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DESCRIPTION

Description

FIELD

[0001] Disclosed examples relate to a releasable connector apparatus for use in providing a
releasable connection with a downhole tool.

BACKGROUND

[0002] In the oil and gas exploration and production industry tools are deployed and operated
in a well bore using various conveyance media, such as wireline, coiled tubing, jointed pipe and
the like. One consideration in wireline operations is the strength of the wire or cable, and in the
event of a tool becoming stuck downhole, wire breakage is a common problem. Even if the
wire does not break, for example during attempts by an operator to free the tool by applying
tension in the wire, it is often necessary to drop a cutter bar and cut the wire.

[0003] In some circumstances significant lengths of wire may be left in the well, possibly "bird
nested". Remedial operations typically require finders to be run to locate the top of the wire
and ball this up, followed by grabs to retrieve the wire. It is often the case that the wire needs
to be retrieved in manageable amounts leading to multiple fishing runs and a large amount of
rig time to just reach the top of the rope socket on the stuck tool.

[0004] To minimise the risk or requirement for wire-breaks/cutting, a time delayed releasable
connector has been proposed which provides a releasable connection between the wire and
tool. Such a connector is configured to maintain a connection while the wire is under tension by
the effect of the weight of the tool. However, in the event of the tool hanging-up or becoming
stuck, the loss in tension within the wire will initiate a time-delayed release of the connector. An
example of a time delayed releasable connector is disclosed in US 5,568,836.

[0005] EP 0686753 A2 teaches a release device for releasably coupling a first object to a
second object, which includes a first member adapted to be coupled to the first object and a
second member adapted to be coupled to the second object, wherein a latch mechanism
releasably couples the first member to the second member.

[0006] EP 1197631 A2 teaches a cable release apparatus including a housing and latch
mounted at one end of the housing; wherein the latch has a central opening and a plurality of
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projecting members extending into the housing, and a releasable connector is mounted inside
the housing.

[0007] EP2458133 A2 teaches a system and method for disconnecting a plurality of wireline
tools from a string of wireline tools while maintaining operation of the wireline tools remaining
with the string of wireline tools. The disconnection is non-destructive and allows a reconnection
of the disconnected tools after retrieval from the well. The system also enables testing of the
disconnection mechanism before deploying the wireline tool string into the well.

[0008] EP2381063 A2 teaches a downhole releasable connector for releasably connecting a
wireline to a downhole tool. The connector comprises a first portion arranged to be connected
to a wireline and a second portion arranged to be connected to a downhole tool. A locking
arrangement is arranged to lock the first and second portions together when in a first position
and to release the first and second portions from each other when in a second position. A
reversible drive mechanism is provided to move the locking arrangement between the first and
second portions. As the drive mechanism is reversible, it is able to lock and unlock the locking
arrangement and so release and reconnect the first and second portions of the connector so
that it can be tested prior to use providing increased confidence in the tool and allowing
inspection of critical parts within the release mechanism.

SUMMARY

[0009] An aspect of the present disclosure relates to a releasable connector apparatus for use
in providing a releasable connection between a conveyance member, such as wireline, and a
downhole tool. The apparatus may function to permit disconnection between the conveyance
member and the downhole tool in a controlled manner. Disconnection may be achieved in
response to an initiation event. The initiation event may be provided in response to the weight
of the tool being at least partially removed from the conveyance member, such as might occur
when the tool is hung-up in a well.

[0010] The connector apparatus may facilitate a time delayed disconnection following an
initiation event.

[0011] The connector apparatus may comprise an actuator for use in reconfiguring the
apparatus from a connected configuration to a disconnected configuration. The actuator may
be operated in response to the initiation event. The actuator may comprise a spring biased
actuator. The actuator may comprise or be associated with a time delay arrangement, such as
a hydraulic metering arrangement.

[0012] The actuator may be isolated, for example sealed, within a cavity formed in the
connector apparatus. Such isolation may assist to eliminate or minimise exposure of the
actuator to well fluids and/or pressures. For example, the actuator may be protected from
interference from well debris. Further, the apparatus may be isolated from pressure applied
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forces which may otherwise provide an adverse or undesired biasing force on the actuator.

[0013] An aspect of the present disclosure relates to a releasable connector apparatus for use
in providing a releasable connection between a conveyance member and a downhole tool, the
apparatus comprising:

a connector mandrel to be coupled to a conveyance member;
a connector housing to be coupled with a downhole tool;
a socket defined within the connector housing for receiving the connector mandrel;

a latch arrangement operable within the socket and comprising a latch member, wherein the
latch arrangement is moveable relative to the connector housing between a connect position in
which the latch member is locked relative to the connector mandrel to prevent removal of the
connector mandrel from the socket, and a disconnect position in which the latch member is
unlocked relative to the connector mandrel to permit removal of the connector mandrel from
the socket;

a cavity defined within the connector housing, wherein the cavity is sealingly isolated from the
socket; and

an actuator mounted within the cavity and coupled to the latch arrangement, wherein the
actuator is moveable relative to the housing between a first position in which the latch
arrangement is in its connect position, and a second position in which the latch arrangement is
in its disconnect position.

[0014] By virtue of the socket being configured to receive the connector mandrel, at least in
some configurations during use the socket may be exposed to downhole conditions, such as
well fluids and pressures. By sealingly isolating the cavity from the socket, fluid and/or pressure
communication between the socket and the cavity may be prevented or minimised. Such an
arrangement may assist to isolate the actuator from exposure to well fluids when the
releasable connector apparatus is deployed/operated in a well, thus minimising ingress of well
debris, abrasive material, adverse chemicals and the like, which may otherwise interfere with
the operation of the actuator. Further, such an arrangement may maintain the cavity in a
preferred, for example clean, environment, such that any remedial attention, such as cleaning,
of the connector apparatus may be minimised before reuse.

[0015] In some known examples efforts may be made to eliminate debris by use of filter
arrangements. However, such filter arrangements are sensitive to plugging, which might
adversely affect operations. Sealing the socket from the cavity may assist in avoiding or
minimising the requirement to use any filter arrangements.

[0016] The cavity is sealingly isolated from the socket such that fluid pressure within the socket
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is prevented from applying a biasing force on the actuator. Such an arrangement may avoid
the requirement for the actuator to overcome the effect of well pressure, and/or to minimise the
risk of premature or inadvertent operation of the actuator by the effect of well pressure, and/or
the like.

[0017] The latch arrangement may be axially moveable relative to the connector housing
between its connect and disconnect positions. In some examples the latch arrangement may
be rotationally moveable relative to the connector housing between its connect and disconnect
positions.

[0018] The connector mandrel may comprise a latch recess, wherein the latch member is
moveable to selectively engage and disengage the latch recess. In one example the latch
member may be radially moveable to selectively engage and disengage the latch recess.

[0019] The latch recess may comprise a circumferential recess. The latch recess may be
circumferentially continuous. Alternatively, the latch recess may be circumferentially
discontinuous.

[0020] When the latch arrangement is in its connect position the latch member may be
supported, for example radially supported, to prevent the latch member from moving to
disengage the latch recess. When the latch arrangement is in its disconnect position the latch
member may be desupported, for example radially desupported, to permit the latch member to
move to disengage the latch recess.

[0021] In one example, when the latch arrangement is in its connect position the latch member
may be supported in a radially inward position and in engagement with the connector mandrel.
When the latch arrangement is in its disconnect position the radial support to the latch member
may be removed.

[0022] The releasable connector apparatus may comprise a support region and a desupport
region, wherein when the latch arrangement is in its connect position the latch member is
aligned with the support region, and when the latch arrangement is in its disconnect position
the latch member is aligned with the desupport region. The support region and desupport
region may be defined by the connector housing. The support region and desupport region
may be provided on a unitary component of the connector housing. Alternatively, the support
region and desupport region may be provided on separate components of the connector
housing.

[0023] The desupport region may define a region of relief relative to the support region. The
desupport region may define a larger diameter than the support region.

[0024] The latch arrangement may comprise a latch sleeve which is operable within the
socket. The latch sleeve may be moveable, by the actuator, relative to the connector housing
between the connect and disconnect positions. The latch sleeve may be axially moveable
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relative to the housing between the connect and disconnect positions.

[0025] The latch member may be mounted on the latch sleeve. In some examples the latch
sleeve may define a latch member housing. The latch member may be radially moveable
relative to the latch sleeve. In one example the latch member may be mounted within a latch
pocket defined in a wall of the latch sleeve. The latch pocket may extend radially through the
wall of the latch sleeve.

[0026] The latch member may be integrally formed with the latch sleeve. Alternatively, the latch
member may be separately formed from the latch sleeve.

[0027] The latch member may comprise a dog. The latch member may comprise a key
member. The latch member may comprise a collet member.

[0028] In one example a single latch member may be provided. Alternatively, multiple latch
members may be provided, for example a number of circumferentially arranged latch
members.

[0029] At least a portion of the connector mandrel may be received within the latch sleeve.

[0030] The latch arrangement may be supported, for example axially supported, by the
housing when the latch arrangement is in one of its connect and disconnect positions. Such an
arrangement may permit pressure induced forces applied on the latch arrangement to be
directed into the housing. This may assist to prevent such forces from being applied to the
actuator.

[0031] The latch arrangement may be supported, for example axially supported, by the
housing at least when the latch arrangement is in its disconnect position. Such an arrangement
may permit pressure induced forces applied on the latch assembly to be reacted into the
housing at least when the connector mandrel is permitted to be removed from the socket. This
may be advantageous in some circumstances, for example where a sealing effect initially
provided by the connector mandrel when received within the socket is removed.

[0032] The apparatus may comprise a sealing arrangement for sealing the cavity from the
socket. The sealing arrangement may comprise a unitary sealing component. Alternatively, the
sealing arrangement may comprise multiple components or features which collectively operate
to provide sealing between the cavity and socket. In some examples the sealing arrangement
may be divided across different features of the apparatus. For example at least one of the
connector mandrel, latch arrangement, and connector housing may define a portion of the
sealing arrangement.

[0033] The sealing arrangement may be configured to fluidly isolate the cavity from the socket.
The sealing arrangement may be configured to isolate the actuator from exposure to pressure
generated forces applied by fluid within the socket. Thus, the actuator may be permitted to
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operate without or with minimal influence from surrounding fluid pressure.

[0034] The sealing arrangement may comprise a sealing plug. The sealing plug may sealingly
engage the housing. The sealing plug may sealingly engage the latch arrangement. For
example, the sealing plug may be at least partially located within the latch arrangement, for
example within a latch sleeve of the latch arrangement. In such an arrangement the sealing
plug may sealingly engage an inner surface of the latch arrangement, such as an inner surface
of the latch sleeve.

[0035] The sealing plug may comprise at least one seal member, such as at least one O-ring
or the like.

[0036] The sealing plug may comprise or define a dynamic seal. The sealing plug may be
configured to provide sealing engagement with the latch arrangement during relative
movement, for example relative axial movement, between the sealing plug and the latch
arrangement. Such relative movement may be provided or present during movement of the
latch arrangement between its connect and disconnect positions. This arrangement may
facilitate reconfiguration of the latch arrangement under the operation or control of the actuator
assembly, while assisting to maintain the cavity sealingly isolated from the socket.

[0037] The sealing plug may be engaged with the connector housing. The sealing plug may be
supported by the connector housing. Such an arrangement may direct fluid pressure forces
applied on the sealing plug into the connector housing. This may assist to prevent such forces
from being applied to the actuator. In one example the sealing plug may be axially supported
by the connector housing. The sealing plug may be engaged with an axial shoulder provided
on or associated with the connector housing. The axial shoulder may be defined by an annular
lip, for example.

[0038] The sealing plug may directly engage the connector housing. Alternatively, the sealing
plug may indirectly engage the connector housing, for example via an intermediate component
or structure.

[0039] The sealing plug may be supported on a plug support sleeve, wherein the plug support
sleeve is engaged with or supported by the connector housing. At least a portion of the plug
support sleeve may be integrally formed with the sealing plug. At least a portion of the plug
support sleeve may be separately formed and secured to the sealing plug, for example via a
threaded connection or the like.

[0040] At least a portion of the plug support sleeve may be integrally formed with the
connector housing. At least a portion of the plug support sleeve may be separately formed and
secured to the connector housing, for example via a threaded connection or the like.

[0041] As will be described in more detail below, the plug support sleeve may accommodate a
transmission connection between the actuator and the latch arrangement. For example, the
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plug support sleeve may define one or more slots, for example axially extending slots, to
accommodate connection keys extending between the actuator and the latch arrangement.

[0042] The sealing arrangement may comprise a latch seal interposed between the latch
arrangement and the connector housing. In one example the latch seal may be interposed
between a latch sleeve of the latch arrangement and the connector housing.

[0043] The latch seal may function in combination with the sealing plug to sealingly isolate the
socket form the cavity.

[0044] The latch seal may comprise at least one seal member, such as at least one O-ring or
the like.

[0045] The latch seal may comprise or define a dynamic seal. The latch seal may be
configured to provide a seal between the latch arrangement and the connector housing during
relative movement therebetween.

[0046] The latch seal may provide a seal between the latch arrangement and the connector
housing when the latch arrangement is in one or both of its connect and disconnect positions.
The latch seal may provide a seal between the latch arrangement and the connector housing
at least when the latch arrangement is in its disconnect position. Such an arrangement may
assist to ensure the cavity remains sealingly isolated from the socket when the connector
mandrel is permitted to be or is removed from the socket.

[0047] The latch seal may be mounted on the latch assembly, for example on a latch sleeve of
the latch assembly. The latch seal may be configured to provide a seal with an inner surface of
the connector housing.

[0048] The sealing arrangement may comprise a connector mandrel seal. The connector
mandrel seal may be interposed between the connector mandrel and at least one of the
connector housing and the latch arrangement when the connector mandrel is received within
the socket of the connector housing.

[0049] The connector mandrel seal may function in combination with the sealing plug and
optionally the latch seal to sealingly isolate the socket form the cavity, at least when the
connector mandrel is received within the socket of the connector housing.

[0050] The connector mandrel seal may be interposed between the connector mandrel and
both the connector housing and the latch arrangement. In one example the connector mandrel
seal may axially straddle an interface between the connector housing and the latch
arrangement.

[0051] The connector mandrel seal may axially straddle the latch member of the latch
arrangement.
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[0052] In some examples when the connector mandrel is received within the socket the
connector mandrel seal may isolate the latch seal from exposure to fluids/pressure within the
socket.

[0053] In one example the sealing plug and the connector mandrel seal may establish a seal
within the latch assembly at axially spaced regions on the latch assembly. In one example the
axially spaced regions may define a substantially common diameter. The provision of the
axially spaced seals within the latch assembly may assist to minimise any net pressure force
applied on the latch assembly by fluid pressure within the socket, thus minimising the effect of
any pressure force being applied on the actuator via the latch assembly.

[0054] The connector mandrel seal may comprise at least one seal member, such as at least
one O-ring or the like. At least one seal member may be interposed between the connector
mandrel and the latch arrangement, and at least one seal member may be interposed between
the connector mandrel and the connector housing.

[0055] The connector mandrel seal may be mounted on the connector mandrel.

[0056] The connector mandrel may comprise an internal cavity which is in communication with
the socket of the connector housing when the connector mandrel is received therein. In one
example the cavity may define an opening, for example at one end of the connector mandrel,
wherein the opening provides communication between the cavity and the socket when the
connector mandrel is received therein. The cavity may be provided in the form of a bore, such
as a blind bore extending into the connector mandrel, for example one end of the connector
mandrel. The cavity may be coaxially arranged with the connector mandrel.

[0057] The internal cavity of the connector mandrel may be configured to be arranged in
communication with the environment surrounding the connector apparatus. In use, the
surrounding environment may include a well environment. The cavity may therefore facilitate
communication between the socket and the surrounding environment. This arrangement may
assist to prevent or minimise the risk of the connector mandrel being hydraulically locked within
the socket, which may otherwise prevent removal of the connector mandrel when
disconnection is required.

[0058] The connector mandrel may define one or more external ports for facilitating
communication between the cavity and the surrounding environment. At least one external port
may extend generally laterally of the connector mandrel.

[0059] The internal cavity of the connector mandrel may be filled with a medium. Both the
socket of the connector housing and the internal cavity of the connector mandrel may be filled
with a medium. The medium may comprise a solid or semi-solid medium. The medium may
comprise a high viscosity medium. The medium may provide resistance to wash out. The
medium may comprise a gel. The medium may comprise a grease, for example.
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[0060] The pressure of the medium, when in place within the internal cavity of the connector
mandrel and optionally the socket of the connector housing, may be substantially equalised
with the pressure of the environment surrounding the releasable connector apparatus. Such
equalisation may be achieved by virtue of the cavity being in communication with the
surrounding environment, for example via one or more external ports. The medium may
therefore facilitate pressure equalisation, while minimising exposure of the socket and cavity
from fluids within the surrounding environment, such as well fluids.

[0061] The connector mandrel may comprise an injector arrangement, for permitting a
medium to be injected into the connector mandrel, for example into the cavity of the connector
mandrel. The injector arrangement may permit a medium to be injected into the socket when
the connector mandrel is located therein. During initial set-up of the connector apparatus, the
medium may be injected until the medium is visibly identified exiting one or more external
ports. The injector arrangement may facilitate injection of a medium prior to deploying the
connector apparatus downhole.

[0062] The injector arrangement may comprise a connector, such as a connection nipple,
which may facilitate attachment of an injection device, such as a grease injection gun. The
injector arrangement may comprise a conduit extending within the cavity to permit injection of
the medium via the conduit. The conduit may open into a preferred region of the cavity and/or
socket. The conduit may assist to provide a complete fill of the cavity and socket, for example
by minimising the risk of the medium short circuiting from a point of injection to one or more
external ports.

[0063] The connector mandrel may comprise a connection arrangement for facilitating
connection with a conveyance member. For example, the connection arrangement may
comprise a wedge connector, spool connector or the like.

[0064] The apparatus may comprise a transmission connection providing a connection
between the actuator and the latch assembly. Such a transmission connection may permit the
actuator to cause relative movement between the latch assembly and the connector housing.

[0065] The transmission connection may provide a connection between the actuator and a
latch sleeve of the latch assembly.

[0066] The transmission connection may provide an axial connection between the actuator
and the latch assembly.

[0067] The transmission connection may comprise a transmission member extending between
the actuator and the latch assembly. The transmission member may extend radially between
the actuator and the latch assembly. The transmission member may be provided separately
from both the actuator and the latch assembly. Alternatively, the transmission member may be
integrally formed with at least one of the actuator and the latch assembly.
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[0068] The transmission member may comprise a key, for example.

[0069] A single transmission member may be provided. Alternatively, a plurality of transmission
members may be provided.

[0070] The transmission connection may extend through a portion of the sealing arrangement
to engage the latch assembly. In one example the transmission connection may extend
through a plug support sleeve. For example, the plug support sleeve may comprise or define a
slot, such as an axially extending slot, for accommodating the transmission connection.

[0071] The actuator may comprise an actuator rod. The actuator rod may be generally
elongate. The actuator rod may extend axially within the cavity of the connector housing. The
actuator rod may comprise a unitary component. The actuator rod may comprise multiple
components secured together. The actuator rod may be moveable relative to the connector
housing between its first and second positions, respectively corresponding to the connect and
disconnect positions of the latch arrangement.

[0072] The actuator may comprise a force arrangement for applying a motive force between
the actuator and the connector housing, for example between the actuator rod and the
connector housing. The force arrangement may be configured to apply a motive force between
the actuator and the connector housing in at least one direction. For example, in one example
the force arrangement may be configured to apply a motive force between the actuator and
the connector housing to move the actuator towards its second position, corresponding to the
disconnect position of the latch arrangement.

[0073] The force arrangement may be configured to apply a bias force between the connector
housing and the actuator in one direction. For example, the force arrangement may be
configured to apply a bias force between the connector housing and the actuator in a direction
to move and/or hold the actuator in its second position, corresponding to the disconnect
position of the latch arrangement. In this arrangement the actuator may be moved and/or held
relative to the connector housing against the bias force to configure or maintain the latch
arrangement in its connect position.

[0074] In one example the actuator may be moved and/or held relative to the connector
housing against the bias force by action of gravity on the connector housing and any
associated tool. That is, the weight of the connector housing and any associated downhole
tool, when suspended from a conveyance member via the connector mandrel (for example
deployed within a wellbore), may be used to move/hold the actuator in its first position,
corresponding to the connect position of the latch arrangement. In such an arrangement, with
weight applied and tension generated within the conveyance member the latch arrangement
will be held within its connect position to maintain a connection with the connector mandrel.

[0075] The weight of the connector housing and associated tool may be effectively used by
virtue of the connector mandrel being connected to the latch assembly, and the latch assembly
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being moveable relative to the connector housing.

[0076] The force arrangement may be selected or configured such that the weight of the
connector mandrel and associated downhole tool may be sufficient to overcome or exceed an
output force of the force arrangement.

[0077] The force arrangement may be configured to move the actuator towards its second
position, corresponding to the disconnect position of the latch arrangement, in response to an
initiation event.

[0078] The initiation event may comprise at least partial removal of the weight of the connector
housing and associated downhole tool from the connector mandrel. Such an initiation event
may result in a reduction in tension applied in a conveyance member associated with the
connector mandrel.

[0079] In some uses the weight of the connector housing and any associated tool may be at
least partially removed in the event of snagging or hanging-up of the downhole tool. Such an
arrangement may permit disconnection of the conveyance member from the downhole tool,
simplifying the subsequent fishing procedure.

[0080] The initiation event may comprise a signal transmitted to the releasable connector
apparatus. The signal may comprise a mechanical signal, for example transmitted via
manipulation of the conveyance member. The signal may comprise an electrical signal, optical
signal, pressure signal and/or the like.

[0081] The force arrangement may comprise an energy storage device.

[0082] The force arrangement may comprise an elastic arrangement. The force arrangement
may comprise a spring arranged to act, for example axially act, between the actuator and the
housing. The force arrangement may comprise a mechanical spring, gas spring or the like.

[0083] The actuator may comprise an axial shock absorbing arrangement. The axial shock
absorbing arrangement may be configured to absorb axial shock loading. Such shock
absorption may assist to avoid or minimise such axial shock loading from causing any
premature movement of the latch arrangement to its disconnect position. The axial shock
absorbing arrangement may comprise a Belleville spring arrangement.

[0084] The releasable connector apparatus may comprise a damping mechanism associated
with the actuator to delay or restrict the rate of relative movement between the actuator and
the connector mandrel in at least one direction. The damping mechanism may form part of the
actuator.

[0085] The damping mechanism may delay or restrict the rate of relative movement of the
actuator towards its second position, corresponding to the disconnect position of the latch
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arrangement. This may provide a time delay prior to the latch arrangement being fully
positioned in its disconnect position to permit release of the connector mandrel. The time delay
may permit operations to be performed for a time period without necessarily causing a
disconnect. For example, a temporary removal or reduction in weight applied on a conveyance
member via the connector mandrel may be permitted without causing disconnection from the
connector housing.

[0086] The damping mechanism may provide greater damping to relative movement between
the actuator and the connector housing in one direction than in an opposite direction. For
example, the damping mechanism may provide increased resistance to movement of the
actuator in a direction towards its second position than in a direction towards is first position.
Such an arrangement may facilitate more rapid movement of the latch arrangement to its
connect position.

[0087] The damping mechanism may comprise a hydraulic metering arrangement.

[0088] The damping mechanism may comprise a piston arrangement moveable within a fluid
chamber. The fluid chamber may be provided or defined within the connector housing.
Accordingly, the piston arrangement and the housing may be moveable relative to each other
to cause movement of the piston arrangement within the fluid chamber. The fluid chamber may
comprise a fluid, such as oil.

[0089] The piston arrangement may be mounted on a piston rod. The piston rod may be
coupled with or form part of the actuator, such that movement of the actuator may cause
corresponding movement of the piston arrangement.

[0090] The piston arrangement may divide the fluid chamber into first and second chamber
regions. Movement of the piston arrangement may vary the respective volumes of the first and
second chamber regions. In one example movement of the piston arrangement which is
associated with movement of the actuator towards its first position may involve an increase in
the volume of the second chamber region and a corresponding decrease in the volume of the
first chamber region. Conversely, movement of the piston arrangement which is associated
with movement of the actuator towards its second position may involve an increase in the
volume of the first chamber region and a corresponding decrease in the volume of the second
chamber region.

[0091] The piston arrangement may permit fluid to pass between the first and second fluid
chambers during movement of the piston arrangement. The piston arrangement may provide
resistance to such fluid flow in at least one direction, to provide damping of movement of the
actuator.

[0092] The piston arrangement may comprise a single flow path facilitating fluid flow between
the first and second fluid chambers. The piston arrangement may comprise a variable
resistance arrangement which provides an increase in resistance to flow in one direction along
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the flow path.

[0093] The piston arrangement may comprise a first flow path configured to permit fluid flow
from the first chamber region to the second chamber region during movement of the piston
arrangement which is associated with movement of the actuator towards its first position. The
first flow path may comprise a one way valve arrangement which permits flow form the first
chamber region to the second chamber region, while preventing reverse flow. The one way
valve arrangement may comprise a check ball valve, for example.

[0094] The piston arrangement may comprise a second flow path configured to permit fluid
flow from the second chamber region to the first chamber region during movement of the
piston arrangement which is associated with movement of the actuator towards its second
position. The second flow path may define a smaller flow area, for example significantly smaller
flow area, than the first flow path. This may permit the second flow path to provide a larger flow
resistance than the first flow path.

[0095] The second flow path may be defined by an annular flow path. The second flow path
may comprise an orifice.

[0096] The damping mechanism may comprise a pressurising arrangement configured to
apply a pressure to the fluid within the fluid chamber. The pressurising arrangement may
comprise a spring biased piston which defines a boundary of the fluid chamber. The
pressurising arrangement may apply a pressure within the fluid chamber which is associated
with the spring force of the spring biased piston.

[0097] The pressurising arrangement may be in pressure communication with the cavity. Such
an arrangement may provide a degree of pressure balancing between the cavity and the fluid
chamber.

[0098] The pressurising arrangement may function to accommodate thermal expansion of fluid
within the fluid chamber.

[0099] The cavity may be air filled, for example at atmospheric pressure. Such an
arrangement may permit the cavity, and thus actuator, to be provided in a relatively clean
environment. Further, such an arrangement may avoid exposure of the actuator to excessive
pressure forces.

[0100] The connector housing may be provided as a unitary component. Alternatively, the
connector housing may be provided as multiple components coupled together, for example via
threaded connections. One or more connections between individual housing components may
be sealed, for example via O-ring seals or the like. Such an arrangement may seal the cavity
from the surrounding environment.

[0101] The housing may define at least one access aperture to enable access to the actuator.
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Such access may permit an operator to move the actuator towards its first position to permit a
connection to be made with the connector mandrel when said mandrel is received within the
socket of the connector housing. The at least one access aperture may permit insertion of a
tool, such as a lever tool, to move the actuator.

[0102] The releasable connector apparatus may comprise a cover member arranged to
selectively close the at least one access aperture. The cover member may comprise a cover
sleeve which is mounted on the connector housing to selectively cover the at least one access
aperture. The cover member may be threadedly secured to the housing. The cover member
may be sealingly engaged with the housing to seal the cavity.

[0103] The connector housing may be arranged to be secured to a downhole tool via a
threaded connection, for example. The connector housing may be arranged to be secured to a
tool string.

[0104] The connector mandrel may be configured to be coupled to any suitable conveyance
member, such as wireline, tubing or the like.

[0105] An aspect of the present disclosure relates to a releasable connector apparatus for use
in providing a releasable connection between a conveyance member and a downhole tool, the
apparatus comprising:

a connector housing to be coupled with a downhole tool;

a socket defined within the connector housing for receiving a connector mandrel associated
with a conveyance member;

a latch arrangement operable within the socket and moveable relative to the connector
housing between a connect position to prevent removal of the connector mandrel from the
socket, and a disconnect position to permit removal of the connector mandrel from the socket;

a cavity defined within the connector housing, wherein the cavity is sealingly isolated from the
socket; and

an actuator mounted within the cavity and coupled to the latch arrangement, wherein the
actuator is moveable relative to the housing between a first position in which the latch
arrangement is in its connect position, and a second position in which the latch arrangement is
in its disconnect position.

[0106] An aspect of the present disclosure relates to a connector housing, for example for use
in any other aspect.

[0107] An aspect of the present disclosure relates to a connector mandrel, for example for use
in any other aspect.
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[0108] An aspect of the present disclosure relates to a method for providing a releasable
connection between a downhole tool and a conveyance member. The method may comprise
using a releasable connection apparatus according to any other aspect.

[0109] Features of one aspect may form part of any other aspect described herein and are not
repeated for brevity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0110] These and other aspects will now be described, by way of example only, with reference
to the accompanying drawings, in which:

Figures 1A to 1C diagrammatically illustrate sequential stages in the release of an example
releasable connector apparatus;

Figure 2 provides a cross-sectional illustration of an example releasable connector apparatus,
shown in a connect configuration;

Figures 3A and 3B provide enlarged views of portions of the releasable connector apparatus of
Figure 2, in regions 3A and 3B respectively;

Figure 4 llustrates the releasable connector apparatus of Figure 2 in a disconnect
configuration;

Figure 5 illustrates a region of the releasable connector apparatus of Figure 2 with a connector
mandrel removed from a connector housing; and

Figure 6 illustrates an example hydraulic metering arrangement for use in a releasable
connector apparatus.

DETAILED DESCRIPTION OF THE DRAWINGS

[0111] Figure 1A diagrammatically illustrates a downhole tool or tool string 10 being deployed
in a wellbore 12 on a wireline conveyance member 14. The downhole tool 10, which may
comprise any suitable tool, is connected to the wireline 14 via a releasable connector
apparatus 16, which includes a connector mandrel 18 coupled to the wireline 14 and received
and connected within a socket 20 of a connector housing 22, with the connector housing 22
coupled to the tool 10.

[0112] During normal operations the weight of the connector housing 22 and tool 10 apply
tension T in the wireline 14, with the housing 22 and tool 10 suspended from the connector
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mandrel 18 such that a relief separation 24 is present between a shoulder 26 of the mandrel
18 and an upper end 28 of the housing 22.

[0113] In the event of the tool 10 becoming stuck in the bore, illustrated in Figure 1B, at least
some of the weight will be removed from the wireline 14, resulting in a lower applied tension t.
In response to the reduction in applied weight an actuator (not shown) within the connector
housing 22 will effectively draw the connector mandrel 18 further into the socket 20, under
control of a slow action damping mechanism (not shown), closing the relief separation 24
(Figure 1A). Such action will cause a latch arrangement (not shown) within the socket 20 of the
housing 22 to release the connector mandrel 18, allowing the connector mandrel 18 and
wireline 14 to be retrieved, as illustrated in Figure 1C.

[0114] As will be described in further detail below, the releasable connector apparatus 16 is
configured such that the actuator within the connector housing 22 is isolated from the socket
20 of the housing 22, to avoid exposure of the actuator to well fluids, materials and pressures,
which may otherwise compromise the effective operation of the actuator.

[0115] The releasable connector 16 may be used in a contingency situation, for example in the
event of the tool 10 becoming stuck. In such a case a subsequent fishing operation may be
performed to retrieve the tool 10, without having to handle or manage any length of remaining
wireline. However, in other applications the releasable connector 16 may be used as a reliable
apparatus to intentionally leave the downhole tool 10 deployed within the wellbore 12 without
having to maintain the connection with the wireline 14.

[0116] Figure 2 provides a longitudinal cross-sectional view of the releasable connector
apparatus 16, illustrated in the connected configuration of Figure 1A. The apparatus 16
includes the connector mandrel 18 which facilitates connection with wireline (not shown) via
upper connector 30, and the connector housing 22 which facilitates connection with the
downhole tool (not shown) via lower connector 32. In the example illustrated the housing 22 is
formed of multiple components secured and sealed together.

[0117] The housing 22 defines the socket 20 which receives the mandrel 18. A latch
arrangement 34 is operable within the socket 20 to facilitate connection and disconnection
from the mandrel 18. As will be described in more detail below, the latch arrangement 34 is
axially moveable within the housing 22 between a connect position (shown in Figure 2) in
which a connection with the connector mandrel is achieved, and a disconnect position (shown
in Figure 4 and described later) in which the connector mandrel 18 can be released.

[0118] The housing defines a cavity 36 which is sealingly isolated from the socket via a sealing
arrangement 38, which will be described in detail below. In the present example the cavity 36
may be filled with air at atmospheric pressure. However, in other examples the cavity may be
filled with an alternative composition, at a desired pressure.

[0119] An actuator 40 is located within the cavity 36 and is coupled to the latch arrangement
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34 via a transmission connection 42. The actuator 40 is moveable within the cavity 36 between
a first position (shown in Figure 2) in which the latch arrangement 34 is in its connect position,
and a second position (shown in Figure 4 and described later) in which the latch arrangement
34 is in its disconnect position. As the cavity 36 is isolated from the socket 20, the actuator 40
will be protected from exposure to fluids and pressure within the socket 20. This may allow the
actuator 40 to avoid compromise and/or damage by well debris, for example. Further, this may
permit the actuator 40 to operate to cause the connector mandrel 18 to be released without
any bias effect caused by the surrounding fluid pressure.

[0120] The actuator 40 includes a force arrangement in the form of a spring 44 which acts
axially between an annular lip 46 on the housing 22 and an annular lip 48 on the actuator 40.
The spring 44 acts to bias the actuator 40 in the direction of arrow 50 relative to the housing
22, to seek to move the actuator 40 from its first position (Figure 2), to its second position
(Figure 4) and permit the mandrel 18 to be released. When the apparatus 16 is in use, the
weight of the housing 22 and any connected tool will compress the spring 44, retaining the
actuator 40 in its first position, thus maintaining the connection with the connector mandrel 18.
When sufficient weight has been removed, for example by the connected tool hanging-up in a
well, the spring 44 will cause the actuator 40 to move relative to the housing 22 to ultimately
move the latch arrangement 34 to its disconnect position. In this respect, the spring 44 will
typically be selected in accordance with the weight of the connector housing 22 and downhole
tool.

[0121] The apparatus 16 includes a hydraulic damping mechanism or arrangement 52 which is
coupled to or forms part of the actuator 40. The damping mechanism 52 functions to restrict
the permitted rate of movement of the actuator 40 towards its second position. Accordingly, the
damping mechanism 52 may function as a time-delay mechanism to delay release from the
connector mandrel 18. Such a time delay may allow the apparatus 16 to accommodate
temporary reductions in applied weight, such as during temporary tool hang-up events, during
intended tool manipulations and the like. The damping mechanism 52 may permit a more rapid
movement of the actuator 40 to its first position.

[0122] A more detailed description of the features of the releasable connector apparatus 16
will now be provided with reference to Figures 3A and 3B, wherein Figure 3A provides an
enlarged view of the apparatus 10 in region 3A of Figure 2, and Figure 3B provides an
enlarged view of the apparatus 10 in region 3B of Figure 2.

[0123] The connector mandrel 18 comprises a head portion 56 in which is formed the upper
connector 30, and a stab-in portion 58 which is received within the socket 20 of the connector
housing 22, with the shoulder 26 defining a transition between the head and stab-in portions
56, 58. The stab-in portion 58 comprises a circumferential recess 60 at a distal end thereof,
which, as will be described in detail below, facilitates connection with the latch arrangement 34.

[0124] The latch arrangement 34 includes a latch sleeve 62 which carries a number of
circumferentially arranged latch members or keys 64 mounted in respective radial slots 66.
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When the latch sleeve 62 is positioned in the illustrated connect position the latch keys 64 are
received within the recess 60 of the connector mandrel 18, and radially constrained by the
housing 22 to thus be locked within the recess 60. In this configuration the connector mandrel
18 is prevented from withdrawing from the socket 20, with the load applied by the weight of the
connector housing 22 and any associated tool transferred into the connector mandrel 18
through the engagement of the latch keys 64 and recess 60.

[0125] When the latch sleeve 62 is in the illustrated connect position a lower end 68 thereof is
axially separated from a shoulder 70 defined by the housing 22. This axial separation permits
the latch sleeve 62 to be moved axially within the housing 22 towards its disconnect position,
as will be described in more detail below.

[0126] As noted above, the cavity 36 is isolated from the socket 20 by a sealing arrangement
38. In the present example the sealing arrangement 38 is defined by multiple components,
including a sealing plug 72 which is mounted within the latch sleeve 62 and provides a seal
with an inner surface of the latch sleeve 62 via an O-ring 74. The sealing plug 72 is mounted
on a plug support sleeve 76, via threaded connection 78, and the plug support sleeve 76 is
secured to the housing 22 via threaded connection 80, with the lower end 82 of the plug
support sleeve 76 abutted against the annular lip 46 of the housing 22. As such, the sealing
plug 72 is effectively supported by the housing 22, with any forces acting on the plug 72 by
virtue of fluid pressure within the socket 20 being transmitted into the housing 22, and thus
having limited or no effect on the actuator 40.

[0127] The connector mandrel 18, when received within the socket 20, functions as part of the
sealing arrangement, assisting to isolate the cavity 36 from the socket 20. The stab-in portion
58 of the connector mandrel 18 includes first and second O-rings 82, 84, wherein the first O-
ring 82 provides a seal against the inner surface of the latch sleeve 62, and the second O-ring
provides a seal against the inner surface of the housing 22, more specifically against an inner
surface of a fishing neck sub 86 of the housing 22, with each O-ring 82, 84 sealed against a
common inner diameter. The first and second O-rings 82, 84 thus axially straddle the latch
members 64 and also an interface 88 between the latch sleeve 62 and fishing neck sub 86 of
the housing 22. Accordingly, when the connector mandrel 18 is received within the socket 20,
fluid from the surrounding environment is prevented from flowing or entering region 90
between the latch sleeve 62 and housing 22. Thus, in the illustrated connect configuration, the
cavity 36 is isolated from the socket 20 by virtue of a sealing arrangement composed of at
least the sealing plug 72 and the first and second O-rings 82, 84 provided on the mandrel 18.

[0128] An O-ring 92 is mounted on an outer surface of the latch sleeve 62, and functions to
provide a seal with the inner surface of the housing 22. In the present example, when the latch
sleeve 62 is located in its illustrated connect position the O-ring 92 is aligned with a recess 94
formed in the housing 22, such that no seal is provided. This may assist to prevent hydraulic
locking of the latch sleeve 62 during movement relative to the housing 22 to its disconnect
position. It should be noted that while the O-ring 92 does not establish a seal when the latch
sleeve 62 is in its connect position, the first and second O-rings 82, 84 provided on the
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mandrel 18 effectively prevent any fluid from entering the region 90 between the latch sleeve
and the housing 22. However, and as will be described in more detail below, when the latch
sleeve 62 is moved to its disconnect position, the O-ring 92 is moved into sealing engagement
with the housing 22, such that when the mandrel 18 is removed from the socket 20, the cavity
36 remains isolated from the socket 20.

[0129] The connector mandrel 18 defines an internal cavity in the form of a blind bore 170
which extends into the end of the stab-in portion 58, such that the internal cavity 170 is in
communication with the socket 20. The internal cavity 170 and the socket 20 are filled with a
grease, injected via a grease nipple 172 and conduit 174. The connector mandrel 18 also
includes one or more laterally extending ports 176 which facilitate communication between the
cavity 170 and the surrounding environment. In such an arrangement the pressure of the
grease will be equalised with the pressure of the surrounding environment. In this respect the
grease allows the socket 20 and cavity 170 to be equalised with the surrounding pressure,
while preventing exposure of the socket 20 and cavity 170 to well fluids. The pressure
equalisation is provided to prevent the connector mandrel 18 becoming hydraulically locked
within the socket 20.

[0130] When in use within a wellbore, the pressure of the grease within the socket 20 will act
against the first O-ring 82. However, as the same pressure will be applied externally against
the second O-ring 84 which seals against a common diameter, the pressure force applied
across the mandrel 18 will be substantially equalised.

[0131] Further, the pressure of the grease will act against the sealing plug 72. However, the
resulting force applied will be reacted into the housing 22, via the plug support sleeve 76,
avoiding exposure of the actuator 40 to pressure forces.

[0132] Also, while a portion of the latch sleeve 62 will be exposed to the pressure of the
grease, the arrangement of the O-ring 74 of the sealing plug 72 and the first O-ring 82 of the
connector mandrel 18 is such that the pressure will not apply any net force on the latch sleeve
62, again effectively avoiding any influence of pressure on the actuator 40.

[0133] The actuator 40 comprises an elongate actuator rod 100 which extends longitudinally
within the cavity 36, wherein the actuator rod 100 is composed of multiple components secured
or arranged together. The transmission connection 42 is provided at an upper end 102 of the
actuator rod 100, and in the present example includes two diametrically opposed keys 104
which extend radially between the actuator rod 100 and the latch sleeve 62, being received
within respective pockets 106 in the latch sleeve 62. The plug support sleeve 76 comprises a
pair of axially extending slots 108 which accommodate the keys 104.

[0134] The actuator rod 100 includes a shock absorber arrangement in the form of a spring
stack 110 (which may be composed by a disk spring) which is axially interposed between an
upper rod portion 100a and an intermediate rod portion 100b. The intermediate rod portion
100b may be defined as a spring rod, and carries the annular lip 48 which is engaged by the
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spring 44. Axial separation of the upper and intermediate rod portions 100a, 100b is prevented
by a retainer arrangement 112.

[0135] The spring stack 110 may function to absorb any shock or impulse loads applied
through the actuator. Further, the spring stack 110 may permit a degree of relative movement
between the upper and lower rod portions 100a, 100b which may be used during charging
and/or bleeding the damping mechanism 52.

[0136] The housing 22 includes access apertures 114 which permit an operator to insert a tool,
such as a lever tool, into the cavity 36 to engage the actuator 40, specifically the annular lip 48
on the intermediate rod portion 100b to move the actuator 40 towards its illustrated first
position, thus arranging the connector apparatus 16 in its connected configuration. The
housing 22 includes a threaded cover sleeve 116 which is used to cover and seal the access
apertures, thus maintaining the cavity 36 sealed from the surrounding environment.

[0137] The damping mechanism 52 is provided in a lower end region of the housing 22, and
includes a piston arrangement 120 which is moveable within an oil filed chamber 122 defined
within the housing 22, with the piston arrangement 120 dividing the fluid chamber 122 into a
first chamber region 124 and a second chamber region 126. The piston arrangement 120
includes a piston shaft 128 which is threadedly secured to a lower actuator rod portion 100c,
such that the piston arrangement 120 is moved with the actuator 40.

[0138] The piston arrangement 120 includes a piston sleeve assembly mounted on the piston
shaft 128 and includes an outer piston sleeve 130 mounted on an inner piston sleeve 132,
wherein the outer piston sleeve 130 is sealed with the housing 22 via a piston O-ring 134. The
piston shaft 128 includes an axial stop shoulder 138 which axially limits or retains the outer
piston sleeve 130. A lower end of the lower actuator rod portion 100c defines a stop shoulder
140 which axially limits or retains the inner piston sleeve 132. The stop shoulder 140 includes
an axially facing O-ring 142 which sealingly engages an upper axial end face 144 of the inner
sleeve 132. A spring 146 acts axially between the outer and inner piston sleeves 130, 132, to
bias the outer piston sleeve 130 against axial stop shoulder 138, and the inner piston sleeve
132 sealingly against stop shoulder 140.

[0139] In use, the piston arrangement 120 permits oil to pass between the first and second
chamber regions 124, 126 during movement of the piston arrangement. In the present
example the piston arrangement 120 provides a large restriction to the flow of oil when the
actuator 40 is moved from its illustrated first position (corresponding to the connect position of
the latch arrangement 34) to its second position (corresponding to the disconnect position). In
contrast, the piston arrangement 120 provides a low restriction to the flow of oil when the
actuator 40 is moved from its second position to its first position.

[0140] A first annular flow path 150 is defined between the outer and inner piston sleeves 130,
132, and a second annular flow path 152 is defined between the inner piston sleeve 130 and
the piston shaft 128. The first annular flow path 150 defines a smaller, for example significantly
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smaller, flow area than the second annular flow path 152, thus providing a greater resistance
to flow. Although the first and second flow paths are defined as annular, such a geometry may
not be strictly necessary. For example, one or both flow paths may be eccentric, or may be
defined by one or more individual flow conduits or channels, or the like.

[0141] The piston arrangement 120 is configured such that during normal use the first annular
flow path 150 permits flow in reverse directions between the first and second chamber regions
124, 126, while the second annular flow path 152 only permits flow from the first chamber
region 124 to the second chamber region 126. In such an arrangement during movement of
the actuator 40 from its illustrated first (latch connect) position towards its second (latch
disconnect) position, flow will only be permitted through the restricted first annular flow path
150, thus providing a large fluid damping effect and restricting the rate of movement. This may
provide the desired time-delay before disconnect is achieved. During reverse movement of the
actuator 40, flow will also be permitted through the larger second annular flow path 152,
allowing more rapid movement or "re-setting" of the actuator 40.

[0142] More specifically, during movement of the piston arrangement 120 in the direction of
arrow 50 (which corresponds to movement of the actuator 40 towards its second position and
the latch arrangement 34 towards is disconnect position), fluid pressure will increase in the
second chamber region 126 establishing a pressure differential between the first and second
chambers 124, 126, which will lift the outer piston sleeve 130 from the axial shoulder 138 to
axially press/hold the inner sleeve 132 (in combination with the bias of the spring 146) into
sealing engagement with shoulder 140, effectively sealing the second annular flow path 152. In
such a configuration flow will be established from the second chamber 126 to the first chamber
only through the restricted first annular flow path 150, damping the movement.

[0143] During movement of the piston arrangement 120 in the reverse direction (direction of
arrow 154 which corresponds to movement of the actuator 40 towards its first position and the
latch arrangement 34 towards is connect position), fluid pressure will increase in the first
chamber region 124 establishing a pressure differential between the first and second
chambers 124, 126, with flow permitted through the first annular flow path 150 from the first
chamber 124 to the second chamber 126. A combination of fluid drag in the first annular flow
path 150 and increasing pressure in the first chamber 124 will cause the inner sleeve 132 to lift
from its sealing engagement with the axial stop shoulder 140, against the bias of the spring
146, thus permitting flow also through the second annular flow path 152, significantly reducing
any damping effect provided by the piston arrangement 120.

[0144] The inner sleeve also includes a lift-off shoulder 156 which, upon over-displacement of
the actuator 40 in the direction of arrow 154, will engage a corresponding shoulder 158 on the
housing 22 and allow the inner sleeve 132 to lift from sealing engagement with stop shoulder
140. Such an arrangement may assist in the filling of oil within the first and second chamber
regions 124, 126. For example, oil may be delivered into the second chamber region 126 from
a suitable source, and flow relatively unrestricted through the open second annular flow
channel into the first chamber region 124. Otherwise, relying only on the first flow path 150
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may require a significant time period to complete the fill of the chamber 122. Although not
illustrated in Figure 3B, a bleed port may extend through the housing 22 and in communication
with the first chamber region 124 to allow air to bleed during filling.

[0145] In one example the over-displacement of the actuator 40 during filling/charging of the
damping mechanism 52 may be performed by engagement of the actuator with an operator
tool inserted via the access ports 114. Alternatively, the over displacement may be achieved by
applying pressure within the second chamber region 126 which, when the lift-off shoulder 156
of the inner sleeve 132 is engaged with the corresponding shoulder 158 of the housing 22, will
act on the actuator to cause the over displacement and open the second annular flow path
152. In either example above, the spring stack 110 may permit the over-displacement of the
actuator 40 to be achieved.

[0146] The over-displacement procedure described above may also be used in circumstances
where the chamber 122 is already filled, but it is desired to substantially equalise pressure in
the first and second fluid chamber regions 124, 126.

[0147] The damping mechanism 52 further comprises a pressurising arrangement 160
configured to apply a pressure to the oil within the fluid chamber 122. The pressurising
arrangement 160 comprises an annular piston 162 which is sealed against both the housing 22
and the lower actuator rod portion 100¢, wherein the annular piston 162 defines a boundary of
the fluid chamber 122 and of the cavity 36. The annular piston 162 is biased by a spring 164,
such that the pressure of the oil within the fluid chamber 122 may be a function of the force
applied by the spring and the pressure within the cavity 36. The pressurising arrangement 160
may also function to accommodate thermal expansion of oil within the fluid chamber 122.

[0148] Reference is now made to Figure 4 which illustrates the releasable connector
apparatus 16 in the configuration of Figure 1B, in which the connector mandrel 18 is permitted
to be removed from the socket 20 of the connector housing 22. Upon removal or reduction of
the weight of the connector housing 22 and associated tool from the connector mandrel 18, the
spring 48 will cause movement of the actuator 40 towards its second position in the direction of
arrow 50, with the transmission connection 42 causing corresponding movement of the latch
sleeve 62 towards its disconnect position. Such movement will be damped by the damping
mechanism 52 as described above. Engagement of the latch keys 64 with the recess 60 of the
connector mandrel 18 will cause the stab-in portion 58 to be drawn further into the socket 20.

[0149] When the latch sleeve 62 reaches its disconnect position the latch keys 64 will become
aligned with an increased diameter region 180 within the housing 22, removing the radial
support to the latch keys 64, such that retrieval of the mandrel 18 from the socket 20 is
permitted, as illustrated in Figure 5.

[0150] When the mandrel 18 is removed, the O-ring seals 82, 84 will no longer contribute to
any sealing isolation between the socket 20 and the cavity 36. However, when the latch sleeve
62 is located in its disconnect position, the O-ring 92 mounted on the latch sleeve 62 is
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presented in sealing engagement with the inner surface of the housing 22, thus operating in
combination with the sealing plug 72 to maintain the cavity 36 sealed from the socket 20 and
surrounding environment. In this configuration external fluid pressure will now apply a force on
the latch sleeve 62. However, when the latch sleeve 62 is in the illustrated disconnect
configuration the lower end thereof bottoms-out on the shoulder 70 of the housing 22,
preventing the actuator 40 from being influenced by the surrounding pressure.

[0151] Reference is now made to Figure 6 which is a cross-sectional view of an alternative
example of a damping mechanism 200 which may be used within the connector housing 22.

[0152] The damping mechanism 200 is similar in many respects to the damping mechanism
52 described above and includes a piston arrangement 202 which is moveable within the oil
filled chamber 122 defined within the housing 22, with the piston arrangement 202 also dividing
the fluid chamber 122 into the first chamber region 124 and the second chamber region 126.
The piston arrangement 120 includes a piston shaft 204 which in this example is integrally
formed with the lower actuator rod portion 100c such that the piston arrangement 202 is
moved with the actuator 40.

[0153] The piston arrangement 202 includes a piston sleeve assembly mounted on the piston
shaft 204 and retained by a sleeve retainer 206 which is secured to the piston shaft 204 via a
threaded connection 208. The piston sleeve assembly includes an outer piston sleeve 210
mounted on an inner piston sleeve 212, wherein the outer piston sleeve 210 is sealed with the
housing 22 via a piston O-ring 214. The sleeve retainer 206 includes an axial stop shoulder
216 which axially limits or retains the outer piston sleeve 210. A lower end of the actuator rod
portion 100c defines a stop shoulder 218 which axially limits or retains the inner piston sleeve
212. An O-ring 220 is provided on a circumferential surface of the actuator rod portion 100c,
adjacent the shoulder 218, and functions to provide a seal against an inner surface of the inner
piston sleeve 212. The provision of the O-ring seal 220 on a circumferential surface may
provide improved stability to the O-Ring, and reduce the likelihood of the O-ring 220 becoming
displaced or washed-out when the inner sleeve 212 is moved to expose the O-ring 220. Such
displacement may be more likely in axial face seals, such as with O-ring 142 (Figure 3B) of the
piston arrangement 120 described above. As such, the reliability of retaining the metering or
damping effect may be improved.

[0154] A spring 222 acts axially between the outer and inner piston sleeves 210, 212, to bias
the outer piston sleeve 210 against axial stop shoulder 216, and the inner piston sleeve 212
against stop shoulder 218 and in sealing engagement with O-ring 220.

[0155] In use, the piston arrangement 202 permits oil to pass between the first and second
chamber regions 124, 126 during movement of the piston arrangement, and in a similar
manner to the arrangement described above provides an increased resistance to movement of
the actuator in a direction to permit disconnection of the connector mandrel 18 from the
connector housing 22.
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[0156] A first flow path 224 is defined between the outer and inner piston sleeves 210, 212,
and a second flow path 226 is defined between the inner piston sleeve 212 and the sleeve
retainer 206. In the present example the first flow path 224 may define a smaller flow area than
the second flow path 226.

[0157] A third flow path 228 is provided through the piston arrangement 202, which defines a
larger, for example significantly larger, flow area than at least the first flow path 224. A check
ball 230 is provided within the third flow path 228 and is engaged with a fixed ball seat 232 and
a spring mounted ball seat 234 which acts to bias the check ball 230 against the fixed ball seat
232. Thus, the check ball 230 permits flow in only a single direction, specifically from the first
chamber 124 to the second chamber 126. While a check ball is illustrated in the present
example, other types of one-way valve arrangement may be utilised.

[0158] During normal use, movement of the piston arrangement 202 in the direction of arrow
50 (which corresponds to movement of the actuator 40 towards its second position and the
latch arrangement 34 towards is disconnect position), fluid pressure will increase in the second
chamber region 126, which will lift the outer piston sleeve 210 from the axial shoulder 216 to
axially press/hold the inner sleeve 212 (in combination with the bias of the spring 222) into
engagement with shoulder 218 and sealed with the O-ring 220, effectively sealing the second
flow path 226. Fluid pressure in the second chamber 126, in combination with the spring
mounted ball seat 234 will maintain the check ball 230 against the fixed seat 232, thus sealing
the third flow path 228. In such a configuration flow will be established from the second
chamber 126 to the first chamber 124 only through the restricted first flow path 224, damping
the movement.

[0159] During movement of the piston arrangement 202 in the reverse direction (direction of
arrow 154 which corresponds to movement of the actuator 40 towards its first position and the
latch arrangement 34 towards is connect position), fluid pressure will increase in the first
chamber region 124, with flow permitted through the first flow path 224 from the first chamber
region 124 to the second chamber region 126. A combination of fluid drag in the first flow path
224 and increasing pressure in the first chamber 124 may cause the inner sleeve 212 to lift
from the axial stop shoulder 218 and O-ring 220, against the bias of the spring 222, thus
permitting flow also through the second flow path 226, reducing any damping effect provided
by the piston arrangement 202.

[0160] Further, during movement of the piston arrangement 202 in the direction of arrow 154
the check ball 230 will be lifted from the fixed ball seat 232 against the bias of the spring
mounted ball seat 234, thus opening the third flow path 228 and significantly reducing the
damping effect of the piston arrangement 202.

[0161] The inner sleeve 212 also includes a lift-off shoulder 240 which, upon over-
displacement of the actuator 40 in the direction of arrow 154, will engage the shoulder 158 on
the housing 22 and allow the inner sleeve 212 to lift from stop shoulder 218 and separated
from the O-ring 220, opening the second flow path 226. In a similar manner described above,
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such an arrangement may assist in the filling of oil within the first and second chamber regions
124, 126, equalising pressure between the first and second chamber regions 124, 126 and/or
the like. A bleed port 242 extends through the housing 22 and in communication with the first
chamber region 124 to allow air to bleed during filling or the like. In the example illustrated a
bleed screw 244 is located within the bleed port 242.

[0162] In one example the over-displacement of the actuator 40 during filling/charging of the
damping mechanism 200 may be performed by engagement of the actuator with an operator
tool. Alternatively, the over displacement may be achieved by applying pressure within the
second chamber region 126 which, when the lift-off shoulder 240 of the inner sleeve 212 is
engaged with the corresponding shoulder 158 of the housing 22, will act on the actuator via the
check ball 230 pressed against the fixed seat 232, to cause the over displacement and open
the second flow path 226.

[0163] The damping mechanism 200 further comprises the pressurising arrangement 160
described above.

[0164] It should be understood that the examples described herein are exemplary and that
various modifications are possible. For example, the damping mechanism is not exclusively for
use with the connector apparatus, and may be used in combination with any other tool or
system.
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FORBINDELSESANORDNING

PATENTKRAV

1. Aftagelig forbindelsesanordning (16) til anvendelse ved tilvejebringelse af en aftagelig forbindelse

mellem et fremferingselement (14) og et borchulsvarktej (10), hvilken anordning omfatter:

en forbindelsesdorn (18) til sammenkobling med et fremforingselement (14);

et forbindelseshus (22) til sammenkobling med et borehulsredskab (10);

en sokkel (20) defineret inde i forbindelseshuset (22) til modtagelse af forbindelsesdornen (18);

en laseanordning (34), der kan fungere inde i soklen (20) og omfatter et laseclement (64),

hvor laseanordningen (34) kan bevages i forhold til forbindelseshuset (22) mellem en
forbindelsesposition, hvori laseelementet (64) er last i forhold til forbindelsesdornen (18) for at forhindre
fjernelse af forbindelsesdornen (18) fra soklen (20), og en frakoblingsposition, hvori laseelementet (64) er
ulast i forhold til forbindelsesdornen (18) for at forhindre fjernelse af forbindelsesdornen (18) fra soklen (20);

et hulrum (36) defineret inde i forbindelseshuset (22), hvor hulrummet (36) er tetnende isoleret fra
soklen, saledes at fluidtryk inde i soklen (20) forhindres i at pafere en forspandingskraft pa en aktuator (40);
0g

aktuatoren (40) er monteret inde i hulrummet (36) og sammenkoblet med laseanordningen (34), hvor
aktuatoren (40) kan beveages i forhold til huset (22) mellem en forste position, hvori laseanordningen (34) er
i dens forbindelsesposition, og en anden position, hvori laseanordningen (34) er i dens frakoblingsposition.
2. Aftagelig forbindelsesanordning (16) ifelge krav 1, hvor tetnende isolering af hulrummet (36) fra
soklen (20) isolerer aktuatoren (40) mod cksponering for brondfluider, nar den aftagelige
forbindelsesanordning (16) indferes/anvendes i en brond (12).
3. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst foregiaende krav, hvor
laseanordningen (34) omfatter en lasebesning (62), der baerer laseelementet (64), hvilken lasebesning (62)
kan fungere inde i soklen (20) og bevages af aktuatoren (40) i forhold til forbindelseshuset (22) mellem
forbindelses- og frakoblingspositioner; eventuelt hvor

laseelementet (64) monteres inde i en radial laselomme defineret i en vag af lasebesningen (62);

og/eller

hvor mindst en del af forbindelsesdornen (18) modtages inde i lasebesningen (62); og/eller

hvor laseanordningen (34) aksialt understettes af huset (22), nar laseanordningen (34) er i én af dens
forbindelses- og frakoblingspositioner for at dirigere trykinducerede krafter pafort lascanordningen (34) ind
i huset (22).
4. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst foregaende krav, og som omfatter
en tetningsanordning (38) til teetning af hulrummet (36) fra soklen (20); eventuelt hvor

mindst én af forbindelsesdornen (18), laseanordningen (38) og forbindelseshuset (22) definerer en
del af taetningsanordningen (38).
5. Aftagelig forbindelsesanordning ifelge krav 4, hvor tatningsanordningen (38) omfatter en

taetningsprop (72), der tetnende gar i indgreb med lasecanordningen (34)
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6. Aftagelig forbindelsesanordning ifelge krav 5, hvor taetningsproppen (72) definerer en dynamisk
teetning til at tilvejebringe tetnende indgreb med laseanordningen (34) under relativ bevagelse mellem
taetningsproppen (72) og lasecanordningen (38) bevirket ved rekonfiguration af laseanordningen (38) under
anvendelse af aktuatoranordningen (40).
7. Aftagelig forbindelsesanordning ifelge krav 5 eller 6, hvor tetningsproppen (72) understottes aksialt
af forbindelseshuset (22) for at dirigere trykkraft pafeort tetningsproppen (72) ind i forbindelseshuset (22).
8. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst af krav 5 til 7, hvor tatningsproppen
(72) understottes pa en propunderstotningsbesning (76), og propunderstotningsbesningen (76) er i indgreb
med eller understottes af forbindelseshuset (22).
9. Aftagelig forbindelsesanordning ifelge krav 8, hvor propunderstatningsbesningen (76) modtager en
transmissionsforbindelse (42) mellem aktuatoren (40) og laseanordningen (34).
10. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst af krav 4 til 9, hvor
tetningsanordningen (38) omfatter en lasetetning (92) indlagt mellem laseanordningen (38) og
forbindelseshuset (22); eventuelt hvor

lasetetningen (92) definerer en dynamisk tetning til at tilvejebringe en tetning mellem
laseanordningen (34) og forbindelseshuset (22) under relativ bevagelse derimellem; og/eller

hvor lasetatningen (92) tilvejebringer en tetning mellem laseanordningen (34) og forbindelseshuset
(22), nar lasecanordningen (34) eri én af eller begge dens forbindelses- og frakoblingspositioner;

og/eller hvor lasetetningen (92) tilvejebringer en t@tning mellem laseanordningen (34) og
forbindelseshuset (22) mindst, nar laseanordningen (34) er i den frakoblingsposition.
11. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst af krav 4 til 10, hvor
teetningsanordningen (38) omfatter en forbindelsesdorntetning (82, 84) indlagt mellem forbindelsesdornen
(18) og mindst én af forbindelseshuset (22) og laseanordningen (34), nar forbindelsesdornen (18) modtages i
forbindelseshusets (22) sokkel (20); eventuelt hvor

forbindelsesdortetningen (82, 84) er indlagt mellem forbindelsesdornen (18) og bade
forbindelseshuset (22) og laseanordningen (34); og/eller

hvor forbindelsesdorntetningen (82, 84) aksialt spander over en granseflade mellem
forbindelseshuset (22) og lasecanordningen (34); og/eller

hvor, nar forbindelsesdornen (18) modtages inde i soklen (20), forbindelsesdorntatningen (82, 84)
isolerer en lasetztning (92) mod eksponering af fluider/tryk inde i soklen (20), eller nar det afthaenger af et
hvilket som helst af krav 4 til 9, hvor taetningsproppen (72) og forbindelsesdorntatningen (82, 84) etablerer
en teetning inde i laseanordningen (34) pa aksialt adskilte omrader pa laseanordningen (34).
12. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst foregaende krav, og som omfatter
en transmissionsforbindelse (42), der tilvejebringer en forbindelse mellem aktuatoren (40) og
laseanordningen (34) for at geore det muligt for aktuatoren (40) at bevirke relativ bevagelse mellem
laseanordningen (34) og forbindelseshuset (22); eventuelt hvor

transmissionsforbindelsen (42) tilvejebringer en forbindelse mellem aktuatoren (40) og

laseanordningens (34) lasebosning (62); og/eller
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hvor transmissionsforbindelsen (42) omfatter et transmissionselement (104), der strekker sig
mellem aktuatoren (40) og laseanordningen (34); og/eller

nar det afthenger af et hvilket som helst af krav 11 til 31, hvor transmissionsforbindelsen (42)
streekker sig gennem en del af tetningsanordningen (38) for at ga i indgreb med laseanordningen (34), hvor
eventuelt transmissionsforbindelsen (42) straekker sig gennem en propunderstotningsbesning (76).
13. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst foregaende krav, hvor aktuatoren
(40) omfatter en aktuatorstang (100), der streekker sig aksialt inde i forbindelseshusets (22) hulrum (36),
hvilken aktuatorstang (100) kan bevages i forhold til forbindelseshuset (22) mellem den forste og anden
positioner, der henholdsvis svarer til laseanordningens (34) forbindelses- og frakoblingspositioner.
14. Aftagelig forbindelsesanordning (16) ifelge et hvilket som helst foregaende krav, hvor aktuatoren
(40) omfatter en kraftanordning til pafering af drivkraft mellem aktuatoren (40) og forbindelseshuset (22);
hvor eventuelt

kraftanordningen er konfigureret til at pafere drivkraft mellem aktuatoren (40) og forbindelseshuset
(22) for at bevage aktuatoren (40) mod dens anden position, svarende til laseanordningens (34)
frakoblingsposition; og/eller

hvor kraftanordningen er konfigureret til at pafore en forspandingskraft mellem forbindelseshuset
(22) og aktuatoren (40) i én retning, hvor eventuelt kraftanordningen er konfigureret til at pafore en
forspaeendingskraft mellem forbindelseshuset (22) og aktuatoren (40) i en retning for at bevage og/eller holde
aktuatoren (40) i dens anden position, svarende til laseanordningens (34) frakoblingsposition; og/eller hvor
aktuatoranordningen (40) bevages og/eller holdes i1 forhold til forbindelseshuset (22) mod
forspendingskraften ved indvirkning af tyngdekraft pa forbindelseshuset (22) og et hvilket som helst
tilherende varktoj.
15. Aftagelig forbindelsesanordning (16) ifelge krav 14, hvor kraftanordningen er konfigureret til at
bevage aktuatoren (40) mod dens anden position, svarende til laseanordningens (34) frakoblingsposition,
som reaktion pa en initieringshaendelse; hvor eventuelt

initieringshaendelsen omfatter mindst delvis fjernelse af forbindelseshusets (22) og tilherende

borchulsvaerktejs vagt fra forbindelsesdornen (18); og/eller,

hvor initieringshandelsen omfatter et signal sendt til den aftagelige forbindelsesanordning (16).
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