ANTI-ROTATION KEY FOR THREADED CONNECTORS

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of co-pending U.S. Provisional
Application Serial No. 62/181,526 filed June 18, 2015, titled “Anti-Rotation Key For Threaded
Connectors,” the full disclosure of which is hereby incorporated herein by reference in its entirety for

all purposes.

BACKGROUND
[0002] This invention relates in general to threaded tubular connections, such as for large diameter
pipes used in offshore hydrocarbon drilling and production operations, and particularly to a device to

prevent rotation of tubular members after they are made up.

[0003] Hydrocarbon production wells can have several strings of casing of differing diameters
cemented in the well. Each casing string can be made up of joints of pipe having threaded ends that
are secured together. The portion of the connector having internal threads is commonly known as a
female connector or box. The portion of the connector having external threads is commonly known
as a male connector or pin. Some casing joints have a pin member at a first end and a box member at
asecond end. Normally, the operator relies on the friction of the made-up joint to prevent the threaded
connectors from loosening while running the string into the well. With larger diameter casing, for
example, from 16 inch to 36 inch, the friction of the made-up connector may be inadequate to prevent

loosening while running the casing.

[0004]  Operators have employed anti-rotation keys to prevent loosening. Some current anti-
rotation key designs require specialty tools to install the locking mechanism. Some designs require

explosive powered guns to set the locking mechanism. Other designs can be difficult to unlock in the



event it is necessary to unscrew the pipe connection. Other current anti-rotation key designs require
drilling a hole for the locking member after the pipe connection is made up. Drilling can result in
metal shavings falling down the pipe string, which can cause issues. Further, drilling a made up pipe
connection requires a complex drill. If disconnected, then reconnected, it may be necessary to drill

another hole, and that hole may overlap the previously drilled hole, limiting the locking capacity.

[0005] In other current casing setups, the anti-rotation key can be inserted through a hole in the box
and a hammer or wrench may be employed to position and secure the key. The anti-rotation key of
such systems can have teeth that bite into the connector members, either upon insertion or when the
pin starts to rotate out of the box, applying an axial compressive load on the connector members and
permanently deforming the connector members in order to prevent relative rotation between the box

and the pin.

SUMMARY OF THE DISCLOSURE

[0006] Systems and methods described herein provide an anti-rotation key that produces
significantly less axial compressive load than current anti-rotation devices. Embodiments of this
disclosure provide an anti-rotation key that does not create a radial or axial compression of the threaded
connection, does not generate a radial load between the pin and the box, and does not change the load

path through the threaded connection, improving the fatigue life of the threaded connection.

[0007] In accordance with an embodiment of this disclosure, a tubular member connection system
includes a pin having a central axis, external pin threads, and an annular pin lip at a shoulder surface
of the pin. A box has internal box threads and an annular box lip at an end surface of the box. The
box threads are shaped to mate with the pin threads to releasably secure the pin to the box. A pin
recess 1s formed in an outer diameter surface of the pin, the pin recess extending in an axial direction

from the pin lip. A pin key is selectively fastenable within the pin recess, the pin key having pin teeth



on an outer edge of the pin key. The box teeth are located in the box. The box teeth selectively mate

with the pin teeth and resist rotation of the pin relative to the box.

[0008] In accordance with an alternate embodiment of this disclosure, a tubular member connection
system includes a pin having a central axis, external pin threads, and an annular pin lip at a shoulder
surface of the pin. A first tubular member extends from the pin in a direction opposite the pin lip of
the pin. A box has internal box threads and an annular box lip at an end surface of the box. The box
threads are shaped to mate with the pin threads to releasably secure the pin to the box. A second
tubular member extends from the box in a direction opposite the end surface of the box. A pin recess
is formed in an outer diameter surface of the pin, the pin recess extending in an axial direction from
the pin lip. A box recess is formed in an outer diameter surface of the box, the box recess extending
in an axial direction from the box lip and having a box recess profile. A pin key is selectively fastenable
within the pin recess, the pin key having pin teeth on an outer edge of the pin key. A box key is
selectively retainable with the box recess, the box key having a box key mating profile on a first side
for mating with the box recess profile. The box key further has box teeth on a second side for mating

with the pin teeth and resisting rotation of the pin relative to the box.

[0009] In yet another embodiment of this disclosure, a method for connecting tubular members
includes providing a pin having a central axis, external pin threads, and an annular pin lip at a shoulder
surface of the pin. The pin further has a pin recess formed in an outer diameter surface of the pin, the
pin recess extending in an axial direction from the pin lip. The method further includes providing a
box having internal box threads and an annular box lip at an end surface of the box. The box threads
are shaped to mate with the pin threads to releasably secure the pin to the box. Box teeth are located
in the box. Box threads are mated with the pin threads to releasably secure the pin to the box. A pin
key is fastened within the pin recess, the pin key having pin teeth on an outer edge of the pin key. The

pin teeth are mated with the box teeth to resist rotation of the pin relative to the box.



BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  So that the manner in which the features, advantages and objects of the disclosure, as well
as others which will become apparent, are attained and can be understood in more detail, more
particular description of the embodiments briefly summarized above may be had by reference to the
embodiment thereof which is illustrated in the appended drawings, which drawings form a part of this
specification. It is to be noted, however, that the drawings illustrate example embodiments of the
disclosure and are therefore not to be considered limiting of its scope as the disclosure may admit to

other equally effective embodiments.

[0011]  Figure 1 is a side elevation view of a tubular string having a tubular member connector

system in accordance with an embodiment of this disclosure.

[0012]  Figure 2 is a section view of a tubular member connector system with a schematic view of

an anti-rotation key in accordance with an embodiment of this application.

[0013]  Figure 3 is a detail section perspective view of an anti-rotation key in accordance with an

embodiment of this application.

[0014]  Figure 4 is a perspective view of the anti-rotation key of Figure 3, shown before the fastener

1s inserted.

[0015]  Figure 5 is a perspective view of the anti-rotation key of Figure 3, shown resisting relative

rotational movement between the pin and the box.

[0016]  Figure 6 is a perspective view of an anti-rotation key in accordance with an embodiment of

this application.

[0017]  Figure 7 is a top section view of the anti-rotation key of Figure 6, shown before the wedge

fastener is tightened.



[0018]  Figure 8 is a top section view of the anti-rotation key of Figure 6, shown after the wedge

fastener is tightened.

[0019]  Figure 9 is a perspective view of the box key in accordance with an embodiment of this

application.

DETAILED DESCRIPTION

[0020] The method and system of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings in which embodiments are shown. The
method and system of the present disclosure may be in many different forms and should not be
construed as limited to the illustrated embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey its scope to those

skilled in the art. Like numbers refer to like elements throughout.

[0021] It is to be further understood that the scope of the present disclosure is not limited to the
exact details of construction, operation, exact materials, or embodiments shown and described, as
modifications and equivalents will be apparent to one skilled in the art. In the drawings and
specification, there have been disclosed illustrative embodiments and, although specific terms are

employed, they are used in a generic and descriptive sense only and not for the purpose of limitation.

[0022]  Referring to Figure 1, tubular member connection system 11 includes a first or upper tubular
member 13 with pin 15 formed on an end of upper tubular member 13. The terms “upper” and “lower”
are used only for convenience as pin 15 could be located on the upper end of tubular member 13 if the
tubular member is inverted. Pin 15 has a longitudinal central axis 16 and a set of external pin threads
17 located on a conical surface. Pin 15 has a nose 19 on a pin end on and outer side of pin threads 17
and an external annular pin shoulder 20 at an opposite side of pin threads 17. Pin lip 21 is an annular
surface of pin shoulder 20 that faces towards nose 19. Upper tubular member 13 extends from pin 15

in a direction opposite nose 19 of pin 15.



[0023]  Pin recess 22 is formed in an outer diameter surface of pin 15. In the example of Figure 1,
pin recess 22 1s formed in pin shoulder 20. Pin recess 22 is open at pin lip 21 and extends axially in a
direction away from nose 19. Pin recess 22 has a depth that is less than the thickness of the sidewall

of pin 15 so that pin recess 22 has a back surface 23 (Figure 2).

[0024]  Tubular member connection system 11 also includes a second or lower tubular member 25
with box 27 formed on an end of lower tubular member 25. Box 27 has internal box threads 29 shaped
to mate with pin threads 17 to releasably secure pin 15 to box 27. Box 27 has annular box lip 31 at an
end surface of box 27. Lower tubular member 25 extends from box 27 in a direction opposite the end
surface of box 27. Upper tubular member 13 can have a second box 27 at an opposite end of upper
tubular member 13 from pin 15 and lower tubular member 25 can have a second pin 15 at an opposite
end of lower tubular member from box. A pin 15 of a next or adjacent tubular member can be
releasably secured to box 27 of upper tubular member 13 to form a tubular string. Similarly, a box 27

of a prior or adjacent tubular member can be releasably secured to pin 15 of lower tubular member 25.

[0025] Box teeth 33 can be located on box lip 31 of box 41. As shown in the example of Figures 1
and 6 box teeth 33 can be machined directly in box lip 31 of box 41. Alternately, as shown in the
example of Figures 3-5 box teeth 33 can be part of a box key 47. Box key 47 can be located within
box recess 49. Box recess 49 is formed in an outer diameter surface of box 27 and extends in an axial
direction from box lip 31. Box recess 49 can have a circumferential length that is substantially similar
to the circumferential length of box key 47 so that the side ends of box key 47 can contact the inner
side walls of box recess 49. Box recess 49 can have a depth that is less than a sidewall thickness of
box 27 so that box recess 49 has a back wall. The back wall of box recess 49 and the front and back

surface of box key 47 can be planar or can be curved surfaces.

[0026] In order to help retain box key 47 within box recess 49, box recess 49 can have box recess

profile 51 that engages box key mating profile 53. Box key 47 can have box key mating profile 53 on



a first side of box key 47 and box teeth 33 on a second, opposite side of box key 47. Box recess profile
51 and box key mating profile 53 can prevent box key 47 from moving circumferentially relative to
box recess 49. Box recess profile 51 and box mating profile 53 can have shoulders that extend
generally axially so that any rotational forces between box key 47 and box recess 49 can be transferred
effectively between such shoulders. In addition, as can be seen in Figure 4, box key 47 can have box
key slot 55 that fits behind box tab 57 (Figure 4) of box recess profile 51 to help prevent box key 47
from falling outward and out of box recess 49. In certain embodiments, box key 47 can also be secured
within box recess 49 with fasteners (not shown) so that box key 47 is retained with box recess 49. In
alternate embodiments, box recess profile 51 and box mating profile 53 can have alternate shapes or

configurations to mate box key 47 with box 27.

[0027] Looking at Figures 3-5, after pin 15 is made-up with box 27, pin key 59 is located within
pin recess 22. Pin key 59 is selectively fastenable within the pin recess 22. Fastener 61 can be used
to retain pin key 59 within pin recess 22. Pin key 59 has opening 63 through a depth of pin key 59 so
that fastener 61 can extend through opening 63 and into pin 15 to retain pin key 59 with pin 15.
Fastener 61 can be, for example, a threaded member such as a shoulder screw or bolt that can pass
through opening 63 and be threaded into pin 15. Opening 63 can have a larger internal dimension than
an outer dimension of the shank of fastener 61, but less than the outer dimension of the head of fastener

61 so that pin key 59 can move relative to pin 15, while still being retained with pin 15.

[0028]  Pin key 59 has a row of pin teeth 69 along an outer edge of pin key 59. Pin key 59 extends
from and out of pin recess 22 so that pin teeth 69 extend axially past pin lip 21. When pin key 59 is
inserted in pin recess 22, pin key 59 can be aligned so that box teeth 33 mate with pin teeth 69 and
resist rotation of pin 15 relative to box 27. In the example embodiments shown, box teeth 33 and pin
teeth 69 are shaped as castellations. In alternate embodiments, box teeth 33 and pin teeth 69 can have

other mating shapes and configurations.



[0029]  Pin recess 22 can have a larger width 65 than a width 67 of pin key 59 (Figure 4) so that pin
key 59 can move from side to side within pin recess 22. As an example, pin recess 22 can be sized
with a width 65 greater than width 67 of pin key 59 by at least one half of the pitch length of pin teeth
69. This allows pin key 59 to have some play within pin recess 22, to be able to mate pin teeth 69 with
box teeth 33, after the threaded connection has been made up between pin 15 and the box 27. However,
the internal dimension of opening 63 should not be so large compared to the excess width of pin recess
22 such that fastener 61 is subjected to shearing forces during any relative rotational movement
between pin 15 and box 27. Instead the loads will be transferred between box teeth 33, pin teeth 69,
and an inside wall of pin recess 22 as is further described herein. Back surface 23 of pin recess 22 can
be a planar surface and the front and back faces of pin key 59 can also be planar. In alternate
embodiments, back surface 23 of pin recess 22 and the front and back faces of pin key 25 can be curved

surfaces and can, as an example, have a similar curvature as the sidewall of pin 15.

[0030]  Pin recess 22 is located on pin 15 in a position such that each of the pin teeth 69 can engage
box teeth 33 when pin 15 is threaded into box 27 until pin lip 21 engages box lip 31. In order to ensure
that pin recess 22 will align with box teeth 33 when pin 15 is releasably secured to box 27 in a fully
made-up position, the location of pin recess 22 can be pre-determined by clocking the final made-up
position of box teeth 33 relative to pin 15 prior to forming pin recess 22 in pin 15. This clocking
procedure can be completed by making up pin 15 with a dummy box that has an identical configuration
of box threads 29 and relative location of box teeth 33 as actual box 41. Due to this clocking procedure
to determine the position of pin recess 22 on pin 15, each of the pin teeth 69 can engage box teeth 33

when pin 15 is threaded to box 41 to a fully made-up position.

[0031] In order to accommodate a range of final positions of pin recess 22, the number of pin teeth
69 1s less than the number of box teeth 33. In this way, when pin 15 is releasably secured to box 27

and each of the pin teeth 69 engages one of the box teeth 33, there are options as to which box teeth



33 are engaged by pin teeth 69. For example, looking at the embodiment of Figure 4, the two gaps
between box teeth 33 on either side of pin key 59 do not house any pin teeth 69. In alternate examples
the number of gaps between box teeth 33 on either side of pin key 59 can be as few as zero or can be

greater than two.

[0032] Looking at Figures 4-5, pin key 59 has additional opposite pin teeth 69 on an inner edge of
pin key 59. Pin key 59 is shaped so that pin teeth 69 on either the inner edge or outer edge of pin key
59 can be mated with box teeth 33. In this way, the operator can select an optimal orientation of pin
key 59 when inserting pin key 59 within pin recess 22. As an example, in some embodiments, pin key
59 can be symmetrical about an axis Ax (Figure 5), other than pin teeth 69 on the inner edge and outer
edge being offset from each, for example, by one half of a pitch. This offset between pin teeth 69 will
allow the operator to insert the pin key into the pin pocket in the orientation that provides a best fit
with box teeth 33. In other embodiments, pin key 59 can be symmetrical about the axis Ax, but have
a different spacing between the ends of pin key 59 and the first of the pin teeth 69 on each of the inner
edge and out edge, in order to provide different pin teeth locations, depending on the orientation of pin
key 59 within pin recess 22. Inyet other alternate embodiments, pin key 59 can be asymmetrical about

the axis Ax, to provide the desired offset of pin teeth 69 on the opposite sides of pin key 59.

[0033] Looking at Figures 6-8, pin key 59 is a two part member and includes base key member 71
and wedge key member 73. Wedge key member 73 is free of pin teeth 69 so that wedge key member
73 can move from side to side relative to box teeth 33. Base key member 71 has a back face 75 that
can engage back surface 23 of pin recess 22. Base key member 71 also has wedge shaped front portion
77. Wedge key member 73 has wedge shaped back portion 79 that can engage wedge shaped front
portion 77 and move base key member 71 towards back surface 23 of pin recess 22. When a side of
wedge key member 73 engages an opposite side 83 of pin recess 22 (Figure 8), fastener 61 can be at a

tightness that will maintain the position of wedge key member 73 relative to base key member 71.



This engagement will eliminate the play between pin 15 and box 27 so that pin key 59 will prevent

any relative rotational movement between pin 15 and box 27.

[0034] Note that although pin recess 22 has been described herein as being formed on pin 15 and
box teeth 33 are described herein as being formed in box 27, in alternate embodiments, a recess for

receiving an anti-rotation key can be formed in box 27 and mating teeth can be formed in pin 15.

[0035] In an example of operation, box 27 can be provided on lower tubular member 25, and box
teeth 33 can be formed in box lip 31. As an example box teeth 33 can be formed in box lip 31 by
machining box teeth 33 in box lip 31. Alternately, in order to simplify the fabrication of box 27, box
recess 49 can be machined in box 27 and box key 47 can be located in box recess 49. Pin 15 can be
provided on upper tubular member 13. Pin recess 22 can be formed in an outer diameter surface of
pin 15, such as by machining pin recess 22 in pin 15. The location of pin recess 22 can be clocked so

that pin recess 22 will align with box teeth 33 when pin 15 and box 27 are fully made-up.

[0036] Nose 19 of pin 15 can then be located within box 27 and pin 15 can be rotated so that box
threads 29 can mate with pin threads 17. Pin 15 can be threaded to box 27 in a make-up rotation
direction until pin lip 21 engages box lip 31. Once pin 15 is fully made-up with box 27, pin key 59
can be inserted into, and fastened within, pin recess 22. When inserting pin key 59 within pin recess
22, the operator can, in some embodiments, select the orientation of pin key 59 to optimize the location

of pin key 59 relative to box teeth 33.

[0037] In certain other embodiments, base key member 71 is first fastened within pin recess 22 with
fastener 61 in a manner that allows base key member 71 to move relative to pin recess 22. Wedge
key member 73 can engage base key member 71 by tightening fastener 61 that passes through wedge
key member 73. The interaction of wedge shaped back portion 79 of wedge key member 73 with
wedge shaped front portion 77 base key member 71 can push back face 75 of base key member71

towards back surface 23 of pin recess 22. A side of wedge key member 73 will engage opposite side

10



83 of pin recess 22. This could cause the threaded connection between pin 15 and box 27 to further
tighten. In certain embodiments, the side of base key member 71 will engage the first side of pin recess
22. In alternate embodiments, pin 15 can be rotated no farther in box 27 and the side of base key
member 71 is not engaging the first side of pin recess 22. The interaction of box teeth 33 with pin
teeth 69, together with the engagement of the side of wedge key member 73 with opposite side 83 of

pin recess 22 will prevent any relative rotation between pin 15 and box 27.

[0038] Normally, tubular member connection system 11 is not unscrewed once made up. On some
occasions, however, the operator might wish to unscrew tubular member connection system 11. In
such a case, an operator can manually remove pin key 59 and pin 15 can be rotated relative to box 27
in an unscrewing direction to release pin 15 from box 27 so that upper tubular member 13 can be

separated from lower tubular member 25.

[0039] Systems and methods disclosed here are therefore well adapted to carry out the objects and
attain the ends and advantages mentioned, as well as others inherent therein. While an example
embodiment of the disclosure has been given for purposes of disclosure, numerous changes exist in
the details of procedures for accomplishing the desired results. These and other similar modifications
will readily suggest themselves to those skilled in the art, and are intended to be encompassed within
the spirit of this disclosure and the scope of the appended claims. The terms “vertical”, “horizontal”,
"upward", "downward", "top", and "bottom" are used herein only for convenience because the tubular

members may be installed in various positions.
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CLAIMS

1. A tubular member connection system, comprising:

a pin having a central axis, external pin leading threads, and an annular pin lip at a
shoulder surface of the pin;

a box having internal box leading threads and an annular box lip at an end surface of
the box, the box threads shaped to mate with the pin threads to releasably secure the pin to
the box;

a pin recess formed in an outer diameter surface of the pin, the pin recess extending in
an axial direction from the pin lip;

a pin key selectively fastenable within the pin recess, the pin key having pin teeth on
an outer edge of the pin key, and extending circumferentially less than 360 degrees around
the pin; and

box teeth located in the box, the box teeth selectively mating with the pin teeth and

resisting rotation of the pin relative to the box.

2. The system according to claim 1, further comprising:

a box recess formed in an outer diameter surface of the box, the box recess extending
in an axial direction from the box lip; and

a box key selectively retainable within the box recess, the box key having the box

teeth for mating with the pin teeth.

3. The system according to claim 1, further comprising a box key selectively retainable
within a box recess, the box key having a box key mating profile on a first side for mating
with a box recess profile of the box recess, the box key further having the box teeth on a

second side.

4. The system according to claim 1, wherein the box teeth and the pin teeth are shaped

as castellations.
5. The system according to claim 1, wherein the pin key has opposite pin teeth on an

inner edge of the pin key, the pin key being shaped so that one of the pin teeth and the

opposite pin teeth selectively mate with the box teeth.

12



6. The system according to claim 1, wherein the pin key includes a base key member
and a wedge key member, the base key member having a back face engaging a back surface
of the pin recess and the wedge key member having a wedge shaped back portion engaging a
wedge shaped front portion of the base key member and a side of the wedge key member

engaging a side of the pin recess.

7. The system according to claim 1, further comprising a fastener selectively fastening
the pin key in the pin recess, wherein the pin key has an opening through a depth of the pin
key and the fastener extends through the opening and into the pin, the opening having a larger
internal dimension than an outer dimension of the fastener so that the pin key can move

relative to the pin.

8. The system according to claim 1, wherein the number of pin teeth is less than the

number of box teeth.

9. The system according to claim 1, wherein the pin recess is located on the pin in a
position such that each of the pin teeth engages the box teeth when the pin is threaded to the

box until the pin lip engages the box lip.

10.  The system according to claim 1, wherein the pin key extends from the pin recess so

that the pin teeth are axially past the pin lip.

11. A tubular member connection system, comprising:

a pin having a central axis, external pin threads, and an annular pin lip at a shoulder
surface of the pin;

a first tubular member extending from the pin in a direction opposite the pin lip of the
pin;

a box having internal box threads and an annular box lip at an end surface of the box,
the box threads shaped to mate with the pin threads to releasably secure the pin to the box;

a second tubular member extending from the box in a direction opposite the end
surface of the box;

a pin recess formed in an outer diameter surface of the pin, the pin recess extending in

an axial direction from the pin lip;
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a box recess formed in an outer diameter surface of the box, the box recess extending
in an axial direction from the box lip and having a box recess profile;

a pin key selectively fastenable within the pin recess, the pin key having pin teeth on
an outer edge of the pin key, and extending circumferentially less than 360 degrees around
the pin; and

a box key selectively retainable with the box recess, the box key having a box key
mating profile on a first side for mating with the box recess profile, the box key further
having box teeth on a second side for mating with the pin teeth and resisting rotation of the

pin relative to the box.

12.  The system according to claim 11, wherein the pin key has opposite pin teeth on an
inner edge of the pin key, the pin key being shaped so that one of the pin teeth and the

opposite pin teeth selectively mate with the box teeth.

13.  The system according to claim 11, wherein the pin key includes a base key member
and a wedge key member, the base key member having a back face engaging a back surface
of the pin recess and the wedge key member having a wedge shaped back portion engaging a
wedge shaped front portion of the base key member and a side of the wedge key member

engaging a side of the pin recess.

14.  The system according to claim 11, wherein the pin recess is located on the pin in a
position such that each of the pin teeth engages the box teeth when the pin is threaded to the

box until the pin lip engages the box lip.

15.  The system of claim 11, wherein the first tubular member has a second box at an
opposite end of the first tubular member from the pin, the second box being releasable

secured to a second pin to form a tubular string.

16. A method for connecting tubular members, the method comprising:

providing a pin having a central axis, external pin threads, and an annular pin lip at a
shoulder surface of the pin, the pin further having a pin recess formed in an outer diameter
surface of the pin, the pin recess extending in an axial direction from the pin lip;
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providing a box having internal box threads and an annular box lip at an end surface
of the box, the box threads shaped to mate with the pin threads to releasably secure the pin to
the box;

locating box teeth in the box;

mating the box threads with the pin threads to releasably secure the pin to the box;
and

fastening a pin key within the pin recess, the pin key having pin teeth on an outer edge
of the pin key and mating the pin teeth with the box teeth to resist rotation of the pin relative

to the box, the pin key extending circumferentially less than 360 degrees around the pin.

17.  The method according to claim 16, wherein the step of locating box teeth in the box
further comprises:

forming a box recess in an outer diameter surface of the box, the box recess extending
in an axial direction from the box lip; and

retaining a box key within the box recess, the box key having the box teeth for mating
with the pin teeth.

18. The method according to claim 16, wherein the pin key has the pin teeth on an inner
edge of the pin key, and wherein the step of mating with the pin teeth with the box teeth
includes mating one of the pin teeth on the outer edge and the pin teeth on the inner edge with
the box teeth.

19.  The method according to claim 16, wherein the pin key includes a base key member
and a wedge key member, and wherein the method further comprises tightening a fastener
that extends through the wedge key member so that a wedge shaped back portion of the
wedge key member engages a wedge shaped front portion of the base key member and a side

of the wedge key member engaging an opposite side of the pin recess.
20.  The method according to claim 16, wherein the pin recess is located on the pin in a

position such that each of the pin teeth engages the box teeth when the pin is threaded to the

box until the pin lip engages the box lip.
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