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rotate and engage the socket fastener.
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SOCKET FASTENER REMOVAL TOOL

CROSS-REFERENCE

[0001] The present patent application is related to copend-
ing application Ser. No. entitled NUT REMOVAL
TOOL and filed on Feb. 14, 2013; and copending application
STUD REMOVAL TOOL having application Ser. No.

and filedon Feb. 14,2013; and copending application
FLIP SOCKET NUT REMOVAL TOOL having application
Ser. No. and filed on Feb. 14, 2013; and copending
application DUTCHMAN FASTENER REMOVAL TOOL
having application Ser. No. and filed on Feb. 14,
2013.

FIELD

[0002] The invention is related to a fastener removal tool.
More particularly, this invention relates to a tool for the
removal of a socket fastener with a camshaft and cartridge.

BACKGROUND

[0003] A hex socket fastener is a type of fastener with a
threaded cylindrical barrel that mates with a complementary
thread in a fixture. The threads of a hex socket bolt may mate
with the internal threads of a complementary nut to hold a
stack of parts together. Likewise, a hex socket head cap screw
has a threaded cylindrical barrel that mates with the comple-
mentary threads in a fixture. The bolt and nut, or the screw and
fixture, are kept together by a combination of thread friction
and compression of the parts.

[0004] Hex socket screws and bolts are commonly known
as ALLEN® screws and bolts, wherein ALLEN® is a U.S.
trademark registered by Apex Brands, Inc., a Delaware cor-
poration. Hex socket screws are threaded on one side of a
cylindrical screw for threading onto a complementary thread
in a fixture or a nut. The opposite end of the screw is the head
which has a smooth or knurled exterior surface and a hexago-
nal socket. Similarly, hex socket bolts have a cylindrical body
with one end having threading for mating with a complemen-
tary nut, and the other end having a hexagonal socket. Hex
socket screws and bolts are used when hexagonal or square
screws or bolts will not fit; however, the interior corners or
surfaces of the socket are vulnerable to being rounded off.
[0005] Hex socket screws and bolts are traditionally
removed using hand wrenches, commonly known as
ALLEN® wrenches, by applying force to one or more inter-
nal side faces or corners of the socket to cause it’s rotation.
However, where the internal side faces or corners of the
socket have been stripped or damaged, or where the fastener
has been corroded, it is very difficult and time consuming to
remove such screws and bolts.

[0006] A further complication of screw and bolt removal
using manual tools is that where the screw or bolt is very
large, such as those used in oil production, manual removal
using an ALLEN® wrench of such damaged screws and bolts
presents danger to the operator, or manual removal is impos-
sible because of the degree of torque required for removal.
[0007] One type of device accomplishes fastener removal
by sawing off the fastener, or by using a blow torch to cut the
fastener out of a fixture. However, these methods of removal
result in damage to the screw or bolt, or the fixture. This
problem may be solved with devices which either drill into
the screw, or cut into the screw, so that torque can be applied
to the screw for removal. However, these devices also result in
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further stripping and rounding of the screw, and the process of
drilling a hole and subsequent removal is time-consuming.
[0008] Devices for the removal of hex socket fasteners
using an air impact tool exist; however, in one such device, a
cartridge having many small parts is used to apply torque to
the damaged screw or bolt. These multiple small parts of the
cartridge, such as multiple helical springs, studs and screws
holding gripping jaws together are prone to breakage.
[0009] A further complication is that cartridges and other
parts of removal tools are held within a cylindrical housing a
retaining ring or clip. The retaining ring or clip is prone to
breakage, resulting in a damaged and useless tool.

[0010] Another complication of fastener removal using a
hand-powered tool is side loading, or the mechanical binding
of threaded surfaces against each other. When side loading
occurs, heat builds up due to friction between the threaded
surfaces, creating a gall which is carried through the housing,
tearing out the threads, and actually impeding removal.
[0011] Yet another complication is “chattering”, where the
tool does not perfectly conform to the size of the fastener.
When rotative force is applied using an air impact tool, the
removing tool “chatters” over the damaged corners of the
fastener, further stripping the fastener, or damaging the tool
interface with the fastener, causing ‘radii’ to form on the end
of the tool.

[0012] A further problem is presented with a single device
for fastener removal, because the device is limited in the size
of fastener which can be removed with a single tool; that is,
different sized fasteners cannot be removed with the same
tool because the fastener heads cannot fit within the tool.
[0013] Theuseofasetoftoolshaving a multiplicity of sizes
to conform to different screw head sizes could solve the
problem of imperfect conformance between the removal tool
and fastener size. However, regardless of the size, the result is
chattering from an imperfect size conformance; thus, strip-
ping of the fastener socket occurs.

[0014] Further, the use of a set of tools having a multiplicity
of sizes to conform to socket sizes presents another compli-
cation. If there exists a multiplicity of removal tool sizes in a
set, the loss of one of the tools results in a useless tool set.
[0015] While the use of an air impact tool may eliminate
much of the operator danger associated with hand wrenches,
the use of an air impact tool presents a further problem. That
is, the air impact tool itself creates a shock upon impact with
the screw. When using sockets attached to air impact tools for
screw removal, this shock impact can damage both the screw
and adjacent surfaces. A further complication of some
devices is that ridged teeth on the gripping surface of the jaws
strip the screw socket.

[0016] It would thus be desirable to have a hex socket
fastener removal tool that conforms to the size and shape of a
multiplicity of sockets, where the jaws of the tool comprise
one piece, rather than a multiplicity of smaller pieces which
can be easily lost or damaged, and where the jaws are retained
within a housing through a shock-absorbing canted coil
spring.

SUMMARY

[0017] An apparatus for removing a socket fastener is
described. The apparatus includes a base, a camshaft, a sleeve
and a cartridge. The base includes a base top section and a
base bottom section. The base top section has a base top
surface, a base interior sidewall and a base groove. The inte-
rior sidewall extends from the top surface to a camshaft inter-
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face. The base bottom section has an opening at a base bottom
surface. The camshaft includes a camshaft top surface, a
camshaft bottom surface, and a plurality of lobes that each
extends from the camshaft top surface to the camshaft bottom
surface. The camshaft is fixedly coupled to the base.

[0018] The sleeve includes a sleeve lip, a sleeve bottom
surface and a sleeve interior sidewall disposed between the
sleeve lip and the sleeve bottom surface. The sleeve interior
sidewall includes a sleeve groove. The cartridge includes a
cartridge top surface, a cartridge lip and a plurality of jaws.
Each jaw includes a jaw centerline, a jaw counterclockwise
outer cam surface and a jaw counterclockwise inner cam
surface on one side of the jaw centerline, and a jaw clockwise
outer cam surface and a jaw clockwise inner cam surface on
the opposite side of the jaw centerline. The cartridge config-
ured to be fixedly coupled to the sleeve.

[0019] The cartridge interfaces with the camshaft. Addi-
tionally, the jaw inner cam surface interfaces with at least one
camshaft cam profile. The jaws rotate and engage the socket
fastener.

[0020] Intheillustrative embodiment, each lobe is substan-
tially semi-circular and occupies a 120° arc. Additionally, by
way of example and not of limitation, an elastic component is
configured to join the plurality of jaws and the sleeve.
[0021] In operation, the jaw counterclockwise inner cam
surface is configured to engage with a camshaft convex coun-
terclockwise cam when a counterclockwise force is applied to
the camshaft. Additionally, the jaw clockwise inner cam sur-
face is configured to engage with a camshaft convex clock-
wise cam when a clockwise force is applied to the camshaft.
The base bottom section interfaces with an impact rotary tool
that can oscillate between applying a counterclockwise force
and a clockwise force. Additionally, the base further com-
prises a slot configured to receive a pin that is inserted within
the slot when the camshatft is configured to interface with the
impact rotary tool.

[0022] In the illustrative embodiment, a combined car-
tridge is presented that includes the cartridge being fixedly
coupled to the sleeve. Additionally, the illustrative embodi-
ment includes a canted coil spring that is received by the
sleeve groove and the base groove. The canted coil spring
enables the combined cartridge to interface with the cam-
shaft. The canted coil spring operates within a constant
deflection range when an axial load is applied. Furthermore,
a plurality of different sized combined cartridges may be
used, in which each combined cartridge is sized for a particu-
lar socket fastener.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1A shows an exploded isometric view of the
illustrative hex socket fastener removal tool.

[0024] FIG. 1B shows an exploded view of a canted coil
spring.
[0025] FIG. 2A shows a canted coil spring wound in a

clockwise direction about the coil centerline.

[0026] FIG. 2B shows a canted coil spring wound in a
counterclockwise direction about the coil centerline.

[0027] FIG. 2C shows a canted coil spring with deflection
and a graph of force and deflection.

[0028] FIG. 2D shows an illustrative knitted spring tube.
[0029] FIG. 3A shows a top view of the camshaft disposed
within the camshaft base of the illustrative hex socket fastener
removal tool, wherein the camshaft is not disposed within the
cartridge.

Aug. 14,2014

[0030] FIG. 3B shows a bottom view of the illustrative hex
socket fastener removal tool.

[0031] FIG. 4A shows a partial cross-sectional view of the
camshaft disposed within the camshaft base of the hex socket
fastener removal tool, without the cartridge or canted coil
spring.

[0032] FIG. 4B shows a top view of the camshaft disposed
within the camshaft base of the hex socket fastener removal
tool, without the cartridge or canted coil spring.

[0033] FIG. 5A shows a partial cross-sectional view of an
illustrative cartridge without the canted coil spring.

[0034] FIG.5B shows atop view of anillustrative cartridge.
[0035] FIG. 6A shows a top view of the illustrative cam-
shaft disposed within the cartridge.

[0036] FIG. 6B shows a top view of the illustrative cam-
shaft disposed within the cartridge, both positioned within an
illustrative hex socket.

DESCRIPTION

[0037] Persons of ordinary skill in the art will realize that
the following description is illustrative and not in any way
limiting. Other embodiments of the claimed subject matter
will readily suggest themselves to such skilled persons having
the benefit of this disclosure. It shall be appreciated by those
of ordinary skill in the art that the apparatus and systems
described herein may vary as to configuration and as to
details. Additionally, the methods may vary as to details,
order of the actions or other variations without departing from
the illustrative method disclosed herein.

[0038] Itis to be understood that the detailed description of
illustrative embodiments provided for illustrative purposes.
The scope of the claims is not limited to these specific
embodiments or examples. Various structural limitations, ele-
ments, details, and uses can differ from those just described,
or be expanded on or implemented using technologies not yet
commercially viable, and yet still be within the inventive
concepts of the present disclosure. The scope of the invention
is determined by the following claims and their legal equiva-
lents.

[0039] The apparatus described herein is generally applied
to a socket fastener. Generally, a socket fastener includes a
bolt and a head, in which the head has an aperture. The
aperture on the head of the socket fastener is configured to
receive a key or wrench, which can be used to tighten or
loosen the socket fastener. By way of example and not of
limitation, the illustrative socket faster described herein is
referred to as a hex or ALLEN® socket. Note, the terms hex
and ALLEN® may be used interchangeably in this descrip-
tion. The hex socket fastener removal tool described herein is
used for the removal of a hex socket fastener such as an
ALLEN® head cap screw, ALLEN® bolt or other socket
fasteners from a nut or a fixture. Generally, the removal of the
internal wrenching socket screw or bolt employs an impact
wrench tool. Alternatively, other tools that provide needed
torque may also be used.

[0040] For purposes of this patent, the terms “fastener” and
“screw” will be used interchangeably. Additionally for the
purposes of'this patent, the terms “fastener” and “bolt” will be
used interchangeably. A hex socket fastener is a cylindrical
fastening device, usually of metal, having a threaded end and
ahead end. Hex socket fasteners are widely used for fastening
machine and structural components, i.e. “machine screws”.
The threaded end of the cylinder mates with complementary
threads within a fixture or a nut. The opposite head of the
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cylinder has a wider diameter than the threaded end, and has
a smooth or knurled surface on the sides of the head.

[0041] Thehead of the hex socket fastener includes a socket
or aperture most commonly in the shape of a hexagon.
Another illustrative hex socket may have twelve sides, known
as a double hex socket. In addition to the standard hex socket
fastener, there are other shapes for hex socket fasteners. In the
illustrative embodiment presented herein, a hexagonal socket
fastener is used; however, it shall be appreciated by those of
ordinary skill in the art that other fastener geometries may be
configured to interface with the hex socket fastener removal
tool described herein, such as torx socket fasteners, security
head sockets, pentalobular socket fasteners, or other such
socket fasteners.

[0042] Inthe embodiments presented herein, an illustrative
canted coil spring is used to engage a cartridge and sleeve
assembly with a camshaft and camshaft base that receives a
counterclockwise or clockwise force. The canted coil spring
is presented as an illustrative spring technology that allows
the cartridge to rotate freely, while ensuring that the cartridge
does not slide out of the camshaft base. Alternatively, a knit-
ted spring tube may also be used instead of the canted coil
spring. The canted coil spring and the knitted spring tube may
also be referred to as a seal preload device. Other spring
technologies may also be used that allow the cartridge (which
engages the socket of the screw) and the camshaft (which
interfaces with the cartridge) to rotate freely in either a coun-
terclockwise or clockwise direction, while at the same time
ensuring that the camshaft base and camshatt do not slide out
of the sleeve and cartridge assembly.

[0043] Additionally, the illustrative embodiment presented
herein includes a three-lobed cam extending from the top
surface of the camshatft, as described in further detail below.
The three-lobed cam is configured to interface with the sleeve
and cartridge assembly, which interfaces with the socket of a
hex fastener. The three-lobed cam includes three lobes and
three concave cam profiles. Each lobe of the illustrative three-
lobed cam occupies a 120° arc and has a lobe centerline, a
counterclockwise cam outer surface and a counterclockwise
cam inner surface on one side of the lobe centerline, and a
clockwise cam outer surface and a clockwise cam inner sur-
face on the opposite side of the lobe centerline.

[0044] Generally, a counterclockwise force (to loosen the
fastener) is applied to the polygonal shaped orifice in the
camshaft base. This counterclockwise force is transferred
from the camshaft to the cartridge when the cartridge inter-
faces with the counterclockwise cam surfaces of the cam-
shaft. There may be instances when fastener removal requires
the application of a clockwise force (tightening the screw),
and then reverting back to the counterclockwise force.
[0045] The three-lobed cam described below is provided
for illustrative purposes only. Alternatively, other lobed cam
assemblies may also be used such as a two-lobed cam, a
four-lobed cam, five-lobed cam, etc. The number of lobes and
configuration of each lobe will depend on the particular
socket.

[0046] Referring to FIG. 1A there is shown an illustrative
hex socket fastener tool 10. The hex socket fastener removal
tool includes a “base,” which will also be referred to as a
camshaft base 30. The hex socket fastener removal tool also
includes a camshaft 42, a canted coil spring 50 and a cartridge
70. The cartridge 70 is enclosed within a sleeve 60. The
camshaft base 30 may be composed of a material having the
appropriate tool steel grade or stainless steel grade. The cam-
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shaft base 30 may be manufactured by machining, utilizing a
mold, or other such manufacturing techniques that are spe-
cific to tool manufacturing. The camshaft base 30 includes a
bottom surface 37 (shown in FIGS. 3B and 4A) and a top
surface 41. The camshaft bottom surface 37 may interface
with a rotary tool such as an impact wrench.

[0047] A canted coil spring 50 rests within a groove 35
between the bottom surface 37 and the top surface 41 of the
camshaft base 30. FIG. 1B presents an exploded view of the
canted coil spring 50. More generally, the canted coil spring
50 may be referred to as a seal preload device. For example,
another illustrative seal preload device is a knitted spring
tube, as shown in FIG. 2D. The canted coil spring 50 engages
the sleeve 60 to the camshaft base 30, while enabling the
sleeve 60 to “float” on the camshaft base 30.

[0048] As shown in FIG. 1A, the canted coil spring 50 and
the base 30 are configured to be received by the sleeve 60. The
base 30 and the camshaft 42 are shown in further detail in
FIGS. 3A, 3B, 4A and 4B presented hereinafter. The sleeve 60
and cartridge 70 are described in further detail at FIGS. 5A,
5B 6A, and 6B hereinafter. The illustrative bottom surface 37
of the camshaft base 30 receives an illustrative O-ring 20,
which is configured to interface with an illustrative impact
wrench (not shown). Alternatively, the O-ring 20 may be
replaced with a second canted coil spring. Further detail
regarding the bottom surface 37 of the camshaft base 30 is
presented in FIG. 3B, which shows a bottom view of the
camshaft base bottom surface 37.

[0049] In the illustrative embodiment, the camshaft base
bottom surface 37 is configured to receive an impact rotary
tool. The camshaft base 30 may further include a slot 82
configured to receive a pin 80 that is inserted within the slot 82
when the camshaft base 30 is configured to interface with a
rotary tool. The pin 80 holds the rotary tool in place.

[0050] More generally, the socket fastener removal tool 10
includes a fastening component with a biasing element that is
configured to allow the sleeve 60 and cartridge 70 and the
camshaft base 30 and camshaft 42 to rotate freely in a coun-
terclockwise or clockwise direction, and also enable the cam-
shaft base 30 to stay within the sleeve 60 during fastener
removal and tightening operations. The illustrative fastening
component with the biasing element presented herein
includes seal preload device such as a canted coil spring 50.
[0051] Theillustrative embodiment may include one of two
types of canted coil springs, as shown in FIGS. 2A and 2B.
The first type of canted coil spring 51 presented in FIG. 2A
has the coils wound in a clockwise direction about the coil
centerline 53 as indicated by arrow 52. The second type of
canted coil spring 54 is shown in FIG. 2B, and has the coils
wound in a counterclockwise direction about the coil center-
line 56 as indicated by arrow 55. The illustrative canted coil
spring 50 may have the coils canted in either a clockwise or
counterclockwise depending on the particular application and
design constraints.

[0052] Referring now to FIG. 2C, there is shown side view
of'a canted coil spring 50 subject to deflection from an axial
load. An axial canted coil spring has its compression force 57
parallel or axial to the centerline of the arc or ring. The graph
of force vs. deflection shows the canted coil spring 50 being
subjected to a range of compressive (axial) forces. As more
force 57 is applied to the canted coil spring 50, the angle
between the coils and the vertical axis increases. In the “nor-
mal deflection” range shown in FIG. 2C, the normal deflec-
tion indicates that the force produced by a canted coil spring
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50 is nearly constant over a long range of deflection, espe-
cially when compared to a typical spring. This enables the
sleeve 60 to “float” on the canted coil spring 50.

[0053] As described in further detail below, the canted coil
spring 50 is installed within grooves in both the camshaft base
30 and the sleeve 60. The canted coil spring design may be
designed according to the following illustrative parameters,
namely, the wire material, the wire diameter, the cant ampli-
tude, the coils per inch, the size controlled by spring width,
and eccentricity. The cant amplitude is the axial distance the
top coil is shifted compared to a helical spring. The eccen-
tricity is a parameter that indicates a circular cross section; as
the eccentricity increases the spring becomes more elliptical.
Some manufacturers use other parameters to design a canted
coil spring such as the front angle and the back angle instead
of coils per inch and cant amplitude.

[0054] When acanted coil spring is deformed, the top of the
coils slide against the contact surface and the bottom coils
rotate about their axis. For example, the bottom of the spring
is constrained axially so the coefficient of friction is greater at
the contact between the spring and the bottom surface than the
spring and the top surface; this process enables the cage to
“float” on the canted coil spring.

[0055] Another illustrative seal preload device is a knitted
spring tube shown in FIG. 2D. The knitted spring tube 58
includes a series of needles interwoven about a base helix.
The needle pattern is defined by the combination of a circular
section and a linear section, in which both sections are piece-
wise continuous and smooth at their intersection. Other
parameters to consider for designing canted coil springs and
knitted spring tubes are provided in the thesis entitled “MOD-
ELING OF CANTED COIL SPRINGS AND KNITTED
SPRING TUBES AS HIGH TEMPERATURE SEAL PRE-
LOAD DEVICES;,” by Jay J. Oswald submitted in May 2005.
[0056] Referring now to FIG. 3A and FIG. 4B, there is
shown an illustrative a top view and a cross-sectional view,
respectively, of the camshaft base 30 and the camshaft 42
having a three-lobed cam. The camshaft base includes a top
surface 41, a top section 38, a first shoulder 34, a second
shoulder 39, a bottom section 32 and a groove 35 that the
canted coil spring 50 interfaces with.

[0057] Referring now to FIG. 3B, there is shown an illus-
trative bottom view of the bottom surface 37. A rotary power
tool is configured to slidably couple with the polygon shaped
opening 31. Alternatively, a second canted coil spring may be
used instead of the O-ring 20. The second canted coil spring
can also absorb additional axial loading, thus enabling the
cage to effectively grip the stud with minimal interference
from the compressive forces emanating from the rotary power
tool.

[0058] The illustrative rotary power tool may be an impact
wrench having an anvil (not shown) configured to be received
by a polygon shaped opening 31 at the bottom surface 37 of
the hex socket fastener removal tool 10. Although the opening
is shown as being square shaped, a circular or elliptical
shaped opening may also be configured to match the shape of
the rotary power tool.

[0059] An impact wrench is a power tool that delivers a
high torque output by storing energy in a rotating mass and
then delivering the energy to the output shaft. The power
source for an impact wrench is generally compressed air.
When a hammer, i.e. rotating mass, is accelerated by the
power source and then connected to an anvil, i.e. output shaft,
this creates the high-torque impact. When the hammer spins,
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the hammer’s momentum is used to store kinetic energy that
is then delivered to the anvil in a theoretically elastic collision
having a very short impact force.

[0060] With an impact wrench, the only reaction force
applied to the body of the tool is the motor accelerating the
hammer, and thus the operator feels very little torque, even
though a very high peak torque is delivered to the anvil. The
impact wrench delivers rotational forces that can be switched
between counterclockwise rotation and clockwise rotation.
Additionally, the impact wrenches deliver oscillating com-
pressive forces along the axis of the anvil of the impact
wrench. Thus, when removing a fastener, the anvil of the
impact wrench is typically along a vertical axis and the impact
wrench delivers oscillating compressive forces along the axis
of the anvil, i.e. axial load, and rotational forces.

[0061] Referring now to FIG. 4A, where there is shown a
cross-sectional view of the camshaft base 30 and the camshaft
42. An interior sidewall 48 extends from the camshaft top
surface 43 to a camshaft interface 49. By way of example and
not of limitation, the cam interior sidewall 48 includes three
cam interior sidewall lobes. The cam interior sidewall lobes
are equidistant from each other so that the arc occupied by
each lobe is each approximately 120°. The cam interior side-
wall 48 is configured to interface with the camshaft 42, which
interfaces with the cartridge 70 (shown in FIGS. 1A, 5and 6).
[0062] The camshaft base 30 includes a top section 38
between the base top surface 41 and the first shoulder 34. The
top section 38 includes a first camshaft groove 35 that is
configured to receive the canted coil spring 50. The first
camshaft groove 35 extends around the exterior perimeter of
the camshaft base 30. The camshaft base 30 also includes a
middle section 36 disposed between the first shoulder 34 and
a second shoulder 39.

[0063] The camshaft base 30 further includes a bottom
section 32 which extends from the second shoulder 39 to the
bottom surface 37. The camshaft bottom end 32 may also
include a slot 82 for receiving the pin 80 (shown in FIG. 1A).
The camshaft bottom section 32 further includes a polygon-
shaped shaped opening 31 in the bottom surface 37 for inter-
facing with the impact wrench. By way of example and not of
limitation, the polygon shaped opening 31 is sized propor-
tionate to the size of the impact wrench, such as1:4",/3;8",
A2, 34" 1", 1152, 24;2", 3/1;2" drive impact wrenches.
Additionally, a second camshaft groove 33 receives illustra-
tive O-ring 20 (shown in FIG. 1A).

[0064] Referring now to FIG. 4B, there is shown the cam-
shaft 42. The camshaft 42 includes three lobes 88 that each
has a lobe centerline 86. Each lobe 88 has a distal portion 87
along the lobe centerline 86 that is furthest from the center of
the camshaft 42. Additionally, each lobe includes three coun-
terclockwise convex cam interfaces 44 on one side of each
lobe centerline 86, and three clockwise cam interfaces 46 on
the opposite side of the lobe centerline 86. Between the lobes,
there is a concave cam interface 45.

[0065] The illustrative lobe centerlines 86 are 120° apart
from each other. Each counterclockwise convex cam inter-
face 44 occupies a 30° arc. Each clockwise convex cam inter-
face 46 occupies a 30° arc, and each concave cam interface 45
occupies a 60° arc.

[0066] Intheillustrative embodiment presented in FIG. 4B,
the distance between the distal portion of the lobe 87 and the
center of the camshaft 42 is greater than the semi-circular
radius used to form the counterclockwise convex cam inter-
face 44 and the clockwise convex cam interface 46. In the
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illustrative embodiment shown in FIG. 4B, the semi-circular
radius used to form the counterclockwise convex cam inter-
faces 44, and the clockwise convex cam interface 46 share the
same center radius. Alternatively, the semi-circular radius
used to form the counterclockwise cam interfaces 44, and the
clockwise convex cam interfaces 46 may each have a different
center radius.

[0067] Referring back to FIG.4A, the camshaft 42 includes
a top surface 43 and a bottom surface 47. As shown in FIG.
4B, the camshaft 42 further includes three counterclockwise
convex cam interfaces 44, three clockwise convex cam inter-
faces 46, and three concave cam interfaces 45. The counter-
clockwise convex cam interfaces 44, clockwise convex cam
interfaces 46 and concave cam interfaces 45 all extend from
the camshaft top surface 43 to the camshaft bottom surface
47.

[0068] The camshaft 42 is fixedly coupled to the camshaft
base interior sidewall 48 and the camshaft interface 49. By
way of example and not of limitation, the camshaft 42 is
constructed ofheat treated S7 steel that measures 52-54 on the
Rockwell C scale, as measured with a Hardness Tester, such
as that described in U.S. Pat. No. 1,294,171, “HARDNESS
TESTER,” Hugh M. Rockwell and Stanley P. Rockwell,
issued Feb. 11, 1919. S7 steel is a shock-resistant, air-hard-
ening steel used for tools, and which is designed for high
impact resistance at relatively high hardness in order to with-
stand chipping and breaking. In an alternative embodiment,
H-13 steel is used, measuring 44-46 on the Rockwell C scale.
Other alloys may also be used. Steels used are not plated or
coated, other than surface treatment to produce a black oxide
finish for corrosion resistance.

[0069] Generally, a counterclockwise force (to loosen the
hex socket fastener) is applied to the camshaft base 30 for
fastener removal. This counterclockwise force is transferred
to the camshaft 42, which transfers force to the sleeve and
cartridge assembly, which interfaces with the counterclock-
wise convex cam interface 44. There may be instances when
fastener removal requires the application of a clockwise force
(tightening the fastener) so the camshaft base 30 is turned in
a clockwise direction and this force is then transferred to the
camshaft 42, the cartridge assembly 70, and the clockwise
convex cam interface 46. An illustrative impact wrench may
be employed that has an operator-controlled switch that can
switch the direction of the force applied to the nut removal
tool from counterclockwise, to clockwise, and back to coun-
terclockwise. By performing this operation of oscillating
between the counterclockwise and clockwise directions,
additional torque may be transferred to the nut to more effec-
tively remove the nut.

[0070] Theillustrative six-lobed cam 42 is symmetrical and
is presented for illustrative purposes only. Alternatively, other
symmetrical lobed cam assemblies may also be used such as
a two-lobed cam, a four-lobed cam, five-lobed cam, etc. The
number of lobes, size of lobes, and configuration of each lobe
will depend on the particular application.

[0071] Additionally, each lobe may have more than justtwo
symmetrical cam surfaces (i.e. clockwise inner cam surface
and counterclockwise inner cam surface). For example, each
lobe may have three, four, five or six different cam inner
surfaces that can interface with different cages or cartridges.
[0072] Furthermore, asymmetrical cam inner surfaces may
also be employed. Thus, the lobed cam inner surface may
have additional surfaces beyond just the symmetrical three-
lobed cam surface presented herein. The inner cam surface
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may be asymmetrical and include a plurality of surfaces that
can interface with a plurality of different cartridges.

[0073] Referring now to FIG. 5A there is shown a side view
of the illustrative sleeve 60 and cartridge 70 assembly. The
cartridge 70 is configured to interface with the camshaft 42.
The sleeve 60 is configured to interface with the canted coil
spring 50 and the camshaft base 30. The cartridge 70 includes
a top surface 78, three jaws 71, an elastic component 74 and
an elastic lip 64. The elastic component 74 includes an exte-
rior sidewall 63 and an interior sidewall 65. The exterior
sidewall 63 of the elastic component 74 extends from the top
surface 78 to a cartridge shoulder 61. The interior sidewall 65
of'the elastic component 74 extends from the top surface 78 to
the elastic lip 64.

[0074] The sleeve 60 includes a sleeve lip 66, a sleeve
interior sidewall 69 and a sleeve bottom surface 68. The
sleeve lip 66 extends around the perimeter of the sleeve 60.
The sleeve interior sidewall 69 defines an orifice in the sleeve
60 which extends from the sleeve lip 66 to the sleeve bottom
surface 68. Additionally, the sleeve 60 has a sleeve groove 62
that is disposed between the sleeve lip 66 and the sleeve
bottom surface 68. The sleeve groove 62 interfaces with the
canted coil spring 50.

[0075] The cartridge shoulder 61 is fixedly coupled to the
jaws 71 and to the interior sidewall 69 of the sleeve 60. By
way of example and not of limitation, the elastic component
74 is bonded to the interior sidewall 69 and the jaws 71 using
illustrative 30 durometer urethane rubber or other bonding
material which is capable of withstanding the operating con-
ditions of fastener removal. Additionally, the elastic compo-
nent must be able to flex independent of the jaws and sleeve in
a lateral direction.

[0076] Referring now to FIG. 5B, there is shown a top view
of the illustrative cartridge 70. The cartridge includes a plu-
rality of jaws 71a, 71b, and 71¢. Each of the jaws 71a, 716 and
71c, includes a jaw centerline 754, 75b and 75¢, respectively.
Each jaw centerline 75 is 120° from the other jaw centerlines.
Each jaw 71 has a distal portion 79 along the jaw centerline 75
that is furthest from the center of the cartridge 70.

[0077] Each of the jaws 71a, 715 and 71c includes a jaw
outer counterclockwise cam surface 72a, 726 and 72¢ on one
side of the jaw centerline 75a, 755 and 75¢, respectively, and
a jaw outer clockwise cam outer surface 73a, 736 and 73¢ on
the opposite side of the jaw centerline 75a, 756 and 75c¢,
respectively. Each jaw also includes a jaw inner counterclock-
wise cam surface 77 on one side of the jaw centerline 75, and
a jaw inner clockwise cam surface 76 on the opposite side of
the jaw centerline 75. Each jaw 71 abuts a portion of the
elastic component 74, which separates the jaws and holds the
jaws in place within the cartridge.

[0078] The illustrative three jaw cam outer surfaces include
six different cam outer surfaces, in which three jaw cam outer
surfaces are clockwise cam surfaces and three cam outer
surfaces are counterclockwise cam surfaces. Likewise, the
illustrative three jaw cam inner surfaces include six different
cam inner surfaces, in which three jaw cam inner surfaces are
clockwise cam surfaces and three cam inner surfaces are
counterclockwise cam surfaces. In the illustrative embodi-
ment, each jaw counterclockwise outer cam surface 72 and
jaw clockwise outer cam surface 73 occupies a 30° arc. The
jaw counterclockwise cam inner surface 77 is configured to
interface with the convex counterclockwise cam interface 44
(shown in FIG. 4A). The jaw clockwise cam inner surface 76
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is configured to interface with the convex clockwise cam
interface 46 (shown in FIG. 4A).

[0079] For the purposes of this patent, the terms “elastic
component” and “webbing” are used interchangeably. The
illustrative cartridge 70 also includes the illustrative elastic
component 74a that joins jaws 71a and 71b. Also, elastic
component 745 joins jaws 716 and 71c. Additionally, web-
bing 74c¢ joins jaws 71a and 71c¢. The webbing may also be
embodied as an injection molded elastomeric cartridge or
cage. By way of example and not of limitation, the elasto-
meric component configured to join the jaws has a durometer
ranging from 20-40. In a narrower embodiment, the elasto-
meric material has a durometer of 30. By way of example and
not limitation, the elastic material is a 1500 psi injection
molded rubber.

[0080] Generally, the webbing material is composed of an
elastic material that can withstand operating conditions for
fastener removal. For example, the webbing matter may be
composed of an elastic thermoplastic resin that is resistant to
petroleum products. Also, other elastic or elastomeric mate-
rials such as rubber or neoprene may also be used.

[0081] The webbing 74 presses the jaws 71 firmly against
the surfaces of the cam interfaces 44, 45 and 46. Further, the
webbing 74 between the jaws 71 maintains symmetry
between the jaws 71, and in conjunction with the sleeve 60,
forms a stable cartridge assembly.

[0082] Referring now to FIG. 1A, FIG. 4A and FIG. 5A,
when inserted into the sleeve 60, the camshaft base 30 slid-
ably engages with the sleeve interior sidewall 69, and the
camshaft 42 slidably engages with the cartridge jaws 71 and
the interior sidewall 65 of the elastic component 74. Further,
the top section 38 of the camshaft base 30 slides past the
canted coil spring 50 fitted within the sleeve groove 62, and
the canted coil spring 50 is received by the first camshaft
groove 35. The top surface 41 of the camshaft base 30 inter-
faces with the elastic lip 64 of the sleeve 60. The sleeve
bottom surface 68 interfaces with the first shoulder 34 of the
camshaft base 30. When the canted coil spring 50 is secured
within both the sleeve groove 62 and the first camshaft groove
35, the camshaft base 30 latches within the sleeve 60 with the
canted coil spring 50, holding the camshaft base 30 in place
within the sleeve 60.

[0083] Referring now to FIG. 6 A there is shown a sectional
top view of the cartridge 70 of the hexagonal socket fastener
removal tool 10 with the camshaft 42 within the cartridge 70.
In FIG. 6A, the jaws 71a, 71b and 71¢ are shown in a resting
position, in which no force is applied to the camshaft 42. In
this resting position, the jaws 71 are not engaging the fastener
and the elastic webbing 74 used to join the jaws 71 causes the
jaws 71 to remain in the resting position shown in FIG. 6A. In
this resting position the hexagonal socket fastener removal
tool 10 is capable of accepting the fastener 90 before a rota-
tional force is applied to the fastener 90 (shown in FIG. 6B).
The camshaft 42 includes three convex counterclockwise
lobe interfaces, 44a, 44b and 44c¢. Additionally, the camshaft
42 includes three clockwise convex lobe interfaces 46a, 465
and 46¢. Each jaw 71 has three counterclockwise jaw cam
outer surfaces 72a, 726 and 72c¢, and three clockwise jaw
outer cam surfaces, 73a, 73b and 73¢. Further each jaw 71 has
three counterclockwise cam inner surfaces 77a, 775 and 77¢,
and each jaw 71 has three clockwise cam inner surfaces 76a,
765 and 76¢.

[0084] Referring now FIG. 6B, when counterclockwise
force is applied to the camshaft base 30 (shown in FIG. 1A,
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3A, 4A), this causes the camshaft 42 to shift approximately
30° to the left and the jaws 71 are biased radially outwards by
the camshaft 42. When the camshaft 42 is rotated counter-
clockwise by a rotary power source, such as the air impact
wrench described above, this counterclockwise force causes
the convex counterclockwise lobe interface 44 to engage with
the counterclockwise jaw cam inner surface 77. When the
jaws are biased radially outwards by the camshaft 42, and the
effective circumference of the cartridge is enlarged, this
causes the elastic webbing 74 to flex. When the jaws 71 are
biased radially outwards, the jaw cam outer counterclockwise
surfaces 72a, 72b and 72¢ engage three of the counterclock-
wise flat surfaces of the hexagonal socket 924, 9256 and 92c¢,
respectively. The counterclockwise force is applied in a 30°
arc along the three counterclockwise hexagonal socket sur-
faces 92a, 926 and 92¢, applying force along 90° of the
hexagonal socket, rotating the fastener counterclockwise for
removing the fastener.

[0085] More specifically, the hexagonal socket fastener
removal tool is configured to turn in a counterclockwise man-
ner. This rotation causes the camshaft counterclockwise con-
vex cam surfaces, 44a, 44b and 44¢ to apply force to the jaw
counterclockwise cam inner surfaces 77a, 776 and 77c,
respectively. In operation, the deformation of the elastic com-
ponent 74 upon the application of torque allows for the jaw
counterclockwise cam outer surface 72a, 72b and 72¢ to
contact the fastener socket 90 at multiple contact points.
During counterclockwise rotation, each jaw counterclock-
wise cam outer surfaces 72a, 72b and 72¢ contacts 30° of each
of the socket inner surface 92a, 925 and 92¢ respectively, of
the flat counterclockwise surface of the socket fastener,
allowing for 90° of contact. Thus, upon counterclockwise
rotation, 25% of the surfaces of the socket of the fastener are
in contact with the hex socket fastener removal tool.

[0086] There may be instances when fastener removal
requires the application of a clockwise force (tightening the
nut) so the camshaft base 30 is turned in a clockwise direction.
When this clockwise force is applied to the camshaft base 30,
this causes the camshaft to shift approximately 30° to the
right and the jaws are biased radially outwards by the cam.
When the camshaft 42 is rotated clockwise by a rotary power
source, such as the air impact wrench described above, this
clockwise force causes the convex clockwise lobe interface
46 to engage with the clockwise jaw cam inner surface 76.
When the jaws 71 are biased radially outwards by the cam-
shaft 42, and the effective circumference of the cartridge is
enlarged, this causes the elastic webbing 74 to flex. When the
jaws 71 are biased radially outwards, the jaw cam outer clock-
wise surfaces 73a, 735 and 73¢ engage three of the clockwise
flat surfaces of the hexagonal socket 94a, 945 and 94c¢. The
clockwise force is applied in a 30° arc along the three clock-
wise hexagonal socket surfaces 94a, 945 and 94c¢, applying
force along 90° of the hexagonal socket, rotating the fastener
clockwise for tightening the faster.

[0087] More specifically, when the hexagonal socket fas-
tener removal tool is configured to turn in a clockwise man-
ner, this rotation causes the camshaft clockwise convex cam
surfaces, 46 to apply force to the jaw clockwise cam inner
surfaces 76. In operation, the deformation of the elastic com-
ponent 74 upon the application of torque allows for the jaw
clockwise cam outer surfaces 73a, 736 and 73c, respectively,
to contact the fastener socket 90 at multiple contact points.
During clockwise rotation, each jaw clockwise cam outer
surface 73a, 73b and 73¢ contacts 30° of the socket inner
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surface 94a, 945 and 94c, respectively, of the flat clockwise
surface of the socket fastener, allowing for 90° of contact, or
25% of the surfaces of the fastener.

[0088] Additionally, during fastener removal, the operator
may increase the amount torque applied to the fastener by
toggling between applying a counterclockwise force and a
clockwise force using the hexagonal socket removal assem-
bly described herein.

[0089] The illustrative jaw outer cam surface 71 having
three jaws is symmetrical and is presented for illustrative
purposes only. Alternatively, other symmetrical jaw inner
cam assemblies may also be used such as an assembly having
two jaws, four jaws, five jaws, etc. The number of jaws and
configuration of each jaw will depend on the particular appli-
cation.

[0090] Additionally, each jaw may have more than just two
symmetrical cam surfaces (i.e. clockwise outer cam surface
and counterclockwise outer cam surface). For example, each
jaw may have three, four, five or six different cam outer
surfaces that can interface with different shaped fastener
sockets.

[0091] Furthermore, asymmetrical jaw cam outer surfaces
may also be employed. Thus, the jaw cam outer surface may
have additional surfaces beyond just the symmetrical three
jaw cam surface presented herein. The jaw outer cam surface
may be asymmetrical and include a plurality of surfaces that
can interface with a plurality of different fastener socket
shapes.

[0092] Alternatively, the hexagonal socket fastener
removal apparatus 10 described above may not require a
canted coil spring 50 or other such seal preload device.
[0093] Itis to be understood that the detailed description of
illustrative embodiments provided for illustrative purposes.
The scope of the claims is not limited to these specific
embodiments or examples. Various structural limitations, ele-
ments, details, and uses can differ from those just described,
or be expanded on or implemented using technologies not yet
commercially viable, and yet still be within the inventive
concepts of the present disclosure. The scope of the invention
is determined by the following claims and their legal equiva-
lents.

What is claimed is:

1. An apparatus for removing a socket fastener, the appa-

ratus comprising:

a base that includes,

a base top section having a base top surface, a base
interior sidewall that extends from the top surface to a
camshaft interface,

a base bottom section having an opening at a base bot-
tom surface;

a camshaft that includes a camshaft top surface, a camshaft
bottom surface, and a plurality of lobes that each extends
from the camshaft top surface to the camshaft bottom
surface;

the camshaft configured to be coupled to the base;

a sleeve that includes a sleeve lip, a sleeve bottom surface
and a sleeve interior sidewall disposed between the
sleeve lip and the sleeve bottom surface;

a cartridge that includes a cartridge top surface, a cartridge
lip and a plurality of jaws, in which each jaw includes a
jaw centerline, a jaw counterclockwise outer cam sur-
face and a jaw counterclockwise inner cam surface on
one side of the jaw centerline, and a jaw clockwise outer
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cam surface and a jaw clockwise inner cam surface on

the opposite side of the jaw centerline;

the cartridge configured to be fixedly coupled to the sleeve;

the cartridge configured to interface with the camshaf;

at least one jaw inner cam surface configured to interface
with at least one camshaft cam profile; and

the jaws configured to rotate and engage the socket fas-
tener.

2. The apparatus of claim 1 wherein each lobe is substan-

tially semi-circular.

3. The apparatus of claim 2 further comprising an elastic
component configured to join the plurality of jaws and the
sleeve.

4. The apparatus of claim 3 wherein each lobe occupies a
120° arc.

5. The apparatus of claim 4 wherein the jaw counterclock-
wise inner cam surface is configured to engage with a cam-
shaft counterclockwise cam when a counterclockwise forceis
applied to the camshaft.

6. The apparatus of claim 5 wherein the jaw clockwise
inner cam surface is configured to engage with a camshaft
clockwise cam when a clockwise force is applied to the cam-
shaft.

7. The apparatus of claim 6 wherein the base bottom sec-
tion is configured to interface with an impact rotary tool that
can oscillate between applying a counterclockwise force and
a clockwise force.

8. The apparatus of claim 7 wherein the base further com-
prises a slot configured to receive a pin that is inserted within
the slot when the camshatft is configured to interface with the
impact rotary tool.

9. An apparatus for removing a socket fastener, the appa-
ratus comprising:

a base that includes,

a base top section having a base top surface, a base
interior sidewall and a base groove, wherein the inte-
rior sidewall extends from the top surface to a cam-
shaft interface,

a base bottom section having an opening at a base bot-
tom surface;

a camshaft that includes a camshaft top surface, a camshaft
bottom surface, and a plurality of lobes that each extends
from the camshaft top surface to the camshaft bottom
surface;

the camshaft configured to be coupled to the base;

a sleeve that includes a sleeve lip, a sleeve bottom surface
and a sleeve interior sidewall disposed between the
sleeve lip and the sleeve bottom surface, wherein the
sleeve interior sidewall includes a sleeve groove;

a cartridge that includes a cartridge top surface, a cartridge
lip and a plurality of jaws, in which each jaw includes a
jaw centerline, a jaw counterclockwise outer cam sur-
face and a jaw counterclockwise inner cam surface on
one side of the jaw centerline, and a jaw clockwise outer
cam surface and a jaw clockwise inner cam surface on
the opposite side of the jaw centerline;

a combined cartridge, in which the cartridge is configured
to be fixedly coupled to the sleeve;

a canted coil spring configured to be received by the sleeve
groove and the base groove, wherein the canted coil
spring enables the combined cartridge to interface with
the camshaft;

at least one jaw inner cam surface configured to interface
with at least one camshaft cam profile; and
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the jaws configured to rotate and engage the socket fas-
tener.

10. The apparatus of claim 9 further comprising a plurality
of different sized combined cartridges, in which each com-
bined cartridge is sized for a particular socket fastener.

11. The apparatus of claim 9 further comprising an elastic
component configured to join the plurality of jaws and the
sleeve.

12. The apparatus of claim 9 wherein the jaw counterclock-
wise inner cam surface is configured to engage with a cam-
shaft counterclockwise cam when a counterclockwise forceis
applied to the camshaft.

13. The apparatus of claim 9 wherein the jaw clockwise
inner cam surface is configured to engage with a camshaft
clockwise cam when a clockwise force is applied to the cam-
shaft.

14. The apparatus of claim 9 wherein the base bottom
section is configured to interface with an impact rotary tool
that can oscillate between applying a counterclockwise force
and a clockwise force.

15. The apparatus of claim 14 wherein the base further
comprises a slot configured to receive a pin that is inserted
within the slot when the camshaft is configured to interface
with the impact rotary tool.

16. An apparatus for removing a socket fastener, the appa-
ratus comprising:

a base that includes,

abase top section that extends from a base top surface to
a shoulder, the base top section includes an interior
sidewall and a groove disposed between the top sur-
face and the shoulder, wherein the interior sidewall
extends from the top surface to a camshaft interface;

a base bottom section that extends from the shoulder to
a bottom surface, the bottom section includes an
opening in the bottom surface;

a camshaft that includes a camshaft top surface, a camshaft
bottom surface, and a plurality of lobes, each lobe
extends from the top surface to the bottom surface, each
lobe includes a lobe centerline, a counterclockwise con-
vex cam interface on one side of the lobe centerline, a
clockwise convex cam interface on the opposite side of
the lobe centerline, and a concave cam interface between
each lobe;

a sleeve that includes a sleeve lip, a sleeve bottom surface
and a sleeve interior sidewall disposed between the
sleeve lip and the sleeve bottom surface, the sleeve inte-
rior sidewall includes a sleeve groove;
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a cartridge that includes a cartridge top surface, a cartridge
lip and a plurality of jaws, each jaw includes a jaw
centerline, a jaw counterclockwise outer cam surface
and a jaw counterclockwise inner cam surface on one
side of the jaw centerline, and a jaw clockwise outer cam
surface and a jaw clockwise inner cam surface on the
opposite side of the jaw centerline,

a canted coil spring configured to be received by the sleeve
groove and the groove of the camshaft base,

the camshaft configured to be coupled to the base;

the cartridge configured to be fixedly coupled to the sleeve;

the cartridge configured to interface with the camshaf;

the base configured to rotate relative to the sleeve;

the cartridge configured to rotate and engage the fastener;
and

the canted coil spring configured to operate within a con-
stant deflection range, when an axial load is applied.

17. The apparatus of claim 16 further comprising a com-
bined cartridge, in which the combined cartridge is config-
ured to be fixedly coupled to the sleeve, wherein the canted
coil spring enables the combined cartridge to interface with
the camshatft;

18. The apparatus of claim 17 further comprising a plural-
ity of different sized combined cartridges, in which each
combined cartridge is sized for a particular socket fastener.

19. The apparatus of claim 18 further comprising an elastic
component configured to join the plurality of jaws and the
sleeve.

20. The apparatus of claim 19 wherein the jaw counter-
clockwise inner cam surface is configured to engage with a
camshaft counterclockwise cam when a counterclockwise
force is applied to the camshatft.

21. The apparatus of claim 20 wherein the jaw clockwise
inner cam surface is configured to engage with a camshaft
clockwise cam when a clockwise force is applied to the cam-
shaft.

22. The apparatus of claim 21 wherein the base opening is
configured to interface with an impact rotary tool that can
oscillate between applying a counterclockwise force and a
clockwise force.

23. The apparatus of claim 22 wherein the base further
comprises a slot configured to receive a pin that is inserted
within the slot when the camshaft is configured to interface
with the impact rotary tool.
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