjunction with the example core
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component 122 may provide the second example rope struc-
ture 120 with improved shape stability, increased abrasion
and cut resistance, better surface characteristics, improved
weather resistance, and/or reduced weight per unit length.
The second example rope structure 120 can thus be engi-
neered for increased performance in a number of specific
operating environments.

[0044] Referring now to FIGS. 5A and 5B, depicted therein
is a third example rope structure 220 constructed in accor-
dance with, and embodying, the principles of the present
invention. The example rope structure 220 comprises a core
component 222, a first cover component 224, and a second
cover component 226. One or both of the example first and
second cover components 224 and 226 may be formed along
the entire length of the example core component 222, and one
or both ofthe example cover components 224 and 226 may be
formed only at particular locations along the length of the
example core component 222.

[0045] The example core component 222 may be formed
by a conventional rope structure such as a braided or twisted
strand rope, a bundle of parallel fibers or twisted yarns, and/or
a bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component will typically be made of rope
strands 230 comprising core fibers 232 that are combined into
rope sub-components such as yarns. In turn, the yarns are
combined into rope sub-components such as the rope strands
230 as depicted in FIG. 5B. The rope strands 230 are com-
bined to form the rope structure that may be used as the
example core component 222.

[0046] An appropriate rope structure for forming the
example core component 222 will typically be made of core
fibers 232 formed from one or more materials such as any of
the materials that may be used to form the core fibers 32
described above. These types of core fibers are commonly
referred to as synthetic fibers, and a conventional rope struc-
ture made from such core fibers is typically referred as a
synthetic rope.

[0047] The example first cover component 224 may be
formed by a plurality of first cover strands 240 comprising
first cover fibers 242 dispersed or arranged in a first resin
matrix 244. The example first cover strands 240 are arranged
to form an inner cover or an inner jacket for the example core
component 222.

[0048] A plurality of the example first cover strands 240 are
arranged helically around the example core component 222
such that the entire core component is effectively covered
along substantially the entire length of the rope structure 220.
As shown in FIG. 5A, the example first cover strands are
wound in a first direction around the example core component
222.

[0049] In the example rope structure 220, the example
cover fibers 242 are continuous fibers made of one or more
materials such as the materials used to form the example
cover fibers 42 described above. The resin material is or may
be a conventional polymeric resin, such as a thermoplastic or
thermosetting resin. The combination of resin and fibers used
to form the example cover strands 240 may be referred to as
a composite structure.

[0050] To form the example cover strands 240, the indi-
vidual cover fibers 242 are arranged in bundles, and the resin
material is applied to the bundles by wet coating, powder
coating, pultrusion, extrusion, or other means such that the
resin coats or penetrates the bundles. For example, the resin
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may be applied in a fluid (e.g., liquid) or fluidized (e.g.,
powder) form to facilitate penetration of the fiber bundles and
then solidified into the matrix 244 by techniques such as
solvent removal, solidification from melting, or chemical cur-
ing. Like the example cover strands 40 described above, the
example cover strands 240 may be twisted, wound, braided,
or otherwise arranged in a solidified form or in an un-solidi-
fied or un-cured form around the example core component
222.

[0051] As described above with respect to the example
cover strands 40, the example cover stands 240 may be
formed in one or more of a number of cross-sectional shapes
such as round, dogbone, square or rectangular, A-shape, or
trapezoidal. The example cover strands 240 and components
thereof may also be formed of one or more sizes, shapes,
and/or materials as generally discussed above. The example
first cover strands 240 are round in cross-section as depicted
in FIG. 5B, but one or more other shapes and sizes may be
used depending on the desired operating characteristics and
operating environment of the rope structure 220.

[0052] The example second cover component 226 may be
formed by a conventional rope jacket structure such as a
braided jacket. An appropriate conventional rope jacket struc-
ture for forming the example core component will typically
be made of jacket strands 250 comprising jacket fibers 252
that are combined into rope sub-components such as yarns. In
turn, the yarns are combined into rope sub-components such
as the jacket strands 250 as depicted in FIG. 5B. The jacket
strands 250 are combined to form the rope jacket structure
that may be used as the example second cover component
226.

[0053] An appropriate rope structure for forming the
example second cover component 226 will typically be made
of jacket fibers 252 formed from one or more materials such
as any ofthe materials that may be used to form the core fibers
32 described above. These types of jacket fibers are com-
monly referred to as synthetic fibers.

[0054] The use of the first and second cover components
224 and 226 in conjunction with the example core component
222 may provide the rope structure 220 with improved shape
stability, increased abrasion and cut resistance, better surface
characteristics, improved weather resistance, and/or reduced
weight per unit length. The rope structure 220 can thus be
engineered for increased performance in a number of specific
operating environments.

[0055] Referring now to FIGS. 6 A and 6B, depicted therein
is a fourth example rope structure 320 constructed in accor-
dance with, and embodying, the principles of the present
invention. The example rope structure 320 comprises a core
component 322, an intermediate component 324, and a cover
component 326. One or both of the intermediate component
324 and the example cover component 326 may be formed
along the entire length of the example core component 322,
and one or both of the intermediate component 324 and the
example cover component 326 may be formed only at par-
ticular locations along the length of the example core com-
ponent 322.

[0056] The example core component 322 may be formed
by a conventional rope structure such as a braided or twisted
strand rope, a bundle of parallel fibers or twisted yarns, and/or
a bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component will typically be made of rope or
core strands 330 comprising core fibers 332 that are com-
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bined into rope sub-components such as yarns. In turn, the
yarns are combined into rope sub-components such as the
rope strands 330 as depicted in FIG. 6B. The rope strands 330
are combined to form the rope structure that may be used as
the example core component 322.

[0057] An appropriate rope structure for forming the
example core component 322 will typically be made of core
fibers 332 formed from one or more materials such as any of
the materials that may be used to form the core fibers 32
described above. These types of core fibers are commonly
referred to as synthetic fibers, and a conventional rope struc-
ture made from such core fibers is typically referred as a
synthetic rope.

[0058] Theintermediate component 324 is formed by a film
sheet or strip that is wrapped or wound around the example
core component 322. The example intermediate component
324 is a thin strip of plastic film that is wrapped (with over-
lapping edges) in a first direction around the example core
component 322 before the example cover component 326 is
formed over the example core component 322. The example
intermediate component 324 may reduce the friction between
the example core component 322 and the example cover
component 326 and/or act as a barrier or filter to prevent
fluids, particles, or other contaminants from reaching the core
component 322.

[0059] The example cover component 326 may be formed
by a plurality of cover strands 350 comprising cover fibers
352 dispersed or arranged in a resin matrix 354. The example
first cover strands 350 are arranged to form a cover or jacket
for the example core component 322. A plurality of the
example cover strands 350 are arranged helically around the
intermediate component 324 and the example core compo-
nent 322 such that the entire core component 322 is effec-
tively covered by the example cover component 326 along
substantially the entire length of the rope structure 320. As
shown in FIG. 6A, the example cover strands 350 are wound
in a second direction around the example intermediate com-
ponent 324. However, the cover strands 350 may be wound in
the same direction as a film strip forming the example inter-
mediate component 324.

[0060] In the example rope structure 320, the example
cover fibers 352 are continuous fibers made of one or more
materials such as the materials used to form the example
cover fibers 42 described above. The resin material is or may
be a conventional polymeric resin, such as a thermoplastic or
thermosetting resin. The combination of resin and fibers used
to form the example cover strands 350 may be referred to as
a composite structure.

[0061] To form the example cover strands 350, the indi-
vidual cover fibers 352 are arranged in bundles, and the resin
material is applied to the bundles by wet coating, powder
coating, pultrusion, extrusion or other means such that the
resin coats or penetrates the bundles. For example, the resin
may be applied in a fluid (e.g., liquid) or fluidized (e.g.,
powder) form to facilitate penetration of the fiber bundles and
then solidified into the matrix 354 by techniques such as
solvent removal, solidification from melting, or chemical cur-
ing. Like the example cover strands 40 described above, the
example cover strands 350 may be twisted, wound, braided,
or otherwise arranged in a solidified form or in an un-solidi-
fied or un-cured form around the example core component
322

[0062] As described above with respect to the example
cover strands 40, the example cover stands 350 may be
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formed in one or more of a number of cross-sectional shapes
such as round, dogbone, square or rectangular, A-shape, or
trapezoidal. The example cover strands 350 and components
thereof may also be formed of one or more sizes, shapes,
and/or materials as generally discussed above. The example
first cover strands 350 are round in cross-section as depicted
in FIG. 6B, but one or more other shapes and sizes may be
used depending on the desired operating characteristics and
operating environment of the rope structure 320.

[0063] The use of the intermediate component 324 and/or
cover component 326 in conjunction with the example core
component 322 may provide the rope structure 320 with
improved shape stability, increased abrasion and cut resis-
tance, better surface characteristics, improved weather resis-
tance, and/or reduced weight per unit length. The rope struc-
ture 320 can thus be engineered for increased performance in
a number of specific operating environments.

[0064] Referring now to FIGS. 7A and 7B, depicted therein
is a fifth example rope structure 420 constructed in accor-
dance with, and embodying, the principles of the present
invention. The example rope structure 420 comprises a core
component 422, an intermediate component 424, and a cover
component 426. One or both of the intermediate component
424 and the example cover component 426 may be formed
along the entire length of the example core component 422,
and one or both of the intermediate component 424 and the
example cover component 426 may be formed only at par-
ticular locations along the length of the example core com-
ponent 422.

[0065] The example core component 422 may be formed
by a conventional rope structure such as a braided or twisted
strand rope, a bundle of parallel fibers or twisted yarns, and/or
a bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component will typically be made of rope or
core strands 430 comprising core fibers 432 that are com-
bined into rope sub-components such as yarns. In turn, the
yarns are combined into rope sub-components such as the
example core or rope strands 430 as depicted in FIG. 7B. The
example core or rope strands 430 are combined to form the
rope structure that may be used as the example core compo-
nent 422.

[0066] An appropriate rope structure for forming the
example core component 422 will typically be made of core
fibers 432 formed from one or more materials such as any of
the materials that may be used to form the core fibers 32
described above. These types of core fibers are commonly
referred to as synthetic fibers, and a conventional rope struc-
ture made from such core fibers is typically referred as a
synthetic rope.

[0067] The intermediate component 424 is formed by a
coating material on the example core fibers 432 forming the
example core component 422. The example intermediate
component 424 is formed by one or more layers of coating
material that is sprayed onto or soaked into the example core
component 422 in liquid form and allowed to dry or set before
or after the example cover component 426 is formed over the
example core component 422. If the coating material is
sprayed onto the example core component 422, the interme-
diate component 424 will typically take the form of a thin
layer that covers most if not all of the outer surfaces of the
example core strands 430. Ifthe example core component 422
is soaked in the coating material, the coating material may fill
at least a part of the volume defined by the interstitial spaces
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between the fibers 432 forming the example core strands 430.
A vacuum applied to these interstitial spaces may encourage
flow of liquid coating material into the interstitial spaces. In
any case, the example intermediate component 424 may
reduce the friction between the example core component 422
and the example cover component 426.

[0068] The example cover component 426 may be formed
by a plurality of cover strands 450 comprising cover fibers
452 dispersed or arranged in a resin matrix 454. The example
first cover strands 450 are arranged to form a cover or jacket
for the example core component 422. A plurality of the
example cover strands 450 are arranged helically around the
intermediate component 424 and the example core compo-
nent 422 such that the entire core component 422 is effec-
tively covered by the example cover component 426 along
substantially the entire length of the rope structure 420. As
shown in FIG. 7A, the example cover strands 450 are wound
in a second direction around the example core component
422.

[0069] In the example rope structure 420, the example
cover fibers 452 are continuous fibers made of one or more
materials such as the materials used to form the example
cover fibers 42 described above. The resin material is or may
be a conventional polymeric resin, such as a thermoplastic or
thermosetting resin. The combination of resin and fibers used
to form the example cover strands 250 may be referred to as
a composite structure.

[0070] To form the example cover strands 450, the indi-
vidual cover fibers 452 are arranged in bundles, and the resin
material is applied to the bundles by wet coating, powder
coating, pultrusion, extrusion, or other means such that the
resin coats or penetrates the bundles. For example, the resin
may be applied in a fluid (e.g., liquid) or fluidized (e.g.,
powder) form to facilitate penetration of the fiber bundles and
then solidified into the matrix 454 by techniques such as
solvent removal, solidification from melting, or chemical cur-
ing. Like the example cover strands 40 described above, the
example cover strands 450 may be twisted, wound, braided,
or otherwise arranged in a solidified form or in an un-solidi-
fied or un-cured form around the example core component
422.

[0071] As described above with respect to the example
cover strands 40, the example cover stands 450 may be
formed in one or more of a number of cross-sectional shapes
such as round, dogbone, square or rectangular, A-shape, or
trapezoidal. The example cover strands 450 may also be
formed of one or more sizes, shapes, and/or materials as
generally discussed above. The example first cover strands
450 are round in cross-section as depicted in F1G. 7B, but one
or more other shapes and sizes may be used depending on the
desired operating characteristics and operating environment
of' the rope structure 420.

[0072] The use of the intermediate component 424 and/or
cover component 426 in conjunction with the example core
component 422 may provide the rope structure 420 with
improved shape stability, increased abrasion and cut resis-
tance, better surface characteristics, improved weather resis-
tance, and/or reduced weight per unit length. The rope struc-
ture 420 can thus be engineered for increased performance in
a number of specific operating environments.

[0073] Referring now to FIGS. 8 A and 8B, depicted therein
is a sixth example rope structure 520 constructed in accor-
dance with, and embodying, the principles of the present
invention. The example rope structure 520 comprises a core
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component 522, an intermediate component 524, a cover
component 526, and an outer component 528. One or more of
the intermediate component 524, the example cover compo-
nent 526, and the outer component 528 may be formed along
the entire length of the example core component 522. In
addition, one or more of the intermediate component 524, the
example cover component 526, and the outer component 528
may be formed only at particular locations along the length of
the example core component 522.

[0074] The example core component 522 may be formed
by a conventional rope structure such as a braided or twisted
strand rope, a bundle of parallel fibers or twisted yarns, and/or
a bundle of parallel ropes (e.g., core ropes or sub-ropes). An
appropriate conventional rope structure for forming the
example core component will typically be made of rope or
core strands 530 comprising core fibers 532 that are com-
bined into rope sub-components such as yarns. In turn, the
yarns are combined into rope sub-components such as the
rope strands 530 as depicted in FIG. 8B. The rope strands 530
are combined to form the rope structure that may be used as
the example core component 522.

[0075] An appropriate rope structure for forming the
example core component 522 will typically be made of core
fibers 532 formed from one or more materials such as any of
the materials that may be used to form the core fibers 32
described above. These types of core fibers are commonly
referred to as synthetic fibers, and a conventional rope struc-
ture made from such core fibers is typically referred as a
synthetic rope.

[0076] The intermediate component 524 is formed by a
coating material on or film material wrapped or wound
around the example core fibers 532 forming the example core
component 522. The example intermediate component 524 is
formed by a strip of film material wrapped around the
example core component 522. In any form, the example inter-
mediate component 524 may reduce the friction between the
example core component 522 and the example cover compo-
nent 526.

[0077] The example cover component 526 may be formed
by a plurality of cover strands 550 comprising cover fibers
552 dispersed or arranged in a resin matrix 554. The example
first cover strands 550 are arranged to form a cover or jacket
for the example core component 522. A plurality of the
example cover strands 550 are arranged helically around the
intermediate component 524 and the example core compo-
nent 522 such that the entire core component 522 is effec-
tively covered by the example cover component 526 along
substantially the entire length of the rope structure 520. As
shown in FIG. 8A, the example cover strands 550 are wound
in a second direction around the example core component
522.

[0078] In the example rope structure 520, the example
cover fibers 552 are continuous fibers made of one or more
materials such as the materials used to form the example
cover fibers 42 described above. The resin material is or may
be a conventional polymeric resin, such as a thermoplastic or
thermosetting resin. The combination of resin and fibers used
to form the example cover strands 550 may be referred to as
a composite structure.

[0079] To form the example cover strands 550, the indi-
vidual cover fibers 552 are arranged in bundles, and the resin
material is applied to the bundles by wet coating, powder
coating, pultrusion, extrusion, or other means such that the
resin coats or penetrates the bundles. For example, the resin
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may be applied in a fluid (e.g., liquid) or fluidized (e.g.,
powder) form to facilitate penetration of the fiber bundles and
then solidified into the matrix 554 by techniques such as
solvent removal, solidification from melting, or chemical cur-
ing. Like the example cover strands 40 described above, the
example cover strands 550 may be twisted, wound, braided,
or otherwise arranged in a solidified form or in an un-solidi-
fied or un-cured form around the example core component
522.

[0080] As described above with respect to the example
cover strands 40, the example cover stands 550 may be
formed in one or more of a number of cross-sectional shapes
such as round, dogbone, square or rectangular, A-shape, or
trapezoidal. The example cover strands 550 may also be
formed of one or more sizes, shapes, and/or materials as
generally discussed above. The example first cover strands
550 are round in cross-section as depicted in F1G. 8B, but one
or more other shapes and sizes may be used depending on the
desired operating characteristics and operating environment
of' the rope structure 520.

[0081] The outer component 528 is formed by a coating
material on or film material wrapped or wound around the
example cover strands 550 or cover fibers 552 forming the
example cover component 526. The example outer compo-
nent 528 is formed by a strip of film material wrapped around
the example cover component 526. In any form, the example
outer component 528 may be formed such that the whole rope
520 can be protected, and its surface can be filled/shaped to
define a smooth outside.

[0082] The use of the intermediate component 524, cover
component 526, and/or outer component 528 in conjunction
with the example core component 522 may provide the rope
structure 520 with improved shape stability, increased abra-
sion and cut resistance, better surface characteristics,
improved weather resistance, and/or reduced weight per unit
length. The rope structure 520 can thus be engineered for
increased performance in a number of specific operating envi-
ronments.

[0083] Turning now to FIGS. 9A-9D of the drawing, sev-
eral examples of cover strand configurations will be
described.

[0084] FIG. 9A depicts a rope structure 620 comprising a
core component 622 and a cover component 624. The cover
component 624 comprises a set of first cover strands 626 and
a set of second cover strands 628. The cover strands may be
composite structures like any of the cover strands described
above. In the example cover component 624, one of the sec-
ond cover strands 628 is arranged between each of the first
cover strands 628, and the adjacent surfaces of the first and
second cover strands 626 and 628 are complementary. In
particular, the cross-sectional area of the example first cover
strands 626 is round, while the cross-sectional area of the
second cover strands 628 defines inner and outer surfaces
628a and 62856 and side surfaces 628¢ and 6284. The example
inner and outer surfaces 628a and 6285 are flat, while the
example side surfaces 628¢ and 6284 are inwardly curved
(concave). Outwardly curved outer surfaces 626a of the
round first cover strands 626 substantial conform to or are
complementary with the inwardly curved side surfaces 628¢
and 628d of the second cover strands 628. The outer surfaces
6264 and side surfaces 628¢ and 6284 need not be curved or
circular but should be complementary. The inner and outer
surfaces 628a and 6285 need not be flat. The inner surfaces
628a may be shaped or contoured for better engagement with
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the core component 622, and the outer surfaces 6285 may be
shaped, contoured, or textured to provide enhanced surface
characteristics to the overall rope structure 620.

[0085] FIG. 9B depicts a rope structure 630 comprising a
core component 632 and a cover component 634. The cover
component 634 comprises a set of first cover strands 636 and
a set of second cover strands 638. The cover strands may be
composite structures like any of the cover strands described
above. In the example cover component 634, one of the sec-
ond cover strands 638 is arranged between each of the first
cover strands 638, and a cross-sectional area of the first cover
strands 636 is larger than a cross-sectional area of second
cover strands 638. In particular, the cross-sectional areas of
the example first and second cover strands 636 and 638 are
both round, but the cross-sectional area of the second cover
strands 638 defines a smaller radius than the radius of the first
cover strands 636. In addition, the centers of the example
second cover strands 638 are arranged radially inwardly
towards the core component 632 relative to the centers of the
example first cover strands 636.

[0086] FIG. 9C depicts a rope structure 640 comprising a
core component 642 and a cover component 644. The cover
component 644 comprises a set of cover strands 646. The
example cover strands 646 may be composite structures like
any of the cover strands described above. In the example
cover component 644, the cover strands 646 define a primary
lateral dimension W1 and a primary radial dimension T1,
where the radial dimension T1 is smaller than the lateral
dimension W1. In addition, the example cover strands 646
further define a secondary lateral dimension W2 and a sec-
ondary radial dimension T2. The secondary lateral dimension
W2 is smaller than the primary lateral dimension W1, and the
secondary radial dimension T2 is smaller than the primary
radial dimension T1. Corners 646a, 6465, 646¢, and 6464 of
the example cover strands 646 are rounded, and the second
radial dimension T2 corresponds to flat surfaces 646¢ and
646f. The example cover strands 646 may be described as
dogbone-shaped in cross-sectional area. This dogbone shape
provides desirable performance characteristics for a given
size and weight per unit length of the example cover strands
646.

[0087] FIG. 9D depicts a rope structure 650 comprising a
core component 652 and a cover component 654. The cover
component 654 comprises a set of cover strands 656. The
example cover strands 656 may be composite structures like
any of the cover strands described above. In the example
cover component 654, the cover strands 656 are quadrilaterals
and thus define flat inner and outer surfaces 656a and 6564
and flat side surfaces 656¢ and 656d. The example cover
strands 656 may define trapezoid shapes (or possibly comple-
mentary trapezium shapes) in cross-sectional area. The
example cover strands 656 are trapezoidal, and the angled
side surfaces 656¢ and 6564 of adjacent cover strands 656
overlap over a substantial surface area to minimize gaps
between adjacent cover strands 656. The side surfaces 656¢
and 6564 need not be flat but should be complementary. The
inner surfaces 656a need not be flat, but may instead be
shaped or contoured for better engagement with the core
component 652. The outer surfaces 6565 also need not be flat
and instead may be shaped, contoured, or textured to provide
enhanced surface characteristics to the overall rope structure
650.

[0088] It should be understood that the various components
of the rope structures 20, 120, 220, 320, 420, 520, 620, 630,
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640, and 650 may be used in combinations other than the
specific combinations disclosed herein. For example, the
example rope structure 520 employs an intermediate compo-
nent 524 and an outer component 528 formed by a film
wrapped around the core component 522 and cover compo-
nent 526. Either or both of the intermediate component 524
and the outer component 528 may be replaced by a coating
such as the coating forming the example intermediate com-
ponent 424 of the example rope structure 420. As another
example, a coating or film may be applied to the core com-
ponent 122, first cover component 124, and/or second cover
component 126 of the second example rope structure 120.
Similarly, a coating or film may be applied to the core com-
ponent 222, first cover component 224, and/or second cover
component 226 of the third example rope structure 220. As
yet another example, a second cover component such as the
second cover component 226 of the third example rope struc-
ture 220 may be applied to any other rope structure (e.g., the
rope structures 20, 120, 320, 420, 520, 620, 630, 640, and
650) embodying the principles of the present invention.
[0089] Inaddition, any one or more of the various compo-
nents used to form rope structures of the present invention
may be made of the same material (homogenous) or of dif-
ferent materials (non homogenous). Even a given component
may be homogenous or non-homogenous depending upon the
nature of the operating characteristics and environment.
[0090] Any one of the structures 20, 120, 220, 320, 420,
520,620,630, 640, and 650 could be terminated with swaging
with end fittings, pot fitting using resin matrix, or simply by
terminating only the core component using conventional
techniques for splicing ropes. Before terminating, the struc-
ture 20, 120, 220, 320, 420, 520, 620, 630, 640, and 650 will
typically held together temporarily. The temporary holding
method could be, for example, by covering the section with
tape, and then using holes clamps at both ends to keep the
construction together. Then the structure will be terminated
using the swaging method or the pot fitting method. After the
construction is fixed permanently (e.g. after certain resin
curing time), then the holes clamps and tape can be removed.
[0091] For the method of swaging with end fittings, resin
could also be added into the end fittings to fill the gaps before
clamping. The swaging force would typically be justified
depending on the materials.

[0092] If the rope is terminated using the method of pot
fitting with resin matrix the cone shape of the end of structure
20,120, 220, 320, 420, 520, 620, 630, 640, and 650 is main-
tained, and the end of'the structure is put it into the pot. In this
case, the fitting pot will also typically be cone shaped. The
bottom of the pot is then sealed to avoid resin flow out. Resin
is added on top of the pot to avoid or minimize the formation
of bubbles. The entire construction will typically be kept
hanging vertical to the ground until the resin is fully cured.
[0093] Ifconventional splicing techniques are used to form
atermination using only the core component, the spliced area
may be covered using a separate splice cover component,
structure, coating, and/or the like.

What is claimed is:

1. A rope structure comprising:

a core component comprising core fibers combine to form
a first rope structure; and

afirst cover component comprising first cover strands com-
prising first cover fibers within a first matrix material;
wherein
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the first cover strands are arranged around at least a portion

of'the core component.

2. A rope structure as recited in claim 1, in which the first
matrix material is solidified such that the first cover strands
hold a generally helical form.

3. A rope structure as recited in claim 1, in which the first
matrix material comprises polymeric resin.

4. A rope structure as recited in claim 1, further comprising
a second cover component comprising second cover strands
comprising second cover fibers within a second matrix mate-
rial, where the second cover strands are arranged around at
least a portion of the first cover component.

5. A rope structure as recited in claim 4, in which the
second matrix material is solidified such that the second cover
strands hold a generally helical form.

6. A rope structure as recited in claim 5, in which the
second matrix material is formed of polymeric resin.

7. A rope structure as recited in claim 1, further comprising
a second cover component comprising second cover fibers
combine to form a second rope structure, where the second
cover component is arranged around at least a portion of the
first cover component.

8. A rope structure as recited in claim 1, further comprising
an intermediate component arranged between the core com-
ponent and the cover component.

9. A rope structure as recited in claim 8, in which the
intermediate component comprises a coating.

10. A rope structure as recited in claim 9, in which the
intermediate component comprises a film.

11. A rope structure as recited in claim 1, further compris-
ing an outer component arranged substantially around at least
a portion of the cover component.

12. A rope structure as recited in claim 11, in which the
outer component comprises a coating.

13. A rope structure as recited in claim 11, in which the
outer component comprises a film.

14. A method of forming a rope structure comprising the
steps of:

providing core fibers;

combining the core fibers to form a core component com-

prising a first rope structure;

providing first cover fibers;

forming at least one cover first cover strand by combining

the first cover fibers with a first matrix material;
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arranging the at least one first cover strand to form a cover
component by arranging the first cover strands around at
least a portion of the core component.

15. A method of forming rope structure as recited in claim
14, in which the first matrix material solidifies prior to for-
mation of the cover component.

16. A method of forming a rope structure as recited in claim
14, in which the first matrix material solidifies after formation
of'the cover component.

17. A method of forming a rope structure as recited in claim
14, further comprising the steps of:

providing second cover fibers;

forming at least one cover strand by combining the second

cover fibers with a second matrix material;

arranging the at least one second cover strand to form a

second cover component by arranging the second cover
strands around at least a portion of the first cover com-
ponent.

18. A method of forming a rope structure as recited in claim
14, further comprising the step of forming an intermediate
component between the core component and the first cover
component.

19. A method of forming a rope structure as recited in claim
18, in which the step of forming the intermediate component
comprises the step of applying a coating to the core compo-
nent.

20. A method of forming a rope structure as recited in claim
18, in which the step of forming the intermediate component
comprises the step of arranging a film around at least a portion
of'the core component.

21. A method of forming a rope structure as recited in claim
14, further comprising the step of forming an outer compo-
nent around at least a portion of the first cover component.

22. A method of forming a rope structure as recited in claim
21, in which the step of forming the outer component com-
prises the step of applying a coating to the first cover compo-
nent.

23. A method of forming a rope structure as recited in claim
21, in which the step of forming the outer component com-
prises the step of arranging a film around at least a portion of
the first cover component.
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