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WRENCH

CROSS REFERENCES TO RELATED APPLICATIONS
[0001] This application claims priority from US utility application serial No. 13/908,316 filed on
June 3, 2013, which claims priority from Indian application serial No. 1263/MUM/2013, filed April 1,

2013.

FIELD

[0002] The present subject matter relates to tools such as wrenches and related systems for

engaging cylindrical components typically used in drilling operations.

BACKGROUND

. [0003] Core barrel assemblies are used in a variety of drilling industries such as in the fields of ore

' mining, petroleum drilling, water well drilling, and geotechnical drilling and surveying industries. Core
barrel assemblies are used to obtain a core sample at an end of a drilling passage. Typical core barrel
assemblies include an inner tube assembly and an outer tube assembly. The outer tube assembly
contains the inner tube assembly and provides engagement to other.drilling components such as a drill
string or collection of drill rods.
[0004] During a core sampling operation, after collecting a core sample from a bottom region of a
drill hole, the inner tube assembly contains the core sample. The inner tube and core sample are
retrieved from the bottom of the drill hole using a wire line that is pulled through the drill rods.
[0005] Depending upon the configuration of the core barrel assembly and/or the inner tube, a
variety of componeﬁts may be engaged with the inner tube such as a core barrel head and a core lifter.
These components and potentially others are engaged with the inner tube by threaded connections.
These threaded connections must be disengaged from one another in order to remove the core sample.
[0006] Engaging or disengaging threaded components with an inner tube such as in accessing a
core sample contained in the inner tube, can be problematic. Relatively high levels of torque may be
required. Dirt and debris may cover the components and/or threads. Exposure and contact with core
drilling fluids may pose additional problems. Bentonite clay drilling fluids contain clay particles and can
be slightly corrosive. Drilling fluids may also include polymer filtration control and stabilizers, tubricants
such as drill rod grease, and cutting oils. The presence of these agents on the inner tube and/or
threaded regions, can further impede engagement or disengagement operations particularly in

situations when the outer surface of the tube contains lubricious agents.
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[0007] Core barrel assemblies are typically machined assemblies with relatively high tolerances.
Thus, it is important to not damage the outer surface of the inner tube such as by using a traditional
pipe wrench. Typical pipe wrenches have pipe engaging faces with teeth that can form "digs," burrs, or
other surface defects on the outer surface of the inner tube. In addition, if excessive force is applied by
a pipe wrench, the inner tube can be deformed.

[0008] in view of these and other reasons, the drilling industry typically uses specialized wrenches
with a carbide coating to grip core barrel assemblies and particularly inner tubes. Although satisfactory
in certain aspects, a need remains for an improved too! for securely engaging core barrel components

such as an inner tube, without damaging the component.

SUMMARY

[0009] The difficuities and drawbacks associated with previously known practices and tools are
addressed in the present wrench and related methods of use.

[0010] In one aspect, the present subject matter provides a wrench comprising a handle defining a
first end and a second end opposite from the first end. The wrench also comprises a first jaw having a
proximal end and a distal end. The first jaw defines an interior face. The proximal end of the first jaw is
pivotally attached to the first end of the handle. The wrench also comprises a second jaw having a
proximal end and a distal end. The second jaw defines an interior face. The proximal end of the second
jaw is pivotally attached to the distal end of the first jaw at a first joint assembly. The wrench also
comprises a third jaw having a proximal end and a distal end. The third jaw defines an interior face. The
proximal end of the third jaw is pivotally attached to the distal end of the second jaw at a second joint
assembly. The distal end of the third jaw is releasably engageable with the first end of the handle. The
first, second, and third jaws are positionable between (i} a closed position in which the distal end of the
third jaw is engaged with the first end of the handle and the interior faces of the first, second, and third
jaws define an enclosed gripping region defining a closure span, and (ii} a fully opened position in which
the distal end of the third jaw is spaced from the first end of the handle to thereby enable radial access
to the gripping region. When the wrench is in a fully opened position at least one of the following
occurs: {a) a maximum distance between the distal end of the third jaw and the first end of the handle
is less than 300% of the closure span; (b) a maximum distance between opposite interior faces of the
first jaw and the second jaw is less than 300% of the closure span; and (c) a maximum distance between
opposite interior faces of the second jaw and the third jaw is less than 300% of the closure span.

foo11] In anether aspect, the present subject matter provides a wrench comprising a handle
defining a first end and a second end, and a plurality of hingedly connected jaw members. The plurality
of jaw members include a primary jaw member pivotally attached to the first end of the handle and a

terminal jaw member engageable with the handle. Each of the plurality of jaw members defines an
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interior face. The wrench also comprises a fibrous friction material disposed on at least one of the
interior faces of the plurality of jaw members.

[0012] And, in yet another aspect, the present subject matter also provides a system comprising a
cylindrical member having a diameter and a maximum allowable load limit associated with the
cylindrical member, and a wrench including a handle defining a first end and a second end, and a
plurality of hingedly connected jaw members. The plurality of jaw members includes a primary jaw
member pivotally attached to the first end of the handle and a terminal jaw member engageable with
the handle. Each of the plurality of jaw members defines an interior face. The wrench also includes a
friction material disposed on at least one of the interior faces of the plurality of jaw members. The
wrench is positionable between a fully opened position and a closed position. The closed position
results in the plurality of jaws defining an enclosed gripping region and a closure span extending
between faces of friction material on opposing regions of the plurality of jaws. The wrench is configured
such that the closure span is sized relative to the diameter of the cylindrical member so that upon
positioning the cylindrical member within the gripping region and positioning the wrench to the closed
_position, the loads applied to the cylindrical member from the wrench are less than the maximum
allowable load limit associated with the cylindrical member.

[0013] As will be realized, the subject matter described herein is capable of other and different
embodiments and its several details are capable of modifications in various respects, all without
departing from the claimed subject matter. Accordingly, the drawings and description are to be

regarded as illustrative and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Figure 1 is a perspective view of a wrench in accordance with the present subject matter.
[0015] Figure 2 is a top planar view of the wrench depicted in Figure 1.

[0016] Figure 3 is an end view of the wrenth of Figure 1.

[0017] Figure 4 is another end view of the wrench of Figure 1.

[0018] Figure 5 illuétrates the wrench of Figure 1 in a closed position.

[0019] Figure 6 illustrates the wrench of Figure 1 in a fully opened position.

[0020] Figure 7 also illustrates the wrench of Figure 1 in a fully opened position.

[0021] Figure 8 illustrates contact pressures along regions of friction material during an early

phase of ioad application and engagement with an inner tube or other component.
{0022] Figure 9 illustrates distribution of contact pressures along regions of the friction material

during application of greater loads.

[0023] Figure 10 illustrates an engagement feature between certain components of the wrenches

of the present subject matter.
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[0024] Figure 11 illustrates a feature for preventing excessive levels of force by the wrenches of
the present subject matter.

[0025] Figure 12 illustrates a self-locking feature of the wrenches of the present subject matter.
[0026] Figure 13 is a detailed view of a joint between two adjacent jaws of a wrench in accordance
with the present subject matter.

[0027] Figure 14 is a view of a plurality of jaws and a biasing member used in a wrench in

accordance with the present subject matter.

" DETAILED DESCRIPTION OF THE EMBODIMENTS
[0028] The present subject matter provides wrenches which are uniquely adapted for use in
éngaging and disengaging components associated with core barrel assemblies, and particularly for inner
tubes of core barrel assemblies. Although the wrenches of the present subject matter are described
herein as for use with inner tubes of core barrel assemblies, it will be appreciated that the present
subject matter wrenches are applicable to other uses and industries besides the drilling industry.
Generally, the present subject matter wrenches comprise a handle and a plurality of hingedly or .
pivotally connected jaw members. The collection of jaw members are positionable between an open
position in which an inner tube or other component can be positioned within a gripping region defined
by the jaws; and a closed position in which the jaws engage the inner tube disposed in the gripping
region.
[0029] In certain versions of the present subject matter, the wrencﬁes also include particular
friction materials located along inner faces of the jaws which promote friction engagement with an inner
tube or other component positioned or located in the gripping region.
[0030] In certain versions of the present subject matter, the wrenches also include one or more
biasing members such as springs to bias the jaws or plurality of jaws to particular positions. In
particular, certain versions of the wrenches include biasing members which bias or urge the jaws to a
closed position. However, the present subject matter also includes configurations in which the jaws are
biased to an open position.
[0031] In certain versions of the present subject matter, the wrenches also include one or more
provisions which facilitate grasping one or more jaw members. For example, a projection or outwardly
extending member can be provided on one or more of the jaws which can be grasped by a user.
[0032] In certain versions of the present subject matter, the wrenches also include provisions that
limit articulation, angular position, and/or movement of one or more jaws. These provisions can be
incorporated in the wrenches to limit the extent of opening of the jaws.
[0033] In certain versions of the present subject matter, the wrenches also include provisions that

impart a particular contact pattern to an inner tube or other cylindrical component located in the
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gripping region during engagement of the jaws to the tube. As loads are increasingly applied to the
inner tube, the particular contact pattern increases contact surface area and promotes a more uniform
application of friction and force transfer between the wrench and the inner tube.

[0034] In certain versions of the present subject matter, the wrenches also include provisions that
utilize a particular engagement configuration and a contact angle between a jaw and a handle or
associated component of the wrench. The engagement configuration facilitates transfer of forces
between the components during use of the wrench.

[0035] In certain versions of the present subject matter, the wrenches also utilize a stop feature
which prevents transfer of excessive levels of force to an inner tube during use of the wrench.

[0036] In still other versions of the present subject matter, the wrenches also include a self-locking
feature in which closing of the plurality of jaws about an inner tube is further promoted during use of
the wrench.

[0037] And in certain versions of the subject matter, the wrenches include covers or guards to
limit access to a region at which engagement between a jaw and a handle occurs, during use of the
~wrench.

[0038] Again, it will be understood that in no way are the wrenches of the present subject matter
limited to use with inner tubes of core barrel assemblies. Instead, it is contemplated that the wrenches
could be used in a variety of other fields and applications. Furthermore, it will be appreciated that the
present subject matter includes wrenches with one or more features or aspects and combinations of
these features or aspects. Details of the various features and aspects of the wrenches of the present
subject matter are as follows.

[0039] Figure 1 illustrates a perspective view of a wrench 10 in accordance with the present
subject matter. Figure 2 is a top planar view of the wrench 10 shown in Figure 1. The wrench 10
comprises a handle 20 having a proximal end 22 and a distal end generally shown as 24. The wrench 10
also comprises a plurality of jaw members or jaw portions. In the version depicted in Figure 1, the
wrench 10 comprises a first or primary jaw 30, a second jaw 40, and a third or terminal jaw 50. It will be
understood that the present subject matter wrenches can utilize a lesser number of jaws such as two, or
a greater number of jaws such as four, five, six, or more.

[0040] As described in greater detail herein, the wrench 10 is used by positioning an inner tube
(not shown) within a gripping region C defined by the plurality of jaws. As a force is applied to the
handle 20 such as shown for example in Figure 1 by arrow M, the gripping region C constricts about,
contacts, and engages the inner tube. Details as to each of these aspects and other features are
provided herein. With further reference to Figure 1, the first jaw 30 defines a proximal end 31 and a
distal end 32. The second jaw defines a proximal end 41 and a distal end 42. The third jaw 50 defines a

proximal end 51 and a distal end 52. Each jaw member also defines an inwardly directed face. Thus, the
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first jaw member 30 defines an interior face 33, the second jaw member 40 defines an interior face 43,
and the third jaw member 50 defines an interior face 53. The proximal end 31 of the first jaw 30 is
pivotally attached to the distal end 24 of the handle 20. Although various assemblies and configurations
can be utilized, a pivot pin 60 extending through aligned apertures defined in the first jaw 30 and the
handle 20 is depicted in the version of Figure 1. The distal end 32 of the first jaw 30 is pivotally attached
to the proximal end 41 of the second jaw 40 at a first joint assembly generally referenced as joint A in
Figure 1. In the version of Figure 1, a pivot pin 62 extends through aligned apertures defined in the first
jaw 30 and the second jaw 40. The distal end 42 of the second jaw 40 is pivotaily attached to the
proximal end 51 of the third jaw 50 at a second joint assembly generally referenced as joint B in Figure
1. In the version shown in Figure 1, a pivot pin 64 extends through aligned apertures defined in the
second jaw 40 and the third jaw 50. One or more snap rings or retaining components can be used in
association with the pivot pins 60, 62, and/or 64. Additional engagement provisions are provided
between the third jaw 50 and the handle 20 and particularly at the distal end 52 of the third jaw 50 and
the distal end 24, or proximate the distal end 24, of the handle 20. These engagement provisions are
described in greater detail herein.

[0041] Figures 3 and 4 illustrate end views of the wrench 10 depicted in Figure 1. Figures 3 -and 4
illustrate additional aspects of the wrench.

~ [0042] The wrench 10 may also include one or more regions of a friction material to promote
engagement with an inner tube or other component. In the version shown in Figure 1, the wrench 10
comprises friction material 70 disposed on each of the interior faces 33, 43, and 53 of the first jaw 30,
second jaw 40, and third jaw 50, respectively. The friction material can be provided in a variety of
different forms and arrangements. Generally, the friction material is in the form of a layer or region
disposed on at least a portion of an interior face of a jaw. In certain versions of the present subject
matter, the friction material includes one or more fibrous materials such as populations of one or more
fiber types. The fibers may be in an organized arrangement such as in a woven collection, or may be
nonwoven. In certain versions, the friction material is compressible as described in greater detail
herein. For versions in which the friction material includes fibers, the fibers are typically metallic fibers,
polymeric fibers, glass fibers, or combinations thereof. In particular versions, the friction material can
be in the form of glass fibers dispersed in a polymeric matrix. A wide array of metallic fibers can be used
such as for exampie, but not limited to, steel, brass, magnesium, and combinations thereof. Nonlimiting
examples of polymeric fibers include polyamide and particularly poly(paraphenylene terephthalamide),
which is also known as KEVLAR®. Combinations of metallic agents, polymeric components, and-other
materials can be used in various proportions and arrangements for the friction material. In many

versions of the present subject matter, the friction material is free of asbestos.
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[0043] As previously noted, in certain versions of the present subject matter, the friction material
is compressible. This aspect can be quantified by reference to a typical range of elastic modulus values
for the friction material. Thus, in certain versions, the friction material exhibits an elastic modulus
within a range of from 15 ksi to 1,500 ksi.

[0044] The friction material can be carried or secured to one or more removable members such as
carrier elements that in turn are engageable along the interior faces of the jaws. ltis also contemplated
that the friction material can be directly attached to the interior faces of the jaws. A wide array of
engagement techniques and/or provisions can be used to attach or affix the friction material to carrier
elements and/or to the jaws. For example, mechanical engagement can be used such as rivots,
threaded fasteners, pins, screws, or other components. The friction material can be attached or affixed
to carrier elements and/or to the jaws by sintering techniques to metallurgically bond the friction
material to its underlying substrate. The use of adhesives is also contemplated to adhesively bond
friction materials to carrier elements and/or to the jaws. The friction material can also be applied or
otherwise formed upon carrier elements or the jaws by coating or spraying techniques.

[0045] In cértain versions of the present subject matter, the outer exposed face of the friction
material can be provided or formed to exhibit a collection of recesses or passages that extend across at
least a portion of the friction material face. Such a configuration may be beneficial in instances when
debris and particularly a liquid film is disposed on an outer surface of the inner tube or other
component. As the face of the friction material contacts the inner tube, the debris and/or liquid film are
urged toward and displaced within the recesses or passages defined in the face of the friction material,
thereby promoting intimate contact between the friction material and the surface of the inner tube.
. Thus, in certain versions of the wrench, the faces of the friction material have a collection of recesses
extending along at Ieasf a portion of the face. The collection of recesses have a size and/or
configuration sufficient to receive liquid and/or debris from the outer surface of the inner tube.

[o046] The wrenches of the present subject matter may also comprise one or more biasing’
members that urge one or more jaws to a particular position relative to the handle and/or to other jaws.
In certain versions, a biasing member such as a double torsion spring is positioned between the first jaw
30 and the distal end 24 of the handle 20. For example, the biasing member can be disposed about the
pivot pin 60 and can be configured to bias the jaw 30 (and jaws 40 and 50 attached thereto) to a
particular position such as an open position or a closed position. Many of the wrenches of the present
subject matter are configured such that the plurality of jaws, e.g., jaws 30, 40, and 50, are biased to a
closed position. A double torsion-spring or other biasing member can be used and positioned about the
pivot pin 60 to provide such action.

[0047] Figure 14 illustrates provision of a biasing member 90 between the primary jaw, e.g., the

jaw 30, and the handle 20. In the particular version of -the wrench depicted in Figure 14, the biasing
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member 90 is provided in the form of a double torsional spring. The spring can be positioned about the
pivot pin 60. In a particular version of the present subject matter, the spring is configured to urge the
primary jaw 30 about the pin 60 toward a closed position, e.g., in the direction of arrow J. It will be
understood that the present subject matter includes variations of the particular embodiment depicted
in Figure 14.

[0048] Biasing the plurality of jaws to a closed position can be useful when using the wrench. This
action tends to simulate a ratcheting action so that a user can readily apply torque to an inner tube
through a sweep or path of angular displacement of the wrench handle, and then reverse motion of the
wrench without excessive opening of the jaws. That is, during reversing of the wrench, the plurality of
jaws remain closely positioned but slide about the inner tube due to the biasing action of the spring or
other member urging the jaws toward a closed position.

[0049] The present subject matter also includes the use of biasing members provided between
adjacent second and third jaws such as at Joint A and/or Joint B. Such joint biasing provisions can be
utilized independently of, or in conjunction with, the biasing provisions between the first jaw and the
handle.

[0050] In certain versions of the wrenches one or more projections or outwardly extending
members such as "finger hooks" can be provided on one or more jaws. An example of a finger hook is
shown in Figure 1 as 75. It will be understood that the present subject matter includes finger hooks or
like members on any of the jaws and in a variety of other shapes, configurations, and orientations
besides the finger hook 75 depicted in Figure 1. For example, one or more finger hooks could be
provided on the second jaw 40 and/or the first jaw 30 instead of, or in addition to, the third jaw 50.
Furthermore, instead of extending radially outward from a jaw, the finger hooks could extend lateraily
alongside a jaw. A wide array of configurations are contemplated for the finger hooks.

[0051] The wrenches of the present subject matter may also include a limited articulation feature
that limits the extent of opening of the wrench. This feature may be beneficial when using the wrench

so that during initial placement or orientation of the wrench such as about an inner tube for example,

the plurality of jaws retain a particular arrangement rather than move uncontrollably or unrestrained to
other positions such as toward the handle. Keeping the plurality of jaws in a position nearer their closed

position increases operating and use efficiency of the wrench. Figure 5 illustrates the wrench 10 in a

closed position and the resulting gripping region C defined between the jaws 30, 40, and 50. Figure 6

illustrates the wrench 10 in a fully opened position and the limited articulation feature in which the

maximum distance between the handle 20, e.g., the distal end 24 of the handle 20, and the third jaw 50,

e.g., the distal end 52 of the jaw 50, is limited.

[0052] The fully opened position enables radial access to the gripping region by an inner tube or

other component to be engaged therein. Specifically, the extent of limited travel between the distal end
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52 of the jaw 50 and the distal end 24 of the handle 20, can be expressed with reference to a maximum
span or distance between opposing faces of friction material 70 when the wrench is in a closed position.
That maximum span when the wrench is in a closed position is depicted in Figure 5 as closure span D.
. The maximum distance between the distal end of the third jaw 50 and the handle 20 when the wrench is
fully opened is shown in Figure 6 as span E. In accordance with the limited articulation feature the span
E can be expressed as a percentage of closure span D. Thus, in certain versions of the present subject
matter, the span E is less than 300% of span D, more particularly less than 250% of span D, more
particularly less than 200% of span D, and in certain applications, less than 150% of span D. In the
particular version of the wrench depicted in the referenced figures, span E is equal to about 111% of the
closure span D.

{0053] In another aspect of the present subject matter the limited articulation feature of the
jaws can also be expressed with reference to a maximum distance measured between opposite faces of
friction material 70 of the first jaw 30 and the second jaw 40 when the wrench is in a fully opened
position. That maximum distance is shown in Figure 6 as span F. In certain versions of the subject
matter, the span F is less than 300% of span D, more particularly less than 250% of span D, more
particularly less than 200% of span D, and in certain embodiments less than 150% of span D. In the
particular version of the wrench shown in the referenced figures, span F is equal to about 142% of the
closure span D.

[0054] In another aspect of the present subject matter, the limited articulation feature of the jaws
can also be expressed with reference to a maximum distance measured between opposite faces of
friction material 70 of the second jaw 40 and the third jaw 50 when the wrench is in a fully opened
position. That maximum distance is shown in Figure 7 as span G. In certain versions of the subject
matter, the span G is less than 300% of span D, more particularly less than 250% of span D, more
particularly less than 200% of span D, and in certain versions less than 150% of span D. In the particular
version of the wrench shown in the referenced figures, span G is equal to about 142% of the closure
span D.

[0055] Wrenches which embody the limited articulation feature may exhibit one or more of these
characteristics described in association with the closure span D and spans E, F, and G. Thus, more
specifically, such wrenches may exhibit at least one or more of the following: (a) a maximum distance
between the distal end of the third jaw and the first end of the handle is less than 300% of the closure
span, (b) a maximum distance between opposite interior faces of the first jaw and the second jaw is less
than 300% of the closure span, and {c) a maximum distance between epposite interior faces of the
second jaw and the third jaw is less than 300% of the closure span.

[0056] In certain versions of the wrenches, the limited articulation feature may be expressed by

specifying a maximum angular displacement for two adjacent jaws. In particular embodiments, the
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maximum angular displacement is about 180°. Such a position is depicted in Figure 6 between the first
jaw 30 and the second jaw 40; and in Figure 7 between the second jaw 40 and the third jaw 50.

[0057] Figure 13 illustrates a configuration that could be provided between adjacent jaws, such as
for example at joint A between first and second jaws 30 and 40,.to limit articulation or angular extension
between those jaws. Specifically, Figure 13 illustrates the second jaw 40 having one or more outwardly
extending shoulders 80 that extend from the proximal end 41 of the jaw 40. The first jaw 30 includes
one or more stop surfaces 81 at the distal end 32 of the jaw 30 that are located relatively close and in
facing engagement with the shoulder(s) 80 of the second jaw 40. Thus, referring to Figure 13 it can be
seen that upon angular extension of the second jaw 40 relative to the first jaw 30 such as in the
direction of arrow |, the shoulder 80 of the second jaw 40 will contact the stop face 81 of the first jaw 30
and preclude or limit any further angular extension. The present subject matter includes the use of a
wide array of assemblies and structural arrangements to achieve the limited articulation aspects
described herein. Thus, it will be appreciated that the present subject is not limited to any particular
assembly as illustrated and/or described herein.

[0058] As previously noted, in certain versions of the present subject matter the friction material is
provided in a particular configuration and/or orientation. During initial contact with an outer surface of
an inner tube or other cylindrical component, the friction material is configured and/or oriented such
that one or more edges or peripheral regions of the friction material contact the inner tube. in certain
versions of the wrench, contact between the friction material and the inner tube initially occurs and/or
during early phases of torque transfer from the wrench to the inner tube along two opposite edges of
each region of friction material. This is shown in Figure 8 in which a first edge 71 and a second opposite
edge 72 of the friction material 70 experience greater stresses during loading than region(s) of the
friction material 70 between those edges such as an interior face region 73. It will be appreciated that
the noted first and second edges of the friction material generally extend in a direction parallel to a
longitudinal axis of an inner tube when the wrench is used on the inner tube.

[0059] Figure 9 illustrates distribution of stresses in the friction material 70 as greater amounts of
torque are applied from the wrench to the inner tube. Thus, the area of contact between a face of the
friction material and the outer surface of the inner tube increases with increased loads. This is achieved
at least in part by forming the faces of the friction material to exhibit ah arcuate shape or profile which
is defined by a radius that is less than the radius of the outer surface of the inner tube. In certain
versions, the radius defining the arcuate profile of the friction material face is within a range of from
99.8% to 98% of the radius of the outer surface of the inner tube. The feature of increasing area of
contact between the friction material face and the inner tube as load increases, is also achieved at least
in part by use of a compressible friction material as described herein. As previously noted, in certain

versions of the present subject matter, the friction material is selected so as to exhibit an elastic
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modulus value so that the material is compressed during use of the wrench. Materials having an elastic
modulus value within a range of from 15 ksi to 1,500 ksi are particularly useful in this regard. These
elastic moduli values of the friction materials are much less than that of steel which is a typical material
of inner tubes or other cylindrical members. Thus, during use of the wrench and application of loads to
the friction material, the friction material conforms to the shape and/or contour of the inner tube or
other cylindrical member.

[0060] In yet another aspect, the present subject matter also provides particular engagement
configurations and the use of certain contact angles between the handle and the distal end of the
terminal or third jaw. For example, Figure 10 illustrates the wrench 10 in a closed position in which
contact occurs between a ridge 25 of the handle 20 and an engagement face 54 extending along the
distal end 52 of the third jaw 50. As will be understood, upon positioning an inner tube within the
gripping region C, slight variations in the diameter of the inner tube are accommodated by changing the
contact location between the ridge 25 on the face 54. For example, larger diameters can be
accommodated by the ridge 25 moving toward the pivot pin 60 during closing of the wrench. Smaller
diameters can be accommodated by the ridge 25 moving away from the pivot pin during wrench closing
until sufficient contact occurs between the friction material 70 and the inner tube. In certain versions of
the wrenches of the present subject matter, the contact angle between the ridge 25 and the
engagement face 54 is within a range of from 10° to 30°, and in still other versions, about 20°, as
measured from a plane defined by the center axes of pivot pins 62 and 64. That plane is depicted in
Figure 10 as plane H.

[0061] More specifically, the engagement region depicted in the referenced figures and described
herein includes an engagement ridge such as the ridge 25 provided on the handle and an engagement
face such as face 54 on the terminal or third jaw. However, the present subject matter includes variant
configurations. For example, the engagement face can be provided on the handle, and the engagement
ridge can be provided on the handle terminal or third jaw.

[0062] In yet another aspect of the present subject matter the wrenches can include provisions
that limit application of excessive loads, i.e., compressive forces and/or torque, to an inner tube or other
cylindrical member disposed in the gripping region when the wrench is in a closed position and a load is
applied to the wrench. Figure 11 illustrates an example of such provisions, referred to herein as a stop
feature. Figure 11 depicts the wrench 10 having the first jaw 30 defining a first stop face 38 and the
third jaw 50 defining a second stop face 55. The stop faces 38 and 55 are located on their respective
jaws such that they contact one another at a phase of wrench closing that correlates with application of
a maximum allowable load to an inner tube or a design point considering a factor of safety, for example
75% of the yield of the inner tube. Due to contact between the stop faces 38 and 55, the span as

measured between opposite regions of the friction material reaches a minimum distance. The stop
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feature may also be understood by considering the locations of the stop faces 38 and 55 relative to one
another during use of the wrench. Prior to application of load, the first and second stop faces 38 and 55
are separated from one another. As load is applied to the wrench, friction material compressed, and
torque is applied to an.inner tube within the gripping region, the first jaw 30 and the third jaw 50 are
drawn towards each other. As this occurs, the faces 38 and 55 are displaced toward one another. The
faces 38 and 55 are located and positioned in the first and third jaws 30 and 50 such that upon
application of a maximum allowable load, the faces 38 and 52 contact one another. Thus, gripping
pressure and peak torque of the wrench can be limited. This feature is also described herein in
conjunction with a system of a wrench and a cylindrical member having a known diameter.

[0063] The present subject matter also includes the use of provisions that enable the selective
adjustment of the spacing or distance between the stop faces when the wrench is in a closed position.
Thus, by changing the locations of the stop faces relative to one another, the closure span defined by
the gripping region when the wrench is closed, can be selectively changed. As will be appreciated,
changing the closure span increases or decreases the maximum loads placed upon cylindrical members
{in the gripping regions and being engaged therein.

[0064] Figure 12 is a free body diagram illustrating a self-locking feature of certain wrenches in
accordance with the present subject matter. That is, in this feature, selective location of a joint or pivot
pin between the second and third jaws reiative to the jaws can promote further engagement between
the third jaw (and other jaws) and the inner tube. Similarly, this feature can also be embodied by
selective location of a joint or pivot pin between the first and second jaws relative to those jaws which
promotes engagement between the second jaw (and other jaws) and the inner tube. Figure 12
illustrates the second and third jaws 40 and 50, and their pivot pin 64, during use of the wrench upon an
inner tube (not shown) located in the gripping region. Upon application of a force to the wrench handle,
the third jaw 50 is displaced by force "F" at the engégement face 54 to impart a force on the friction
material 70. The resulting pressure on the friction material 70 is distributed across the surface of the
friction material. However, the equivalent (or net) force "N" is directed radially into the center of the
friction material. In coulomb friction, this force is known as the normal force. The equivalent {or net)
friction force "f" is proportional to "N" and directed at a 90° angle with respect to the normal force to
resist the relative motion between the friction material and the inner tube and thereby transmit torque
to the inner tube or other cylindrical component. A reaction force "R" acts at the location of the pin 64.
Referring further to Figure 12, it can be seen that the line of action of the friction force "f" corresponds
to a line transversely intersecting a plane bisecting the friction material. That is, the transverse line
intersects the friction material bisecting plane at right angles.

[00651 The force "F" produces gripping pressure (i.e., produces the net force "N") at the friction

material 70 by causing a counterclockwise moment of the third jaw 50 about the pin 64. Because the
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line of action of the friction force "f" is positioned outside the center line of the pin 64, the friction force
also produces a counterclockwise moment about the pin 64. Thus, the friction force also contributes to
the net force "N". Because the friction force contributes to "N" and is proportional to "N" it is self
amplifying to some extent. As a result, the configuration can be said to be self-locking. These

relationships can be expressed as equations (1) — (111} considering a statically balanced system:

IMpin = 0 = F(Y+2Z) + f(X)-N(Y) (1)
N(Y) = F(Y+Z) + f(X) (1)
N(Y) = F(Y+Z) + Np(X) ()

In equations (I) — (ill); X, Y, and Z are distances between components or features and p is the toefﬁcient
of friction.

[0066] Thus, the self-locking feature of the present subject matter is achieved by locating pivot
axis between two adjacent jaws such that a plane extending through the pivot axis and oriented parallel
to a line of action of the friction force on either of the jaws, also extends across at least a portion of the
gripping region.

{o067] In certain versions of the wrench, one or more covers or enclosures may be provided
around the region of engagement between the engagement ridge of the handle and the engagement
face of the terminal or third jaw. In certain applications it may be beneficial to provide sidewalls or
other members that enclose or at least partially enclose the noted engagement region to prevent
accumulation of dirt or debris in that region such as for example on the engagement ridge of the handle
and/or the engagement face of the terminal jaw. Providing such sidewalls or other members to at least
partially enclose the engagement region also limits access to the engagement region.

[0068] The present subject matter also provides systems of the wrenches and cylindrical members
such as inner tubes haviﬁg particular outer diameters. In certain embodiments, the wrenches are sized
and/or Conﬁgured for the inner tubes having particular outer diameters. A representative, non-limiting
example of such a system is as follows. The system comprises a cylindrical memyber such as a core barrel
inner tube having a known diameter and a maximum allowable load limit associated with the cylindrical
member. The system also comprises a wrench including (i) a handle defining a first end and a second
end, (i) a plurality of hingedly connected jaw members, the plurality of jaw members including a
primary jaw member pivotally attached to the first end of the handle and a terminal jaw member
engageable with the handle, each of the plurality of jaw members defining an interior face, and (iii) a
friction material disposed on at least one of the interior faces of the plurality of jaw members. The
wrench is positionable between an open position and a closed position. The closed position results in
the plurality of jaws defining an enclosed gripping region and a closure span extending between faces of
friction material on opposing regions of the plurality of jaws. The wrench is configured such that the

closure span is sized relative to the diameter of the cylindrical member so that upon positioning the
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cylindrical member within the gripping region and positioning the wrench to the closed position, the
loads applied to the cylindrical member from the wrench are less than the maximum allowable load
limit associated with the cylindrical member.

{0069] The wrench may also be configured so that a first stop face is provided on the primary jaw
member and a second stop face is provided on the terminal jaw members. The first and second stop
faces are located relative to one another such that upon positioning the wrench to the closed position,
the first and second stop faces contact one another.

[0070] The present subject matter includes a wide range of variant assemblies, configurations, and
components. For example, the present subject matter potentially includes versions of wrenches using
chain assemblies having friction materials disposed thereon.

[0071] The present subject matter includes all operable combinations of features and aspects
described herein. Thus, for example, if one feature is described in association with an embodiment and
another feature is described in association with another embodiment, it will be understood that the
present subject matter includes embodiments having a combination of these features.

- [0072] Many other benefits will no doubt become apparent from future application and
development of this technology.

[0073] All patents, applications, standards, and articles noted herein are hereby incorporated by
reference in their entirety.

[0074] As described hereinabove, the present subject matter solves many problems associated
with previous strategies, systems and/or devices. However, it will be appreciated that various changes
in the details, materials and arrangements of components, which have been herein described and
illustrated in order to explain the nature of the present subject matter, may be made by those skilled in
the art without departing from the principle and scope of the claimed subjeét matter, as expressed in

the appended claims.
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WHAT IS CLAIMED IS:

1. A wrench comprising:

a handle defining a first end and a second end opposite from the first end;

a first jaw having a proximal end, a distal end, the first jaw defining an interior face, the proximal
end of the first jaw pivotally attached to the first end of the handle;

a second jaw having a proximal end, a distal end, the second jaw defining an interior face, the
proximal end of the second jaw pivotally attached to the distal end of the first jaw at a first joint
assembly;

a third jaw having a proximal end, a distal end, the third jaw defining an interior face, the
proximal end of the third jaw pivotally attached to the distal end of the second jaw at a second joint
assembly, the distal end of the third jaw being releasably engageable with the first end of the handle;

wherein the first, second, and third jaws are positionable between (i) a closed position in which
the distal end of the third jaw is engaged with the first end of the handle and the interior faces of the
first, second, and third jaws define an enclosed gripping region defining a closure span, and (ii) a fully
opened position in which the distal end of the third jaw is spaced from the first end of the handle to
thereby enable radial access to the gripping region;

wherein when the wrench is in a fully opened position at least one of the following occurs:

{a) a maximum distance between the distal end of the third jaw and the first end of the handle is
less than 300% of the closure span;

{b) a maximum distance between opposite interior faces of the first jaw and the second jaw is
less than 300% of the closure span; and

(c) a maximum distance between opposite interior faces of the second jaw and the third jaw is

less than 300% of the closure span.

2. The wrench of claim 1 wherein the distal end of the first jaw defines a first aperture, the
proximal end of the second jaw defines a second aperture, and the first joint assembly includes a pin

extending through the first and second apertures aligned with one another.

3. The wrench of any one of claims 1-2 wherein the first joint assembly further includes a
shoulder projecting from one of the first jaw and the second jaw which upon angular extension of the
first and second jaw, contacts a stop face defined on the other of the first and second jaw, to thereby

limit any further angular extension of the first and second jaws.

15



WO 2014/165376 PCT/US2014/031900

4, The wrench of any one of claims 1-3 wherein the distal end of the second jaw defines a
first aperture, the proximal end of the third jaw defines a second aperture, and the second joint

assembly includes a pin extending through the first and second apertures aligned with one another.

5. The wrench of any one of claims 1-4 wherein the second joint assembly further includes
a shoulder projecting from one of the second jaw and the third jaw which upon angular extension of the
second and third jaws, contacts a stop face defined on the other of the second and third jaws, to

thereby limit any further angular extension of the second and third jaws.

6. The wrench of any one of claims 1-5 wherein the first joint assembly includes provisions
associated with at least one of the first jaw and the second jaw which limit angular displacement

between the first and the second jaws to less than 180 degrees.

7. The wrench of any one of claims 1-6 wherein the second joint assembly includes
provisions associated with at least one of the second jaw and the third jaw which limit angular

displacement between the second and the third jaws to less than 180 degrees.

8. The wrench of any one of claims 1-7 further comprising:

a friction material disposed on at least one of the interior faces of the first, second, and third

jaws.

9. The wrench of claim 8 wherein the friction material includes a woven collection of

fibers.

10. The wrench of claim 9 wherein the fibers are selected from the group consisting of

metallic fibers, polymeric fibers, glass fibers, and combinations thereof.

11. The wrench of any one of claims 8-10 wherein the friction material comprises glass

fibers dispersed in a polymeric resin.

12. The wrench of any one of claims 8-11 wherein the friction material is free of asbestos.

13. The wrench of any one of claims 8-12 wherein the friction material is releasably

attached to at least one of the interior faces of the first, second, and third jaws.
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14. The wrench of any one of claims 8-13 wherein the friction material defines a face that
exhibits an arcuate contour defined by a friction face radius, the friction face radius being less than one-

half of the closure span.

15. The wrench of claim 14 wherein the friction face radius is within a range of 99.8% to

98% of one-half of the closure span.

16. The wrench of any one of claims 8-15 wherein the friction material has an elastic

modulus within a range of from 15 ksi to 1,500 ksi.

17. The wrench of any one of claims 8-16 wherein the friction material defines a face having

a plurality of recesses extending along at least a portion of the face.

18. The wrench of claim 17 wherein the plurality of recesses have a size and configuration

sufficient to receive liquid or debris.

19. The wrench of any one of claims 1-18 further comprising:

a biasing member disposed between the first jaw and the handle and configured to bias

the first jaw toward the closed position.

20. The wrench of any one of claims 1-19 further comprising:

an outwardly extending finger hook disposed on at least one of the first jaw, the second

jaw portion, and the third jaw.

21. The wrench of any one of claims 1-20 wherein the first jaw defines a first stop face and
the third jaw defines a second stop face, the first and second stop faces configured and spaced from one

another such that when the wrench is in a closed position the first and second stop faces contact one

another.

22. The wrench of any one of claims 1-21 wherein one of the first jaw and the handle define
an engagement face and the other of the first jaw and the handle define an engagement ridge, the
engagement face and the engagement ridge configured to contact each other upon positioning the

wrench to the closed position.
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23. The wrench of claim 22 wherein the engagement face and the engagement ridge
contact one another at a contact angle within a range of from 10° to 30° relative to a plane defined by a

pin of the first joint and a pin of the second joint.
24. The wrench of claim 23 wherein the contact angle is 20°.

25. The wrench of any one of claims 8-18 wherein the second jaw and the third jaw pivot
relative to one another about a pivot axis, wherein the pivot axis is located such that a plane extending
through the pivot axis and oriented parallel to a line transversely intersecting a plane bisecting the

friction material, also extends across at least a portion of the gripping region.

26. The wrench of any one of claims 8-18 wherein the first jaw and the second jaw pivot
relative to one another about a pivot axis, wherein the pivot axis is located such that a plane extending
through the pivot axis and oriented parallel to a line transversely intersecting a plane bisecting the

friction material, also extends across at least a portion of the gripping region.

27. A wrench comprising:
a handle defining a first end and a second end;
a plurality of hingedly connected jaw members, the plurality of jaw members including a
primary jaw member pivotally attached to the first end of the handle and a terminal jaw member
engageable with the handle, each of the plurality of jaw members defining an interior face;

a fibrous friction material disposed on at least one of the interior faces of the plurality of

jaw members.

28. The wrench of claim 27 wherein the friction material includes a woven collection of

fibers.

29. The wrench of any one of claims 27-28 wherein the fibers are selected from the group

consisting of metallic fibers, polymeric fibers, glass fibers, and combinations thereof.

30. The wrench of any one of claims 27-29 wherein the friction material includes glass fibers

- dispersed in a polymeric resin.

31. The wrench of any one of claims 27-30 wherein the friction material is free of asbestos.
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32. The wrench of any one of claims 27-31 wherein the friction material defines a face that
exhibits an arcuate contour defined by a friction face radius, the friction face radius being less than one-
half of a closure span, the closure span being a maximum distance between opposing faces of the

friction material when the wrench is in a closed position.

33. The wrench of claim 32 wherein the friction face radius is within a range of 99.8% to

98% of one-half the closure span.

34. The wrench of any one of claims 27-33 wherein the friction material has an elastic

modulus within a range of from 15 ksi to 1,500 ksi.

35. The wrench of any one of claims 27-34 wherein the friction material defines a face

having a plurality of recesses extending along at least a portion of the face.

36. The wrench of claim 35 wherein the plurality of recesses have a size and configuration

sufficient to receive liquid or debris. '

37. The wrench of any one of claims 27-36 further comprising:

a biasing member disposed between the primary jaw member and the handle and

configured to bias the primary jaw member toward a closed portion.

38. The wrench of any one of claims 27-37 further comprising:

an outwardly extending finger hook disposed on at least one of the jaw members.

39. The wrench of any one of claims 27-38 wherein the primary jaw defines a first stop face
and the terminal jaw defines a second stop face, the first and second stop faces configured and spaced

from one another such that when the wrench is in a closed position, the first and second stop faces

contact one another.

40. The wrench of any one of claims 27-39 wherein one of the primary jaw and the handle
defines an engagement face and the other of the primary jaw and the handle defines an engagement

ridge, the engagement face and the engagement ridge configured to contact each other upon

positioning the wrench to a closed position.
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41. The wrench of claim 40 wherein the engagement face and the engagement ridge

contact one another at a contact angle within a range of from 10° to 30°.
42. The wrench of elaim 41 wherein the contact angle is 20°.

43. The wrench of any one of claims 27-42 wherein the plurality of jaw members total three

jaws and include a second jaw member disposed between the primary jaw member and the terminal

jaw member.

44, The wrench of claim 43 wherein the plurality of jaw members are positionable between
(i} a closed position in which a distal end of the terminal jaw is engaged with the first end of the handle
and the interior faces of the jaws define an enclosed gripping region that defines a closure span, and (ii)
a fully opened position in which. a distal end of the terminal jaw is sbaced from the first end of the

handle to thereby enable radial access to the gripping region.

45. The wrench of daim 44 wherein the wrench includes a fimited articulation provision
whereby when the wrench is in a fully opened position at least one of the following occurs:

{(a) a maximum distance between the distal end of the terminal jaw and the first end of

the handle is less than 300% of the closure span;

{b) a maximum distance between opposite interior faces of the primary jaw and the

second jaw is less than 300% of the closure span; and

{c}) a maximum distance between opposite interior faces of the second jaw and the

terminal jaw is less than 300% of the closure span.

46. The wrench of any one of claims 27-45 wherein the plurality of jaw members include
two adjacent jaws, the two adjacent jaws pivot relative to one another about a pivot axis, wherein the
pivot axis is located such that a plane extending through the pivot axis and oriented parallel to a line
transversely intersecting a plane bisecting the friction material, also extends across at least a portion of

a gripping region defined by the plurality of jaw members.

47. A system comprising:

a cylindrical member having a diameter and a maximum allowable load limit associated

with the cylindrical member; and

a wrench including (i} a handle defining a first end and a second end, (ii) a plurality of

hingedly connected jaw members, the plurality of jaw members including a primary jaw member
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pi.votally attached to the first end of the handie and a terminal jaw member engageable with the handle,
each of the plurality of jaw members defining an interior face, and (iii) a friction material disposed on at
least one of the interior faces of the plurality of jaw members, wherein the wrench is positionable
between a fully opened position and a closed position, the closed position resulting in the plurality of
jaws defining an enclosed gripping region and a closure span extending between faces of friction
material on opposing regions of the plurality of jaws, the wrench configured such that the closure span
is sized relative to the diameter of the cylindrical member so that upon positioning the cylindrical
member within the gripping region and positioning the wrench to the closed position, the loads applied

to the cylindrical member from the wrench are less than the maximum allowable load limit associated

with the cylindrical member.

48. The system of claim 47 wherein the wrench is configured by a first stop face provided on
. the primary jaw member and a second stop face provided on the terminal jaw member, the first and
second stop faces located relative to one another such that upon positioning the wrench to the closed

position, the first and second stop faces contact one another.

49. The system of any one of claims 47-48 wherein the friction material includes a woven

collection of fibers.

50. The system of claim 49 wherein the fibers are selected from the group consisting of

metallic fibers, polymeric fibers, glass fibers, and combinations thereof.

51. The system of any one of claims 47-50 wherein the friction material comprises glass

fibers dispersed in a polymeric resin.

52. The system of any one of claims 47-51 wherein the friction material is free of asbestos.

53. The system of any one of claims 47-52 wherein the friction material defines a face

having a plurality of recesses extending along at least a portion of the face.

54. The system of claim 53 wherein the plurality of recesses have a size and configuration

sufficient to receive liquid or debris.

55. The system of any one of claims 47-54 wherein the friction material is releasably

attached to at ieast one of the interior faces of the first, second, and third jaw portions.
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56. The system of any one of claims 47-55 wherein the friction material defines a face that

exhibits an arcuate contour defined by a friction face radius, the friction face radius being less than one-

half of the closure span.

57. The system of claim 56 wherein the friction face radius is within a range of 99.8% to 98%

of one-half of the closure span.

58.  The system of any one of claims 47-57 wherein the friction material has an elastic

modulus within a range of from 15 ksi to 1,500 ksi.

59. The system of any one of claims 47-58 further comprising:
a biasing member disposed between the primary jaw member and the handle and

configured to bias the primary jaw member toward the closed position.

60. The system of any one of claims 47-59 further comprising:

an outwardly extending finger hook disposed on at least one of the primary jaw

member and the terminal jaw member.

61. The system of any one of claims 47-60 wherein the wrench includes a limited
articulation provision whereby when the wrench is in a fully opened position at least one of the

following occurs:

{a) a maximum distance between the distal end of the terminal jaw and the first end of

the handle is less than 300% of the closure span;

(b) a maximum distance between opposite interior faces of the primary jaw and the

second jaw is less than 300% of the closure span; and

(c) a maximum distance between opposite interior faces of the second jaw and the

terminal jaw is less than 300% of the closure span.

62. The system of any one of claims 47-61 wherein the plurality of jaw members include
two adjacent jaws, the two adjacent jaws pivot relative to one another about a pivot axis, wherein the
pivot axis is located such that a plane extending through the pivot axis and eriented parallel to a line
transversely intersecting a plane bisecting the friction material, also extends across at least a portion of

the gripping region defined by the plurality of jaw members.

22



WO 2014/165376 PCT/US2014/031900

63. The system of any one of claims 47-62 wherein one of (i) a jaw of the plurality of jaws
and {ii) the handle define an engagement face and the other of (i) the jaw of the plurality of jaws and (i)
the handle define an engagement ridge, the engagement face and the engagement ridge configured to

contact each other upon positioning the wrench to the closed position.
64. The system of claim 63 wherein the engagement face and the engagement ridge contact
one another at a contact angle within a range of from 10° to 30° relative to a plane defined by a pin of a

first joint between a first pair of adjacent jaws and a pin of a second joint between a second pair of

adjacent jaws.

65. The system of claim 64 wherein the contact angle is 20°.
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