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(57) Abstract: An inductive data coupler (10) for use with an MWD downhole tool which extends internally and lengthwise of outer
S drilling tubulars, said coupler (10) being intended to join together an upstream tool portion (A) to a downstream tool portion (B) and
in the region of a connection (15) between two outer drilling tubular portions (11, 12), in which the coupler comprises: a first tubular
member (13) for connection to the upstream tool portion (A) and a second tubular member (14) for connection to the downstream
tool portion (B), said tubular members being movable lengthwise and rotationally one within the other; and, a first coil (16) provided
on one of the tubular members (13, 14), said coils (16, 17) axially overlapping each other in order to transmit data inductively from
one coil to the other coil whereby to transmit drilling data to surface.
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INDUCTIVE DATA COUPLER FOR USE WITH DOWNHOLE TOOL

This invention relates to an inductive data coupler for use with a downhole tool of
the MWD type.

The technology of MWD tools (measurement while drilling) is well known to
those of ordinary skill in the art, and need not be described in detail herein.

In MWD there is frequently a requirement to interconnect sections of the
downhole tool across joints in the drilling tubulars. The tool sections are mounted axially
in the tubulars, and the tubulars are interconnected by threaded connections. The
requirement is to mount, say, two tool sections independently in their tubulars and then,
after assembly, to be able to transmit data from one to the other.

If the connection between the tool sections is physical, the two connectors must be
able to rotate relative to each other and the lengths of the tubulars must be carefully
controlled. This creates a problem, since the threads on the tubulars have to be recut from
time to time, changing the overall length of the piece. Furthermore the relevant tubulars
are usually very expensive, being made of stainless steel and also often requiring special
machining for the mounting of the MWD tool, so replacing them when they are out of
length specification is costly. There are also logistic problems maintaining "matched sets"
of equipment at locations remote from workshop facilities.

It is known to use a “stabber” connection (essentially a robust jack plug) with a
telescopic spring-loaded section in one of the connectors to take up length mismatch
between the inner and outer parts. It has the advantage that power, as well as data, may be
transferred.

It is also known to provide a short range wireless communication between the two
parts, either electromagnetic or acoustic. Both methods have disadvantages caused by the
environment.

It is also known to provide inductive coupling between the two parts, where the
two parts of the inductive coupler lie coaxially in a defined position. Such a method is
used to recover data from MWD tools using a wireline. At the end of the wireline is a
“cup” that fits over a cylindrical nose piece on the MWD tool.

According to the invention there is provided an inductive data coupler for use with,

an MWD downhole tool which extends internally and lengthwise of outer drilling tubulars,
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said coupler being intended to join together an upstream tool portion to a downstream tool
portibn and in the region of a connection between two outer drilling tubular portions, in
which the coupler comprises:

a first tubular member for connection to the upstream tool portion and a second
tubular member for connection to the downstream tool portion, said tubular members being
movable lengthwise one within the other; and,

a first coil provided on one of the tubular members and a second coil provided on
the other of the tubular members, said coils axially overlapping each other in order to
transmit data inductively from one coil to the other whereby to transmit drilling data to
surface.

By providing axially overlapping coils to transmit data inductively, lengthwise
adjustment of the first and second tubular members will still enable an inductive coupling
between the two coils, and in which the transfer function between the coils in each
direction is independent, or substantially independent of the position or angular alignment
of one coil relative to the other coil.

Data may be transferred in either direction by energising one coil and using the
other as a receiver.

Preferably, one coil is axially shorter than the other coil and the shorter coil is
arranged within the longer coil.

Alternatively the coils may be of equal length, spanning the engagement portion of
the tubulars; it may be desirable to make the coils and associated electronics as similar as
possible, for example for ease of production.

To guide lengthwise adjustment movement of the first and second tubular
members, when required, centralisers or bearings may be located between the inner surface
of the outer member and the outer surface of the inner member.

Centralisers are preferably provided between the outer tubular member and the
inner surface of the tubular item, for example a section of drill pipe or drill collar, in which
the assembly is installed. ‘

The data may be transmitted in the form of pulses, or may be contained on a
modulated carrier.

The coils are preferably solenoid coils wound on magnetic cores suitably protected

against the drilling environment in respect of pressure, temperature, shock and vibration.
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A preferred embodiment of an inductive data coupler according to the invention
will now be described in detail, by way of example only, with reference to the
accompanying schematic cross sectional drawing.

The inductive data coupler is designated generally by reference 10 and is intended
for use with an MWD downhole tool which extends internally and lengthwise of outer
drilling tubulars 11 and 12. The coupler 10 is intended to join together an upstream tool
portion A to a downstream tool portion B of an MWD tool, and in the ﬁregion ofa
connection 15 between the two outer drilling tubular portions 11, 12. In the illustrated
arrangement, the two outer drilling tubular portions 11, 12 are screwed together.

First and second tubular members 13 and 14 of the coupler 10 are connected to the
tool portions A and B respectively, and are movable lengthwise one within the other.

A first coil 16 is provided on one of the tubular members, and a second coil 17 is
provided on the other of the tubular members, the coils 16, 17 overlapping axially in order
- to transmit data inductively from one coil to the other whereby to transmit drilling data to
surface. It is to be understood that the coils 16 and 17 are fitted on the inner surface of the
outer MWD tubular member 13 and the outer surface of the inner MWD tubular member
14 respectively and will be suitably protected from the environment by encapsulation or
other well-known method.

In the illustrated embodiment, the first coil 16 is a long coil, and the second coil
17 is an axially shorter coil.

Alternatively, both of the coils 16, 17 may be of similar length, both spanning the
major portion of the engagement length of the tubular members 13, 14, and axially
overlapping each other.

In the illustrated embodiment, the long coil is the outermost coil, and the short
coil is located internally of the long outer coil. By such an arrangement, lengthwise
adjustment of the first and second tubular members is permitted, while still enabling an
inductive coupling between the two coils, and in which the transfer function between the
coils in each direction is independent, or substantially so, of the position of the short coil
within the long coil.

To guide lengthwise adjustment movement of the first and second tubular
members, when required, centralisers or bearings 18 may be located between the inner

surface of the outer tubular member and the outer surface of the inner tubular member. If
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such elements are fitted their radial dimension must be minimised in order to maintain the
coil separation as small as is practical.

To stabilise the whole assembly within the tubulars 11, 12, several centraliser fins
19 are positioned on the outer coil assembly 16 (externally on either one of the tubular
members 13, 14).

The data which may be transmitted may be in the form of pulses, or may be
contained on a modulated carrier.

The coils 16, 17, in the illustrated embodiment, are solenoid coils wound on
magnetic cores.

By the arrangement illustrated, it is practical to provide length adjustment at least
up to one metre, while still providing satisfactory data transmission between the coils.

Because of the unlimited rotational freedom between the tubular members 13, 14
it is possible to engage and make up concentric threaded joints in the assembly in which
the equipment is installed for example in a drill string.

The inductive coupler assembly 10 is located internally of the outer drilling
tubulars, and is therefore designed so as to be capable of running “wet” i.e. exposed to
drilling fluid.

The illustrated embodiment therefore provides inductive coupling, along with the
ability of the assembly to adapt to the length requirements of the particular assembly. The
particular advantage is that the signal transmission characteristics across the gap between
the coils are unaffected by the distance between the ends of the MWD tools, in contrast to

existing short-range communication systems.
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CLAIMS

1. Aninductive data coupler (10) for use with an MWD downhole tool which
extends internally and lengthwise of outer drilling tubulars, said coupler (10) being
intended to join together an upstream tool portion (A) to a downstream tool portion (B) and
in the region of a connection (15) between two outer drilling tubular portions (11, 12), in
which the coupler comprises:

a first tubular member (13) for connection to the upstream tool portion (A) and a
second tubular member (14) for connection to the downstream tool portion (B), said
tubular members being movable lengthwise and rotationally one within the other; and

a first coil (16) provided on one of the tubular members (13, 14) and a second coil
(17) provided on the other of the tubular members (13, 14), said coils (16, 17) axially
overlapping each other in order to transmit data inductively from one coil to the other coil
whereby to transmit drilling data to surface.

2. Aninductive data coupler according to claim 1, in which the first coil (16) is a
long coil and the second coil (17) is an axially shorter coil.

3. Aninductive data coupler according to claim 2, in which the short coil (17) is
arranged within the long coil (16).

4. An inductive data coupler according to any one of claims 1 to 3, in which
lengthwise adjustment movement of the first and second tubular members (13, 14) is
provided by internal centralisers or bearings (18) engaging between the inner surface of the
outer member and the outer surface of the inner member.

5. Aninductive data coupler according to any one of the preceding claims, in
which the data transmissible is in the form of pulses, or contained on a modulated carrier.

6. An inductive data coupler according to any one of the preceding claims, in
which the coils (16, 17) are solenoid coils wound on magnetic cores.

7. Aninductive data coupler according to any one of the preceding claims, in
which the coils both span the full engagement length of the tubular elements (13, 14).

8. An inductive data coupler according to any one of the preceding claims, in
which one of the tubular members (13, 14) carries an external centraliser (19) for locating

the inductive coupler (10) internally of the outer drilling tubular portions (11, 12).
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Data coupling method for MWD tool - schematic cross-section.
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