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TIME-DELAYED CONNECTOR LATCH

Abstract

A connector latch includes a housing body having an internal cavity, a grippable
member slidably cbupled to the housing body, and a hydraulic mechanism on the housing
body for delaying sliding of the housing body relative to the grippable member when an

external force is applied to the housing body.
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TIME-DELAYED CONNECTOR LATCH

Background of Invention

The invention relates to methods and apparatus for making electrical connections
in remote locations, e.g., inside an oil well. More specifically, the invention relates to a

mechanical latch for connecting two mating parts of an electrical connector.

When a well is drilled, it 1s common to survey, or “log,” certain sections of the

well. Well logging involves obtaining and recording data related to one or more

characteristics of the formations penetrated by the well. Many types:_ of logs, e.g., '

mechanical, acoustic, electric, and radioactivity, can be made using app‘ropriate logging
tools. In wireline logging, the logging tools are deponed into the well by means of an

armored electrical cable, or Wireline, wound on the drum of a winch. The logging tools

" 'make measurements at selected depths of the well and send signals to a logging unit at

the earth’s surface through the cable. With the aid of gravity, the logging tools can be
lowered into vertical wells by simply unwinding the cable from the winch drum. In
horizontal or highly-deviated wells, however, gravity is frequently insufficient to., move
the logging tools to the depths to be logged. In these situations, it 1s sometimes necessary.
to push the logging tools along the well with drill pipe, coiled tubing or the like.

Wireline logging with drill pipe is complicated by the presence of the cable. It is
cumbersome and dangerous to string the cable through all of the drill pipe before
lowering the logging tool into the well. Some deployment systems have _therefore been
developed, such as one offered under the trade name Tough Logging Conditions System
(TLCS) by Schlmnberger. Technology Corporation, Houston, Texas, which allow an
electrical connection to be made between the lo gging tool and the cable aﬁer the logging
tool has been lowered to the desired depth in the well. In these deploymem systems, the

logging tool is deployed with standard drill pipe. Then, the cable is run tlliough the drill
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pipe and connected to the logging tool. After logging, the cable is detached from the
logging tool and removed before the logging tool is retrieved.

In the TLCS and other deployment systems, the cable is remotel'y connected to the
logging tool using a downhole connector. One mating part of the connector is mounted
inside a docking head, which is attached to the logging tool. The logging tool is then
lowered into the well on drill pipe. The other mating part of the connector is mounted in
a pump-down head, which is attached to the end of the cable. The pnmp-down head is
forced down the drill pipe with a flow of fluid, such as drilling mud, that circulates out of
holes at the bottom of the drill pipe and into the well. An electrical connection 1is
established when the mating parts come in contact. This connection is typically referred
to as a “wet connection” because it is made in the flow of ﬂuid which is of’ten conductive

- and challenges the rehablhty of the electrical connection. A mechanical latch joins the

. ....mating parts together and maintains the integrity of the joint during the logglng operat1on

In most systems, the latching is established using the kinetic energy of the pump—down
head that is pushed down by the circulating fluid. At the completion of the logging
~operation, the pump-down connector head is unlatched from the dockin g head allowing
the cable to be pulled out of the drlll pipe. The pump-down head is usually unlatched
from the docking head by pulllng on the cable with a predetermined amount of tension.

In deeper wells, it becomes more difficult to meet all functional requirements for
the mechanical latch. In particular, existing wet connector latch mechanisms do not meet
two conflicting requirements for the strength of the mechanical latch. On one hand, the
tensile force available for unlatching at the pump-down head diminishes quickly with
-_ depth and well curvature due to friction between the cable and the drill pipe and the'
weight of the cable itself. Thus a weak latch that can be easﬂy released is requlred under
- these cond1t10ns On the other hand pushing the plpe down into a deep and/or htghly-
~ deviated well is often charactenzed by stlck and slip motion of the dnll pipe. This

uneven motion creates very short-lived, but htgh-amphtude forces on the mechanlcal
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latch because the plpe motion and cable motion do not correspond. In order to avold

accidental unlatching due to these forces, the latch has to be strong.

Mechanical latches for downhole wet connectors have been disclosed and are
commercially available. U.S. Patent 5,967,816 issued to Sampa et al. di_Scloses a latch
mechanism which includes a three-finger latch collet and a latch ring. The latch collet 1S
attached to the docklng head, while the latch ring is part of the pump-down head. Dunng
latching, the latch ring forces the fingers open and passes through the collet The fin gers
then close behind the ring, preventmg the pump-down head from separatln g from the
docking head. The unlatching 1S con'duCted by 'applying tension to ' the logging cable.
When this force is strong enough to exceed the yield strength of the ring material 'at the
- points of contact, jthe fingers break loose, destroying a portion of the ring. The

mechanism has the advantages of simplicity and reliability and has been very successful

force can be achleved ;by varying the strength of the latch ring. However, the _number‘ of
latch/unlatch cycles is limited because the ring suffers substantial damage every time it is
unlatched. Further, the unlatching force is constant and cannot be adjusted once the latch
is downhole. Hence this mechanism reaches the limit of its usefulness at a certain well

~ depth.

U.S. Patent no. 4, 799 546 issued to Hensley et al and U.S. Patent no. 4,700,778
1ssued to Snnth et al. disclose latch mechanisms -based on J-shaped slots or J—slots
These latch mechanisms typically include protrusions on one mating part of the connector
and J-slots cut in the other mating part of the connector. One mating part of the
connector is attached to the pump-down head, while the other mating part is mounted in

the docking head Durlng latching, the protrus1ons engage the J-slots and then slide along

them, forcing the pump-down head to rotate a predetermmed amount. At the end of the '

travel, a sprlng pushes back the matln g part contmmng the protrusions. The shape of the

J-slots prevent the protrusmns from travelm g back along the same path Instead the -

protrusions are forced towards a d1fferent section of the J-slot, thus locklng the two

3




CA 02372522 2002-02-18

mating parts of the connector together. The protrusions can be separated ﬁom the J-slots

by either tensioning and slackening of the cable or by pushmg the pump-down head

down. This forces the protrusions to travel along a third section of the J-slot, which frees

the protrusions from the J-slots and allows the .pump-down head to be separated from the
docking head The advantage of the J -slot system 1s that it allows multipzle latch/unlatch
cycles. Another advantage is that no elements of the system are destroyed, and there 1s
no risk of leaving debris in the well. The system is relatively complex, however, and
there is a higher risk of accidentally unlatchin'g due to an unintended pull on the cable

caused for example, by stick-slip motion of the drill pipe.

U.S. Patent no. 5,058,683 1ssued to Godfrey et al. discloses a J-slot latch

mechamsm that has reduced risk of accidental unlatching. In this mechamsm, the shape

of the J-slot is modified such that multiple tensioning and slackening cycles on the cable .

_are required before the latch is released. This mechanism, however, does not completely .

eliminate the occurrence of an accidental unlatch. The Godfrey et al patent also
discloses an electrlcally activated wet connector latch which uses electromagnetlc dev1ces
to create the force holding the two mating parts of the wet connector to gether. This
connector has many potent1a1 advantages, the most important of which 1s that the latch
can be controlled remotely However, this latch mechanism has not recelved ‘wide

commercial acceptance due to its complemty, difficulties with downhole power supplles

~and safety concerns, especially when the tool string contains perfor.atmg guns.

U.S. Patent no. 5,158,142 issued to Miszewski et al. discloses an apparatus for
releasing a pipe 'string from an object stuck downhole. This apparatus uses a hyd_raulic
time-delay mechanism that selectively releases only when a predetermined tension is
applied to the pipe strmg for a predetermined amount of time. This mechamsm does not

release under accidental high tensile loads, such as those that may result from shootmg

perforating guns. However, the mechanism releases when a much smaller tensﬂe force 1s

~applied for much longer periods of time. This mechanism is not sultable for wet
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connectors because it cannot latch, it only releases. Hence, it can only be used once, and

the mechanical connection has to be established in some other way.

- Therefore, what is needed is a latch mechanism for electrical connectors which
can be easily released, does not accidentally unlatch, and has multiple latch/unlatch

cycles.

Summary of Invention

In one aspect, the invention relates to a connector latch which comprises a housing
body having an internal cavity, a grippable member slidably coupled to the housing body,
and a hydraulic mechanism on the housing body for delaying sliding of the housing body

relative to the grippable member ?when an external force is applied to the housing body.

In another aspect the mventron relates to a connector latch which comprlses a

Whousmg body havmg an mtemal cavrty, a grrppable member sl1dably coupled to the

housing body, a gripping member for selectively en gaging the grippable member, and a
hydraulic mechanism on the housing body for delaying sliding of the-housing body

relative to the grippable member when an external force is applied to the housing body.

In another aspect, the .invention relates to a connector latch which comprises a
housing body having an internal cavity, a grippable member slidably coupled- to the
housmg body, a sealed chamber defined within the internal cav1ty, the sealed chamber
| having a volume which varies with relatlve movement betwcen the housmg body and the '
‘ grippable member and a flow restriction for controllably releasing fluid from the sealed

chamber to the mternal cavrty as the volume of the sealed chamber decreases

In another aspect, the invention relates to a mechanical latch for connectmg two
matmg parts of an electrical connector which comprises a housing body havmg an
internal cavity, a grippable member slidably coupled to the housing body and attached to
one of the mating parts, a gripping member adapted to selectrvely engage the grippable

member and attached to the other mating part, and a hydraulic mechanism on the housing




10

15

20

25

30

CA 02372522 2009-05-13

79628-4

body for delaying movement of the housing body relative to
the grippable member when an external force 1s applied to

the housing body.

In another aspect, the invention relates to a
method for connecting and selectively disconnecting a
gripping member. The method comprises lowering a tool
comprlsing a grippable member to the gripping member,
bringing the grippable member 1n contact with the gripping
member, pushing the gripping member against the grippable
member until the gripping member engages the grippable
member, and applylng a tension to the tool for a duration
determined by a hydraulic time-delay mechanism 1n the tool,
and moving the tool relative to the gripping member to

release the grippable member.

In another aspect, the invention relates to a
connector latch, comprising: a housing body having an
internal cavity; a grippable member slidably coupled to the
housing body; and a hydraulic mechanism on the housing body
for delaying sliding of the housing body relative to the
grippable member when an external force is applied to the
housing body, the hydraulic mechanism comprising a sealed
chamber defined within the internal cavity, the sealed
chamber having a volume which varies with relative movement
between the housing body and the grippable member; a flow
restriction for controllably releasing fluid from the sealed
chamber to the internal cavity as the volume of the sealed
chamber decreases; a valve for supplying fluid from the
internal cavity to the sealed chamber as the volume of the
chamber increases; and a flooding valve for communicating
external fluid pressure into the internal cavity when the

pressure 1n the internal cavity 1s lower than the external

fluid pressure.
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In another aspect, the invention relates to a
connector latch, comprising: a housing body having an
internal cavity; a grippable member slidably coupled to the
housing body; a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the
grippable member when an external force is applied to the
housing body, and a spring which biases a surface on the
housing body against an opposing surface on the grippable
member, wherein the housing body is urged to move relative
to the grippable member when the external force exceeds a

pre-load on the spring.

In another aspect, the invention relates to a
connector latch, comprising: a housing body having an
internal cavity; a grippable member slidably coupled to the

housing body, the grippable member comprising a female

connector housing having at least one female electrical
contact; a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the
grippable member when an external force is applied to the
housing body; and a shuttle movably disposed in a cavity in
the female connector housing, the shuttle having a gripping

member for engaging a tip of a male electrical connector.

In another aspect, the invention relates to a
connector latch, comprising: a housing body having an
lnternal cavity; a grippable member slidably coupled to the
housing body, the grippable member comprising a recess for
engagement with a holding surface on a gripping member, the
recess comprising a circumferential ring mounted on the
grippable member; and a hydraulic mechanism on the housing
body for delaying sliding of the housing body relative to
the grippable member when an external force is applied to

the housing body.

6a
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In another aspect, the invention relates to a
mechanical latch for connecting two mating parts of an
electrical connector, comprising: a housing body having an
internal cavity; a grippable member slidably coupled to the
housing body and attached to one of the mating parts; a
gripping member adapted to selectively engage the grippable
member and attached to the other mating part; a hydraulic
mechanism on the housing body for delaying movement of the
housing body relative to the grippable member when an
external force 1s applied to the housing body; and a shuttle
movably disposed in a cavity i1n the female connector
housing, the shuttle having a surface for engaging a tip of
the male connector, wherein one of the mating parts
comprises a female connector housing having at least one
female contact and the other mating part comprises a male
connector having at least one male contact for engagement

with the female contact.

In another aspect, the invention relates to a
mechanical latch for connecting two mating parts of an
electrical connector, comprising: a housing body having an
1nternal cavity; a grippable member slidably coupled to the
housing body and attached to one of the mating parts; a
grippling member adapted to selectively engage the grippable
member and attached to the other mating part; and a
hydraulic mechanism on the housing body for delaying
movement of the housing body relative to the grippable
member when an external force 1s applied to the housing
body, the hydraulic mechanism comprising: a sealed chamber
defined within the internal cavity, the sealed chamber
having a volume which varies with relative movement between
the housing body and the grippable member; a flow
restriction for controllably releasing fluid from the sealed

g—

chamber to the internal cavity as the volume of the sealed

6b
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chamber decreases; a valve for supplying fluid from the

gr—

internal cavity to the sealed chamber as the volume of the

chamber i1ncreases; and a flooding valve for communicating
external fluid pressure into the internal cavity when the
pressure 1n the i1nternal cavity 1s lower than the external

fluid pressure.

In another aspect, the invention relates to a
mechanical latch for connecting two mating parts of an
electrical connector, comprising: a housing body having an
internal cavity; a grippable member slidably coupled to the
housing body and attached to one of the mating parts, the
grippable member comprising a recess for engagement with a
holding surface on the gripping member, the recess
comprising a clrcumferential ring mounted on the grippable
member; a gripping member adapted to selectively engage the
grippable member and attached to the other mating part; and
a hydraulic mechanism on the housing body for delaying
movement of the housing body relative to the grippable

member when an external force i1s applied to the housing

body.

Other aspects and advantages of the invention will
be apparent from the following description and the appended

claims.

Brief Description of Drawings

Figures 1A-1D show a cross-section of a wet

g

connector latch according to one embodiment of the

invention.

Figure 2 1s a three-dimensional view of the latch

collet shown in Figure 1D.

6C
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Figure 3A shows the wet connector latch prior to

latching.

Figure 3B shows the beginning phase of the wet

connector latching process.

5 Figure 3C shows the wet connector latch in the

latched position.

Figure 3D shows the beginning phase of the wet

connector unlatching process.

j 8

Figure 3E shows the wet connector latch in an

10 unlatched position.

Detailed Description

Embodiments of the invention provide a wet
connector latch for mechanically joining two mating parts.
In general, the invention includes a latch collet, an inner
15 and outer body, a pre-load spring, and a hydraulic time-

delay system. The latch collet 1is

od
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attached to one of the mating parts, while all other elements of the wet connector latch
are attached to the other mating part. The latch collet and the inner body engage to
provide a mechanical latch between the two mating parts. The time-delay system
comprises a fluid- filled chamber and means for oontroll'ably releasihg fluid from the

chamber. To separate the mating parts, a force is applied to the outer body. If the force
. is larger than the force necessary to compress the spring, the outer body starts to slide
relative to the inner latch body. This movement reduces the volume of the chamber and
causes the pressure of the fluid inside the ohamber to increase. The presSurized fluid is
slowly squeezed out through components of the time-delay system. The time-delay
system ensures that fhe latch does not release unless a ' force with a predetermined

magnitude is apphed for a predetermined amount of time. As the outer body travels a

predetermined distance with respect to the inner body, it engages the latoh collet and .

~ forces the latch collet to release the inner body. At this point, the mechanical couplmg__,_“___\_m

between the two matmg parts is released.

Various embodiments of the invention will now be described with reference to the
aooompanying draWilrgs. Figure 1A shows a partial cross-sectional view of a wet
connector latch, generally indicated by referenoe numeral 2, according to one
embodiment of the invention. Figure 1B is a continuation of the drawingi of Figure 1A,
Figure 1C is a contindation of the drawing of 'Figure 1B, and F igure 1D 1s a oontinuation
“of the drawing of Figure 1C. The wet connector latch 2 comprises a pump-do_wn head 4
and a latch collet (6 in Figure 1D). The pump-down head 4 includes an outer latch body
8 and an inner latch body (10 in Figure 1B). The outer latch body 8 and *rhe inner latch
body (10 in Fi igure 1B) enclose the elements of a tlme-delay system, generally 1nd1cated

by reference numeral 11 in Figure 1B.

Referring to Figure 1A, the outer latch body 8 includes an upper head 12 a
pressure chamber body 14, and an outer housmg weldment (16 in Figure lB) The upper
\ head 12 includes a feedthrough 18. The upper head 12 i Is attached to the upper end of the
pressure chamber body 14. A bulkhead connector 20 is mounted at the upper end of the

7
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pressure chamber body 14. The bulkhead connector 20 and the feedthrough 18 allow
electrical connection between the wires (not shown) inside the pump-down head 4 and an
external cable (not shown). As shown in Figure 1B, the lower end Of the pressure
chamber body 14 is connected to the outer housing weldment 16 by a threaded rlng 22.
Static seal 24 prevents fluid from entering thrs joint. '

Stiil refernng to Figure 1B, the inner latch body 10 includes a piston 26, a mud/oil
crossover 28,. a wire mandrel 30, -a female connector housing (32 1n Figure 1D), a latch
ring (34 in Figure 1D), a clamp (36 in Figure 1D), and a protectiveSleeve (38 in Figure
1D). The piston 26 is located Within the pressure chamber body 14 and is movable
relative to the pressure chamber body 14. A chamber 42 is defined between the piston 26
and the pressure chamber ‘body 14. The piston 26 carries a hydraulic restriction 44, : such

as an orifice, a check valve 46, and a dynamic seal 48. A seal cartridge 50 is mounted at

---the lower end of the pressure chamber body-14. - The seal cartridge 50 holds dynamlc s

seals 52. The dynamic seals 48, 52 isolate the chamber 42 from the rest of the internal
volume of the pump-down head 4. The chamber 42 is filled with a substant1ally
\1ncompress1b1e fluid, typrcally oil. The pressure chamber body 14 preferably includes a
port 37 through which fluid can be supplied to the chamber 42. The port 37 is sealed

with a plug 39 when not in use.

~ The piston 26 has a bore 40 through which fluid can be communicated to ajSpaoe
43 above the chamber 42. Fluid in the space 43 can flow into the chamber 42 throu gh the
check valve 46. A pre-load spring 54 is located inside the chamber 42. When the spring
54 is compressed, fluid is squeezed out of the chamber 42 throu gh :the hydraulfic
restriction 44. The tluid-filled, 'sealed chamber 42 and the hydraulic restrrotion 44 form
part of the tlme-delay system 11. Another element of the tlme-delay system 11 is a
flooding valve 45 located in the mud/oﬂ crossover 28. The purpose of the ﬂoodmg valve
45 will be explained 1ater The pre-load on the sprlng 54 can be adjusted by a nut 56
threaded to the lower end of the plston 26. The pre-load spring 54 exerts a force on a
surface 58 of the nut _;56, bringing the surface 58 agamst a surface 60 of the pressure

8
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chamber body 14. The force of the spring 54 is sufficient to prevent relative movement
between the inner latch body 10 and the outer latch body 8 during latching. A threaded
ring 62 connects the lower end of the piston 26 to the mud/oil crossover 28. The mud/oil

crossover 28 is welded to the wire mandrel 30.

Referring to Figure 1D, the wire mandrel 30 is connected to the female connector
housing 32 \by shear blocks 64. The female connector housing 32 carries female 'contacte
66. The female contacts 66 are connected to wires (not shown) that run along the pump-
down head (4 1n Flgure 1A). An 1nsulat1ng shuttle 68 1s disposed in a cav1ty 62 in the
female connector housing 32. The 1nsulat1ng shuttle 68 prevents any electrical
communication between the female contacts 66. The shuttle 68 is biased downwardly by
a spring 70, Wthh causes an 1nterna1 grip 69 of the shuttle 68 to engage a dynamic seal

72. The dynannc seal 72 and seals (74, 76 in Flgure 1B) isolate the mternal volume of |

———the pump—down head 4 from external fluid during latching and unlatching. - -~~~ e

The ,protectlve sleeve 38 is mounted on the femele connector housing 32.
Attached to the uppexf end of the protective sleeve 38 is the clamp 36, which holds the
latch ring 34. The latfch ring 34, clamp'36_, and protective sleeve 38 are the parts of the
pump-down head 4 that are e\ngagedby the latch collet 6 when the wet connector latch 2
is in the latched position. The latch collet 6 includes a base 78 with openings (80 in
Figure 2). The openings (80 in Figure 2) are for circulating fluid flow out of the latch
collet 6. Flexible latch fingers 82 (also. shown in Figure -.2) are joined together at the base -
78. The latch fingers% 82 are shaped so as to form a latching surface 84’; an unlatching
~ surface 86. and a hoiding surface 88. During latching, the slanted surface 90 of the
protective sleeve 38 slldes against the latching surface 84 and pushes the latch ﬁngers 82
outward. This allows the pump-down head 4 to slide inside the latch collet 6 until the

fingers 82 snap on the latch ring 34. In this position, the holding surface 88 is in contact

with the recess 89 provided by the latch ring 34.
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The latch ring 34 is preferably made from a material that forms a low friction palr
‘ with the material the latch fingers 82 are made from. During unlatching, there is sliding
between the latch ring 34 and the latch fingers 82_, which will generally result in a certain
amount of wear on the latch ring 34 and latch fingers 82. The material of the latch fing.
34 is preferably a softer material than the material used in the latch fingers 82. In this
way, the wear OCCUrS primarily oh‘the surface of the latch ring 34, which extends the life
of the latch collet 6. In this configuration, the latch ring 34 is essentially the sacrificial
part and is replaced after a predetermined numb‘er of latch/unlatch cycles. The protective
sleeve 38 and clamp 36 can be dlsmounted from the female connector housing 32 to

facilitate easy replacement of the latch ring 34.

.

Referring to Figure 1C, the pump-down head 4 includes a pres’surei compensating
system, generally indicatedby reference numeral 92. In the .illustrated embodiment, the
-~ pressure compensating '§ystem- 92 ihc'ludes' a piston 94, seal 96, spring 98, and pressure - -
relief valve 100. The piston 94 can move inside the wire mandrel 30. The piston 94
separates the internali fluids of the pump-down head 4 from the external fluid which
enters through op\enin?g (102 in Figure 1B) of the mud/oil crossover (28\\in Figure 1B).
~The pressure compeﬁsatin g system 92 keeps the pressure of all ﬂuid-{ﬁlled internal
volumes of the pump-down head 4 higher than ambient pres'sure. Similar pressure

compensating systems are widely used in all fluid-filled downhole devices.

" The pressure eompensating system 92 also suppliee’ extra ﬂuid' required for
unlatching. Dﬁring uﬁlatching, the inner latch body 10 is pulled out of the outer latch
‘body 8, thus increasing the internal volume of the pump-down head 4. Becau-se the
amount of fluid in the pump-down head 4 cannot change, a redistribution of the ﬂuid
inside the pump- down\head 4 must occur. During unlatching, oil flows from the preséure
compensating system 26 through the mud/oil crossover (28 1 in Flgure 1B) and the piston
bore (40 in Figure lB) to the chamber (42 in Figure 1B). If the pump—down head 4
‘ madvertently loses much of its internal fluid during unlatching, a hydraulic lock-up may

occur which may make it impossible to unlatch. To prevent this situation, the flooding

10
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valve (45 in Figure 1B) allows external fluid to flow into the pump-down head 4 if the

 external pressure becomes higher than the internal pressure.

Figure 3A shows a lo gging system 106 incorporating the wet connéctor latch (2 in
Figures 1A-1D). It should be noted that several details of the logging system 106; s\uci_h
as the logging unit and logging tools, are omitted for clarity of the illustrétion The wet
connector latch 2 1s shown m the unlatched posruon with the pump-down head 4

attached to a cable 108 that runs to the surface, and shows the latch collet 6 coupled to a
l docking head 110. It should be noted that for the sake of smphclty, some of the
elements of the pump-down head 4 shown in Figures 1A-1D are omitted in this drawing.

Also, the outer latch body 8 and the inner latch body 10 are shown as single solid pieces.

The female contacts 66 are connected to insulated electrical conductors in the
cable 108 by wires (not \’showh) that run inside the pump-down head 4. ‘The latch collet 6
e e upperbody {12 of the docking head 1 {07 Ths docking head 110
includes a male wet connéctor contact assembly 114, which consists | of éltefnatin g \
electrically. conductive rihgs or contacts 116 and insulating -rings 118. The cond'uct'iv"e
rings 116 are attachéd to wires\120 that run inside a passage 122 in the docking head
body .112 and are coﬂnected to downhole logging tools (not shown). The -docking head
body 112 also has passages 124 for fluid flow. The docking head body 112 1s rigidly
attached to a drill pipe 126. The drill pipe 126 is generally located downhole In a well
‘(not shown) during operation. The pump-down head4 is pushed down the drill pipe 126 ‘
by a flow of fluid, as indicated by the arrows. ' '

Figure 3B shows the be ginning phase of the latching process in which the internal ,
grip 69 (also shown 111 Figure lD) of the insulating shuttle 68 .'has just engaged the tip 128
of the male contact wet connector assembly 114. At this time, the pump-down head 4 is
still moving downward, pushed by the mud ﬂbw pumpéd down the drill pipe 126;. The
slanted surface 90 of the inner latch body 10 slides against the latch surface 84 of the
latch collet 6 and pushes the flexible fingers 82 outward. This allows tﬁe pump-doWn

11
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head 4 to slide into the latch collet 6. It should be noted that there is no relative motion
between the inner latch body 10 and the outer latch body 8 at this time. Also, it shonld be

noted that surface 130 of the inner latch body 10 and surface 132 of the dockmg head
| body 112 are still far apart and that the downward motion of the pump-down head 4

contmues.

As the pump-}down head 4 continues to move downward, the male contact
assembly 114 penetrates the pump-down head 4, pushing the insulating shuttle 68 inward.
* This in turn compresses the spring 70. The extra volume of fluid that is displaced by the
‘movement of the insulating shuttle 68 is taken up by the pressure compensating system
(92 in Figure 1C). The downward motion of the pump- -down head 4 stops when’Surface
130 of the inner latch body 10 contacts surface 132 of the docking head body 112. ThlS g
position of the pump-down head 4 is shown in Fi; gure 3C. At the time thlS happens, the -

-~ -latch fingers 82 latch ofito the ~latch ring (34 in Figure 1D), and the-holdmg surface 88 of -

the latch fingers 82 comes into contact with recess 89 in the inner latch body 10,
preventing the separation of the surfaces 130, 132. In this way, relative n'iotion between
the female contacts 66. and male contacts 116 is prevented.' In this position, lat_ohing _of
the pump-down head 4 and the docking head 110 is complete. ‘The pump-down head 4
and docking head 110 remain in this position during the entire logging: operation. It
should be noted that flow of fluid can contintie throughout the entire logging operation as

needed. Thus, the invention does not interfere with the effective control of fthe, well.

Figure 3D shows the begmmng phase of the unlatching process.. ' " This process
starts by applying an upward pull on the cable 108, mdlcated by the upward—pomtmg
' arrow 109. This force is transmitted from the cable 108 to the outer latch body 8. Since
the inner latch body 10 is still held in place by the latoh fingers 82, the %eXtemal force

applied to the outer latch body 8 will tend to cause the outer latch{body 8 to start sliding
~ with respect to the inner latch body 10 in the upward direction. This, however can
happen only if the external force is strong enough to overcome the 1n1t1al pre-load of

spring 54. Thus, the initial pre- -load on sprmg 54 determmes the minimum unlatch foroe

12
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Further, the relative motion between the inner latch body 10 and outer latch body
8 causes the volume of the chamber 42 to decrease. Because the chamber 42 is filled
‘'with substantially inoompressible fluid, when the volume of the chamber 42 decreases,
the fluid flows out of the chamber 42. Fluid can flow out of the chamber 42 only through
the hydraulic re\strictio_n 44, however. In Figure 3D, the flow through the hydraulic
restriction 44 is indicated by the arrow 111. The hydraulic restriotion 44 'al.lows fluid to
escape only at a relatlvely slow rate, thus creatmg a positive pressure dtfferentlal between
the chamber 42 and the rest of the pump-down head 4 mternal volume. This pressure
differential counteracts the tendency of the inner latch body 10 and outer latch body 8 to
slide with respect to each other. If the force apphed to the outer latch body 8ishi gh but
of short duratron the fluid will not have enough time to escape from the chamber 42.

This causes a very hi gh pressure drfferentlal In this case, the external force is almost

~ entirely balanced by the pressure increase in chamber 42. On the other hand, if the

external force 1s applied for an e_xtended period of time, the ﬂuid will have isufﬁcient time
to escape from the chamber 42, and the pressure d’ifferential caused by the hydraulic

restriction 44 will be much lower.

The force required to move the outer .latoh body 8 with respect to the inner latch
‘body 10 determines the strength of the mechanical latch. From the above discussion, it is
clear that this strength; will be variable and will depend on the characteristies of the force
applied through the. cable 108 and on the flow restriction provided by the hydraulie .
restriction 44. By approprlately desrgnmg the hydraulic restriction 44, it is posmble to
obtain a variety of latch strength levels that are smted for any speelﬁc downhole

conditions.

Referring to Figure 3D, as the outer latch body 8 slides with respect to the inner
latch body 10, surface 134 of the outer latch body 8 engages the urﬂatching surface 86 of
the latch fingers 82. This causes the latch fingers 82 to spread out. \As the latch fingers
82 move in the outward direction,, the holding surface 88 of the latch ﬁhgers 82 starts to
disengage from the rec?:ess89 of the inner latch body 8.- -When the ﬁngers 82 move far

13
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~ enough, they no longer hold the inner latch body 8 in place and the coupling between the
pump-down head 4 and the docking head 110 is released ‘Because there is still a tensron

109 on the cable 108,; the pump-down head 4 is moved out of the latch collet 6.

It should be noted that as thepump-down head 4 and the docking head 110 are
pulled apart, the male contact assembly 114 is pulled out of the pump-doWn head 4 At
the same time, spring 70 pushes the insulating shuttle 68 downward, back to its ort ginal
position in the pump-down head 4. After the pump-down head 4 is released by the latch
collet 6, there is no force counteracting the elastic energy built up in spring 54. The
spring 54 is now free to expand, and in doing so,‘ pulls the inner latch body 10 back into
the outer latch body 8 This action tends to enlarge the chamber 42. . Flud flows into the
chamber 42 through the check valve 46. By the time the pump-down head'i 4 is pulled out
 of the latch collet 6 the outer latch body 8 has already moved to its orlgmal locatlon At

- this time, the latchmg/unlatchm g cycle 18 completed, and - the pump-down head 4 and - - -

docking head 110 are back in the posrtron shown in Figure 3A, ready for another latchmg

1f necessary.

Now consider how the invention will react to transient forces that may result from
the stick-slip motion of the dl‘lll prpe 126. In this case, a very strong tensile force wﬂl be
applied to the outer latch body 8. This tensile force is created because the motion of the
drill pipe 126 does not correspond to the motlon of the cable 108. As explamed earlier,
this force will cause a pressure increase in chamber 42. In response to the pressure -
increase, fluid wrll start ﬂowmg out of the chamber 42, and the outer latch body 8 will

-start moving with respect to the 1 inner latch body 10. So far, these events are similar to
- those of the unlatching process. The main difference 1s that the force caused by stick-slip
motion of the drill pipe 126 1s of very short duration. Since the unlatching takes a B
relatively long time, this force will typically be relieved before fthe unlatching can be
completed. Once the external force is gone, there is nothlng to balance the compressmn
of spring 54, and the spring 54 will qu1ckly bnng the outer latch body 8 back to the

position indicated in Flgure 3C. Thus, the system qulckly resets once the external force

14
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is removed. Consequently, the invention can withstand an unlimited number of transient

“tension events without unlatching.

The invention may provide several general advantages. As discussed above, the
wet connector latch of the present invention alldws a joint to be formed mechaniCally
between two mating pa.rts of a tool string. This joint can be selectively uncoupled when
necessary. The wet connector latch is particularly suited for mechamcally Jomlng two
parts of a downhole wet connector used for drill-pipe conveyed logging. An 1mportant
characteristic of the wet connector latch is that it releases only when a predetermined
force 1s applied to it for a predetermined amount of time. Another important

characteristic of the wet connector latch is that it can be operated multiple times.

While the invention has been described with respect to a limited number of

embodiments, those skilled i in the art, having benefit of this disclosure, will appreczate

~ that other embodlments can be devised which do not depart from the scope of the

invention as disclosed herein. Accordmgly, the SCOpe of the 1nvention should be 11m1ted

only by the attached clalms

15
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CLAIMS:
1. A connector latch, comprising:
a housing body having an internal cavity;
a grippable member slidably coupled to the housing
body; and

a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the
grippable member when an external force i1s applied to the
housing body, the hydraulic mechanism comprising a sealed
chamber defined within the internal cavity, the sealed
chamber having a volume which varies with relative movement
between the housing body and the grippable member; a flow
restriction for controllably releasing fluid from the sealed
chamber to the internal cavity as the volume of the sealed
chamber decreases; a valve for supplying fluid from the
internal cavity to the sealed chamber as the volume of the
chamber increases; and a flooding valve for communicating
external fluld pressure into the internal cavity when the

pressure 1n the internal cavity 1s lower than the external

fluid pressure.

2 . The connector latch of c¢laim 1, further comprising

a pressure compensator for balancing pressure between the

P

internal cavity and the exterior of the housing body.

3. A connector latch, comprising:
a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body;
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a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the
grippable member when an external force 1s applied to the

housing body; and

a spring which biases a surface on the housing
body agalinst an opposing surface on the grippable member,
wherein the housing body is urged to move relative to the
grippable member when the external force exceeds a pre-load

on the spring.

4 . The connector latch of claim 3, further comprising

means for adjusting the pre-load on the spring.

5. A connector latch, comprising:

a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body, the grippable member comprising a female connector

housing having at least one female electrical contact;

a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the
grippable member when an external force is applied to the

housing body; and

a shuttle movably disposed in a cavity in the
female connector housing, the shuttle having a gripping

member for engaging a tip of a male electrical connector.

6 . The connector latch of claim 5, wherein the

shuttle 1s spring-loaded against a surface on the grippable

member.

17
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7. The connector latch of claim 5, further comprising

a seal mounted between the female connector housing and the

shuttle.
8 . A connector latch, comprising:
5 a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body, the grippable member comprising a recess for
engagement with a holding surface on a gripping member, the

recess comprising a circumferential ring mounted on the

10 grippable member; and

a hydraulic mechanism on the housing body for
delaying sliding of the housing body relative to the

grippable member when an external force 1s applied to the

housing body.

15 9. The connector latch of c¢claim 8, wherein the

circumferential ring is made of a softer material than the

holding surface.

10. The connector latch of c¢claim 8, wherein the

gripplng member comprises a collet.

20 11. The connector of claim 10, wherein the grippable
member comprises a slanted surface which is displaced along

the collet upon relative movement between the housing body

and the grippable member.

12. A mechanical latch for connecting two mating parts

25 of an electrical connector, comprising:
a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body and attached to one of the mating parts;
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a gripping member adapted to selectively engage
the grippable member and attached to the other mating part;

a hydraulic mechanism on the housing body for
delaying movement of the housing body relative to the
grippable member when an external force 1s applied to the

housing body; and

a shuttle movably disposed 1n a cavity 1n the
female connector housing, the shuttle having a surface for

engaging a tip of the male connector,

wherein one of the mating parts comprises a female
connector housing having at least one female contact and the
other mating part comprises a male connector having at least

one male contact for engagement with the female contact.

13. A mechanical latch for connecting two mating parts

P

of an electrical connector, comprising:

a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body and attached to one of the mating parts;

a gripping member adapted to selectively engage
the grippable member and attached to the other mating part;

and

a hydraulic mechanism on the housing body for
delaying movement of the housing body relative to the
grippable member when an external force is applied to the
housing body, the hydraulic mechanism comprising: a sealed
chamber defined within the internal cavity, the sealed
chamber having a volume which varies with relative movement
between the housing body and the grippable member; a flow

restriction for controllably releasing fluid from the sealed
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chamber to the internal cavity as the volume of the sealed

chamber decreases; a valve for supplying fluid from the

internal cavity to the sealed chamber as the volume of the
chamber increases; and a flooding valve for communicating
external fluid pressure into the internal cavity when the

pressure in the internal cavity 1s lower than the external

fluid pressure.

14 . The mechanical latch of claim 12 or 13, further
comprising a pressure compensator for balancing pressure

between the internal cavity and the exterior of the housing

body.

15. The mechanical latch of claim 12 or 13, further
comprising a spring which biases a surface on the housing
body against an opposing surface on the grippable member,
wherein the housing body i1s urged to move relative to the
grippable member when the external force exceeds a pre-load

on the spring.

16. A mechanical latch for connecting two mating parts

of an electrical connector, comprising:
a housing body having an internal cavity;

a grippable member slidably coupled to the housing
body and attached to one of the mating parts, the grippable
member comprising a recess for engagement with a holding
surface on the gripping member, the recess comprising a

circumferential ring mounted on the grippable member;

a gripping member adapted to selectively engage
the grippable member and attached to the other mating part;

and

a hydraulic mechanism on the housing body for

delaying movement of the housing body relative to the
20
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grippable member when an external force 1s applied to the

housing body.

17. The mechanical latch of claim 16, wherein the
circumferential ring 1s made of a softer material than the

5 holding surface.

18. The mechanical latch of any one of claims 12

to 17, wherein the grilppling member comprises a collet.

19. A method for connecting and selectively

disconnecting a gripping member, comprilsing:

10 lowering a tool comprising a grippable member to

the gripping member;

bringing the grippable member in contact with the

gripping member;

pushing the gripping member against the grippable
15 member until the gripping member engages the grippable

member;

applying a tension to the tool for a duration

determined by a hydraulic time-delay mechanism in the tool;

and

20 moving the tool relative to the gripping member to

release the grippable member.

20. The method of claim 19, wherein the gripping

member 1s located downhole i1in a well.

271 . The method of claim 19, wherein the tool is

25 lowered on the end of an electrical cable.

21
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22, The method of claim 21, wherein lowering the tool
comprises pumping the tool along the well in a flowilng

fluid.

23. The method of claim 21, wherein the grippable

member includes at least one female contact.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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