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(57) ABSTRACT

Downhole tools, such as MWD modules (or components),
may be coupled together with a coupler (or coupling device)
having a shaft housing with slidable electrical connectors
disposed at each end. The electrical connectors may each be
supported in connector housings disposed with springs or
other movable devices. In a first position, the electrical con-
nectors may extend past the ends of the shaft housing. The
slidable connector housings allow the electrical connections
to be made before the sleeves connecting (or mechanically
connecting) the MWD modules with the coupler are begun to
be threadedly attached with the coupler. Each of the connec-
tor housings may have a key configuration on their exposed
end. The shaft housing may also have key configurations on
its ends. The key configurations of the connector housings
and the shaft housing may be configured to mate with com-
patible ends of MWD modules.
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SYSTEM AND METHOD FOR COUPLING
DOWNHOLE TOOLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/504,847 filed on Jul. 6, 2011,
which is hereby incorporated by reference for all purposes in
its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] N/A

REFERENCE TO MICROFICHE APPENDIX
[0003] N/A

BACKGROUND OF THE INVENTION

[0004] 1. Field of the Invention

[0005] This invention relates to the field of downhole tools,
measurement while drilling modules, centralizers and com-
ponents.

[0006] 2. Description of the Related Art

[0007] Downhole tools are used in drilling and production.

Downhole tools include, among others, wireline logging
tools, production logging tools, and tools that take measure-
ments while drilling, such as measurement while drilling
(MWD) tools, logging while drilling (LWD) tools, and survey
while drilling (SWD) tools. Downhole tools are typically
comprised of different modules coupled together. The cou-
pling mechanism is sometimes integrated in the modules but
typically the coupling mechanism is a separate device that
also serves the function of centralizing the tool string in the
drill collars or drill pipe. MWD tool strings are positioned
downhole in a well to take measurements and convey the
information to the surface. Examples of MWD modules
include pulser modules, sensor modules, and battery mod-
ules, among others. A prior art MWD centralizer, shown in
FIG. 1, is connected between two MWD modules to keep
them centered in the well during the drilling process. The
centralizer has electrical connectors at both ends to mate with
matching electrical connectors on the ends of the MWD mod-
ules. Both the electrical connectors on the centralizer and the
MWD modules have a combination of electrical pins and
sockets for mating with each other. Different electrical con-
nectors (that is, different electrical pin and socket configura-
tions) are typically used on the two ends of the centralizer, but
both ends of the centralizer have similar half-circular key
configurations.

[0008] The industry standard is to have a four (4) electrical
pin, six (6) socket electrical connector profile oriented verti-
cally or at 90 degrees on the down-hole end of the centralizer,
as shown on the right side of FIG. 1, and a six (6) electrical
pin, four (4) socket electrical connector profile oriented at 45
degrees on the up-hole end of the centralizer, as shown on the
left side of FIG. 1. The industry standard is to have a six (6)
electrical pin, four (4) socket electrical connector profile ori-
ented vertically or at 90 degrees on the up-hole end of the
MWD module, and a four (4) pin, six (6) socket electrical
connector profile oriented at 45 degrees on the down-hole end
of the MWD module.

[0009] A tubular sleeve or pressure housing with internal
threads at both ends is threadedly attached to both the MWD
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module and the centralizer to cover the electrical connection
and protect it from the pressures in the well. Before the
electrical connection can be made, the sleeve has to be thread-
edly attached to both the MWD module and the centralizer.
The sleeve is usually first attached to the MWD module. After
the sleeve is secured to the MWD module, the sleeve extends
several inches past the electrical connector on the end of the
MWD module, making the electrical connector difficult to
access and see.

[0010] As shown in FIG. 2A, the electrical connectors on
both ends of the centralizer are flush with the ends of the
centralizer. Due to the configuration of the prior art central-
izer, the threaded connection between the sleeve and the
centralizer must be started and nearly completed before an
electrical connection (e.g., pins of a connector electrically
engaging the sockets of another connector) between the cen-
tralizer and the MWD module is made. The electrical con-
nection is made “blind” in that the electrical connectors can-
not be seen when the centralizer is being threadedly attached
with the sleeve since the electrical connectors are covered by
the sleeve. In addition, the electrical connection between the
MWD module and the centralizer has to be made with more
force than would otherwise be necessary since it must be
made while threadingly attaching the sleeve with the central-
izer.

[0011] The method and system of the past have several
disadvantages. Since the key configurations on both ends of
the centralizer are similar half-circular shapes, and since the
electrical connector on the end of the MWD module is
shielded by the sleeve and is difficult to see, it is common for
the ends of the centralizer to be mistakenly reversed. An end
of the centralizer with an incompatible electrical connector
may be mistakenly threadedly attached with the sleeve of the
MWD module, resulting in damage to the electrical pins of
the electrical connectors, with the resulting costly repairs and
delay. This is a common problem when dealing with compo-
nents in the field where environmental conditions can be
severe. Damage to the MWD module internal electronics may
also occur.

[0012] Even ifthe correct end of centralizer is connected to
the sleeve, the process is still time consuming. Initially, it
takes time to insure that the centralizer is oriented correctly.
Also, since the threaded physical connection between the
centralizer and the sleeve has to be made before the electrical
connection, the threaded connection has to be done slowly to
insure that the electrical connectors, which cannot be seen
due to the sleeve, align and mate. It is common for the
threaded connection to be tightened, but the electrical con-
nectors to not be electrically connected or coupled. In such a
situation, the threaded connection has to be reversed a certain
amount, and the inner housing of the centralizer that supports
the electrical connector manually manipulated such as by
twisting and pushing to insure the electrical connection is
made, at which point the threaded connection has to be re-
tightened. The determination of whether the electrical con-
nection has been made properly is done by feel, which
depends on the experience and training of the MWD operator.

[0013] It is also common to have the half-circular keys of
the centralizer and MWD module almost aligned, and when
the threaded connection begins to be made, the corners of
bothkeys contact each other. When the threaded connection is
continued to be made under such a condition, the corners of
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the electrical connectors often break. The disadvantages of
the past have plagued the MWD industry for at least twenty
years.

[0014] A need exists for a method and system to connect
MWD modules with a device that prevents damage to the
electrical connectors and saves time. A need also exists for a
method and system to connect other downhole tools in addi-
tion to MWD modules.

BRIEF SUMMARY OF THE INVENTION

[0015] Electrical connectors may be slidably disposed at
one end or at each end of a shaft housing of a coupler. The
electrical connectors may be independently movable in rela-
tion to the shaft housing. In a first position, the electrical
connectors may extend outwardly away from the respective
ends of the shaft housing for electrical connection with MWD
modules or tools before connection of the sleeve to the cou-
pler. Connector housings may support the electrical connec-
tors. In one embodiment, each connector housing is posi-
tioned with a spring in the shaft housing. The exposed ends of
the connector housings and their supported electrical connec-
tors protrude past the ends of the shaft housing when the
springs are in their uncompressed condition, which allows the
electrical connections to the MWD modules to be made
before the sleeves connected with the MWD modules are
threadedly attached with the coupler. While the threaded
physical connection between the MWD modules and coupler
housing are being made, the springs may compress and allow
the connector housings and their supported electrical connec-
tors to move inwardly (or slidably move) toward the center of
the coupler to a second position.

[0016] The shaft housing may have key configurations on
each of its ends. The connector housings may have key con-
figurations on their exposed ends. In one embodiment, the key
configurations on the ends of the shaft housing are the same,
and the key configurations on the connector housings are the
same. The key configurations may be half-circular shaped to
mate with the ends of current MWD modules. In another
embodiment, the key configurations on the ends of the shaft
housing are different, and the key configurations on the ends
of'the connector housings are different. The key configuration
onone connector housing and its end of the shaft housing may
have two legs, and the key configuration on the other connec-
tor housing and its end of the shaft housing may have three
legs. The connector housings and the shaft housing may be
configured to mate with the ends of MWD modules having
compatible key configurations to insure that the electrical
connectors match and that the electrical pins are correctly
aligned with sockets to prevent damage. The coupler may be
used with different downhole tools.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] A better understanding of the present invention can
be obtained with the following detailed descriptions of the
various disclosed embodiments in the drawings, which are
given by way of illustration only, and thus are not limiting the
present invention, and wherein:

[0018] FIG. 1 is a side view of a prior art centralizer.
[0019] FIG. 2 is an end view of the centralizer of FIG. 1.
[0020] FIG.2A is a section view along line 2A-2A of FIG.

2 of the centralizer with a first electrical connector on the right
side and a second electrical connector on the left side.
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[0021] FIG. 3 is an isometric view of a prior art MWD
module end compatible with the first electrical connector on
the right side of FIG. 2A.

[0022] FIG. 4 is an end view of FIG. 3.

[0023] FIG. 5is an isometric view of the prior art electrical
connector of FIG. 3.

[0024] FIG. 6 is an isometric view of a prior art MWD
module end compatible with the second electrical connector
on the left side of FIG. 2A.

[0025] FIG. 7 is an end view of FIG. 6.

[0026] FIG. 8 is an isometric view of the prior art electrical
connector of FIG. 6.

[0027] FIG. 9 is a side view of a coupler having a fin
housing, a first connector housing protruding on the right side
from a shaft housing, and a second connector housing pro-
truding on the left side from the shaft housing.

[0028] FIG. 10 is an end view of the coupler of FIG. 9.
[0029] FIG. 10A is a section view along line 10A-10A of
FIG. 10 with the shaft housing disposed in the thru bore of the
fin housing, the first connector housing protruding on the
right side from the shaft housing, the second connector hous-
ing protruding on the left side from the shaft housing, the
unexposed ends of each connector housing each positioned
with a spring in the shaft housing thru bore, and each connec-
tor housing supporting an electrical connector.

[0030] FIG. 11 is a side view of the shaft housing of FIG. 9.
[0031] FIG.11Aisanisometric view ofthe shafthousing of
FIG. 11 having a half circular key configuration on its first end
and on its second end.

[0032] FIG. 12 is an isometric view of the first connector
housing of FIG. 9 having a half circular key configuration on
its first or exposed end and supporting a first electrical con-
nector.

[0033] FIG. 13 is top view of the first connector housing of
FIG. 12.
[0034] FIG. 14 is an isometric view of the second connector

housing of FIG. 9 having a half circular key configuration on
its first or exposed end and supporting a second electrical
connector.

[0035] FIG. 15 is top view of the second connector housing
of FIG. 14.
[0036] FIG. 16 is a side view of the coupler of FIG. 9

disposed between two MWD modules each having a sleeve or
pressure housing for threaded attachment with the coupler.
[0037] FIG. 16A is an end view of the coupler and MWD
module on the left side of FIG. 16.

[0038] FIG. 16B is a cross-sectional view along line 16B-
16B of FIG. 16A, with the electrical line through the shaft
housing between the electrical connectors removed for clar-
ity.

[0039] FIG. 17 is a side view of the coupler of FIG. 16 with
the electrical connections between the coupler and both
MWD modules having been made, but the sleeves not yet
threadedly attached with the coupler.

[0040] FIG. 17A is an end view of the coupler and MWD
module on the left side of FIG. 17.

[0041] FIG. 17B isthe same view as FIG. 17 except without
break lines and with the sleeves removed for clarity to show
the keyed connection between the first connector housing and
the MWD module on the right side, and the keyed connection
between the second connector housing and the MWD module
on the left side.

[0042] FIG. 17C is a cross-sectional view along line 17C-
17C of FIG. 17A with the springs in their uncompressed
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condition, the electrical connection between the coupler and
the MWD modules having been made, but the threaded con-
nections with the two sleeves not having been made.

[0043] FIG.18is aside view of the coupler of FIG. 17 with
the sleeves having been threadedly attached with the coupler
and the connection with the two MWD modules completed.
[0044] FIG. 18A is an end view of the coupler and MWD
module on the left side of FIG. 18.

[0045] FIG. 18B isthe same view as FIG. 18 except without
break lines and with the sleeves removed for clarity to show
the keyed connection between the shaft housing and the
MWD module on the right side, and the keyed connection
between the shaft housing and the MWD module on the left
side.

[0046] FIG. 18C is a cross-sectional view along line 18C-
18C of FIG. 18 A with the springs in their compressed condi-
tion, the electrical connection between the coupler connector
and the MWD modules having been made, and the threaded
connection with the sleeves having been made.

[0047] FIG. 19 is an alternative embodiment of a coupler
having a fin housing, a first connector housing protruding on
the right side from a shaft housing, and a second connector
housing protruding on the left side from the shaft housing.
[0048] FIG. 20 is an end view of the coupler of FIG. 19.
[0049] FIG. 20A is a section view along line 20A-20A of
FIG. 20 with the shaft housing disposed in the thru bore of the
fin housing, the first connector housing protruding on the
right side from the shaft housing, the second connector hous-
ing protruding on the left side from the shaft housing, the
unexposed ends of each connector housing each disposed
with a spring in the shaft housing thru bore, and an electrical
connector supported in each connector housing.

[0050] FIG.21is aside view of the shaft housing of FIG. 19
with different key configurations on each end.

[0051] FIG.21A isanisometric view ofthe shaft housing of
FIG. 21 with a three leg key configuration on its first end.
[0052] FIG.21Bis anisometric view of the shaft housing of
FIG. 21 with a two leg key configuration on its second end.
[0053] FIG. 22 is an isometric view of the first connector
housing of FIG. 19 having a three leg key configuration on its
first or exposed end and supporting a first electrical connector.

[0054] FIG. 23 is top view of the first connector housing of
FIG. 22.
[0055] FIG.24isanisometric view ofthe second connector

housing of FIG. 19 having a two leg key configuration on its
first or exposed end and supporting a second electrical con-
nector.

[0056] FIG.251stop view of the second connector housing
of FIG. 24.
[0057] FIG. 26 is an isometric view of a MWD module end

compatible with the first connector housing and first end of
shaft housing on the right side of FIG. 19.

[0058] FIG. 27 is an end view of FIG. 26.

[0059] FIG. 28 is an isometric view of a MWD module end
compatible with the second connector housing and second
end of shaft housing on the left side of FIG. 19.

[0060] FIG. 29 is an end view of FIG. 28.

[0061] FIG. 30 is a side view of the coupler of FIG. 19
disposed between two MWD modules each having a sleeve
for threaded attachment with the coupler, with the electrical
connections between the coupler and both MWD modules
having been made, but the sleeves not yet threadedly attached
with the coupler.
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[0062] FIG. 30A is an end view of the coupler and MWD
module on the left side of FIG. 30.

[0063] FIG. 30B isthe same view as FIG. 30 except without
break lines and with the sleeves removed for clarity to show
the keyed connection between the first connector housing and
the MWD module on the right side, and the keyed connection
between the second connector housing and the MWD module
on the left side.

[0064] FIG. 30C is a cross-sectional view along line 30C-
30C of FIG. 30A with the springs in their uncompressed
condition, the electrical connection between the coupler and
the MWD modules having been made, but the threaded con-
nection with the two sleeves not having been made.

[0065] FIG. 31 is a side view of the coupler of FIG. 30 with
the sleeves having been threadedly attached with the coupler
and the connection with the two MWD modules completed.
[0066] FIG. 31A is an end view of the coupler and MWD
module on the left side of FIG. 31.

[0067] FIG. 31B is a side view of the coupler of FIG. 31 in
its condition with the sleeves threadedly attached with the
coupler, but with the sleeves removed for clarity to show the
keyed connection between the first end of the shaft housing
and the MWD module on the right side, and the keyed con-
nection between the second end of the shaft housing and the
MWD module on the left side.

[0068] FIG. 31C is a cross-sectional view along line 31C-
31C of FIG. 31A showing the sleeves of the MWD modules
fully threadedly attached with the coupler, with the springs in
their compressed condition, the electrical connection
between the coupler and the MWD modules having been
made, and the electrical connectors of the coupler having
moved inwardly to be flush with the respective ends of the
shaft housing.

DETAILED DESCRIPTION OF THE INVENTION

[0069] In FIGS. 1 to 2A, prior art centralizer 1 has outer
housing 3 with stabilizing fins 9. An inner housing 11 has a
first electrical connector 13 flush with its first end 51 and a
second electrical connector 15 flush with its second end 53.
The outer housing 3 has adjacent threaded rings 5, 7 for
threadedly attaching with sleeves from MWD modules (not
shown). The threaded rings 5, 7 each rotate independently of
the outer housing 3 and the inner housing 11. The inner
housing 11 can be independently rotated within outer housing
3. The first and second ends 51, 53 of the inner housing 11
each have a half-circular key configuration, but the key con-
figurations are oriented at an angle from each other about a
horizontal axis through the inner housing 11.

[0070] Turning to FIGS. 3 and 4, prior art MWD module
end 25 has an end surface 19 with a half circular protrusion 27
and supports an electrical connector 23 with six electrical
pins 17 and four sockets 21. The body of the MWD module is
not shown for clarity, and the sleeve that would shield the end
19 and electrical connector 23 is also not shown for clarity.
The key configuration on the first end 51 of inner housing 11
of FIG. 2A and the supported first electrical connector 13 are
compatible for mating with the end 19 and electrical connec-
tor 23 in FIGS. 3 and 4. MWD module electrical connector 23
is shown in isolation in FIG. 5.

[0071] InFIGS. 6 and 7, the prior art MWD module end 37
ofa MWD module having an end surface 35 with half circular
protrusion 33 supports an electrical connector 43 with four
electrical pins 39 and six sockets 41. The body of the MWD
module is not shown for clarity, and the sleeve that would
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shield the end 35 and electrical connector 43 is also not shown
for clarity. The key configuration on the second end 53 of
inner housing 11 of FIG. 2A and the supported second elec-
trical connector 15 are compatible for mating with the end 35
in FIGS. 6 and 7. Electrical connector 43 in FIGS. 6-7 is
rotated from alignment with a vertical axis. The angle from
vertical is typically 45 degrees. MWD module electrical con-
nector 43 is shown in isolation in FIG. 8.

[0072] As cannow be understood, since the first and second
electrical connectors 13, 15 are flush with the respective ends
51, 53 of the inner housing 11, the electrical connection with
the MWD modules has to be made after the sleeves of the
MWD modules are nearly completely threadedly attached
with the respective threaded rings 5, 7 of the centralizer 1.
Additionally, since the key configurations on the first and
second ends 51, 53 of the inner housing 11 are both half-
circular shaped, and the electrical connectors on the ends of
the MWD modules are shielded by the sleeves, it is easy to
mistakenly attempt to connect an end of the centralizer with
an incompatible end of a MWD module. For example, if first
end 51 of centralizer 1 is attempted to be connected with
MWD module end 37 of FIG. 6, then the half-circular keys on
both the centralizer and the MWD module will allow the
threaded connection with the sleeve to be made (or mate), and
as a result the incompatible electrical connectors will become
damaged, such as by the electrical pins of both being bent or
broken.

[0073] Turning to FIG. 9, coupler 10 may have fin housing
12 with stabilizing fins 30, shaft housing 14, first connector
housing 16, and second connector housing 2. Fin housing 12
has adjacent first threaded ring 6 and second threaded ring 8.
It is also contemplated that there may be no fin housing 12 or
fins 30. The threaded rings 6, 8 each rotate independently of
the fin housing 12 and the shaft housing 14. Sleeves from the
MWD modules that are to be coupled with the coupler 10 are
threadedly attached with the threaded rings 6, 8. Sleeves are
shown in FIGS. 16 and 16B. As shown in FIG. 10A, shaft
housing 14 is disposed in thru bore 44 of fin housing 12. The
shaft housing 14 can be independently rotated within fin
housing 12. First connector housing 16 is positioned in first
end 32 of shaft housing 14 in the shaft housing thru bore 46.
First electrical connector 20 is supported at the first or
exposed end 36 of first connector housing 16. Second con-
nector housing 2 is positioned in second end 34 of shaft
housing 14 in the shaft housing thru bore 46. Second electri-
cal connector 22 is supported at the first or exposed end 40 of
second connector housing 2. First electrical connector 20 is in
electrical communication with second electrical connector 22
through electrical line 48.

[0074] First spring 26 is positioned with the second or
unexposed end 38 of first connector housing 16. Second
spring 28 is positioned with the second or unexposed end 42
of second connector housing 2. Both springs 26, 28 are in
their first or uncompressed condition, in which condition the
respective exposed ends 36, 40 of the respective connector
housings 16, 2 and their respective electrical connectors 20,
22 protrude outwardly away from the respective ends 32, 34
of the shaft housing 14. Pins 50, 52 in respective slots of
respective connector housings 16, 2 limit the movement of the
connector housings 16, 2 as the springs 26, 28 become com-
pressed or uncompressed. Pins 50, 52 may be screws. Other
means of slidably disposing the first and second electrical
connectors 20, 22 with the coupler 10 are contemplated.
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[0075] InFIGS.11and11A, the firstend 32 and second end
34 of shaft housing 14 have an identical key configuration,
which is a half circular protrusion. The key configurations on
the ends of shaft housing 14 are compatible with the prior art
ends of MWD modules, such as the MWD module ends 25,
37 in FIGS. 3-4 and 6-7. In FIGS. 12 and 13, first electrical
connector 20 is supported in first connector housing 16 and
has four electrical pins 54 and six sockets 56. First electrical
connector 20 is similar to the electrical connector 43 in FIG.
8. First electrical connector 20 is supported against a shoulder
in first connector housing 16, and may be held in place with
screws in holes 58. First electrical connector 20 is aligned
along a vertical axis passing through notch 31. Pin 50 in FIG.
10A may be disposed in slot 60. First connector housing 16
and first electrical connector 20 are configured for mating
with MWD module end 25 in FIGS. 3-4.

[0076] In FIGS. 14 and 15, second connector housing 2
supports second electrical connector 22 having six electrical
pins 74 and four sockets 76. Second electrical connector 22 is
supported against a shoulder in second connector housing 2,
and may be held in place with screws in holes 78. Pin 52 in
FIG. 2A may be disposed in slot 80. Second connector hous-
ing 2 has a similar half-circular key configuration as first
connector housing 16. Second electrical connector 22 in FIG.
14 is rotated from alignment with a vertical axis. The angle
from vertical is typically 45 degrees. Second electrical con-
nector 22 is in alignment with an axis passing through notch
75. The holes 78 are also rotated from the position ofholes 58
in FIGS. 12-13. Second electrical connector 22 is similar to
the electrical connector 23 in FIG. 5. Second connector hous-
ing 2 and second electrical connector 22 are configured for
mating with MWD module end 37 in FIGS. 6-7.

[0077] Turning to FIG. 16-16B, coupler 10 of FIG. 9 is
positioned between first MWD module 108 and second
MWD module 100, which modules are both only shown
partially for clarity. First MWD module 108 has module end
25 shown in FIGS. 3-4, and second MWD module 100 has
module end 37 shown in FIGS. 6-7. Since first connector
housing 16 and first electrical connector 20 protrude from the
first end of shaft housing 14, first electrical connector 20 may
be aligned and connected with corresponding first module
electrical connector 23, which is shown in detail in FIGS. 3-4,
before first module sleeve or pressure housing 110 is begun to
be threadedly attached with threads 112 to first threaded ring
6 on fin housing 12. This advantageously allows the electrical
connection to be made before the threaded connection with
the sleeve is started to minimize damage to the electrical pins
on both the electrical connectors 20, 23. First spring 26 and
second spring 28 are uncompressed and in their first posi-
tions. The electrical conduit between the first and second
electrical connectors 20, 22 in F1IG. 16B has been removed for
clarity.

[0078] Similarly, since second connector housing 2 and
second electrical connector 22 protrude from the second end
of shaft housing 14, second electrical connector 22 may be
aligned and connected with corresponding second module
electrical connector 43, which is shown in detail in FIGS. 6-7,
before second module sleeve or pressure housing 102 is
begun to be threadedly attached with threads 104 to second
threaded ring 8 on fin housing 12. This also advantageously
allows the electrical connection to be made before the
threaded connection with the sleeve is started to minimize
damage to the electrical pins on both the electrical connectors
22, 43.
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[0079] In FIG. 17-17C, the electrical connection between
first electrical connector 20 and the electrical connector 23 on
first MWD module 108 has been made, but first module
sleeve 110 has not begun to be threadedly attached with first
threaded ring 6 of coupler 10. Similarly, the electrical con-
nection between second electrical connector 22 and the elec-
trical connector 43 of second MWD module 100 has been
made, but second module sleeve 102 has not been threadedly
attached with second threaded ring 8 of coupler connector 10.

[0080] In FIGS. 18-18C, coupler 10, first MWD module
108, and second MWD module 100 are in their fully coupled
condition. First module sleeve 110 and second module sleeve
102 have been threadedly attached with coupler 10. First
spring 26 and second spring 28 are in their compressed con-
dition or second positions. During the connection of the
sleeves 110, 102 with the coupler 10, first connector housing
16 and second connector housing 2 moved inwardly from
their positions in FIG. 16, so that the exposed end 36 of first
electrical connector 20 is flush with first end 32 of shaft
housing 14, and the exposed end 40 of second electrical
connector 22 is flush with second end 34 of shaft housing 14.
The novel system and method of electrically connecting the
coupler and the MWD module together before beginning the
threaded physical connection of the sleeve between them can
be accomplished regardless of whether the sleeve is initially
attached with the MWD module, or initially attached with the
coupler.

[0081] Turning to FIG. 19, alternative embodiment coupler
120 may have fin housing 12 with stabilizing fins 30, shaft
housing 122, first connector housing 124, and second con-
nector housing 126. It is also contemplated that there may be
no fin housing 12 or fins 30. First connector housing 124 has
a different key configuration at its first or exposed end 136
than second connector housing 126. Fin housing 12 has adja-
cent first threaded ring 6 and second threaded ring 8. The
threaded rings 6, 8 each rotate independently of the fin hous-
ing 12 and the shaft housing 14. Sleeves from adjacent MWD
modules may be threadedly attached with the threaded rings
6, 8. As shown in FIG. 20A, shaft housing 122 is disposed in
thru bore 44 of fin housing 12. The shaft housing 122 can be
rotated independently from the fin housing 12. First connec-
tor housing 124 is positioned in first end 128 of shaft housing
122 in the shaft housing thru bore 140. First electrical con-
nector 132 is supported at the first or exposed end 136 of first
connector housing 124. Second connector housing 126 is
positioned in second end 130 of shaft housing 122 in the shaft
housing thru bore 140. Second electrical connector 134 is
supported at the first or exposed end 138 of second connector
housing 126. First electrical connector 132 is in electrical
communication with second electrical connector 134 through
an electrical line, which is not shown for clarity.

[0082] First spring 26 is positioned with the second or
unexposed end 142 of first connector housing 124. Second
spring 28 is positioned with the second or unexposed end 144
of second connector housing 126. Both springs 26, 28 are in
their uncompressed condition, in which condition the respec-
tive exposed ends 136, 138 of the respective connector hous-
ings 124, 126 and their respective electrical connectors 132,
134 protrude outwardly away from the respective ends 128,
130 of the shaft housing 122. Pins 50, 52 in respective slots
150, 182 of respective connector housings 124, 126 limit the
movement of the connector housings 124, 126 as the springs
26, 28 become compressed or uncompressed. Other means of
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slidably disposing the first and second electrical connectors
132, 134 with the coupler 120 are contemplated.

[0083] As shown in FIGS. 21-21B, the first end 128 and
second end 130 of shaft housing 122 have different key con-
figurations. The shaft housing 122 may be used with the novel
ends of MWD modules that will be discussed in detail below.
Shaft housing first end 128 has a key configuration with two
legs 198 having equal arc lengths as measured around the
circumference of the shaft housing 122, and one leg 199
having a longer arc length than legs 198. Shaft housing sec-
ond end 130 has a key configuration with one leg 194 having
a longer arc length than the other leg 196.

[0084] InFIGS. 22 and 23, first connector housing 124 has
a key configuration at its exposed or first end 136 with two
legs 170 having equal arc lengths as measured around the
circumference of the first connector housing 124, and one leg
169 having a longer arc length than legs 170. The key con-
figuration on first connector housing 124 is similar to the key
configuration on first end 128 of shaft housing 122. First
electrical connector 132 is supported in first connector hous-
ing 124, and has six pins 156 and four sockets 154 for mating
with a corresponding electrical connector on the end of a
MWD module. First electrical connector 132 is similar to
electrical connector 23 in FIG. 5. First electrical connector
132 is supported against a shoulder in first connector housing
124, and may be held in place with screws in holes 152. It is
contemplated that only one design of electrical connector
may be compatible to be attached in the exposed end of first
connector housing 124, which would be a different design
than the electrical connector attached in second connector
housing 126. Pin 50 in FIG. 20A may be disposed in slot 150.
First electrical connector 132 is aligned vertically or at 90
degrees with notch 211.

[0085] InFIGS. 24 and 25, second electrical connector 134
is supported in second connector housing 126, and has four
electrical pins 180 and six sockets 178 for mating with a
corresponding electrical connector on the end of a MWD
module. Second electrical connector 134 is supported against
a shoulder in second connector housing 126, and may be held
in place with screws in holes 176. Second electrical connector
134 is similar in design to electrical connector 43 in FIG. 8.
Pin 52 in FIG. 20A may be disposed in slot 182. Exposed end
138 of second connector housing 126 has a key configuration
with a long leg 172 and a short leg 174 as measured in arc
length around the circumference of second connector housing
126. The key configuration of second connector housing 126
is similar to the key configuration on second end 130 of shaft
housing 122. It is contemplated that only one design of elec-
trical connector may be compatible to be attached in the
exposed end of second connector housing 126. Second elec-
trical connector 134 is aligned vertically or at 90 degrees with
notch 213.

[0086] Turningto FIGS. 26 and 27, MWD module end 167
is compatible for use on a MWD module and has an end
surface 158 with protrusion 160 and supports an electrical
connector 164 with four pins 162 and six sockets 166. Pro-
trusion 160 has two equal legs 168 as measured in arc length
around the circumference of the module end and one longer
leg 173 as measured in arc length. The body of the MWD
module is not shown for clarity, and the sleeve that would
shield the end 158 and electrical connector 164 is also not
shown for clarity. The key configuration on the firstend 128 of
shaft housing 122 and the key configuration on the first end
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136 of first connector housing 124 are compatible for mating
with the module end 158 in FIGS. 26 and 27.

[0087] As can now be understood, the legs 168, 173 of
protrusion 160 in combination with the three leg key configu-
rations of shaft housing first end 128 and first connector
housing 124 prevent first electrical connector electrical pins
156 from contacting MWD module electrical connector 64
during the electrical connection process unless the pins 156
are properly aligned with module sockets 166, in which case
electrical pins 156 will move into sockets 166 and not become
damaged. Electrical pins 162 of MWD module electrical
connector 164 are similarly protected from damage during
the connection process. If the alignment is not correct, then
the legs 169, 170 of the key configuration of first connector
housing 124 will contact the legs 168, 173 of module end 158
and prevent damage to the electrical connectors 132, 164.
Similarly, ifthe alignment is not proper, then the legs 198,199
atfirst end 128 of shaft housing 122 will contact legs 168, 173
of module end 158. When alignment is proper, the ends of
legs 169, 170 of first connector housing 124 and the ends of
legs 198, 199 of shaft housing 122 move past the ends of
corresponding legs 168, 173 of module end 158. Other
embodiments of key configurations on a shaft housing, a
connector housing, and/or a MWD module end are also con-
templated to prevent damage to electrical connectors. The
MWD module end 167 may be used on a new MWD module,
ormay be retrofitted on to the end of a prior art MWD module.
Itis also more difficult for an operator to confuse the two ends
of the coupler since the key configurations on the two ends
differ.

[0088] Turning to FIGS. 28 and 29, the MWD module end
183 is compatible for use witha MWD module and has an end
surface 184 with two protrusions 186 and supports an elec-
trical connector 190 having six pins 188 and four sockets 192.
The body of the MWD module is not shown for clarity, and
the sleeve that would shield the end 184 and electrical con-
nector 190 is also not shown for clarity. The key configuration
on the second end 130 of shaft housing 122 and the key
configuration on the exposed end 138 of second connector
housing 126 are compatible for mating with the module end
184 in FIGS. 28 and 29. The MWD module end 183 may be
used on a new MWD module, or may be retrofitted on to a
prior art MWD module.

[0089] As can now be understood, the two protrusions 186
in combination with the two leg key configuration of shaft
housing second end 130 and second connector housing 126
prevent second electrical connector pins 180 from contacting
module electrical connector 190 during the electrical connec-
tion process unless the pins 180 are properly aligned with
module sockets 192, in which case pins 180 will move into
sockets 192 and not become damaged. Pins 188 of MWD
module electrical connector 190 are similarly protected from
damage during the connection process. If the alignment is not
proper, then the two legs 172, 174 of the key configuration of
second connector housing 126 will contact the protrusions
186 of module end 183 and prevent damage to the electrical
connectors 134, 190. Similarly, if the alignment is not proper,
then the two legs 194, 196 of shaft housing 122 will contact
protrusions 186 of module end 183. When alignment is
proper, the ends of legs 172, 174 of second connector housing
126 and the ends of legs of shaft housing 122 move past the
ends of corresponding protrusions 186 of module end 184.
[0090] Other embodiments of key configurations on a shaft
housing, a connector housing, and/or a MWD module end are
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also contemplated to prevent damage to electrical connectors.
It should also be understood that the first electrical connector
132 having six electrical pins 156 and the second electrical
connector 134 having four electrical pins 180 may be reversed
on the coupler 120, and that the corresponding compatible
MWD module ends 167, 183 may be reversed. It is also
contemplated that other types and sizes of electrical connec-
tors, such as having different numbers of electrical pins
besides four or six, may be used on the coupler 120 that are
compatible with electrical connectors on the MWD module
ends.

[0091] As cannow be understood, by having difference key
configurations on the first end of shaft housing 122 and the
second end of shaft housing 122, the two ends cannot easily
be mistakenly reversed during connection with MWD mod-
ules. Similarly, by having difference key configurations on
the first connector housing 124 and the second connector
housing 126, the two ends cannot easily be mistakenly
reversed during connection with MWD modules. If the ends
of the connector housing or shaft housing are mistakenly
reversed, they will not connect with the MWD module end
with which they are attempted to be connected, and damage to
the electrical connectors will be prevented.

[0092] Turning to FIGS. 30-30C, coupler 120 of FIG. 19 is
positioned between first MWD module 202 and second
MWD module 206, which modules are both only shown
partially for clarity. First MWD module 202 has module end
167 shown in FIGS. 26-27, and second MWD module 206 has
module end 183 shown in FIGS. 28-29. Since first connector
housing 124 and first electrical connector 132 protrude from
the first end of shaft housing 122, first electrical connector
132 may be aligned and connected with corresponding first
module electrical connector 164, before first module sleeve
208 is threadedly attached with threads 203 to first threaded
ring 6 on coupler housing 12. This advantageously allows the
electrical connection to be made prior to the threaded con-
nection of the sleeve to minimize damage to the electrical pins
on both the electrical connectors 132, 164. First spring 26 and
second spring 28 are uncompressed.

[0093] Similarly, since second connector housing 126 and
second electrical connector 134 protrude from the second end
of'shaft housing 122, second electrical connector 134 may be
aligned and connected with corresponding second module
electrical connector 190, before second module sleeve 210 is
threadedly attached with threads 205 to second threaded ring
8 on coupler housing 12. This also advantageously allows the
electrical connection to be made prior to the threaded con-
nection of the sleeve to minimize damage to the electrical pins
on both the electrical connectors 134, 190.

[0094] In FIGS. 31-31C, coupler 120, first MWD module
202, and second MWD module 206 are in their fully coupled
condition. First module sleeve 208 and second module sleeve
210 have been fully threadedly attached with coupler 120.
First spring 26 and second spring 28 are in their compressed
condition or second positions. During the connection of the
sleeves 208, 210 with the coupler 120, first connector housing
124 and second connector housing 126 moved inwardly from
their positions in FIG. 30C, so that first electrical connector
132 is flush with first end 128 of shaft housing 122, and
second electrical connector 134 is flush with second end 130
of shaft housing 122.

[0095] As can now be understood, the embodiments advan-
tageously allow faster building of MWD tool strings. The
embodiments prevent damage to the MWD tools, which
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results in higher tool utilization. The embodiments make
training of MWD operators easier.

[0096] Itis contemplated that the couplers 10,120 of FIGS.
9 and 19, respectively, may be used with other downhole tools
besides MWD modules, including, but not limited to, wire-
line tools, production logging tools, and tools that take mea-
surements while drilling, such as LWD modules and SWD
modules. It is contemplated that the MWD module ends, such
as MWD module end 167 in FIG. 26, may be used on any
downhole tool, not just MWD tools. It is also contemplated
that the movable or slidable component of the coupler, such as
first connector housing 124 or second connector housing 126
of'coupler 120 in FIG. 20A, may be used on the downhole tool
instead of the coupler, and that the coupler may have the static
MWD module end, suchas MWD module end 167 in F1IG. 26.
[0097] Although the embodiments are shown with electri-
cal connectors having certain configurations and numbers of
electrical pins and sockets, other configurations and pins and
sockets are also contemplated for all embodiments. Addition-
ally, although certain key configurations are shown in certain
embodiments, it is also contemplated that other key configu-
rations could be used, such as four leg configurations or the
use of dowel pins. Although the embodiments are shown in
use with MWD modules, it is also contemplated that the
embodiments may be used in logging while drilling, wireline
surveying, and other applications.

[0098] The foregoing disclosure and description of the
invention are illustrative and explanatory thereof, and various
changes in the details of the illustrated apparatus and system,
and the construction and the method of operation may be
made without departing from the spirit of the invention.

What is claimed is:

1. A coupler for coupling downhole tools, comprising:

a shaft housing; and

an electrical connector slidingly connected with said shaft
housing.

2. The coupler of claim 1, wherein at least a portion of said
electrical connector extends outwardly away from said shaft
housing in a first position.

3. The coupler of claim 2, further comprising a second
electrical connector slidingly connected with said shaft hous-
ing, wherein said electrical connector and said second elec-
trical connector are each independently movable.

4. The coupler of claim 3, further comprising:

a first connector housing slidingly disposed in said shaft
housing and supporting said second electrical connec-
tor; and

asecond connector housing slidingly disposed in said shaft
housing and supporting said second electrical connec-
tor; and

5. The coupler of claim 4, further comprising:

a fin housing comprising a fin configured for contacting an
interior surface of a tubular in a well, wherein said shaft
housing is partially disposed in said fin housing.

6. The coupler of claim 4, wherein at least a portion of said
connector housing is disposed in said shaft housing with a
spring.

7. The coupler of claim 6, wherein at least a portion of said
electrical connector extends outwardly away from said shaft
housing in a first position.

8. The coupler of claim 3, wherein said electrical connector
and said second electrical connector are each independently
movable to a second position within said shaft housing.
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9. The coupler of claim 4,

wherein said shaft housing has a first shaft housing key
configuration on a first end and a second shaft housing
key configuration on a second end;

wherein said first connector housing has a first connector

housing key configuration on an exposed end; and
wherein said second connector housing has a second con-
nector housing key configuration on an exposed end.

10. The coupler of claim 9, wherein said first shaft housing
key configuration is the same as said second shaft housing key
configuration.

11. The coupler of claim 9, wherein said first connector
housing key configuration is the same as said second connec-
tor housing key configuration.

12. The coupler of claim 11, wherein said first connector
housing key configuration is configured to prevent an electri-
cal pin on said first electrical connector from contacting a
downhole tool unless said electrical pin is aligned with a
matching socket of said downhole tool.

13. The coupler of claim 1, wherein said downhole tools
are MWD modules.

14. A system of downhole tools coupled together, compris-
ing:

a first downhole tool connected to a first electrical connec-

tor of a coupler; and

a second downhole tool connected to a second electrical

connector of said coupler;

wherein said coupler comprising:

a shaft housing;

said first electrical connector slidingly connected with said

shaft housing; and

said second electrical connector slidingly connected with

said shaft housing.

15. The system of claim 14, wherein said first electrical
connector is disposed with a first spring, and wherein said
second electrical connector is disposed with a second spring.

16. The system of claim 15, wherein said first and second
springs are in their compressed conditions.

17. The system of claim 14, wherein said first and second
downhole tools are MWD modules.

18. A method for coupling an MWD module with a cou-
pler, comprising the step of:

connecting an electrical connector of said coupler to an

electrical connector of said MWD module; and
threadedly attaching a sleeve connected to said MWD
module with a thread on said coupler;

wherein the step of connecting is completed before the step

of threadedly attaching is begun.

19. The method of claim 18, further comprising the step of:

moving said electrical connector of said coupler inwardly

toward a center of said coupler during the step of thread-
edly attaching.

20. A method for coupling an MWD module with a cou-
pler, comprising the step of:

connecting an electrical connector of said coupler to an

electrical connector of said MWD module; and
threadedly attaching a sleeve connected to said coupler
with a thread on said MWD module;

wherein the step of connecting is completed before the step

of threadedly attaching is begun.

21. The method of claim 20, further comprising the step of:

moving said electrical connector of said coupler inwardly

toward a center of said coupler during the step of thread-
edly attaching.
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22. A system for coupling MWD modules, comprising:
a first MWD module comprising a first sleeve shielding a
first electrical connector;
asecond MWD module comprising a second sleeve shield-
ing a second electrical connector; and
ameans for coupling said first and second MWD modules,
wherein said means for coupling is configured to connect
with said first electrical connector before connecting
with said first sleeve, and
wherein said means for coupling is configured to connect
with said second electrical connector before connecting
with said second sleeve.
23. The system of claim 22, wherein said means for cou-
pling comprises two slidingly disposed electrical connectors.
24. A method for coupling a first MWD module with a
second MWD module, comprising the step of:
connecting a slidingly mateable electrical connector of a
coupler to an electrical connector of said first MWD
module and
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attaching a slidingly mateable second connector of said
coupler to an electrical connector of said second MWD
module.
25. A method for connecting an MWD module with a
coupler, comprising the steps of:
connecting an electrical connector of the MWD module to
an electrical connector of the coupler creating an elec-
trical connection between the MWD module and the
coupler, wherein the MWD module and the coupler
device have a threaded surface for receiving a sleeve;
and
threading the sleeve onto the threaded surface of either the
MWD module or the coupler device while maintaining
the electrical connection between the MWD module and
the coupler.
26. The method of claim 25, wherein the coupler device
includes stabilizing fins.
27. The method of claim 25, wherein the MWD module is
a pulser tool.
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