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SAFETY JOINT WITH NON-ROTATIONAL ACTUATION

TECHNICAL FIELD

This disclosure relates generally to equipment utilized
and operations performed in conjunction with a subterranean
well and, in one example described below, more particularly
provides a safety joint which is actuated without rotation

of a tubular string.

BACKGROUND

A safety joint is typically interconnected in a tubular
string, which is disconnected at the safety joint in the
event that a packer, perforating gun or other equipment
below the safety joint becomes stuck in a wellbore. After
the safety joint is actuated, the tubular string above the

safety joint can be readily retrieved from the wellbore.

It will be appreciated that improvements are

continually needed in the art of constructing safety joints.
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SUMMARY

In this disclosure, systems and methods are provided
which bring improvements to the arts of constructing and
operating safety joints. One example is described below in
which the safety joint is actuated without requiring
rotation of a tubular string in which the safety joint is
interconnected. Another example is described below in which

a safety joint is actuated by partially actuating a jar.

A method of releasing a safety joint in a subterranean
well is described below. In one example, the method can
comprise disconnecting a tubular string at the safety Jjoint

without rotation of the tubular string.

A safety joint for use in a subterranean well is also
described below. In one example, sections of the safety
joint are separated from each other in response to a
predetermined number of relative longitudinal and non-

rotational displacements between the sections.

Another method of releasing a safety joint in a
subterranean well is described below. In this example, the
method can include: fully actuating a Jjar multiple times,
the jar being interconnected in a same tubular string with
the safety Jjoint; and then disconnecting the tubular string
at the safety joint in response to non-rotational

displacement of the tubular string.

These and other features, advantages and benefits will
become apparent to one of ordinary skill in the art upon
careful consideration of the detailed description of
representative embodiments of the disclosure hereinbelow and

the accompanying drawings, in which similar elements are
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indicated in the various figures using the same reference

numbers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative partially cross-sectional
view of a well system and associated method which can embody

principles of this disclosure.

FIG. 2 is a representative cross-sectional view of a
safety joint which may be used in the system and method of
FIG. 1, and which can embody the principles of this

disclosure.

FIG. 3 is a representative cross-sectional view of a
rotational anti-reverse device of the safety joint, taken

along line 3-3 of FIG. 2.

FIG. 4 is a representative “unrolled” view of a mandrel

of the safety joint.

FIG. 5 is a representative cross-sectional view of the
safety joint with a release device thereof in an aligned

configuration.

FIG. 6 is a representative cross-sectional view of the

safety joint in a released configuration.

DETAILED DESCRIPTION

Representatively illustrated in FIG. 1 is a well system
10 and associated method which can embody principles of this
disclosure. However, it should be clearly understood that
the system 10 and method are merely one example of how the
principles of this disclosure can be applied in practice,

and so the scope of this disclosure is not limited at all to
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the details of the system and method as depicted in the

drawings and described below.

In the FIG. 1 example, a tubular string 12 is installed
in a wellbore 14 lined with cement 16 and casing 18. A
packer 20 is set to thereby seal off an annulus 22 formed
radially between the tubular string 12 and the wellbore 14.
Another packer 24 (or a bridge plug, etc.) may be used if
desired to seal off the wellbore 14, so that the annulus 22

is isolated between the packers 20, 24.

The tubular string 12 could be used for any purpose
(such as, drill stem testing, completion operations,
stimulation operations, etc.). In the depicted example, one
or more perforating guns 26 are interconnected in the
tubular string 12 for perforating the casing 18 and cement
16, so that fluid can be produced from, or injected into, an
earth formation 28 penetrated by the wellbore 14. The
formation 28 can then be tested by performing pressure
buildup and drawdown tests, in a manner well known to those

skilled in the art.

A safety joint 30 is interconnected in the tubular
string 12 below the packer 20 (as viewed in FIG. 1). In the
event that the packer 24, the perforating gun 26 or another
item of equipment below the safety joint 30 becomes stuck or
otherwise cannot be readily retrieved from the wellbore 14,
the safety Jjoint can be activated to disconnect an upper
section 12a of the tubular string 12 from a lower section
12b of the tubular string, so that the upper section can be
retrieved. A separate “fishing” trip can then be used to

retrieve the lower section 12b of the tubular string 12.

Note that it is not necessary for all of the wellbore
14 to be lined with cement 16 or casing 18, the tubular

string 12 could include additional, fewer or different
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components from those depicted in FIG. 1, the wellbore can
be horizontal or inclined, etc. Thus, it will be appreciated
that the scope of this disclosure is not limited to the

example representatively illustrated in FIG. 1.

A jar 32 (such as a hydraulic or mechanical jar) of the
type well known to those skilled in the art is also
interconnected in the tubular string 12. Although the jar 32
is depicted in FIG. 1 as being connected below the packer
20, in other examples the jar could be connected above the

packer or in another position.

If a hydraulic jar is used, typically the jar is
actuated by pulling up on the tubular string 12 above the
jar. In tension, the jar will initially meter a hydraulic
fluid, and then suddenly release, thereby delivering an
upward impact to the tubular string below the jar. After the
impact, the jar can be reset by lowering the tubular string

above the jar, thereby compressing the jar.

Thus, the jar 32 may be actuated by longitudinal
manipulation of the tubular string 12, alternately
compressing and elongating the jar. It would be beneficial
to be able to actuate the safety joint 30 with longitudinal
manipulation of the tubular string 12, for example, in cases
where a large umbilical is attached to the tubular string,

so that the tubular string does not have to be rotated.

However, the safety joint 30 would preferably be
prevented from disconnecting while the jar 32 is being used
to deliver impacts to the tubular string 12. In this way,
the jar 32 can be used to deliver impacts to the tubular
string for freeing stuck equipment and, if use of the jar is
unsuccessful, then the safety joint 30 can be disconnected,
so that the upper section 12a of the tubular string can be

retrieved from the well.
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Referring additionally now to FIG. 2, a cross-sectional
view of the safety joint 30 is representatively illustrated,
apart from the remainder of the FIG. 1 system 10. The safety
joint 30 can be used in other well systems and methods, in

keeping with the scope of this disclosure.

In the FIG. 2 example, the safety joint 30 includes
upper and lower sections 30a,b which are disconnected from
each other when the safety joint is actuated. The upper and
lower sections 30a,b may be provided with threaded or other
types of connectors for interconnecting the safety joint 30
in the tubular string 12 (e.g., by connecting the safety
joint sections 30a,b to the respective tubular string

sections 12a,b).

The upper safety joint section 30a includes a generally
tubular outer housing 34 having an internal shoulder 36. The
lower safety joint section 30b includes a generally tubular

housing 38 having an external shoulder 40.

A release device 42 includes resilient collets 44
captured between the shoulders 36, 40. This prevents the
housings 34, 38 from separating, and allows tensile impacts
to be delivered through the safety joint 30, prior to the

safety joint being actuated.

Note, however, that the housings 34, 38 can displace
toward each other, longitudinally compressing the safety
joint 30 somewhat. This longitudinal compression can occur
when the jar 32 is being “re-cocked” in preparation for

delivering another impact to the tubular string 12.

The safety Jjoint 30 uses this alternating compression
and tension in the tubular string 12 (due to actuation of
the jar 32) for controlling when the release device 42 is
activated to release the upper and lower safety Jjoint

sections 30a,b for separation. In the FIG. 2 example, the
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safety joint 30 is disconnected in response to a
predetermined number of partial actuations of the jar 32,
but the safety joint will not disconnect if the jar is fully
actuated. A full actuation of the jar 32 can reset the count

of partial actuations, if desired.

In a full actuation of a typical hydraulic jar, tension
is applied to a tubular string in which the jar is
connected. This tension causes metering of a hydraulic fluid
through an orifice, thus producing a time delay. Eventually,
the metering is complete, and the jar is allowed to rapidly
elongate and then suddenly stop, thereby producing an

impact.

In a partial actuation, the tension in the tubular
string is not maintained long enough for the impact to be
delivered. Instead, the jar is re-cocked prior to the impact

being delivered.

If a hydraulic jar is used, then the metering time may
be used to determine how to achieve a partial actuation. For
example, if the full normal metering time for a particular
hydraulic fluid, temperature, tensile force, etc., is 60
seconds, then the tensile force could be applied to the
tubular string only 30 seconds for a partial actuation. If
another type of jar is used, then other parameters (such as,
stroke, rotation, etc.) may be used for determining how to

achieve a partial actuation.

In the FIG. 2 release device 42, the collets 44 extend
downwardly from a ring 46. The ring 46 is internally
slotted, and is longitudinally displaceable on a spline 48

formed externally on a generally tubular mandrel 50.

A single finger 52 extends longitudinally upward from
the ring 46. The engagement between the ring 46 and the

spline 48 fixes a rotational position of the finger 52
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relative to the mandrel 50. A similar finger 54 extends
longitudinally downward from a sleeve 56 of a ratchet device

58.

The sleeve 56 is rotatably and longitudinally
reciprocably disposed on the mandrel 50. As viewed in FIG.
2, the finger 54 of the ratchet device 58 is not aligned
with the finger 52 of the release device 42. However, when
the sleeve 56 is rotated about the mandrel 50 sufficiently,
the fingers 52, 54 will be aligned, and a next compression
of the safety joint 30 (e.g., when re-cocking the jar 32)

with cause the release device 42 to release.

Rotation of the sleeve 56 is controlled by engagement
of a member 60 in the sleeve with a slot 62 formed in an
outer surface of the mandrel 50. The slot 62 can be of the
general type referred to by those skilled in the art as a
“J"” slot. However, additional functionality can be
incorporated into the slot 62, so that the ratchet device 58

can be reset, if desired.

A torsion spring 64 biases the sleeve 56 to rotate
relative to the mandrel 50. The sleeve 56 can rotate,
however, only if the member 60 is in a portion of the slot

62 allowing such rotation.

Also included in the ratchet device 58 is an anti-
reverse mechanism 66. The mechanism 66 prevents the sleeve
56 from rotating in a reverse direction while the safety

joint 30 is being actuated.

Referring additionally now to FIG. 3, a further
enlarged scale cross-sectional view of the safety joint 30,
taken along line 3-3 of FIG. 2, is representatively
illustrated. In this view, it may be seen that the mandrel
50 has “teeth” 68 formed at least partially

circumferentially around the mandrel. A pawl 70 is carried
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in the sleeve 56, and is biased into engagement with the

teeth 68.

The teeth 68 are shaped so that, when engaged by the
pawl 70, a torsional force 72 exerted by the torsion spring
64 is resisted. Thus, the torsion spring 64 will not rotate
the sleeve 56 relative to the mandrel 50 when the pawl 70 is

engaged with one or more of the teeth 68.

Note that the finger 54 rotates with the sleeve 56 by
180 degrees about the mandrel 50, in order for the fingers
52, 54 to be aligned, and so the teeth 68 also preferably
extend at least 180 degrees about the mandrel 50. However,

other amounts of rotation may be used, if desired.

Referring additionally now to FIG. 4, an “unrolled”
view of an exterior of the mandrel 50 is representatively
illustrated. In this view, the manner in which the slot 62
is formed on the exterior of the mandrel 50 can be more

clearly seen.

In the FIG. 4 example, six individual “J” slots 62a-f
are used to correspond to six partial actuations of the jar
32. This means that the sleeve 56 will rotate 30 degrees
with each partial actuation, for a total of 180 degrees.
However, other numbers of slots and other amounts of

rotation may be used, if desired.

Displacement of the member 60 through curved portions
of the slot 62 causes the sleeve 56 to rotate relative to
the mandrel 50. The anti-reverse mechanism 66 prevents the
sleeve 56 from reversing direction, as long as the pawl 70

is engaged with at least one of the teeth 68.

The member 60 is received in the “J” slots 62a-f when
the jar 32 is partially actuated. However, when the jar 32

has been fully actuated, the member 60 is received in a
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recess 74 on the mandrel 50, and the pawl 70 does not engage
the teeth 68, and so the torsion spring 64 rotates the
sleeve 56 relative to the mandrel back to its initial

position. This “resets” the ratchet device 58.

If this reset capability is not desired, then the
recess 74 can be eliminated. In this configuration (with no
recess 74), the safety joint 30 will disconnect after a
predetermined number of partial actuations of the jar 32,
whether or not there is an intermediate full actuation of

the jar.

If the jar 32 is partially actuated multiple times
consecutively, the member 60 will progress through the J
slots 62a-f, causing the sleeve 56 to rotate incrementally
about the mandrel 50 with each partial actuation and re-
cocking of the jar. Eventually, the sleeve 56 rotates a

sufficient amount, thereby aligning the fingers 52, 54.

Referring additionally now to FIG. 5, the safety joint
30 is representatively illustrated after the sleeve 56 has
rotated, and the fingers 52, 54 are rotationally aligned. On
a next re-cocking of the jar 32 (e.g., when the tubular
string 12 is compressed), this alignment of the fingers 52,

54 will allow the release device 42 to be released.

Referring additionally now to FIG. 6, the safety joint
30 is representatively illustrated with the release device
42 released. Compression of the safety joint 30 displaces
the outer housing 34 downward relative to the housing 38,
causing the finger 54 to push downward on the finger 52.
This causes the collets 44 to ride up and over a compression

spring 76 carried on the housing 38.

The spring 76 prevents the collets 44 from retracting

radially inward. The collets 44, thus, remain radially
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outwardly extended into an annular recess 78 formed in the

outer housing 34.

When the safety joint upper section 30a is next
displaced upward (e.g., when the tubular string section 12a
is raised from the surface), the outer housing 34, collets
44, mandrel 50, ratchet device 58 and the remainder of the
upper section 30a can be retrieved from the well, separate
from the lower section 30b. With the collets 44 maintained
in their radially outward positions, they cannot be captured

between the shoulders 36, 40 again.

Although a particular type of ratchet device 58 and a
particular type of release device 42 are described above, it
will be appreciated that a wide variety of different types
of devices may be used. The release device 42 and ratchet
device 58 are merely examples of ways in which the safety
joint 30 can be disconnected, without requiring rotation of

the tubular string 12.

It may now be fully appreciated that the above
disclosure provides significant advancements to the art of
constructing and operating safety joints in wells. In
examples described above, the safety joint 30 can be
disconnected with longitudinal manipulation of the tubular
string 12, whether or not the jar 32 is also used to deliver

impacts to the tubular string.

The above disclosure provides to the art a method of
releasing a safety joint 30 in a subterranean well. In one
example, the method can include disconnecting a tubular
string 12 at the safety joint 30 without rotation of the
tubular string 12.

The disconnecting can comprise manipulating the tubular
string 12, thereby causing relative longitudinal

displacement between first and second sections 30a,b of the
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safety joint 30. The relative longitudinal displacement
between the first and second safety joint sections 30a,b may

operate a ratchet device 58.

The method can also include actuating a jar 32 multiple
times prior to disconnecting the safety joint 30. The
disconnecting may be performed in response to partially
actuating a jar 32 a predetermined number of times. Fully
actuating the jar 32 can restart a count of the partially

actuating the jar 32 step.

The disconnecting may comprise aligning a portion
(e.g., finger 54) of a ratchet device 58 with a portion
(e.g., finger 52) of a release device 42, whereby the
release device 42 releases in response to non-rotational
displacement of the tubular string 12 when the release

device portion is aligned with the ratchet device portion.

Also described above is a safety joint 30 for use in a
subterranean well. In one example, the safety joint 30 can
include first and second sections 30a,b which are separated
from each other in response to a predetermined number of
relative longitudinal and non-rotational displacements

between the first and second safety joint sections 30a,b.

The safety Jjoint 30 may include a ratchet device 58
with a portion (e.g., finger 54) thereof which is displaced
in response to the relative longitudinal and non-rotational
displacements between the first and second safety joint

sections 30a,b.

The safety Jjoint 30 can also include a release device
42 which releases the first and second safety joint sections
30a,b from each other in response to one of the relative
longitudinal and non-rotational displacements when the
ratchet device 58 portion (e.g., finger 54) is aligned with

a portion (e.g., finger 52) of the release device 42.
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The ratchet device portion may be rotated in response
to the relative longitudinal and non-rotational
displacements between the first and second safety joint

sections 30a,b.

The relative longitudinal and non-rotational
displacements can comprise partial actuations of a jar 32.
Full actuation of the jar 32 may reset the number of

relative longitudinal and non-rotational displacements.

Another method of releasing a safety joint 30 in a
subterranean well is described above. The method may include
fully actuating a jar 32 multiple times, the jar 32 being
interconnected in a same tubular string 12 with the safety
joint 30; and then disconnecting the tubular string 12 at
the safety joint 30 in response to non-rotational
displacement of the tubular string 12. The disconnecting can

include releasing a set of collets 44.

Although various examples have been described above,
with each example having certain features, it should be
understood that it is not necessary for a particular feature
of one example to be used exclusively with that example.
Instead, any of the features described above and/or depicted
in the drawings can be combined with any of the examples, in
addition to or in substitution for any of the other features
of those examples. One example’s features are not mutually
exclusive to another example’s features. Instead, the scope
of this disclosure encompasses any combination of any of the

features.

Although each example described above includes a
certain combination of features, it should be understood
that it is not necessary for all features of an example to

be used. Instead, any of the features described above can be
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used, without any other particular feature or features also

being used.

It should be understood that the various embodiments
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, without departing from the
principles of this disclosure. The embodiments are described
merely as examples of useful applications of the principles
of the disclosure, which is not limited to any specific

details of these embodiments.

In the above description of the representative
examples, directional terms (such as “above,” “below,”
“upper,” *“lower,” etc.) are used for convenience in
referring to the accompanying drawings. However, it should
be clearly understood that the scope of this disclosure is

not limited to any particular directions described herein.

The terms “including,” “includes,” “comprising,”
“comprises,” and similar terms are used in a non-limiting
sense in this specification. For example, if a system,
method, apparatus, device, etc., is described as “including”
a certain feature or element, the system, method, apparatus,
device, etc., can include that feature or element, and can
also include other features or elements. Similarly, the term
“comprises” is considered to mean “comprises, but is not

limited to.”

Of course, a person skilled in the art would, upon a
careful consideration of the above description of
representative embodiments of the disclosure, readily
appreciate that many modifications, additions,
substitutions, deletions, and other changes may be made to
the specific embodiments, and such changes are contemplated

by the principles of this disclosure. Accordingly, the
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foregoing detailed description is to be clearly understood
as being given by way of illustration and example only, the
spirit and scope of the invention being limited solely by

the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A method of releasing a safety joint in a

subterranean well, the method comprising:

disconnecting a tubular string at the safety joint

without rotation of the tubular string.

2. The method of claim 1, wherein the disconnecting
comprises manipulating the tubular string, thereby causing
relative longitudinal displacement between first and second

sections of the safety joint.

3. The method of claim 2, wherein the relative
longitudinal displacement between the first and second

safety joint sections operates a ratchet device.

4. The method of claim 1, further comprising
actuating a jar multiple times prior to disconnecting the

safety joint.

5. The method of claim 1, wherein the disconnecting
is performed in response to partially actuating a jar a

predetermined number of times.

6. The method of claim 5, wherein fully actuating the

jar restarts a count of the partially actuating the jar.

7. The method of claim 1, wherein the disconnecting

comprises aligning a portion of a ratchet device with a
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portion of a release device, whereby the release device
releases in response to non-rotational displacement of the
tubular string when the release device portion is aligned

with the ratchet device portion.
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8. A safety joint for use in a subterranean well, the

safety joint comprising:
first and second sections; and

wherein the first and second sections are separated
from each other in response to a predetermined number of
relative longitudinal and non-rotational displacements

between the first and second safety joint sections.

9. The safety Jjoint of claim 8, further comprising a
ratchet device with a portion thereof which is displaced in
response to the relative longitudinal and non-rotational
displacements between the first and second safety joint

sections.

10. The safety joint of claim 9, further comprising a
release device which releases the first and second safety
joint sections from each other in response to one of the
relative longitudinal and non-rotational displacements when
the ratchet device portion is aligned with a portion of the

release device.

11. The safety joint of claim 9, wherein the ratchet
device portion is rotated in response to the relative
longitudinal and non-rotational displacements between the

first and second safety joint sections.

12. The safety joint of claim 8, wherein the relative
longitudinal and non-rotational displacements comprise

partial actuations of a jar.
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13. The safety joint of claim 12, wherein a full

actuation of the jar resets the number of relative

longitudinal and non-rotational displacements.
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14. A method of releasing a safety joint in a

subterranean well, the method comprising:

fully actuating a Jjar multiple times, the Jjar being
interconnected in a same tubular string with the safety

joint; and

then disconnecting the tubular string at the safety
joint in response to non-rotational displacement of the

tubular string.

15. The method of claim 14, wherein the disconnecting
comprises manipulating the tubular string, thereby causing
relative longitudinal displacement between first and second

sections of the safety joint.

16. The method of claim 15, wherein the relative
longitudinal displacement between the first and second

safety joint sections operates a ratchet device.

17. The method of claim 14, wherein the disconnecting
is performed in response to partially actuating the jar a

predetermined number of times.

18. The method of claim 17, further comprising fully
actuating the jar after partially actuating the jar less
than the predetermined number of times, thereby restarting a

count of the partially actuating the jar.

19. The method of claim 14, wherein the disconnecting
comprises aligning a portion of a ratchet device with a

portion of a release device, whereby the release device
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releases in response to the non-rotational displacement of
the tubular string when the release device portion is

aligned with the ratchet device portion.

20. The method of claim 14, wherein the disconnecting

further comprises releasing a set of collets.



