ROTATI NG CONTROL DEVI CE,
AND | NSTALLATI ON AND RETRI EVAL THERECF

BACKGROUND

This disclosure relates generally to equi pment
utilized and operations performed in conjunction with a
subterranean well and, in an exanple described bel ow, nore
particularly provides a rotating control device, and tools
for installation and retrieval of the rotating control

devi ce.

A rotating control device is typically used to sea

of f an annul ar space between an outer tubular structure



(such as, a riser, a housing on a subsea structure in a
riser-less system or a housing attached to a surface
wel | head) and an inner tubular (such as, a drill string).

At times it may be desired for conponents (such as,

beari ngs, seals, etc.) of the rotating control device to be

retrieved from or installed in, a riser housing.

Therefore, it will be appreciated that advancenents
are continually needed in the arts of constructing and
operating rotating control devices. In particular, it would
be desirable to provide for convenient and efficient
installation and retrieval of rotating control device

conponents respectively into and out of a riser housing.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a representative partially cross-sectiona
view of an exanple of a well system and associ ated net hod
whi ch can enbody principles of this disclosure.

FIGS. 2A-E are representative successive axi al
sections of a portion of the well systemdepicting a
rotating control device being conveyed into a riser housing

by a running tool.

FI GS. 3A&B are further enlarged representative cross-
sectional views of a |latch assenbly for the rotating

control device operatively located in the riser housing.



FI GS. 4A&B are representative cross-sectional views of
the running tool rotated in preparation for release from

the latch assenbly of the rotating control device.

FI GS. 5A&B are representative cross-sectional views of

the running tool released fromthe rotating control device.

FI GS. 6A&B are representative cross-sectional views of
the running tool longitudinally displaced relative to the

rotating control device.

FIGS. 7A&B are representative cross-sectional views of
a retrieval tool engaged with the | atch assenbly of the
rotating control device.

FI GS. 8A&B are representative cross-sectional views of
the latch assenbly of the rotating control device
di sengaged fromthe riser housing by the retrieval tool.

FI GS. 9A&B are representative cross-sectional views of
a contingency release of the retrieval tool fromthe |atch
assenbly of the rotating control device.

FI GS. 10A&B are representative cross-sectional views
of another exanple of the rotating control device including
an equalization valve in respective open and cl osed

configurations.

FIGS. 11A-D are enl arged representative side views of
operational configurations of a rel ease control device of

t he running tool.



FIGS. 12A-D are representative side views of
operational configurations of another exanple of the

rel ease control device.

FIGS. 13A-D are representative side views of
operational configurations of another exanple of the

rel ease control device.

FIGS. 14A-D are representative side views of
operational configurations of another exanple of the

rel ease control device.

FIG 15 is a representative partially cross-sectiona
vi ew of another exanple of the running tool.

FIG 16 is a representative side view of interior
conponents of the running tool of FIG 15.

FIG 17 is a representative partially cross-sectiona
expl oded view of sonme of the interior conponents of the

runni ng tool.

FI GS. 18A&B are representative partially cross-
sectional views of the running tool engaged w th anot her
exanple of the rotating control device.

DETAI LED DESCRI PTI ON

Representatively illustrated in FIG 1 is a well
system 10 and associ ated net hod whi ch can enbody principl es
of this disclosure. However, it should be clearly

understood that the system 10 and nethod are nerely one



exanpl e of an application of the principles of this

di sclosure in practice, and a wi de variety of other
exanpl es are possible. Therefore, the scope of this
disclosure is not limted at all to the details of the
system 10 and net hod descri bed herein and/or depicted in

t he draw ngs.

In the system 10 as depicted in FIG 1, a generally
tubul ar riser string 12 extends between a water-based rig
14 and a | ower nmarine riser package 16 above a subsea
wel | head installation 18 (including, for exanple, various
bl owout preventers, hangers, fluid connections, etc.).
However, in other exanples, the principles of this
di scl osure could be practiced with a |and-based rig, or

with ariser-less installation.

In the FIG 1 exanple, a tubular string 20 (such as, a
jointed or continuous drill string, a coiled tubing string,
etc.) extends through the riser string 12 and is used to
drill a wellbore 22 into the earth. For this purpose, a
drill bit 24 is connected at a | ower end of the tubular
string 20.

The drill bit 24 may be rotated by rotating the
tubul ar string 20 (for exanple, using a top drive or rotary
table of the rig 14), and/or a drilling notor may be

connected in the tubular string above the drill bit 24.

Furthernore, the principles of this disclosure could
be utilized in well operations other than drilling

operations. Thus, it should be appreciated that the scope



of this disclosure is not limted to any of the details of
the tubular string 20 or well bore 22 as depicted in the

drawi ngs or as descri bed herein.

The riser string 12 depicted in FIG 1 includes a
ri ser housing 26 connected in the riser string below a
tensioner ring 28. In other exanples, the riser housing 26
coul d be connected above the tensioner ring 28, or could be
ot herwi se positioned (such as, in the wellhead installation
18 in ariser-less configuration). Thus, the scope of this
disclosure is not limted to any particular details of the
riser string 12 or riser housing 26 as described herein or
depicted in the draw ngs.

The riser housing 26 includes a side port 30 that
provides for fluid communication between a conduit 32 and
an annulus 34 forned radially between the riser string 12

and the tubular string 20. In a typical drilling operation,
drilling fluid can be circulated fromthe rig 14 downward
t hrough the tubular string 20, outward fromthe drill bit

24, upward through the annulus 34, and return to the rig
via the conduit 32.

As depicted in FIG 1, a rotating control device 40 is
installed in the riser housing 26. The rotating control
device 40 includes one or nore annul ar seals 42 that seal

of f the annul us 34 above the side port 30.

In this exanple, the annul ar seals 42 are configured
to sealingly engage an exterior of the tubular string 20.

The annul ar seals 42 nay be of a type known to those



skilled in the art as “passive,” “active” or a conbination
of passive and active. The scope of this disclosure is not

limted to use of any particular type of annul ar seal.

Rotati on of the annular seals 42 relative to the riser
housing 26 is provided for by a bearing assenbly 44 of the
rotating control device 40. The annul ar seals 42 and
beari ng assenbly 44 are rel easably secured in the riser
housing 26 by a | atch assenbly 46 of the rotating control
device. The | atch assenbly 46 permts the annular seals 42
and/ or the bearing assenbly 44 to be installed in, or
retrieved from the riser housing 26 when desired, for
exanple, to service or replace the seals and/or bearing
assenbl y.

The tubul ar string 20 can include runni ng and
retrieval tools, exanples of which are described nore fully
bel ow and depicted in FIGS. 2A-14D, for installing and
retrieving the rotating control device 40. However, it
shoul d be clearly understood that the scope of this
disclosure is not limted to these particul ar exanpl es of
running and retrieval tools, and is not limted to use of a
running or retrieval tool as part of the tubular string 20
of FIG 1.

Referring nowto FIG 2C, prior to running the
rotating control device 40 into the well, running tool 50
must be securely attached to |atch assenbly 46 of the
rotating control device 40. Pins 70 are first renoved from

runni ng tool 50. Running tool 50 is then lowered into |latch



assenbly 46 of rotating control device 40. Rel easing
menbers 74 of running tool 50 are first contacted at upper
shoul der 45 of latch assenbly 46 of rotating control device
40. Inner mandrel 48 of running tool 50 conpresses agai nst
a biasing device 78 (such as, a conpression spring, an

el astoneric nenber, a conpressible fluid, etc.) as it is

| owered into latch assenbly 46 of the rotating contro
device 40. The shoul der of inner mandrel 48 that supports
rel easi ng nenbers 74 outwardly is noved bel ow rel easi ng
menbers 74 allowng themto collapse inwardly onto inner
mandrel 48 of running tool 50. The biasing device 78 urges
sl eeve 86 (where rel ease nenbers 74 are contai ned)
downwardly and seeks to push the rel ease nenbers 74 back
onto the larger shoulder fromwhich they were previously

| ocated. Once the proper profile within |atch nmandrel 62 of
| atch assenbly 46 is |ocated, the biasing device 78 causes
rel ease nmenbers 74 to nove up the shoul der of inner nmandre
48 and engage the profile in latch mandrel 62 of |atch
assenbly 46. Pins 70 can now be reinstalled into running
tool 50, securely attaching it to the rotating control

devi ce 40.

The pins 70 are used to allow setting of the rotating
control device 40 and al so enable the rel ease of the
running tool 50 fromthe |atch assenbly 46 by a rotational
rel ease nethod. Further, pins 70 can be sheared in an
energency situation in the unlikely event of a malfunction
in the setting procedure of the rotating control device 40.

The various positions of the pins 70 to achi eve these



functions are depicted in FIGS. 11A-14D. Once these pins 70
have been secured, the rotating control device 40 cannot be
set until the latch nmenbers 56 | ocate the setting profile
58 within the wellbore (see FIG 2D). Further, the running
tool 50 cannot be rotationally released fromthe rotating
control device 40 until it is set, since it requires
frictional resistance fromthe packer seal 47 of the latch
assenbly 46

Referring additionally now to FIGS. 2A-E, an exanple
of the rotating control device 40 being conveyed into the
riser housing 26 by the running tool 50 is representatively
illustrated. The running tool 50 is connected as part of
the tubular string 20, which in this exanple also includes
a retrieval tool 52 connected above the running tool. In
ot her exanples, the running tool 50 may be used w thout the

retrieval tool 52, and vice versa.

The running tool 50 and retrieval tool 52 of the FIGS.
2A-E exanple include helically extending externally fluted
sections 54 (see FIG 2B) for preventing effective sealing
engagenent between the annul ar seals 42 and the tubul ar
string 20 while the rotating control device 40 is being
installed or retrieved. The fluted sections 54 provide for
fluid conmunication longitudinally across the annul ar seal s
42 to prevent swabbing (e.g., producing undesired pressure
fluctuations in the well bore 22), and to otherw se prevent

buil dup of differential pressure across the annul ar seals,



thus slowing the tool string as it is being depl oyed or

being retrieved fromthe well.

I n other exanples, differential pressure buil dup
across the annular seals 42 could be prevented by ot her
means, such as by use of internal passages in the running
and retrieval tools 50, 52, by use of internal passages in
the rotating control device 40, etc. Thus, the scope of
this disclosure is not limted to any particular details of
the running and retrieval tools 50, 52 as depicted in the
drawi ngs or as described herein.

In FIG 2D, it may be seen that the latch assenbly 46
of the rotating control device 40 includes nultiple latch
menbers 56. The | atch nenbers 56 are radially outwardly
bi ased, and are configured for conpl enentary engagenent
with an internal profile 58 fornmed in the riser housing 26.
As the rotating control device 40 is displaced downwardly
t hrough the riser housing 26, the latch nenbers 56 w ||
eventual |y becone aligned with the internal profile 58, and
will radially outwardly extend into engagenent with the
profile, thereby preventing further downward displ acenent
of the rotating control device relative to the riser

housi ng 26.

In FIG 2C, it may be seen that the running tool 50 is
rel easably secured to the rotating control device 40 by a
rel ease nmechani sm 60. QOperation of the rel ease nechani sm 60

to permt |ongitudinal displacenent of the running tool 50



and the remai nder of the tubular string 20 relative to the

rotating control device 40 is described nore fully bel ow.

Referring additionally now to FIGS. 3A&B, the rotating
control device 40 has been conveyed sufficiently far into
the riser housing 26 for the latch nenbers 56 to
cooperatively engage the internal profile 58. Thus, further
downwar d di spl acenment of the rotating control device 40

relative to the riser housing 26 is prevented.

Note that the latch assenbly 46 includes an inner
mandrel 62 having a radially enlarged portion 62a. The
inner mandrel 62 is longitudinally displaceable relative to
the latch nenbers 56 only after the latch nenbers have
engaged the internal profile 58.

Refer now to FIGS. 4A&B. Wen the | atch nenbers 56
have engaged the internal profile 58, the running tool 50
is moved downwardly against the rel ease nenbers 74. The
rel ease coll et disengages fromthe outer nenbers of the
| atch assenbly 46 at a preset force to allow di spl acenent
of the inner mandrel 62 longitudinally dowward relative to
the latch nmenbers 56. This positions the radially enl arged
portion 62a of the inner mandrel 62 adjacent to the latch
menbers 56, and prevents di sengagenent of the [ atch nenbers

56 fromthe internal profile 58 in the riser housing 26.

This position of the inner mandrel 62 is naintai ned by
a gripping engagenent between the inner mandrel 62 and a
lock ring 64 of the rotating control device 40. In this

exanple, the lock ring 64 is a resilient C shaped ring that



is biased radially inward into gripping engagenent with an

outer gripping surface 68 of inner mandrel 62.

The lock ring 64 includes an internal gripping surface
66. For exanple, the gripping surface 66 can have
appropriately configured teeth forned thereon, or can have
relatively high hardness particles enbedded therein or

ot herw se secured thereto.

The inner mandrel 62 al so includes an external
gripping surface 68. Simlar to the |lock ring gripping
surface 66, the inner mandrel gripping surface 68 can have
appropriately configured teeth fornmed thereon, or can
ot herwi se be configured for gripping engagenent with the
| ock ring 64.

In this exanple, the gripping surfaces 66, 68 are
initially spaced apart fromeach other (e.g., see FIG 3A).
The gripping surfaces 66, 68 engage each ot her when the
i nner mandrel 62 di splaces downward relative to the |latch
menbers 56. However, in other exanples, the gripping
surfaces 66, 68 may not be initially spaced apart from each
ot her .

The gri ppi ng engagenent between the | ock ring 64 and
the inner mandrel 62 prevents the inner mandrel from
di spl acing upward relative to the |atch nmenbers 56, in
order to prevent subsequent disengagenent of the |atch
menbers 56 fromthe internal profile 58. As described nore
fully bel ow, however, the retrieval tool 52 (see FIG 2A)

can be used to displace the inner mandrel 62 upward when it



is desired to retrieve the rotating control device 40 from

the riser housing 26.

As depicted in FIGS. 4A&B, the inner nmandrel 48 of the
runni ng tool 50 has been rotated relative to the rotating
control device 40 (in this exanple, rotated cl ockwi se as
vi ewed from above). This causes alignnent of pins 70 with
longitudinally extending slots 72 of the rel ease nechani sm
60 in preparation to be disengaged fromthe rotating
control device 40.

To rotate the inner mandrel 48 of the running tool 50,
t he packer seal 47 nust be set to cause necessary
resi stance for desired rotation. Parts of the latch
assenbly 46 (the packer seal 47, the latch body 57, the
i nner mandrel 62) and parts of the running tool 50 (the
rel ease nenbers 74, sleeve 86, pins 70) are connected in
such a manner as to remain stationary during rotation. This
alignment of the pins 70 with the slots 72 will permt
subsequent upward di spl acenent of the inner mandrel 48
agai nst rel ease nenbers 74 of the rel ease nmechani sm 60

Referring additionally now to FIGS. 5A&B, the running
tool 50 has been displaced upward relative to the rotating
control device 40. This upward di spl acenent of the running
tool 50 forces the rel ease nenbers 74 to retract inwardly
out of engagenent with the rotating control device 40, so
that the running tool 50 is now rel eased fromthe rotating

control device 40 and can be di spl aced substantially



upwardly or downwardly relative to the rotating contro

devi ce 40.

Note that the rel ease menbers 74 are able to retract
inwardly due to a radially reduced portion 48a of an inner
mandrel 48 of the running tool 50 being positioned adjacent
the rel ease nenbers when the inner mandrel 48 is displaced
upwardly. Note, also, that such upward displacenent of the
inner mandrel 48 relative to the release nenbers 74 is
permtted, due to the alignnent between the pins 70 and the
| ongi tudinal slots 72 of the rel ease nmechani sm 60

A bi asing device 76 (such as, a conpression spring, an
el astoneric nmenber, a conpressible fluid, etc.) urges a
relatively thin sl eeve 88 dowmward and over the retracted
rel ease nenbers 74 (to prevent subsequent outward
di spl acenent of the rel ease nenbers 74). A top portion 86a
of sleeve 86 contains an outwardly biased device 87 (such
as a snap ring, an elastoneric nmenber, etc.) which expands
outwardly into a recess of an outer housing 51 of the
running tool 50. This also prevents the rel ease nmechani sm
60 from becom ng reengaged. Anot her biasing device 78 urges

the pins 70 downward relative to the slots 72.

Referring additionally now to FIGS. 6A&B, the rotating
control device 40 is representatively illustrated as fully
installed in the riser housing 26. The tubular string 20
can now be di splaced | ongitudinally upward and downward
through the rotating control device 40 (for exanple, in

drilling or other operations) while the annul ar seals 42



continue to seal off the annulus 34 between the riser

housi ng 26 and the tubular string 20 as shown in FIG 2E

In order to retrieve the rotating control device 40
fromthe riser housing 26 (for exanple, to service or
repl ace the seals 42 or the bearing assenbly 44), the
tubul ar string 20 can be di spl aced upwardly through the
rotating control device 40, until the retrieval tool 52
engages the |l atch mandrel 62 of the rotating control device
40. This configuration is representatively illustrated in
FI GS. 7A&B.

In FIG 7A, it may be seen that engagenent nenbers 80
of the retrieval tool 52 in the formof outwardly biased
resilient collets are engaged wth an internal profile 82
formed in the inner mandrel 62 of the |atch assenbly 46.
Such engagenent allows the retrieval tool 52 to be used to
upwardly di spl ace the inner mandrel 62.

Referring additionally now to FIGS. 8A&B, the
retrieval tool 52 displaces the inner mandrel 62 upwardly
agai nst the lock ring 64 and noves the latch rel ease sl eeve
75, causing the latch release pins 73 to be sheared. As a
result, the radially enlarged portion 62a of the inner
mandrel 62 no | onger outwardly supports the | atch nenbers
56, so that the latch nmenbers can now radially retract out
of engagenment with the internal profile 58 of the riser

housi ng 26.

Al t hough the | atch nmenbers 56 may still be biased

outwardly, the configurations of the latch nenbers and the



internal profile 58 are such that the |atch nmenbers will
retract inward when the retrieval tool 52 is displaced
upward relative to the riser housing 26. Thus, the rotating
control device 40, along with the retrieval tool 52 (and

t he remai nder of the tubular string 20) can now be
retrieved fromthe riser housing 26 (and the remai nder of

the riser string 12).

Referring additionally now to FIGS. 9A&B, a
contingency rel ease technique is representatively
illustrated. In the event that the inner mandrel 62 cannot
be di spl aced upward by the retrieval tool 52, a contingency
technique may be utilized to permt the retrieval tool 52
to be released fromthe rotating control device 40, so that
the tubular string 20 can be retrieved fromthe well.

In FIG 9A, note that a predeterm ned upward force is
required to shear the release ring 83, and it is applied to
the inner mandrel 84 of the retrieval tool 52. This enables
the inner mandrel 84 to be displaced upwardly relative to
t he engagenent nmenbers 80 (which previously renmai ned
engaged with the internal profile 82). Aradially reduced
portion 84a of the inner mandrel 84 is now adjacent to the
engagenent nenbers 80, thereby all ow ng the engagenent
menbers 80 to retract inwardly out of engagenent with the

internal profile 82.

The retrieval tool 52 and the renai nder of the tubular
string 20 may now be retrieved fromthe well, leaving the

rotating control device 40 installed in the riser housing



26. Ot her tools (such as hydraulic jars, spears, etc.) may
be used to retrieve the rotating control device 40 fromthe

ri ser housing 26.

Referring additionally now to FIGS. 10A&B, anot her
exanple of the rotating control device 40 is
representatively illustrated. In this exanple, the rotating
control device 40 includes an equalization valve 90 that
can be used to prevent a pressure differential from
exi sting across the rotating control device 40 when it is
retrieved fromthe riser housing 26 (not shown).

In FIG 10A, the rotating control device 40 and
running tool 50 are depicted in a configuration in which
the running tool 50 conveys the rotating control device 40
into the riser housing 26. Note that the |latch nenbers 56
are not radially outwardly supported by the radially
enl arged portion 62a of the inner mandrel 62.

The equalization valve 90 in FIG 10A is in an open
configuration, thereby permtting fluid conmmunication
between an interior and an exterior of the rotating control
device 40. This prevents a buildup of differential pressure

across the rotating control device 40.

In FIG 10B, the rotating control device 40 and
runni ng tool 50 are depicted in a configuration in which
the rotating control device 40 has been secured in the
ri ser housing 26 by engaging the latch nenbers 56 with the
internal profile 58 and displacing the inner mandrel 62

downward, so that the latch nmenbers 56 are radially



outwardly supported by the radially enlarged portion 62a of
the inner mandrel (see FIGS. 4A&B; the riser housing 26 is
not depicted in FIG 10B for clarity).

The equalization valve 90 in FIG 10Bis in a closed
configuration, thereby preventing fluid conmmunication
between the interior and exterior of the rotating control
device 40. This allows the sealing engagenent between the
annul ar seals 42 and the tubular string 20 to effectively
seal off the annulus 34 (see FIG 1), with a pressure
differential across the rotating control device 40.

Note that the equalization valve 90 includes a closing
piston 92 that is upwardly biased by a biasing device 94.
The closing piston 92 in this exanple is in the formof a
sl eeve, but in other exanples other types of closing
pi stons may be used (such as, plugs, flappers, etc.). Wen
the inner mandrel 62 displaces dowmwardly fromits FIG 10A
position to its FIG 10B position, the inner mandrel 62
contacts the closing piston 92 and di splaces it downward
agai nst a biasing force exerted by the biasing device 94.

Conversely, when the inner mandrel 62 is displaced
upward by the retrieval tool 52 (as described above in
relation to FIGS. 7A-8B), the biasing device 94 w ||
upwardly di splace the closing piston 92 as the inner
mandrel 62 displaces upward. In this manner, the
equal i zati on val ve 90 cl oses when the inner mandrel 62
di spl aces downward, and the equalization val ve opens when

the inner mandrel displaces upward.



The inner mandrel 62 and equali zation valve 90 are
appropriately di nensi oned, so that the equalization valve
90 does not close until the inner nmandrel 62 has di spl aced
downward a sufficient distance for the radially enlarged
portion 62a to outwardly support the latch nmenbers 56.
Furthernore, during retrieval of the rotating control
device 40 fromthe riser housing 26, the equalization valve
90 opens prior to the latch nenbers 56 being permtted to
di sengage fromthe internal profile 58 in the riser housing
26. This prevents any pressure differential fromexisting
across the rotating control device 40 while the latch
menbers 56 are not maintained in engagenent with the
internal profile 58.

Referring additionally now to FIGS. 11A-14D,
oper ati onal sequences are representatively depicted for
several different exanples of the rel ease nmechani sm 60 t hat
effectuates the release of the running tool 50 fromthe
rotating control device 40. In all instances, these
configurations allow for a rotational release nethod of the
running tool 50 fromthe rotating control device 40. As
descri bed above for FIGS. 2A-5B, the inner mandrel 48 of
runni ng tool 50 can displace upward relative to rel ease
menbers 74 and when aligned with reduced portion 48a of
i nner mandrel 48, the rel ease nenbers 74 will disengage
fromthe rotating control device 40. This action only
occurs when the pins 70 are aligned with the |ongitudinally
extending slots 72 (see, e.g., FIGS. 4A & 5A).



FIGS. 11A-14D illustrate different exanples for how
such an alignnment and the correspondi ng di spl acenment of the
i nner mandrel 48 may be acconplished to achi eve rel ease of
the running tool 50. It should be understood that the scope

of this disclosure is not limted to just these exanpl es.

The pins and slots shown in FIGS. 11A-D are configured
for those sane itens shown in FIGS. 2A-5B. A top view of
only one of the pins 70 and slots 72 are depicted in FIGS.
11A- 14D. They are viewed perpendicular to the surface of
the inner mandrel 48 of the running tool 50.

The rel ease nechani sm 60 of running tool 50 shown in
FIG 11A corresponds to the running tool 50 being in a run-
in configuration supporting the weight of the rotating
control device 40 as it is lowered into the well. The pin
70 and retainer collet 98 are received in a
circunferentially extending slot 96 forned on the inner
mandrel 48. The circunferentially extendi ng slot 96
intersects the longitudinally extending slot 72 in FIG
11A

The pin 70 is retained in a position of m salignnent
with slot 72 to prevent premature rel ease of the rotating
control device 40 while running in the well. It is retained
by a shear nenber 100 which is located in the retainer
collet 98 and extends into the inner mandrel 48. The
retainer collet 98 partially encircles pin 70. The shear
menber 100 initially prevents circunferential displacenent

of the inner mandrel 48 relative to the trapped pin 70 and



retai ner collet 98.

Since the pin 70 is not aligned with the slot 72 in
FIG 11A, the inner mandrel 48 cannot displace upward
relative to the rel ease nenbers 74. Also, slot 72 in the
i nner mandrel 48 cannot be rotated toward pin 70 and
retainer collet 98 until shear nmenmber 100 has been sheared.
As can be seen in FIG 3A and 3B, a sleeve 86 in which the
rel ease nmenbers 74 are received is secured relative to the
pins 70, and so the inner mandrel 48 cannot di spl ace
longitudinally relative to the rel ease nenbers 74 while the
pin 70 is positioned in the slot 96 as depicted in FIG
11A

The rel ease mechani sm 60 shown in FIG 11B corresponds
to the running tool 50 configuration of FIGS. 3A&B, in
whi ch the latch nmenbers 56 of the rotating control device
40 have engaged the internal profile 58 in the riser
housing 26. In this configuration, the pin 70 remains
circunferentially spaced apart fromthe slot 72, as in the
configuration of FIG 11A. This configuration of the
running tool 50 identifies the position as it first |ocates
in riser housing 26. The rotating control device 40 has not

yet been secured in the riser housing 26.

The rel ease nechani sm 60 shown in FIG 11C corresponds
to the running tool 50 configuration of FIGS. 4A&B, in
whi ch the rotating control device 40 has been secured in
the riser housing 26 and the inner mandrel 48 of the

runni ng tool 50 has been rotated circunferentially



cl ockwi se as viewed fromabove. As a result of this
rotation, the shear nenber 100 has been properly sheared
and the pin 70 and retainer collet 98 have been properly
aligned in preparation for release fromthe rotating

control device 40.

Note that the pin 70 is now aligned with the slot 72.
In this configuration, the inner mandrel 48 can now
di spl ace upward relative to the pin 70 and the rel ease
menbers 74. The nose of the retainer collet 98 has engaged
a perpendicular groove in slot 96 in which it wll not
allow the pin 70 to cone out of alignnment with slot 72.
This is needed in the event of any notion in the drill
string or back torque fromthe shear rel ease nenber 100.
The pin 70 will remain in a release position until the
inner mandrel 48 is pulled upwardly to rel ease the running
tool 50 fromthe rotating control device 40.

The rel ease mechani sm 60 shown in FIG 11D corresponds
to the running tool 50 configuration of FIGS. 5A&B, in
whi ch the inner mandrel 48 of the running tool 50 has been
di spl aced upward, thereby causing the rel ease nenbers 74 to
retract inwardly, and thereby enabling the rel ease of the

running tool 50 fromthe rotating control device 40.

The rel ease nechani sm 60 exanpl es of FIGS. 12A-14D are
somewhat simlar to each other, in that they incorporate
variations of a slot configuration known to those skilled
" In these exanples, the FIGS. 12A,
13A & 14A configurations correspond to the FIGS. 2A-E

in the art as a “J-slot.’



configuration of the running tool 50. The FIGS. 12B, 13B &
14B configurations correspond to the FIGS. 3A&B
configuration of the running tool 50. The FIGS. 12C, 13C &
14C configurations correspond to the FIGS. 4A&B
configuration of the running tool 50. The FIGS. 12D, 13D &
14D configurations correspond to the FIGS. 5A&B

configuration of the running tool 50.

Note that, in the FIGS. 12B, 13B & 14B configurati ons,
the inner mandrel 48 is displaced downward relative to the
pin 70, so that the pin traverses a |longitudinally
extending slot 88 and is now aligned with the
circunferentially extending slot 96. This is acconplished
in the FIGS. 3A&B configuration of the running tool 50 by
appl yi ng dowmmward force (e.g., “set down” weight) to the
running tool 50 after the latch nenbers 56 have
cooperatively engaged the internal profile 58 of the riser
housi ng 26.

Slot 88 is primarily needed to carry the weight of the
rotating control device 40 in the well for the
configuration of FIG 13B. Since the pin 70 is not trapped
by a shearing nenber for FIG 13B, the pin 70 may al |l ow
premature rel ease of the rotating control device 40 while
running in the well by becoming aligned with slot 72. Slot
88 is also used to test the rotating control device 40 for
proper engagenent by pulling up with the running tool 50 or
by setting down weight with the running tool 50 to nake

sure the rotating control device 40 is securely engaged in



the riser housing 26. This is performed prior to shearing
t he shear nenber 100 to release the running tool 50 from

the rotating control device 40.

Once the rotating control device 40 is properly
engaged as descri bed above, the inner nandrel 48 can then
be rotated as in the FIGS. 4A&B configuration. As shown in
FIG 13B, the inner mandrel 48 would have to set down
wei ght and rotate circunferentially sinultaneously. In
response to this rotation, the pin 70 will displace
circunferentially in the slot 96, as depicted in FIGS. 12C,
13C & 14C, so that the pin is now aligned with the
| ongi tudinal slot 72. Then, upward displacenent of the
inner mandrel 48 wll result in the pin 70 displacing in
the longitudinal slot 72, thereby allow ng the rel ease
menbers 74 to retract. The running tool 50 will then
di sengage the rotating control device 40.

Referring additionally now to FIGS. 15A-18B, another
exanple of the running tool 50 is representatively
illustrated. In this exanple, the running tool 50 can both
convey the rotating control device 40 into the riser
housi ng 26, and retrieve the rotating control device from

t he housi ng.

The FIGS. 15A-18B running tool 50 actuates in response
to a dowmmward force (e.g., “set down” weight) applied to
the running tool. In this exanple, the rotating control
devi ce 40 engages a shoul der or “no-go” when it is conveyed

into the riser housing 26 by the running tool 50, at which



point a latch nmechani sm (not shown) in the housing is
actuated to engage an external profile 102 (see FIG 18B)
on the rotating control device to thereby secure the
rotating control device to the housing. The downward force
is then applied to the running tool 50 to cause the rel ease
mechani smto actuate and rel ease the running tool fromthe

rotating control device 40.

Retrieval of the rotating control device 40 fromthe
riser housing 26 is essentially an opposite order of the
steps described above for installing the rotating control
device in the housing. The running tool 50 is conveyed into
the rotating control device 40, and a dowward force is
applied to the running tool to cause the rel ease nenbers 74
of the rel ease mechanism 60 to extend outwardly into
engagenent wth an internal profile 104 in the rotating
control device (see FIG 18A). The latch nechanismin the
riser housing 26 is then actuated to rel ease the rotating
control device 40 fromthe housing. The running tool 50 can
then be used to pull the rotating control device 40 out of
the riser housing 26 and retrieve the rotating control

device to surface.

In the FIGS. 15A-18B exanple, the rel ease nenbers 74
are in the formof longitudinally extending resilient
collets. Wien the rel ease nenbers 74 are radially inwardly
supported by the inner nmandrel 48, they can securely engage
the internal profile 104 in the rotating control device 40.

When the inner nmandrel 48 is displaced |ongitudinally



relative to the rel ease nmenbers 74, so that the rel ease
menbers are adjacent the radially reduced portion 48a of
the inner mandrel, the rel ease nenbers can flex inward and
di sengage fromthe inner profile 104 (during installation),
or flex inward and engage the inner profile (during

retrieval).

The rel ease nechanism 60 in this exanple conprises an
i ndexi ng nmechani smthat positions the inner mandrel 48 for
supporting or un-supporting the rel ease nenbers 74 that
snap into the internal profile 104 in the rotating control
devi ce 40. The indexing nmechanismis provided wwth two or
nore positions that alternately support or un-support the
rel ease nenbers 74.

The i ndexing mechanismis simlar in many respects to
a wel |l -known ball point pen retracting nmechani sm |nternal
of the sleeve 86 is a set of angular bias keys 106 (see
FIG 17) that stab into a set of sawtooth teeth 108 on an
i ndexi ng sl eeve 110. The indexing sleeve 110 is rotated
freely about the inner mandrel 48 as it rotates and indexes
relative to the angul ar bias keys 106.

The inner mandrel 48 also has a set of ratcheting
teeth 112 that are continually biased into contact with the
sawtooth teeth 108 on the indexing sleeve 110 by a spring
114. Another spring 116 is positioned in an upper part of
the inner mandrel 48 to continually bias the inner mandrel

downward, so that it supports the rel ease nenbers 74. The



spring 116 exerts a substantially greater biasing force as

conpared to the spring 114.

To set or unset the running tool 50, with the rotating
control device 40 shoul dered agai nst the riser housing 26,
a weight or force is applied to overcone the biasing force
exerted by the spring 116 and thereby displace the inner
mandrel 48 |ower end inward (the inner mandrel is
shoul dered agai nst the rotating control device, see FIG
18B). As the inner mandrel 48 displaces inward, the angul ar
bi as keys 106 rel ease fromthe sawtooth teeth 108 and
all ow the indexing sleeve 110 to junp into a next
circunferential position. The relative circunferenti al
positions of the sawtooth teeth 108 and the indexing
sl eeve 110 determ ne the |ongitudinal position of the inner
mandrel 48 relative to the rel ease nenbers 74.

When the weight or force on the running tool 50 is
removed, the ratcheting teeth 112 will | ock the inner
mandrel 48 in either a supporting or non-supporting
| ongi tudinal position relative to the rel ease nenbers 74.
Wen the inner mandrel 48 is in the non-supporting
position, the rel ease nmenbers 74 are free to deflect inward

and snap into (or out of) the internal profile 104.

The internal profile 104 is positioned above the
beari ng assenbly 44. A spring 118 (see FIG 18A) is
positi oned bel ow a sleeve 120 in which the internal profile
104 is formed, to conpensate for displacenment of the inner

mandrel 48 relative to the rotating control device 40.



It may now be fully appreciated that the above
di scl osure provides significant advancenents to the art of
constructing and operating rotating control devices and
running and retrieval tools therefor. The above exanpl es
provi de for convenient and reliable installation, operation

and retrieval of rotating control devices.

I n one respect, the above disclosure provides to the
art a rotating control device 40. In one exanple, the
rotating control device 40 can conprise a latch assenbly 46
i ncluding: at |east one outwardly extendable |atch nenber
56; an inner mandrel 62 displaceable in a |ongitudinal
direction relative to the latch nenber 56 to outwardly
extend the |latch nenber 56; and a |ock ring 64 that permts
di spl acenent of the inner mandrel 62 in the |ongitudinal
direction, and prevents displacenent of the inner mandrel
62 in an opposite |ongitudinal direction.

The lock ring 64 nay conprise a gripping surface 66.
The gripping surface 66 can include teeth fornmed on the
lock ring 64. The lock ring 64 may be generally C- shaped
and/ or radially expandabl e.

The lock ring gripping surface 66 may engage a
gripping surface 68 forned on the inner nmandrel 62. The
| ock ring gripping surface 66 may be initially spaced apart
fromthe inner mandrel gripping surface 68. The |ock ring
gri pping surface 66 may engage the inner mandrel gripping
surface 68 only in response to the displacenent of the

i nner mandrel 62 in the |ongitudinal direction.



The rotating control device 40 may include an
equal i zati on val ve 90 having an open configuration in which
fluid conmunication is permtted between an exterior and an
interior of the rotating control device 40 through the
equal i zati on valve 90. The | atch assenbly 46 changes from a
| at ched configuration to an unl atched configuration only
when the equalization valve 90 is in the open

configuration.

The rotating control device 40 may include a bearing
assenbly 44 secured to the latch assenbly 46. The rotating
control device 40 may al so include at |east one inwardly
ext endi ng annul ar seal 42 rotatably supported by the
beari ng assenbly 44.

The above di scl osure also provides to the art anot her
rotating control device 40. In one exanple, the rotating
control device 40 can conprise a latch assenbly 46 having a
| at ched configuration and an unl atched configuration, and
an equalization valve 90 having an open configuration in
which fluid communication is permtted between an exterior
and an interior of the rotating control device 40 through
the equalization valve 90. The latch assenbly 46 changes
fromthe |latched configuration to the unlatched
configuration only when the equalization valve 90 is in the

open configuration.

The |l atch assenbly 46 may include an inner nandrel 62
and a latch nenber 56, the inner mandrel 62 being

di spl aceable in a longitudinal direction to outwardly



extend the | atch nmenber 56. The equalization valve 90
changes fromthe open configuration to a cl osed
configuration in response to displacenent of the inner

mandrel 62 in the |ongitudinal direction.

The equal i zation valve 90 may include a closing piston
92. The inner mandrel 62 can displace the closing piston 92

fromthe open configuration to the closed configuration.

The i nner mandrel 62 may di splace the cl osing piston
92 to a closed position against a biasing force exerted by
a biasing device 94 of the equalization valve 90. The
bi asi ng device 94 can displace the closing piston 92 to an
open position when the equalization valve 90 changes from
the cl osed configuration to the open configuration.

The i nner mandrel 62 may be di spl aceable in a second
| ongi tudi nal direction, opposite to the first |ongitudinal
direction, to inwardly retract the latch nenber 56. The
equal i zati on val ve 90 can change fromthe cl osed
configuration to the open configuration in response to
di spl acenent of the inner mandrel 62 in the second
| ongi tudi nal direction.

The rotating control device 40 may include at | east
one inwardly extending annul ar seal 42 secured to the latch
assenbly 46. The equalization val ve 90 can be positioned

between the |l atch assenbly 46 and the annul ar seal 42.

The rotating control device 40 can include a bearing

assenbly 44 which rotatably supports the annul ar seal 42.



The equal i zation valve 90 can be positioned between the

| atch assenbly 46 and the bearing assenbly 44.

The |l atch assenbly 46 may include an inner nmandrel 62,
a latch nmenber 56, and a lock ring 64, the inner nandrel 62
bei ng di splaceable in a longitudinal direction to outwardly
extend the latch nmenber 56. The lock ring 64 can permt
di spl acenent of the inner mandrel 62 in the |ongitudinal
direction, and prevent displacenment of the inner mandrel 62
in an opposite longitudinal direction.

A nmethod of installing a rotating control device 40 in
a riser housing 26 is al so described above. I n one exanple,
the method can conprise: securing a running tool 50 to the
rotating control device 40; conveying the rotating contro
device 40 into the riser housing 26 while the running tool
50 is secured to the rotating control device 40; and
rel easing the running tool 50 fromthe rotating control
device 40 by producing relative rotation between conponents
of the running tool 50 and the | atch assenbly 46.

A first conmponent may conprise an inner mandrel 48
that outwardly supports a rel ease nenber 74 in engagenent
with the rotating control device 40 when the running tool

50 is secured to the rotating control device 40.

A second conponent nmay conprise a sleeve 86 positioned
on the inner mandrel 48, the sleeve 86 longitudinally
retaining the rel ease nenber 74 relative to the inner

mandrel 48 prior to the rel easing step.



The relative rotation may permt the sleeve 86 to
di splace longitudinally relative to the inner mandrel 48,
thereby allowing the rel ease nenber 74 to inwardly retract

out of engagenent with the rotating control device 40.

The rel ease nenber 74 may inwardly retract in response
to | ongitudinal displacenment of the inner mandrel 48

relative to the rel ease nenber 74.

The step of producing relative rotation may include
shearing a shear nmenber 100 anchored in position to the
i nner mandrel 48 of the running tool 50. The shearing step
may include permtting relative circunferenti al
di spl acenent between a retainer collet 98 and a
circunferentially extendi ng slot 96.

The retainer collet 98 may secure a pin 70 relative to
the circunferentially extending slot 96 prior to the
shearing step. The step of permtting relative
circunferential displacenment may include aligning the pin
70 with a longitudinally extending slot 72.

The rel easing step may i nclude producing relative
| ongi tudi nal di spl acenment between the pin 70 and the
| ongi tudinally extending slot 72.

The step of producing relative rotation may include
di splacing a pin 70 relative to a J-slot (e.g., the
conbi ned slots 72, 88, 96 of FIGS. 12A-14D).

Al t hough vari ous exanpl es have been descri bed above,

wi th each exanple having certain features, it should be



understood that it is not necessary for a particul ar
feature of one exanple to be used exclusively with that
exanpl e. Instead, any of the features described above

and/ or depicted in the drawi ngs can be conbined with any of
the exanples, in addition to or in substitution for any of
the other features of those exanples. One exanple’s
features are not nutually exclusive to another exanple’s
features. Instead, the scope of this disclosure enconpasses
any conbi nation of any of the features.

Al t hough each exanpl e descri bed above includes a
certain conbination of features, it should be understood
that it is not necessary for all features of an exanple to
be used. Instead, any of the features described above can
be used, w thout any other particular feature or features
al so bei ng used.

It should be understood that the various enbodi nents
described herein may be utilized in various orientations,
such as inclined, inverted, horizontal, vertical, etc., and
in various configurations, wthout departing fromthe
principles of this disclosure. The enbodi nents are
descri bed nerely as exanples of useful applications of the
principles of the disclosure, which is not limted to any

specific details of these enbodi nents.

In the above description of the representative

exanpl es, directional terns (such as “above,” “bel ow,”
6 upper ' L

convenience in referring to the acconpanyi ng draw ngs.

“l ower,” “upward,” “downward,” etc.) are used for



However, it should be clearly understood that the scope of
this disclosure is not Iimted to any particular directions

descri bed herein.

The ternms “including,” “includes,” “conprising,”
“conprises,” and simlar ternms are used in a non-limting
sense in this specification. For exanple, if a system

nmet hod, apparatus, device, etc., is described as
“including” a certain feature or elenent, the system

met hod, apparatus, device, etc., can include that feature
or elenent, and can al so include other features or
elenments. Simlarly, the term“conprises” is considered to

mean “conprises, but is not limted to.”

O course, a person skilled in the art would, upon a
careful consideration of the above description of
representative enbodi nents of the disclosure, readily
appreci ate that many nodifications, additions,
substitutions, deletions, and other changes nmay be nmade to
t he specific enbodi nents, and such changes are contenpl ated
by the principles of this disclosure. For exanple,
structures disclosed as being separately forned can, in
ot her exanples, be integrally formed and vice versa.
Accordingly, the foregoing detailed descriptionis to be
clearly understood as being given by way of illustration
and exanple only, the spirit and scope of the invention
being limted solely by the appended clainms and their

equi val ent s.



WHAT | S CLAI MED | S:

1. A rotating control device, conprising:

a latch assenbly including:

a) at least one outwardly extendable |atch

menber ;

b) an inner mandrel displaceable in a

| ongi tudinal direction relative to the latch

menber to outwardly extend the | atch nenber; and

c)

a lock ring that permts displacenent of the

i nner mandrel in the |ongitudinal direction, and

prevents di splacenent of the inner mandrel in an

opposite | ongitudinal direction.

2. The
the lock ring

3. The
the lock ring

the |l ock ring.

4. The
the lock ring

formed on the

rotating control device of claiml1l, wherein
conprises a gripping surface.

rotating control device of claim2, wherein
gri pping surface conprises teeth forned on

rotating control device of claim2, wherein
gri ppi ng surface engages a gripping surface

i nner nmandrel .



5. The rotating control device

of claim1, further

conprising an equalization val ve having an open

configuration in which fluid communication is permtted

bet ween an exterior and an interior of the rotating control

devi ce through the equalization val ve,
| at ch assenbly changes froma | atched
unl at ched configuration only when the
in the open configuration.

6. The rotating control device
the lock ring is radially expandabl e.

7. The rotating control device
conprising a bearing assenbly secured
assenbl y.

and wherein the
configuration to an

equal i zation valve is

of claim1, wherein

of claim11, further
to the latch



8. A rotating control device, conprising:

a latch assenbly having a | atched configuration and an

unl at ched configuration; and

an equalization val ve having an open configuration in
which fluid communication is permtted between an exterior
and an interior of the rotating control device through the

equal i zati on val ve,

wherein the | atch assenbly changes fromthe | atched
configuration to the unlatched configuration only when the

equal i zation valve is in the open configuration.

9. The rotating control device of claim8, wherein
the latch assenbly conprises an inner mandrel and a | atch
menber, the inner mandrel being displaceable in a first
| ongi tudinal direction to outwardly extend the | atch
menber, and wherein the equalization valve changes fromthe
open configuration to a closed configuration in response to
di spl acenent of the inner mandrel in the first |ongitudi nal
di rection.

10. The rotating control device of claim9, wherein
t he equalization valve conprises a closing piston, and
wherein the inner mandrel displaces the closing piston from

t he open configuration to the closed configuration.



11. The rotating control device of claim9, wherein
the inner mandrel is displaceable in a second |ongitudinal
direction, opposite to the first longitudinal direction, to
inwardly retract the latch nenber, and wherein the
equal i zati on val ve changes fromthe closed configuration to
t he open configuration in response to di splacenent of the

i nner mandrel in the second |ongitudinal direction.

12. The rotating control device of claim8, further
conprising at |east one inwardly extending annul ar seal
secured to the latch assenbly.

13. The rotating control device of claim8, wherein
the latch assenbly conprises an inner mandrel, a latch
menber, and a lock ring, the inner mandrel being
di spl aceable in a longitudinal direction to outwardly
extend the latch nmenber, and wherein the lock ring permts
di spl acenent of the inner mandrel in the |ongitudinal
direction, and prevents displacenent of the inner mandrel
in an opposite longitudinal direction.



14. A nethod of installing a rotating control device

in a riser housing, the nmethod conprising:

securing a running tool to the rotating control

devi ce;

conveying the rotating control device into the riser
housi ng while the running tool is secured to the rotating

control device; and

rel easing the running tool fromthe rotating control
devi ce by producing relative rotation between first and
second conponents of the running tool.

15. The nethod of claim 14, wherein the first
conponent conprises an inner mandrel that outwardly
supports a rel ease nenber in engagenent with the rotating
control device when the running tool is secured to the
rotating control device.

16. The nethod of claim15, wherein the second
conponent conprises a sleeve positioned on the inner
mandrel, the sleeve longitudinally retaining the rel ease
menber relative to the inner mandrel prior to the

r el easi ng.

17. The nethod of claim 14, wherein the producing

relative rotation conprises shearing a shear nenber.



18. The nethod of claim 17, wherein the shearing
conprises permtting relative circunferential displacenent
between a retainer collet and a circunferentially extending

sl ot.

19. The nethod of claim 18, wherein the retainer
collet secures a pin relative to the circunferentially
extending slot prior to the shearing.

20. The method of claim 14, wherein the producing
relative rotation conprises displacing a pinrelative to a
J-slot.



