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RATCHETING ANTI-ROTATION LOCK FOR THREADED CONNECTORS

Field of the Disclosure:

This invention relates in general to threaded tubular connections, such as for offshore oil
well large diameter pipe, and particularly to a device to prevent rotation of the members after
they are made up.

Background of the Invention:

Oil and gas wells can have several strings of casing of differing diameters cemented in
the well. Each casing string is usually made up of joints of pipe having threaded ends secured
together. A typical casing joint has external threads on its upper and lower ends. A casing collar
with internal threads secures the threaded ends together. In larger casing diameters, a casing
collar with internal threads may be affixed, such as by welding, to one end of each pipe, the other
end having external threads. Normally, the operator relies on the friction of the made-up joint
preventing 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.

Operators have employed anti-rotation keys to prevent loosening. A rectangular pocket
or slot is machined on the outer surface of the pin connector. The box connector is machined to
include tabs that accept the anti-rotation key. The box connector tab and pin connector pocket
will line up after making up the connectors. The workers will then drive a key through the box
connector tab and into the pin connector pocket. The key has a slightly greater thickness than
the distance from the box connector tab to the innermost wall of the pin connector pocket,
resulting in an interference fit. The workers typically will drive the key into place with a
hammer. In some casing setups, the key inserts through a threaded hole in the box connector tab
and a wrench may be employed to position and secure the key.

Summary:
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A pipe connection includes a pin having external threads and a box having internal
threads that mate with the external threads. A circumferentially extending row of pin teeth are
on an exterior portion of the pin. A key is located on the box, the key having at least one key
tooth that engages the box teeth. The key is mounted to the box such that a portion of the key
containing the key tooth is radially movable relative to the box so that the key tooth ratchets on
the pin teeth during make-up of pin and the box. Each of the pin teeth has a saw-tooth
configuration to resist unscrewing rotation of pin and the box.

The pin has an external downward-facing shoulder. The box has a rim that abuts the
external shoulder at make-up of the pin and the box. The pin teeth encircle the pin between the
external threads and the external shoulder. The portion of the key containing the key tooth is
biased radially inward.

In one embodiment, the key is defined by at least one slot extending through a side wall
of the box. In that embodiment, the key is an integral part of the side wall of the box. The
make-up rotation of the pin and the box causes the portion of the key containing the key tooth to
clastically flex relative to the side wall of the box.

In another embodiment, the key is a separate member from the box and mounted within a
slot formed in a side wall of the box. A spring mounted to the box allows the key to flex radially
outward in the slot. The spring may be a steel band extending circumferentially from one side to
another side of the slot and across an outer side of the key. In another embodiment, the spring
comprises a flexible plate mounted between the box and an outer side of the key adjacent one

side edge of the key.

Brief Description of the Drawings:
Figure 1 is a side elevation view of a pipe connection in accordance with this disclosure.
Figure 2 is a cross-sectional view of the anti-rotation member of the pipe connection of

Figure 1, taken along the line 2 — 2 of Figure 1.
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Figure 3 is an enlarged partial side elevation view of a first alternate embodiment of an
anti-rotation member in accordance with this disclosure.

Figure 4 is a sectional view of the anti-rotation member of Figure 3, taken along the line
4 — 4 of Figure 3.

Figure 5 is a partial side elevation view of a second alternate embodiment of an anti-
rotation member in accordance with this disclosure.

Figure 6 is a cross-sectional view of the anti-rotation member of Figure 5, taken along the
line 6 — 6 of Figure 5.

Detailed Description:

Referring to Figure 1, pipe connector 11 includes a pin 15 formed on a lower end of an
upper pipe 13. The terms “upper” and “lower” are used only for convenience as pin 15 could be
located on the upper end of pipe 13 if the pipe is inverted. Pin 15 has a longitudinal axis 16 and
a set of external threads 17 located on a conical surface. Pin 15 has a nose 19 on a lower end
below threads 17 and an external downward-facing shoulder 20 at an upper end of threads 17.

A row of pin teeth 21 are formed on the exterior of pin 15 between external threads 17
and downward-facing shoulder 20. Pin teeth 21 extend circumferentially completely around pin
15. Referring to Figure 2, pin teeth 21 are saw-tooth in shape. Each tooth of pin teeth 21 has a
long flank 21a that joins a short flank 21D at a crest. Long flank 21a is longer than short flank
21b and also at a greater angle 25 relative to a radial line 23 emanating from axis 16 (Fig. 1) than
short flank 21b. In the embodiment shown short flank 21D is located on radial line 23, thus at a
zero degree angle relative to radial line 23. Angle 25 may vary and is illustrated as being about
60 degrees relative to radial line 23.

Referring again to Figure 1, a lower pipe 27 has a box 29 on its upper end. Normally,
each pipe 13, 27 will have a pin 15 on one end and a box 29 on the other end. Box 29 has
internal threads 31 that mate with pin external threads 17. Box 29 has a rim 33 that abuts

downward-facing shoulder 20 when pipe connection 11 is fully made up.
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In this embodiment, two slits 35, 37 are cut through the side wall of box 29 from the

outer side to the inner side of box 29. Slits 35, 37 are parallel to each other and to axis 16. Each
slit 35, 37 extends downward from rim 33 a distance to a point about even with the upper end of
internal threads 31. Slits 35, 37 will be axially aligned with pin teeth 21 when pipe connection
11 is made up, with the lower end of each slit 35, 37 located at or below pin teeth 21. The
circumferential distance between slits 35, 37 may vary.

Slits 35, 37 define two sides of a tab or key 39. The lower portion of key 39 is integral
with the side wall of box 31, and thus key 39 is of the same steel material. Referring to Figure 2,
slits 35, 37 define oppositely facing side edges 41 of key 39. There is no bottom edge for key
39 because the lower portion of key 39 is a part of the side wall of box 29. Key 29 has at least
one, and preferably several teeth 43 extending across its width from side edge 41 to side edge 41.
Key teeth 43 have the same saw-tooth configuration as pin teeth 21. Each key tooth 43 has a
long flank 43a that joins a short flank 43b at a crest. The axial length of key teeth 43 is less than
the axial length of slits 35 or 37. The upper edges of key teeth 43 may be approximately at the
upper edge of key 39, which is flush with rim 33.

During the operation of the embodiment of Figures 1 and 2, as pin 15 is rotated in a
make-up direction relative to box 29, threads 17 and 31 will make-up. The arrow in Figure 2
indicates the normal make-up direction of rotation. When downward-facing shoulder 20
approaches rim 33, pin teeth 21 will engage key teeth 43. As indicated by the dotted lines in
Figure 2, key teeth 43 will ratchet or move between radially inward and outward positions
relative to pin teeth 21 during make-up rotation. At least the lower portion of key 39 will
clastically flex or bend, allowing the portion containing teeth 43 to move inward and outward
relative to box 29. The resiliency of key 39 biases key 39 to the inward position.

The large angle 25 of long flanks 21a, 43a, which may be considered to be leading flanks,
enables the ratcheting action to occur. Once fully made up, any tendency for unscrewing

rotation to occur is resisted by the engagement of short flanks 21b, 43b. Because of the small or
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zero angle of short flanks 21b, 43b relative to radial line 23, there would be only a small outward
directed force component tending to push the upper part of key 41 radially outward in response
to an unscrewing rotation. For unscrewing rotation, short flanks 21b, 43b become the leading
flanks.

Normally, pipe connection 11 is not unscrewed once made up. On some occasions,
however, the operator wishes to unscrew pipe connection 11. If so, applying a large left-hand
torque to pin 15 will cause ratcheting of key 39 to occur. Alternately, the portion of key 39
containing teeth 43 may be pulled radially outward to disengage key teeth 43 from pin teeth 21.
Key 39 could be pried outward with a tool entering slits 35 or 37. Alternately, a threaded hole
(not shown) could be located on the outer side of key 39 for engaging a threaded end of a pulling
tool.

A second embodiment is illustrated in Figures 3 and 4. Box 45 has a rim 47 and internal
threads (not shown) as in the first embodiment. A slot 49 of much greater circumferential width
than either slit 35, 37 (Fig. 2) is notched or cut into box 45. The circumferential width of slot 49
may be about the same as the distance from slit 35 to slit 37. Slot 49 has two parallel axially
extending side edges 49a, 49b. Side edges 49a, 49b may be spaced apart about the same distance
as slits 35, 37 of the first embodiment. Slot 49 has a bottom edge 49c¢ that is parallel to rim 47
and joins side edges 49a, 49b.

A completely separate key 51 is formed with only slightly smaller dimensions that slot
49. Key 51 is generally rectangular, having two axially extending side edges 51a, 51b and a
circumferentially extending bottom edge 51c. The outer side of key 51 may be flat or a portion
of a cylinder with the same diameter as the outer side of box 45. Referring to Figure 4, key 51
has at least one and preferably several teeth 63 formed on its inner side. Teeth 63 are saw-tooth
in configuration and may be identical to key teeth 43 (Fig. 2) of the first embodiment.

Referring again to Figure 3, key 51 is biased to an inward position by a spring 53. Spring

53 is a circumferentially extending band or strip of spring steel. Each end of spring 53 is located
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in a shallow recess 55 in the outer surface of box 45 adjacent one of the slot side edges 49a, 49b.
Spring 53 has a greater circumferential width than key 51 and extends completely across the
outer side of key 51. Spring 53 is shown about equidistant between key bottom edge 51¢ and the
upper edge of key 51, which is flush with box rim 47. However, spring 53 could be positioned
closer to or farther from bottom edge 51c. A screw 57 extends through an elongated aperture 59
near each end of spring 53 into box recess 55 to fasten spring 53 to box 45. A screw 61 extends
through a hole in spring 53 into a mating hole in the outer side of key 51 to secure key 51 to
spring 53. Key 51 has teeth 63 that may be identical to key teeth 43 of the first embodiment.

The pin (not shown) for the embodiment of Figures 3 and 4 may be identical to pin 15.
The make-up operation of the embodiment of Figures 3 and 4 is the same as the first
embodiment. The dotted lines in Figure 4 illustrate the ratcheting action of key teeth 63. The
clongated apertures 59 for screws 57 enable spring 53 to move inward and outward relative to
box 45. Unlike the first embodiment, the entire key 51 moves between inner and outer positions
while ratcheting. To unscrew box 45, the operator removes screws 57, 61, then removes key 51
from slot 49.

A third embodiment is illustrated in Figures 5 and 6. Box 65 has a rim 67 and internal
threads (not shown). A slot 69 similar to slot 49 (Fig. 3) is cut through the side wall of box 65 at
rim 67. Slot 69 is generally rectangular, having axially extending side edges 69a, 69b and a
bottom edge 69¢ parallel with rim 67.

A key 71 is formed separately from box 65 for location in slot 69. Key 71 has parallel
axially extending side edges 71a, 71b and a bottom edge 71c in a plane perpendicular to side
edges 71a, 71b. A solid hinge that is a flexible steel plate 73 attaches key 71 to box 65. Plate
73, however, is attached to only one side of key 71, similar to a gate or door hinge. Half of plate
73 locates in a shallow recess 75 in the outer surface of box 65. Recess 75 extends
circumferentially from slot side edge 69a and also is located on the outer side of key 71 near key

side edge 71a. Screws 77 extend through holes in plate 73 into mating threaded holes in recess
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75. The other half of plate 73 secures to the outer side of key 71 in holes in the portion of recess

75 located on the outer side of key 71.

Referring to Figure 6, key 71 has a plurality of teeth 89 that may have the same
configuration as teeth 63 (Fig. 4) and teeth 43 (Fig. 2). Teeth 89 are also saw-toothed in shape.
Key 71 is thus fastened to box 65 at only one side edge 71a, which is a leading side edge
considering the direction of make-up rotation. The pin will be the same as in the first
embodiment. During the make-up rotation, trailing key side edge 71b moves radially inward and
outward, enabling key teeth 79 to ratchet, as indicated by the dotted lines in Figure 6. Plate 73
flexes elastically during make-up and urges key 71 to the inward position. To unscrew the
connection of Figures 5 and 6, an operator removes spring 73, then the entire key 71.

While the disclosure has been shown in only three of its forms, it should be apparent to
those skilled in the art that it is not so limited but is susceptible to various changes without

departing from the scope of the disclosure.
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Claims:

1. A pipe connection, comprising:

a pin having external threads and a longitudinal axis;

a box having internal threads that mate with the external threads;

a circumferentially extending row of pin teeth on an exterior portion of the pin;

a key on the box, the key having at least one key tooth that engages the box teeth;

the key being mounted to the box such that a portion of the key containing the key tooth
is radially movable relative to the box so that the key tooth ratchets on the pin teeth during make-
up of pin and the box; and

cach of the pin teeth having a saw-tooth configuration to resist unscrewing rotation of pin
and the box.
2. The pipe connection according to claim 1, wherein:

cach of the pin teeth has a short flank and a long flank, the long flank being longer in a
circumferential direction than the short flank.
3. The pipe connection according to claim 1, wherein:

cach of the pin teeth has a leading flank and a trailing flank relative to make-up rotation
of the pin and the box; and

cach of the leading flanks is at a greater angle relative to a radial line than each of the
trailing flanks.
4. The pipe connection according to claim 1, wherein:

the pin has an external shoulder;

the box has a rim that abuts the external shoulder at make-up of the pin and the box; and

the pin teeth encircle the pin between the external threads and the external shoulder.
5. The pipe connection according to claim 1, wherein the portion of the key containing the key

tooth is biased radially inward.
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6. The pipe connection according to claim 1, wherein:

the key is defined by at least one slot extending through a side wall of the box;

the key is an integral part of the side wall of the box; and

the make-up rotation of the pin and the box causes the portion of the key containing the
key tooth to clastically flex relative to the side wall of the box.
7. The pipe connection according to claim 1, wherein:

the box has a rim and two slits through a side wall of the box, the slits extending axially
from the rim and being circumferentially spaced from each other;

cach of the slits defines an axially extending side edge of the key and an axially
extending side edge of the side wall of the box;

the key has a lower portion that is an integral part of the side wall of the box; and

the make-up rotation of the pin and the box causes the portion of the key containing the
key tooth to clastically flex relative to the side wall of the box.
8. The pipe connection according to claim 1, wherein:

the key is a separate member from the box and mounted within a slot formed in a side
wall of the box; and the pipe connection further comprises:

a spring mounted to the box that allows the key to flex radially outward in the slot.
9. The pipe connection according to claim 8, wherein:

the spring comprises a steel band extending circumferentially from one side to another

side of the slot and across an outer side of the key.

10. The pipe connection according to claim 8, wherein:

the key has axially extending leading and trailing side edges;

the spring comprises a flexible plate mounted between the box adjacent a leading
circumferential side of the slot and an outer side of the key adjacent the leading side edge of the

key; and
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the make-up rotation of the box and the pin causes the plate to flex and the trailing side
edge of the key to move radially inward and outward as the key tooth ratchets on the pin teeth.
11. A pipe connection, comprising:

a pin having external threads and a longitudinal axis;

a box having internal threads that mate with the external threads;

a circumferentially extending row of pin teeth on an exterior portion of the pin;

a slot extending through a side wall of the box from an outer side to an inner side of the
box;

a key carried in the slot, the key having a row of key teeth that mate with the box teeth;

the key being mounted to the box such that a movable portion of the key is radially
movable relative to the box between radially outward and radially inward positions, the key
being biased toward the inward position so that the key teeth ratchet on the pin teeth during
make-up of pin and the box; and

cach of the pin teeth and the key teeth having a saw-tooth configuration to resist
unscrewing rotation of pin and the box.
12. The pin connection according to claim 11, wherein:

the pin has an external shoulder;

the box has a rim that abuts the external shoulder at make-up of the pin and the box; and

the pin teeth encircle the pin between the external threads and the external shoulder.
13. The pipe connection according to claim 11, wherein:

the key is an integral part of the side wall of the box; and

the make-up rotation of the pin and the box causes the movable portion of the key to
clastically flex relative to the side wall of the box.
14. The pipe connection according to claim 11, wherein:

the slot extends axially from the rim and has two axially extending side edges;

-10-
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the key has two axially extending side edges, each of the side edges of the key being

closely spaced to one of the side edges of the slot;

the key has a lower portion that is an integral part of a side wall of the box; and

the make-up rotation of the pin and the box causes the lower portion of the key to
clastically flex relative to the side wall of the box during the make-up rotation.
15. The pipe connection according to claim 11, wherein:

the key is a separate member from the box; and the pipe connection further comprises:

a spring mounted to the box and to the key that allows the movable portion of the key to
flex radially between the inward and the outward positions.
16. The pipe connection according to claim 15, wherein:

the spring comprises a steel band extending circumferentially from one side to another
side of the slot and across an outer side of the key.
17. The pipe connection according to claim 15, wherein:

the key has axially extending leading and trailing side edges;

the spring comprises a flexible metal plate mounted between the box adjacent a leading
circumferential side of the slot and an outer side of the key adjacent the leading side edge of the
key; and

make-up rotation of the box and the pin causes the plate to flex and the trailing side edge
of the key to move between the inward and outward positions as the key teeth ratchet on the pin
teeth.
18. A method of preventing unscrewing rotation of a pipe connection having a pin with
external threads and a longitudinal axis and a box having internal threads that mate with the
external threads, the method comprising:

providing on the pin a circumferentially extending row of pin teeth;

providing a key on the box, the key having at least one key tooth that engages the box

teeth, cach of the pin teeth having a saw-tooth configuration;
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rotating the pin and box relative to each other in a make-up direction, causing at least part
of the key to move radially and the key tooth to ratchet on the pin teeth; and wherein

the saw-tooth configuration of the pin teeth resist ratcheting movement of the key tooth
in a direction opposite to the make-up rotation to resist unscrewing rotation of pin and the box
from each other.
19. The method according to claim 18, wherein providing the key further comprises biasing the
key radially inward.
20. The method according to claim 18, wherein providing the key comprises cutting two axially

extending slits in a side wall of the box from an outer side to an inner side of the box.

-12-



WO 2014/093025

PCT/US2013/072166

2]

[

IO LTI

—> 20

17

/1//14/4/44 /

37'\ |
]
2

—~29

27

FIG. 1



WO 2014/093025 T ‘ PCT/US2013/072166




WO 2014/093025 PCT/US2013/072166




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - claims
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings

