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(57) Abstract: Various hoisting systems having an assembly for gripping a
hoisting line are provided. In one embodiment, an apparatus includes a hoisting
system (10) having a plurality of sheaves (42, 44) and a chain (36) reeved about
the plurality of sheaves. The chain includes links (40) having clamps (64) for
selectively gripping a hoisting line (20). The hoisting system also includes a
closing track (56) having a travel path for the clamps of the links of the chain.
This travel path includes an opening between two opposing surfaces (60) and at
least a portion of the opening has a width between the two opposing surfaces
narrower than the widths of the clamps, when open, such that, when the links
pass along the travel path of the closing track, the two opposing surfaces cause
the clamps to close about the hoisting line. Additional systems, devices, and
methods are also disclosed.
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ROPE HOISTING SYSTEM

BACKGROUND

[0001] This section 1s intended to introduce the reader to various aspects of art that
may be related to various aspects of the presently described embodiments. This
discussion is believed to be helptul in providing the reader with background
information to facilitate a better understanding of the various aspects of the present
embodiments. Accordingly, it should be understood that these statements are to be read

in this light, and not as admissions of prior art.

[0002]  In order to meet consumer and industrial demand for natural resources,
companies often invest significant amounts of time and money in finding and
extracting oil, natural gas, and other subterranean resources from the earth. Particularly,
once a desired subterranean resource such as oil or natural gas is discovered, drlling
and production systems are often employed to access and extract the resource. These
systems may be located onshore or offshore depending on the location of a desired

resource.

[0003]  Floating drilling plattorms are sometimes used for oftshore drilling
operations and include a hoisting system for raising and lowering equipment, such as a
Christmas tree or well intervention equipment, to a subsea wellsite. In some instances,
hoisting systems take the form of cranes used to load and unload equipment from an
oftshore plattorm. Of course, cranes and other hoisting systems can be used onshore
as well. Hoisting systems often include metal wire ropes that are spooled from winches,

reeved over sheaves (e.g., crown blocks), and used to raise or lower a connected load.

SUMMARY

[0004]  Certain aspects of some embodiments disclosed herein are set forth below.
It should be understood that these aspects are presented merely to provide the reader

with a brief summary of certain forms the invention might take and that these aspects
are not intended to limit the scope of the invention. Indeed, the invention may

encompass a variety of aspects that may not be set forth below.
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[0005] Embodiments of the present disclosure generally relate to hoisting systems
for raising and lowering connected loads, such as well equipment. In certain
embodiments, a hoisting system includes a gripping assembly with multiple clamps for
selectively gripping a hoisting line. In one embodiment, the gripping assembly includes
a chain with links having the clamps for gripping the hoisting line. The chain can be
moved in a closed loop about multiple sheaves such that the links pass through a
closing track of the hoisting system, which includes opposing surtaces arranged to push
the clamps closed to grip the hoisting line. The hoisting system may be provided as a
rack-and-pinion hoisting system having pinions for driving linear gears on the links of

the chain.

[0006]  Various refinements of the features noted above may exist in relation to
various aspects of the present embodiments. Further features may also be incorporated
in these various aspects as well. These refinements and additional features may exist
individually or in any combination. For instance, various features discussed below in
relation to one or more of the illustrated embodiments may be incorporated into any
of the above-described aspects of the present disclosure alone or in any combination.
Again, the brief summary presented above is intended only to familiarize the reader
with certain aspects and contexts of some embodiments without limitation to the

claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]  These and other features, aspects, and advantages of certain embodiments
will become better understood when the following detailed description 1s read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0008]  FIG. 1 generally depicts a hoisting system in the form ot a knuckle-jib crane
having a gripping assembly for pulling a hoisting line in accordance with one

embodiment of the present disclosure;
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[0009] FIG. 2 shows the gripping assembly of FIG. 1 as including a chain with links
having clamps for gripping and pulling the hoisting line in accordance with one

embodiment;

[0010] FIG. 3 1s a detail view of a portion of the gripping assembly depicted in
FIG. 2;

[0011] FIGS. 4 and 5 depict one link of the chain of FIGS. 2 and 3 in accordance

with one embodiment;

[0012]  FIG. 6 is a perspective view from above the upper end of the gripping

assembly of FIGS. 2 and 3 in accordance with one embodiment;

[0013] FIG. 7 generally depicts a pinion arrangement for engaging linear gears on

links of the chain of FIGS. 2, 3, and 6 in accordance with one embodiment; and

[0014] FIG. 8 depicts a lower end of the gripping assembly of FIGS. 2, 3, and 6
and shows hydraulic cylinders that may be used to move rails for closing the clamps

toward or away from one another in accordance with one embodiment.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

[0015]  Specific embodiments of the present disclosure are described below. In an
effort to provide a concise description of these embodiments, all features of an actual
implementation may not be described in the specification. It should be appreciated that
in the development of any such actual implementation, as in any engineering or design
project, numerous implementation-specific decisions must be made to achieve the
developers’ specitic goals, such as compliance with system-related and business-related
constraints, which may vary from one implementation to another. Moreover, it should
be appreciated that such a development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking ot design, fabrication, and

manufacture for those of ordinary skill having the benefit of this disclosure.
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[T TIT] 2
a

[0016] When introducing elements of various embodiments, the articles an,

“the,” and “said” are intended to mean that there are one or more of the elements. The
terms “comprsing,” “including,” and “having” are intended to be inclusive and mean
that there may be additional elements other than the listed elements. Moreover, any use

22 <<

of “top,” “bottom,” “above,” “below,” other directional terms, and variations of these
terms 1s made for convenience, but does not require any particular orientation of the

components.

[0017]  Turning now to the present figures, a hoisting system 10 is illustrated in
FIG. 1 in accordance with one embodiment. In this example, the hoisting system 10 is
embodied in a crane 12, but the hoisting system 10 could take other forms in different
embodiments. The crane 12 1s shown in FIG. 1 as a pedestal crane mounted on a

deck 14. The deck 14 is part of a floating vessel (e.g;, a drillship or semi-submersible
drilling rig) in certain embodiments. When used with an ottshore dnlling or production
plattorm, the hoisting system 10 can be used to facilitate well completion and

intervention operations.

[0018]  The depicted crane 12 1s a knuckle-jib crane with a main beam 16 connected
to a second beam 18. The illustrated system 10 includes a hoisting line 20 reeled out
from a rotatable drum 22 on the crane 12. The hoisting line 20 is reeved through
sheaves 24 and 26, and a hook 28 on the end of the hoisting line 20 can be used to
connect the hoisting line 20 to a load (e.g., wellhead equipment or other well
components). Once connected, the hoisting line 20 can be reeled in or reeled out from

the drum 22 to raise or lower the load.

[0019] Any suitable hoisting line 20 could be used with the hoisting system 10. In
some embodiments, the hoisting line 20 1s a non-metallic line, such as a tiber rope. For
instance, the hoisting line 20 can be made of natural fibers (e.g., hemp, cotton, or jute)
or synthetic tibers (e.g,, polyester, nylon, polypropylene, poly-paraphenylene
terephthalamide, or polyester-polyarylate). In other embodiments, the hoisting line 20
could be provided as a metal cable (e.g., a braided, steel-wire-strand rope) or a wire rope
(e.g., a rope having a fiber core with strands of steel wire wound around the core)

instead of a tiber rope.
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[0020]  In some hoisting systems, the weight of a load is carried by one or more
sheaves via the hoisting line. Wire ropes or metal cables can be used to support heavy
loads. But in some of these instances, such as when lowering equipment in deep waters
to a subsea wellsite far below the surface, a large portion of the hoisting capacity of a
system 1s used by the weight of the wire ropes or metal cables themselves. In other
instances, fiber ropes could be used. When the weight of a heavy load is carried by a
sheave via a fiber rope, however, the weight of the load tensions the fiber rope and the
bending of the tensioned rope over the sheave can generate excessive heat that

damages the rope.

[0021] Rather than simply bearing the weight of a load with one or more sheaves,
the hoisting system 10 of FIG .1 includes a gripping assembly 32 for grabbing and
holding the hoisting line 20 to support the weight of the hoisted load. The gripping
assembly 32 1s depicted in greater detail in FIGS. 2 and 3 in accordance with one
embodiment. The gripping assembly 32 1s shown here as including a chain 36 having
multiple links 40. As described further below, the links 40 include clamps for selectively
closing about and gripping the hoisting line 20, and the chain 36 can be driven to move

the clamps of the links 40 to raise or lower the hoisted load.

[0022]  While only portions of the chain 36 are depicted in FIG. 2 (1.e., through
cutaways in the beam 18 and within a closing track 56 described below), the chain 36 1s
provided here as a closed loop positioned about an upper sheave 42 and a lower
sheave 44. A tensioner 46 1s provided to help maintain tension on the chain 36 during
use. The tensioner 46 1s shown here as a passive hydraulic cylinder, but could take any
other suitable form. Motors 50 and gearboxes 52 drive the chain 36 in a closed circuit
about the sheaves 42 and 44. Any suitable motors 50 could be used, such as electric
motors ot hydraulic motors. In some instances, low-speed motors 50 could be used to
drive the chain 36 without gearboxes 52. Although the closed circuit traveled by the
links 40 of the chain 36 in this depicted embodiment 1s an oval, other sheaves and
arrangements may be used and the links 40 of the chain 36 may instead be driven along

a non-oval path.
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[0023]  The closing track 56 1s provided along part of the circuit that is traveled by
the links 40 of the chain 36. The presently depicted closing track 56 includes opposing
rails 60 spaced apart such that an opening between the rails 60 generally defines a travel
path for the links 40 through the closing track 56. As discussed in greater detail below,
hydraulic cylinders 62 can be coupled to the rails 60 to adjust the width of the opening

between the rails.

[0024]  The links 40 include clamps 64 for gripping the hoisting line 20. The

clamps 64 are biased (e.g., spring-biased) toward their open position in at least some
embodiments. As the chain 36 moves about the sheaves 42 and 44, and as clamps 64 of
the links 40 enter an end of the closing track 56 (e.g., the lower end of the track 56
depicted in FIG. 3), the rails 60 engage the clamps 64 and push the opposing arms of
the clamps 64 from the open position toward a closed position to grip the hoisting

line 20. The rails 60 can have flared ends to facilitate entry of the clamps 64 into the

closing track 56 and a gradual closing of the clamps 64 about the hoisting line 20.

[0025]  The hoisting line 20 moves with the closed clamps 64 in the closing track 56.
That 1s, as the chain 36 moves 1n a counter-clockwise direction in FIGS. 2 and 3 (with
clamps 64 moving up the closing track 56 between the rails 60), the clamps 64 that are
closed about the hoisting line 20 pull the hoisting line 20 upward so as to raise the
connected load. Similarly, when the chain 36 moves 1n a clockwise direction in FIGS. 2
and 3, the clamps 64 gripping the hoisting line 20 move down through the track 56
between the rails 60 and lower the hoisted load. Due to the biasing of the clamps 64
toward their open position, the clamps 64 release the hoisting line 20 as they exit the
closing track 56. Consequently, as the chain 36 moves in either direction, links 40
entering the closing track 56 grip the hoisting line 20 and links 40 exiting the closing
track 56 release the hoisting line 20. The links 40 thus act as a series of hands

continually gripping and releasing the hoisting line 20 to raise or lower a hoisted load.

[0026]  An individual link 40 of the chain 36 of FIGS. 2 and 3 1s shown in greater
detail in FIGS. 4 and 5. The link 40 includes a first end 68 and a second end 70, which
have mating features that facilitate connection to other links 40 of the chain 36. More

specifically, the first end 68 of each link 40 is shaped to be received within a second
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end 70 of another link 40, and any desired number of links 40 could be connected
together to form the chain 36. The first and second ends 68 and 70 of adjoining

links 40 can be coupled to one another with hinge pins installed through the transverse
apertures of the ends depicted in FIG. 4, which allows the links 40 to pivot with

respect to one another as the chain 36 moves about sheaves 42 and 44.

[0027]  In the presently illustrated embodiment, the hoisting system 10 is a rack-and-
pinion hoisting system, in which the links 40 ot the chain 36 are rack elements that are
driven by one or more mating pinions. The links 40 include linear gears 72 (i.e., rack
portions of the rack-and-pinion system) with grooved surfaces for receiving teeth of
the mating pinions. In one embodiment, the body of each link 40 includes a pair of
linear gears 72 positioned on opposite sides. But other arrangements could be used,
such as including linear gears 72 on fewer than all of the links 40 (e.g., every second or
third link) or on just one side of the links 40. Further, in still additional embodiments,
the hoisting system 1s not a rack-and-pinion hoisting system, the links 40 do not have

linear gears 72, and the chain 36 can be driven in any other suitable manner.

[0028]  The links 40 also include clamps 64, as discussed above. The depicted
clamps 64 include opposing arms that close and open to selectively grip and release the
hotsting line 20. Each link 40 in FIGS. 2-5 has two clamps 64, but it will be appreciated
that each link 40 could have some other number of clamps 64 (e.g;, a single clamp or
three clamps) in different embodiments. The left clamp 64 in FIGS. 4 and 5 is shown in
its open position with the opposing arms spread apart, while the right clamp 64 in these
tigures 1s shown in a closed position (e.g;, as pushed together by the rails 60) for
gripping the hoisting line 20. In at least some embodiments, the opposing arms of the
clamps 64 include concave surfaces on their inner taces for increasing the surface area

of contact with the hoisting line 20 when the clamps 64 are closed.

[0029]  Asshown in FIGS. 4 and 5, the opposing arms of the clamps 64 include
interlocking portions and are mounted on a pin extending through the interlocking
portions. This allows the opposing arms to pivot with respect to the pin and for the
distal ends of the opposing arms to move together or apart when closing or opening

the clamp 64. Springs 76 may also be provided on the pin at one or both sides of the
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clamps 64 for opposing lateral movement of the clamps 64 along the mounting pin in a
direction parallel to the linear gears 72 and to the direction of loading on the clamps 64
from the hoisting line 20. Further, in at least some embodiments, including that shown
in FIGS. 4 and 5, the outer surfaces of the opposing arms of the clamps 64 include
roller elements 78 (e.g., cylindrical rollers mounted on pins) that facilitate movement of

the clamps 64 through the closing track 56 between the rails 60.

[0030] An additional view of the gripping assembly 32, from the perspective of one
looking down the beam 18, 1s depicted in FIG. 6. As noted above, the chain 36 can be
moved about the sheaves 42 and 44 (FIGS. 2 and 3) 1n a continuous loop such that the
links 40 (and more specitically, the clamps 64 of the links 40) pass through the closing
track 56 between rails 60. As the chain 36 moves, links 40 are continually driven into
the closing track 56 to grip the hosting line 20 while other links 40 pass out of the

closing track 56 and release the hoisting line 20.

[0031]]  When lowering the hoisted load, clamps 64 of links 40 pass downward
through the closing track and the clamps 64 of the links are driven to their closed
position (gripping the hoisting line 20) by the rails 60 as they enter the upper end of the
closing track 56, as generally shown in the foreground in FIG. 6. As the links 40 exit the
lower end of the closing track 56, the clamps 64 release the hoisting line 20. The exiting
links 40 may then be moved about the lower sheave 44 and continue along the closed
loop path of the chain 36 and around the upper sheave 42 to be returned to the upper

end of the closing track 56.

[0032]  The direction in which the chain 36 moves can be reversed to raise the
hotsted load. In this case, the links 40 enter the lower end of the closing track 56, where
the rails 60 push the clamps 64 closed about the hoisting line 20, as described above.
The links 40 pass upward through the closing track while gripping the hoisting line 20,
pulling the hoisting line 20 upward to raise the hoisted load. Links 40 exiting the upper
end of the closing track 56 release the hoisting line 20 while additional links 40 entering

the closing track 56 grip the hoisting line 20.
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[0033]  In atleast some embodiments, the weight of the hoisted load is carried by
the multitude of clamps 64 closed about the hoisting line 20, with the drum 22 and the
sheaves 24 used to feed additional line to, or collect line from, the gripping assembly 32.
The portion of the hoisting line 20 positioned between the drum 22 and the upper end
of the gripping assembly 32 may have minimal tension, as the weight ot the hoisted
load may instead be carried by the clamps 64. This arrangement may reduce heat on the
hotsting line 20 from friction (e.g., with the sheaves 24) and increase longevity of at
least certain hoisting lines (e.g;, fiber rope hoisting lines). The drum 22 may be rotated
such that the hoisting line 20 1s reeled in or out at the same speed the hoisting line 20 is

moved by the gripping assembly 32.

[0034]  As noted above, the hoisting system 10 may be provided as a rack-and-
pinion hoisting system. In one embodiment generally depicted in FIG. 7, rack elements
of the chain 36 (i.e., the links 40 with linear gears 72) can be driven by the motors 50
through engagement of pinions 82 ot the gearboxes 52 with the linear gears 72.
Although this depicted arrangement includes eight pinions 82 in opposing sets of four
on etther side of the chain 36, any other suitable arrangement could be used in other
embodiments. The pinions 82 could be driven in either direction by the motors 50 to
pull up or push down the hoisting line 20 held by the closed clamps 64 so as to raise or
lower the hoisted load. But in at least some embodiments, the weight of the hoisted
load is used to passively drive the chain 36 about the sheaves 42 and 44 when lowering
the hoisted load, rather than actively driving the chain 36 with the pinions 82. The rate
of descent of the hoisted load in such embodiments may be controlled through
braking (e.g., at one or more of the motors 50 or gearboxes 52). Conversely, the hoisted
load can be raised by actively driving the rack elements of the chain 36 with the

pinions 82 to pull the hoisting line 20 upward.

[0035] Various hoisting lines can be used in a hoisting system to raise and lower
equipment, and these various lines can have different physical characteristics, such as
different diameters and compressibility. Further, hoisting lines may be rated for certain
maximum loads, and tension trom heavy loading can cause a hoisting line to stretch.
The amount of this stretch will depend on the construction of the hoisting line, and

the stretching may lengthen the line while reducing its diameter.
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[0036] In some embodiments, the closing track 56 1s an adjustable closing track that
can be changed in some manner to accommodate use of the gripping assembly 32 with
various sizes of hoisting lines, including with lines that may change in diameter by a
significant amount when tensioned. As noted above, the rails 60 of the closing track 56
push the clamps 64 closed about the hoisting line 20. The extent to which the opposing
arms of the clamps 64 close toward one another depends on the position of the

rails 60. For instance, as shown in FIG. 6, the rails 60 are spaced apart at a distance that
causes the rails 60 to push the opposing arms of the clamps 64 into a closed position
about the hoisting line 20 while leaving a gap between the ends ot each pair of

opposing arms.

[0037]  In atleast some embodiments, the hydraulic cylinders 62 are used to move
the rails 60 closer together or further apart. This changes the width of the opening
between the rails 60 through which the clamps 64 travel and changes the amount by
which the opposing arms of each clamp 64 close when pushed by the rails 60. For
example, as generally shown in FIG. 8, the cylinders 62 can be actuated to push the
rails 60 closer together such that the ends of the opposing arms of each clamp 64
contact each other when closed. This would allow the clamps 64 to engage a hoisting
line 20 having a smaller diameter than could be ettectively gripped by the clamps 64
with the rails 60 further apart as in FIG. 6. Although cylinders 62 are shown connected
to each rail 60, it will be appreciated that other arrangements (e.g., cylinders 62
connected to only one rail 60) or devices could be used to adjust the closing track 56 in

other embodiments.

[0038]  While the aspects of the present disclosure may be susceptible to various
modifications and alternative forms, specific embodiments have been shown by way of
example in the drawings and have been described in detail herein. But it should be
understood that the invention 1s not intended to be limited to the particular forms
disclosed. Rather, the invention 1s to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

tollowing appended claims.

10
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CLAIMS
1. An apparatus comprising:
a hoisting system including:
a plurality of sheaves;

a chain reeved about the plurality of sheaves, the chain including links

having clamps for selectively gripping a hoisting line; and

a closing track having a travel path for the clamps of the links of the
chain, wherein the travel path includes an opening between two opposing
surfaces and at least a portion of the opening has a width between the two
opposing surfaces narrower than the widths of the clamps, when open, such
that, when the links pass along the travel path of the closing track, the two

opposing surfaces cause the clamps to close about the hoisting line.

2. The apparatus of claim 1, wherein the closing track is an adjustable
closing track 1n which a first of the opposing surfaces can be moved toward a second of
the opposing surtaces to reduce the width of the opening between the two opposing

surfaces.

3. The apparatus of claim 2, comprising a hydraulic cylinder coupled to the
tirst of the opposing surfaces for controlling the position of the first of the opposing

surfaces with respect to the second of the opposing surfaces.

4. The apparatus of claim 1, comprising a tensioner coupled to a sheave of
the plurality of sheaves so as to increase tension of the chain reeved about the plurality

of sheaves.

5. The apparatus of claim 1, wherein the hoisting system includes motors

tor driving the chain about the plurality of sheaves.

11
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6. The apparatus of claim 1, wherein the hoisting system 1s a rack-and-
pinion hoisting system in which at least some of the links of the chain are rack elements

to be driven about the plurality of sheaves by a mating pinion of the hoisting system.

7. The apparatus of claim 6, wherein the rack elements are connected to

one another in a closed loop to form the chain.

8. The apparatus of claim 1, wherein the hoisting system includes a crane

having a knuckle jib on which the sheaves, the chain, and the closing track are installed.

9. The apparatus of claim 1, comprising the hoisting line.

10. The apparatus of claim 9, wherein the hoisting line 1s a fiber rope.

11. The apparatus of claim 10, wherein the fiber rope includes nylon.

12. An apparatus comprising:
a rack element of a rack-and-pinion hoisting system, the rack element including:

a chain link body having at least one linear gear with grooves facilitating

driving of the at least one gear by a pinion gear; and

a clamp mounted on the chain link body, the clamp having opposing
arms moveable from an open position toward a closed position to enable the
clamp to close about and grip a hoisting line of the rack-and-pinion hoisting

system.

13. The apparatus of claim 12, wherein the chain link body includes a pair
of linear gears on opposite sides of the chain link body, and the chain link body

includes multiple clamps for gripping the hoisting line.

12
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14. The apparatus of claim 12, wherein the rack element includes a spring
positioned to absorb loading from the clamp in a direction parallel to the at least one

linear gear.

15. The apparatus of claim 12, wherein the outer surfaces of the opposing
arms include rollers to facilitate passage of the clamps through a closing track that

pushes the opposing arms from the open position toward the closed position.

16. The apparatus of claim 12, comprising the rack-and-pinion hoisting

system.

17. A method of gripping a hoisting line, the method comprising:

driving a chain of link elements in a hoisting system through a closing track, the

link elements including clamps for gripping the hoisting line; and

gripping the hoisting line with the clamps of the link elements, wherein the
clamps of the link elements close about and grip the hoisting line in response to the
clamps of the link elements entering the closing track of the hoisting system and open
to release the hoisting line 1n response to the clamps of the link elements leaving the

closing track.

18. The method of claim 17, wherein gripping the hoisting line with the
clamps of the link elements includes gripping a non-metallic hoisting line with the

clamps of the link elements.

19. The method of claim 17, wherein the closing track includes two
opposing surfaces spaced apart from one another to allow the clamps of the link
elements to pass through an opening between the two opposing surtaces, the method

including moving at least one of the two opposing surtaces to change a width of the

13
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opening such that the amount by which the clamps close when entering the closing

track also changes.

20. The method of claim 17, wherein the hoisting system 1s a rack-and-
pinion hoisting system in which driving the chain of link elements includes driving the
chain of link elements with one or more pinions that engage mating rack portions of

the link elements.

14
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. EI Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the intemational application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
Group I: Claims 1-11 and 17-20 directed to a hoisting system including a closing track

Group |l: Claims 12-16 directed to an apparatus including a rack element -

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. [:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-11,17-20

Remark on Protest [:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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A. CLASSIFICATION OF SUBJECT MATTER
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According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by ¢
IPC(8): B66D 3/12 (2016.01)

CPC: B66D 1/7489

lassification symbols)

IPC(8): B66D 3/12, B66D 3/18, B66D 1/12, B66D 1/36 (2016.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

CPC: B66D 1/7489, 66D 1/36, B66D 1/02, B66D 3/006, B66D 3/12; USPC: 254/270

Electronic data base consulted during the international search (name of

clamp, jaw, rail, track, nylon, fiber, parallel, reeve, sheave, rotate

PatBase, Google Patents, Google Scholar; search terms used: crane,

data base and, where practicable, search terms used)
hoist, grip, rope, cable, chain, line, rack, pinion, teeth, tooth,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5,133,405 A (ELLISTON) 28 July 1992 (28.07.1992), entire document, especially Figs 1,3, | 1-3,5,9,17,19
- 6-8; col 3, In 56-60; col 4, In 14-56, 64-68; col 5, In 1-46, 58-68; col 6, In 1-15; A ——
Y 4,8,10,11,18
A 6,7,20
Y US 2014/0102721 A1 (BESPALOV et al.) 17 April 2014 (17.04.2014), entire document, 4,8
- especially Figs 1, 3D; para [0016], [0024], [0026], [0043]-[0045], [0051] ————-
A . 6,7,20
Y US 8,485,081 B2 (KIM et al.) 16 July 2013 (16.07.2013), entire document, especially Fig 1; col. | 10, 11, 18

3,In 36-50
A US 3,878,916 A (WHITE) 22 April 1975 (22.04.1975), entire document, especially Fig 1; col 4,In | 6, 7, 20

1-21, 30-49
A US 2015/0047858 A1 (VARKEY et al.) 19 February 2015 (19.02.2015), entire document 1-11, 17-20
A US 2010/0034592 A1 (ROODENBURG et al.) 11 February 2010 (11.02.2010), entire document | 1-11, 17-20
A US 2004/0118573 A1 (SCHROEDER) 24 June 2004 (24.06.2004), entire document 1-11, 17-20

D Further documents are listed in the continuation of Box C.

[

. Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y™ document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family
.

Date of the actual completion of the international search
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Date of mailing of the international search report
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