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Description

RELATED APPLICATIONS

[0001] None.

FIELD OF THE INVENTION

[0002] This disclosure is directed generally to the de-
ployment of measurement-while-drilling tools in subsur-
face drilling applications, and more specifically to an ori-
enting hanger assembly forimproved deployment of such
measurement-while-drilling tools in such applications.

BACKGROUND

[0003] Measurement-While-Drilling (MWD) systems
are well-known in drilling technology. The term "meas-
urement-while-drilling" encompasses a wide array of dif-
ferenttools andinstruments having a corresponding wide
array of functions. For purposes of example in this dis-
closure, however, MWD refers to navigational tools (or
"directional tools") that monitor the direction and rate of
travel of the tool face during directional drilling opera-
tions. Such MWD tools typically include magnetometers
and/or accelerometers (colloquially known collectively as
a "directional package") for measuring travel and direc-
tion of the tool face in relation to vectors of known direc-
tional forces such as the Earth’s magnetic and gravita-
tional forces. It will be appreciated throughout this dis-
closure, however, that even though such directional
MWD tools are used by way of illustration, this disclosure
is not limited to such directional MWD tools in the appli-
cation of the orienting hanger device also disclosed here-
in.

[0004] MWD tools typically take the form of a substan-
tially uniform cylinder, including a cylindrical sonde con-
taining the directional package, plus other cylindrical
components containing items such as batteries and re-
lated electronics. The tools’ cylindrical shape generally
facilitates deployment in a specially-configured section
of drill collar to form a "sub" that may be inserted into a
conventional drill string. MWD tools may be retrievable
or non-retrievable, as described further on in this back-
ground. Where retrievable, their cylindrical shape en-
hances such retrievable deployment.

[0005] Directional sensitivity is enabled on the MWD
tool, at least in part, by identifying a "high side" on the
outside of the tool. More precisely, the "high side" is a
radial orientation (or radial azimuth) marked on the out-
side of the tool that the directional sensors deployed on
the inside of the tool will recognize as "top dead center"
or "zero degrees tool face". Part of the job of "making up"
a bottom hole assembly (BHA) prior to directional drilling
includes orienting the MWD tool, within its corresponding
sub, so thatthe high side of the tool is directionally aligned
with the intended zero degrees on the tool face. Advan-
tageously the high side of the tool is exactly directionally
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aligned with zero degrees on the BHA tool face. If not
exactly directionally aligned, the misalignment must be
precisely known so that appropriate corrections may be
made by software in the directional package.

[0006] In directional drilling operations using a bent
sub, a scribe line on the bent sub will indicate zero de-
grees tool face. Similarly, in directional drilling operations
using a steering tool, the steering tool will have some
external physical reference mark indicating its intended
zero degrees tool face during use. Conventionally, the
scribe line or other reference mark is transferred exter-
nally to the collar housing the directional package using,
for example, a chalk line, a laser, visual alignment, or
similar method. The MWD tool is then oriented within its
collar so that its high side aligns with the scribe line or
other reference mark as transferred onto the collar.
[0007] As noted above, MWD tools come in both re-
trievable and non-retrievable varieties. "Retrievable” re-
fers to the MWD tool being specially configured to be
retrievable from the drill string without tripping the drill
string out of the well. The most common retrievable de-
ployment is to locate the MWD tool sub at the very top
of the tool string in the BHA, just below the bottom of the
drill pipe string, where the top of the MWD tool can be
accessed by a wireline run through the hollow drill pipe
string from the surface. The end of the wireline provides
a hook device which can be attached to a latching device
provided on the top of the MWD tool. Once hooked on,
the MWD tool can be pulled up and retrieved from inside
its collar.

[0008] Also as noted above, such a retrievable MWD
tool is conventionally cylindrical so that it may be more
easily withdrawn from within its collar. Conventionally,
external bow springs are provided on the outside of the
cylindrical MWD tool, which compress as the MWD tool
is inserted into a hole-like receptacle within the collar.
The bow springs hold the MWD tool in place in its recep-
tacle, advantageously without rotation with respect to the
collar, so to preserve alignment with zero degree tool
face of the BHA as described above. External rubber fins
on the tool exterior can also be used to position and sta-
bilize an MWD tool (see, e.g., The Pathfinder HDSR).
However, if fins are used, a separate internal collar con-
tact is needed to complete the electrical connection of
the EM tool. Regardless of the method used, to retrieve
conventional tools, the pull on the MWD tool must be
sufficient to withdraw the MWD tool longitudinally from
its receptacle against the urge of the bow springs.
[0009] A primary advantage of retrievable MWD tools
is that they are, as noted, retrievable from the drill string
without tripping the drill string out of the well. Tripping is
atime-consuming process, and to be avoided during drill-
ing operations whenever possible. MWD tools may need
to be brought back to the surface before drilling opera-
tions are complete for any one of a number of reasons.
These reasons include the MWD tool requiring service,
or perhaps running out of battery power, or requiring a
download of locally-stored data, or even malfunctioning.
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All of the above tasks may be accomplished without trip-
ping by using a retrievable MWD tool. Furthermore, in
situations where the BHA has become stuck in the bore-
hole, it will be appreciated that retrievable MWD tools
may be more easily salvaged.

[0010] Retrievable MWD tools have a number of dis-
advantages, however, as compared to non-retrievable
MWD tools. In order to promote retrievability, retrievable
MWD tools are not easily linked to other downhole meas-
urementdevices thatmay also be located in the tool string
in the BHA, such as Logging-While-Drilling (LWD) tools
or other MWD tools. Thus, telemetry capability as con-
ventionally found on MWD tools may not also be used in
conjunction with such other downhole tools. Further, the
conventional bow spring deployment of retrievable tools,
as described above, causes the MWD tool to be rotation-
allyimmobilized with respect to its surrounding collar only
by the force reacting to compression of the bow springs.
The potential for differential radial movement between
MWD tool and the surrounding collar thus exists, poten-
tially brought about by vibrations caused during drilling
operations. In particular, the high vibrations caused by
air drilling have an increased potential to undermine the
alignment of a conventionally-deployed retrievable MWD
tool.

[0011] Of course, the disadvantages of conventional
retrievable MWD tool deployments as described imme-
diately above may be addressed by deploying a conven-
tional non-retrievable MWD tool. Non-retrievable MWD
tools may be mounted more robustly and integratedly in
the tool string inthe BHA without concern forretrievability.
[0012] US 2007/227780 A1 discloses a drill string sys-
tem for performing measurement while drilling and log-
ging while drilling operations for oil and gas drilling is
provided. The drill string system includes a drill string
section having a bore defined by an inner length of sur-
face of a pipe wall which has an outer surface. A tool
guide is secured in the drill string section and a support
is provided for centering the tool guide in said bore.
[0013] US3,765,494 A relates to a drilling system, in
which a subassembly provides a means for seating an
instrument housing in the drill string during a drilling op-
eration and for permitting a normal flow of drilling fluids
around the instrument housing. The seat also provides
means for orienting the instrument housing in a prede-
termined position relative to a portion of the drill system.
[0014] US 2006/098532 A1 discloses a mud pulse
landing assembly which allows for the removal of the
mud pulse generator containing the mud pulse orifice,
thus creating an unobstructed passageway for any tool
or instrumentation that may need to be passed through
the drill string. The retainer of the mud pulse landing as-
sembly also provides a universal mount for engaging al-
ternate tools or instrumentation for use in analyzing the
borehole geology.

[0015] US 2009/301780 A1 relates to a measurement-
while-drilling (MWD) tool having a pressure compensa-
tion system and reservoir segregated from fluid integra-
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tion with actuator mechanism lubricants. The MWD tool
can also be serviced on the rig floor without the need to
drain, reseal and charge the compensation system.
[0016] US 2011/186284 A1 relates to a tool string dis-
posed in at least one tubular having upper and lower
threaded connections to connect to a drill string. The tool
string includes a shock reduction tool, which includes an
anchoring tail piece axially and rotationally fixed to the
at least one tubular. A universal bore hole orientation
(UBHO) muleshoe sub is disposed at an upper end of
the shock reduction tool. A downhole electronics pack-
age coupled to the UBHO muleshoe sub.

[0017] It will therefore be appreciated from the forego-
ing background disclosure that there are some drilling
applications in which a retrievable MWD tool may be pref-
erable, and other applications in which a non-retrievable
MWD may be preferable. From a tool supplier’s point of
view, it is not always optimal to keep a large inventory of
both retrievable and non-retrievable MWD tools. Inven-
tory and manufacturing efficiency can be enhanced when
retrievable MWD tools can be optionally converted to
non-retrievable MWD tools, thereby enabling use of the
same tools in both retrievable and non-retrievable MWD
drilling applications.

[0018] Techniques are currently known for converting
retrievable MWD tools into non-retrievable MWD tools.
However, these current techniques tend to be rather
cumbersome and unreliable. The conversion is typically
accomplished first by threading and torquing one or more
orientation devices to the top and/or bottom of a retriev-
able MWD tool. The orientation devices are generally
cylindrical transition pieces which (1) re-dimension the
MWD tool assembly to be suitable for being received into
a non-retrievable MWD tool mounting device (such as a
suitably-configured length of drill collar), and (2) transfer
the orientation reference line on the MWD tool onto a
corresponding reference line on the mounting device,
which can then be used for alignment with the scribe line
on the bent sub during make-up of the tool string in the
BHA. Adding the orientation devices(s) and the mounting
device to the MWD tool thus requires addition of at least
two (2) threaded/torqued connections. It will be appreci-
ated that making these additional connections up is in-
efficient and cumbersome in many applications. Further,
it will be appreciated that loss of torque and loosening of
the threaded joints during drilling operations will likely
cause a misalignment of the MWD tool’s directional sen-
sors with the tool face of the BHA.

[0019] Thus, there is a need in the art for a conversion
device that quickly and nimbly converts a retrievable tool
(including a retrievable directional MWD tool) into a cor-
responding non-retrievable MWD tool that may be
mounted in a section of drill collar. The section of drill
collar may then be placed in any desired position in the
tool string in the BHA. The conversion device should
avoid threaded/torqued connections that may loosen
during drilling operations and possibly cause a misalign-
ment in orientation of a directional MWD tool.
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[0020] Advantageously the improved conversion de-
vice will accommodate EM MWD tools that include EM
telemetry transceivers (and associated architecture and
circuitry) on board. In such EM MWD deployments, the
conversion device will enable optional mounting of the
retrievable EM MWD tool in a gap sub.

SUMMARY AND TECHNICAL ADVANTAGES

[0021] This disclosure describes an orienting hanger
assembly that addresses at least some of the needs in
the art described above in the Background section. This
disclosure describes embodiments of an inventive ori-
enting hanger assembly that may be deployed as, for
example, a sub in a conventional drill string, and further
discloses methods of its use in such exemplary deploy-
ments.

[0022] The described orienting hanger allows a retriev-
able MWD tool to be easily converted to a top hanging
fixed (non-retrievable) MWD tool without reconfiguring
the basic components of the MWD tool. This disclosure
describes an assembly that can (1) easily be threaded
onto the top of an MWD tool, and (2) hold its orientation
with respect to the MWD tool even though the threaded
connection between tool and assembly is not necessarily
tight. The orientation is maintained via a threaded fas-
tener (nominally, a shear bolt) inserted through a window
in the assembly and into a threaded hole in the MWD
tool (or into a threaded hole in a tool adapter threaded
onto the top of the tool). The shear bolt acting through
the window holds the alignment between the MWD tool
and the orienting hanger assembly, notwithstanding any
radial torque applied to MWD tool or orienting hanger
assembly.

[0023] Currently preferred embodiments of the orient-
ing hanger assembly further provide an alignment notch
that facilitates the hanger (and therefore the MWD tool)
to be aligned to reference orientations (such as zero de-
grees tool face) on the drilling assembly. A key or orien-
tating tool may be engaged in the notch as a physical
means for aligning the hanger assembly (and therefore
the MWD tool) to the BHA. Once the hanger assembly
is rotated with the key to a desired selectable orientation
with respect to the BHA, the assembly is locked into such
orientation via, for example, external locking screws in-
serted from the outer diameter of the drill string, or an
expandable split ring assembly.

[0024] The disclosed orienting hanger assembly thus
advantageously deploys a retrievable MWD tool in a non-
retrievable environment, while avoiding some of the dis-
advantages associated with conventional ones of such
deployments. Disclosed features, described in greater
detail below, enable the high side of the tool to be trans-
ferred quickly, reliably and accurately to a scribe line or
other directional reference mark transferred convention-
ally onto the outer collar of the orienting hanger assembly.
Further disclosed features, described in greater detail
below, enable the selected tool orientation to be locked
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down quickly and reliably with respect the outer collar,
with greater confidence that high vibration during drilling
operations will not disturb the selected orientation. Yet
further, the MWD tool as deployed in the disclosed ori-
enting hanger is suspended from above during drilling
operations and thus "hanging" in space provided below.
This "hanging" aspect allows different types of MWD tools
of different overall length to be deployed in the orienting
hanger assembly without the need for spacers. Data or
power connectivity between the MWD tool and other tool-
ing in the BHA is thus further enhanced since there are
no spacers causing obstruction.

[0025] In one example, this disclosure describes an
orienting hanger assembly comprising a hollow cylindri-
cal outer collar, a hollow cylindrical inner hanger, and a
cylindrical MWD tool adapter. The outer collar has first
and second ends with a box-end threaded connection at
the first end and a pin-end threaded connection at the
second end. The outer collar has a substantially constant
outer diameter, but there is an annular shoulder on its
inner diameter. The internal shoulder separates the inner
collar wall into first and second sections, corresponding
to the first and second collar ends, in which the second
section (pin end) has a smaller diameter than the first
section (box end) At least one threaded locking hole ex-
tends through the collar wall through to the first inner
collar wall section.

[0026] The cylindrical inner hanger is disposed to be
inserted into the outer collar so that the longitudinal axes
of the collar and hanger are aligned. The inner hanger
has first and second hanger ends that correspond gen-
erally to the first and second collar ends when the hanger
is received into the outer collar. The inner hanger has an
external annular shoulder that separates the first and
second hanger ends and the corresponding first and sec-
ond outer hanger wall sections. The first outer hanger
wall section has a greater diameter than the second outer
hanger wall section. The exterior of the first outer hanger
wall section includes an annular knurled portion that is
located so that it is visible through each of the at least
one locking holes when the inner hanger is fully received
inside the outer collar. The external shoulderon the hang-
er is disposed to abut the internal shoulder on the collar
when the inner hanger is fully received inside the outer
collar (thus, when the collar and inserted hanger are ori-
ented vertically, with their first ends pointing up, the hang-
er actually "hangs" on the collar shoulder).

[0027] The first hanger end also includes an alignment
notch provided in the inner wall. The notch is located so
that it is visible when the hanger is fully received into the
outer collar. At least two opposing radial wings extend
outward from the exterior of the second hanger end. The
wings terminate with a distal wing face and extend from
the surface so that when the inner hanger is received
into the outer collar, the distal wing faces are located
proximate to and substantially flush with an inner surface
of the second inner collar wall section. At least one of the
radialwings includes an open wing passage from its distal
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wing face through to the inner cylindrical surface of the
hanger. The alignment notch and the wing providing the
wing passage are separated by a predetermined radial
offset about the longitudinal hanger axis so that the lo-
cation of the alignment notch on the circumference of the
hanger corresponds (by the predetermined offset) to the
location of the wing passage.

[0028] The cylindrical MWD tool adapter has first and
second adapter ends that correspond to the first and sec-
ond ends of the collar and hanger. Threads on the outer
surface of the first adapter end are disposed to mate with
threads on the inner surface of the second hanger end.
The tool adapter also has threads on the inner surface
of its second end disposed to mate with the external
threads on one end of an MWD tool. Additionally, the tool
adapter has a radial threaded tool-orienting hole located
so that it s visible through the wing passage on the inner
hanger when the tool adapter is threaded into the second
hanger end.

[0029] Once atoolisthreaded into the tool adapter, an
orienting screw is received through a selected wing pas-
sage and tightened into the tool-orienting hole so that a
portion of the orienting screw prevents relative rotation
of the tool adapter and the inner hanger via contact en-
gagement with the selected wing passage. When the tool
and hanger are threaded together by the adapter and
fully received into the outer collar, one locking screw is
received through each locking hole in the collar. The lock-
ing screws are tightened so that they frictionally engage
the knurled portion of the hanger and secure it into the
outer collar.

[0030] In afirst embodiment, this disclosure describes
an orienting hanger assembly, comprising a generally
tubular inner hanger disposed to be received snugly into
a generally tubular outer collar and a cylindrical MWD
tool adapter. The hanger and collar are configured so
that when the inner hanger is fully received into the outer
collar (1) the longitudinal axes of the hanger and collar
are aligned, (2) an annular internal shoulder provided on
the outer collar abuts an annular external shoulder on
the inner hanger, and (3) first and second ends of the of
the inner hanger generally correspond with first and sec-
ond ends of the outer collar.

[0031] The cylindrical MWD tool adapter has first and
second adapter ends. The first adapter end is disposed
to threadably engage the second end of the inner hanger,
and the second adapter end is disposed to threadably
engage an MWD tool. Further, the tool adapter includes
a radial threaded tool-orienting hole.

[0032] The outer collar has a tubular collar wall, and
the first end of the outer collar provides at least one
threaded locking hole extending through the collar wall.
The inner hanger has a tubular hanger wall, and the first
end of the inner hanger provides an annular external
knurled portion formed on the hanger wall. The knurled
portion and the at least one locking hole are located so
thatalocking screw can be received through each locking
hole and frictionally engage the knurled portion when the
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inner hanger is fully received into the outer collar. The
firstend of the inner hanger alsoincludes aninterior align-
ment notch in the inner surface of the hanger wall.
[0033] At least two opposing radial wings extend out-
ward fromthe second end of the inner hanger. Each radial
wing terminates at a distal wing face, and the wings have
a common radial length such that when the inner hanger
is received into the outer collar, the distal wing faces are
located snugly nextto an inner surface of the second end
ofthe outer collar. Atleast one of the radial wings includes
an open wing passage from its distal wing face through
to an inner surface of the inner hanger at its second end.
The alignment notch and the radial wing that provides
the wing passage are separated by a predetermined ra-
dial offset about the longitudinal axis of the inner hanger.
[0034] Threadably engaging the tool adapter onto the
second end of the inner hanger enables an orienting
screw to be received through a selected wing passage
and into the tool-orienting hole on the adapter so that a
portion of the orienting screw prevents relative rotation
of the tool adapter and the inner hanger via contact en-
gagement with the selected wing passage. Box and pin
connections are provided on corresponding ones of the
first and second ends of the outer collar, suitable to
threadably insert the outer collar into a drill string.
[0035] In some embodiments of the outer collar, the
threaded locking hole in the outer collar may be counter-
sunk so that when the locking screws are tightened, they
are flush with the outer wall of the collar. Additionally,
there may be embodiments of the inner hanger in which
the knurled portion is located in an annular recess.
[0036] In other embodiments, the threaded locking
hole(s) in the outer collar, the locking screw(s) and the
knurled portion, may be substituted as an orientation
locking assembly for an expandable split ring assembly.
[0037] Examples of the inner hanger may provide at
least one annular recess on the exterior surface of the
hanger which is disposed to receive an o-ring configured
to prevent fluid flow in the annular spaces between the
inner collar wall outer hanger wall.

[0038] Other embodiments of the inner hanger may
also provide at least one fluid window through the second
hanger wall section to enable fluid flow from inside the
inner hanger into the annular space between the hanger
and the outer collar when the inner hanger is fully re-
ceived into the outer collar. These embodiments may fur-
ther include a surface, on the interior of the inner hanger,
shaped to encourage fluid flow from inside the inner
hanger through each fluid window.

[0039] Additionalembodiments ofthe tool adapter may
provide at least one annular recess disposed to receive
an o-ring configured to preventannular fluid flow between
the tool adapter and the inner cylindrical surface of the
second hanger end when the tool adapter is fully received
into the inner hanger.

[0040] In a second embodiment, this disclosure de-
scribes an orienting hanger assembly as previously de-
scribed, except that instead of providing threaded locking
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holes in the collar wall, locking screws, and a knurled
portion on the hanger wall, the assembly provides an
expandable split ring assembly rigidly affixed to the first
end of the inner hanger with opposing C-shaped mem-
bers disposed to circumferentially engage first inner col-
lar wall section, the split ring assembly configured, when
engaged, to prevent relative rotational displacement be-
tween the inner hanger and the outer collar when the
inner hanger is fully received into the outer collar wherein
a threaded mechanism on the split ring assembly being
actuated so asto cause the C-shaped members to extend
or to retract back together.

[0041] It will therefore be appreciated from the forego-
ing disclosure that the orienting hanger assembly, in use,
gives rise to methods for deploying a retrievable MWD
tool in a non-retrievable environment. One exemplary
method comprises the steps of: (a) providing an orienting
hanger assembly, the orienting hanger assembly includ-
ing (A) a generally tubular inner hanger disposed to be
received snugly into (B) a generally tubular outer collar
such that when the inner hanger is fully received into the
outer collar (1) a longitudinal axis of the inner hanger
coincides with a longitudinal axis of the outer collar, (2)
an annular internal shoulder provided on the outer collar
abuts an annular external shoulder on the inner hanger,
and (3) first and second ends of the of the inner hanger
generally correspond with first and second ends of the
outer collar, and (C) a cylindrical MWD tool adapter hav-
ing first and second adapter ends, the tool adapter further
including a radial threaded tool-orienting hole; (b) thread-
ing and tightening an MWD tool onto the second adapter
end of the tool adapter; (c) measuring, if any, a radial
offset about a longitudinal MWD tool axis between a high
side of the MWD tool and the tool-orienting hole; (d)
threading the first adapter end of the tool adapter onto
the second end of the inner hanger until the tool-orienting
hole is visible through a wing passage in one of at least
two opposing radial wings provided on the second end
of the inner hanger; (e) receiving an orienting screw
through the wing passage; (f) threading and tightening
the orienting screw into the tool-orienting hole such that
a portion of the orienting screw prevents relative rotation
of the tool adapter and the inner hanger via contact en-
gagement with the wing passage; (g) providing an align-
ment notch in a hanger wall at the first end of the inner
hanger such that the wing passage and the alignment
notch are separated by a predetermined radial offset
about the longitudinal axis of the inner hanger; (h) insert-
ing the outer collar into a bottom hole assembly (BHA)
at a pre-desired position therein; (i) transferring a select-
ed degrees tool face orientation of the BHA onto the outer
collar; (j) receiving the inner hanger (with the tool adapter
and MWD tool attached thereto) into the outer collar such
that the MWD tool is suspended from the second end of
the inner hanger via abutment and resting of the annular
external shoulder onthe inner hanger against the annular
internal shoulder on the outer collar; (k) rotating the inner
hanger with respect to the outer collar such that the align-
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ment notch is orientationally aligned with the selected
tool face orientation of the BHA as transferred onto the
outer collar in step (i); (1) locking the inner hanger to the
outer collar so as to prevent further relative rotation there-
of; and (m) if required, correcting directional measure-
ments by the MWD tool for any radial misalignment be-
tween the high side of the MWD tool and the alignment
notch.

[0042] In examples of the disclosed methods, step (1)
may be completed by threading one or more locking
screw through a corresponding radial threaded locking
hole in the outer collar and frictionally engaging each
locking screw on the annular external knurled portion
formed on the first end of the internal hanger. For exam-
ple, the illustrations included with this disclosure show
the completion of step (1) by threading three locking
screws through three corresponding radial threaded
locking holes in the outer collar and frictionally engaging
each locking screw on the annular external knurled por-
tion formed on thefirstend of the internal hanger. It should
be noted that this disclosure is not limited to the use of
locking screws threaded through the outer collar to lock
the inner hanger to the outer collar. Further, the scope
of this disclosure is not limited to use of three locking
screws, and any suitable number may be used as re-
quired to obtain serviceable locking. Other examples of
the disclosed methods may provide for the completion
of step (1) via the use of other locking mechanisms, such
as an expandable split ring assembly.

[0043] Other examples of the disclosed methods may
include additional variations. For example, the MWD tool
may be an EM MWD tool, and in those examples, the
outer collar may be an external gap sub. In other cases,
the MWD tool may be a retrievable MWD tool. Addition-
ally, in some examples, step (i) may be the transferring
zero degrees tool face orientation of the BHA onto the
outer collar. Correspondingly, in those examples, step
(k) is rotating the inner hanger with respect to the outer
collar such that the alignment notch is orientationally
aligned with the zero degree tool face orientation of the
BHA as transferred onto the outer collar in step (i). Fur-
ther, in other examples, the predetermined radial offset
in step (g) is zero degrees.

[0044] Likewise, in particular examples of the dis-
closed methods, step (m) may be accomplished by pre-
programmed instructions in the MWD tool, which are em-
bodied in the selected tool’s software or firmware. Fur-
ther, an additional step - step (n) - may be performed in
some examples of the disclosed methods. Step (n) com-
prises: connecting the selected MWD tool to at least one
other downhole tool, in which the connection enables
power communication, data communication, or both, be-
tween the selected MWD tool and such other downhole
tools.

[0045] Itis therefore a technical advantage of the dis-
closed orienting hanger assembly (and its disclosed
methods of use) to quickly and robustly align the high
side of a directional MWD tool to zero degrees tool face
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on the bottom hole assembly, or to another user-selected
tool face orientation. It will be appreciated from the dis-
closed design that the MWD tool (with tool adapter at-
tached) need not be threaded down tightly to the second
end of the inner hanger. Threading needs to be sufficient
to secure the MWD tool adapter from "falling off the inner
hanger, atwhich point the orienting screw may be located
through the radial wing passage in the inner hanger and
screwed tightly into the tool-orienting hole in the tool
adapter. At this point the tool adapter is restrained from
relative rotation with respect to the inner hanger via con-
tact by the orienting screw against the wing passage.
Thus, the tool adapter cannot now become unthreaded
from the inner hanger, even though there may be a less-
than-tight threaded connection between the tool adapter
and the inner hanger. A tightened or torqued threaded
connection between the tool adapter and the inner hang-
eris thus obviated. Further, since the tool adapter is now
restrained from relative rotation with respect to the inner
hanger (via contact by the orienting screw against the
wing passage), the tool adapter, and therefore the high
side of the MWD tool, retains its radial orientation with
respect to the radial wing through which the orienting
screw is located. Moreover, the length of the orienting
screw may be selected so that when the inner hanger
(with MWD tool and tool adapter attached) is received
into the outer collar, the inner surface of the outer collar
prevents the orienting screw (as located in the radial wing
passage) from becoming completely unthreaded from
the tool adapter.

[0046] A first end of the inner hanger is provided with
an alignment notch such that the wing passage and the
alignment notch share a common radial orientation about
the longitudinal axis of the inner hanger. Alternatively,
the wing passage and alignment notch may share a
known radial orientation misalignment. The scribe line
(or other BHA reference point for zero degrees tool face)
may then be transferred onto the outer collar via conven-
tional procedure. When inner hanger (with MWD tool and
tool adapter attached) is received into the outer collar, a
commonly used conventional hand tool may be used to
rotate the inner hanger within the outer collar such that
the alignment notch becomes rotationally aligned with
the scribe line as transferred onto the outer collar. The
high side of the MWD tool is thus rotationally aligned with
the scribe line via transfer of the MWD tool’s rotational
alignment through the assembled orienting hanger up to
the scribe line, plus or minus any known rotational mis-
alignment between high side and radial wing, between
radial wing and alignment notch, and between alignment
notch and scribe line.

[0047] It will be appreciated that software or firmware,
for example, in the MWD tool may correct the tool’s di-
rectional measurements for known rotational misalign-
ment in operation of the MWD tool in the orienting hanger
assembly as deployed in the BHA. In other words, soft-
ware or firmware enables the correction of any misalign-
ment between the MWD internal directional sensors and
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the alignment notch as aligned to the BHA.

[0048] It should be noted that the scope of this disclo-
sure contemplates that any or all of the radial wings may
provided wing passages through which the orienting
screw may be located. However, some embodiments of
the hanger assembly may provide radial wings in which
only one wing includes a wing passage, namely the radial
wing (and wing passage) that is separated from the align-
ment notch by a predetermined radial offset. These em-
bodiments are advantageous to minimize the chance for
alignment errors during make-up of the orienting hanger
assembly and MWD tool in the drill string. It will be ap-
preciated that when only one wing passage is provided
on the hanger assembly, the orienting screw cannot be
inserted through the "wrong wing passage" during normal
tool alignment operations.

[0049] Once the inner hanger has been rotated within
the outer collar so that the alignment notch is rotationally
aligned with the scribe line that was transferred onto the
outer collar, the locking screws are inserted through the
locking holes and torqued against the knurled portion on
the inner hanger. The torque applied to the locking
screws secures the orientation of the collar, hanger, and
tool, relative to each other. Typically, torque may be ap-
plied using conventional hand tools (e.g., a standard allen
wrench). However, in some embodiments for use in high-
vibration operations, relatively high torque is necessary
and a powered tool may be required.

[0050] Further, as noted previously, some embodi-
ments of the disclosed orienting hanger assembly may
substitute the locking screw arrangement for an expand-
able split ring assembly as a feature for locking down a
desired orientation.

[0051] The above-described summary of alignment of
an MWD tool in conjunction with the disclosed orienting
hanger assemblyimproves uponthe currentartin several
regards. Currently, MWD tools are conventionally de-
ployed in a non-retrievable environment via a "landed"
approach, rather than a "hanging" approach. Conven-
tionally, a Uniform Bottom Hole Orientation (UBHO) de-
vice (also colloquially known as a "mule shoe") receives
an MWD tool into a tight-fit receptacle. The MWD tool is
oriented within the receptacle so that in normal vertical
drilling operations, the tool "drops" vertically all the way
into the receptacle. Once received within the receptacle,
the high side of the MWD tool may be rotationally aligned
with the scribe line transferred onto the UBHO device.
Spacer bars are then selected, according to the overall
length of the particular MWD tool, to fill up space and
hold the "top" end of the tool within the UBHO device.
The presence of spacer bars makes it difficult to connect
other MWD or LWD tools located elsewhere in the BHA
to the MWD tool as deployed in the UBHO device. For
EM MWD tools, use of a UBHO device makes the co-
location of the tool with internal or external gaps difficult,
potentially degrading the quality of EM transmissions.
[0052] A further technical advantage of the disclosed
orienting hanger assembly (and its disclosed methods of
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use) is thus to enable directional MWD tools to be more
reliably deployed in a hanging environment. As noted
earlier in this Summary section, the "hanging" aspect al-
lows different types of MWD tools of different overall
length to be deployed in the orienting hanger assembly
without the need for spacers. Data or power connectivity
between the MWD tool and other tooling in the BHA is
thus further enhanced since there are no spacers causing
obstruction below the tool. Use of the orienting hanger
assembly may further obviate threaded/torqued connec-
tions associated with use of a conventional UBHO de-
vice.

[0053] A further technical advantage of the disclosed
orienting hanger assembly (and its disclosed methods of
use) arises when an EM MWD tool is used in conjunction
with the orienting hanger assembly. It will be understood
that improved EM telemetry performance occurs when
internal and external gaps are substantially co-located
on the BHA. As noted above, such co-location is made
difficult by use of a conventional UBHO device. However,
in contrast, embodiments of the orienting hanger assem-
bly may provide an external gap on the outer collar. An
EM MWD tool having an internal gap on board may be
thenthreaded onto the tool adapter, or a separate internal
gap may be concatenated onto the tool adapter with the
EM MWD tool. When received into the outer collar, the
location of the internal gap thus comes close to co-loca-
tion with the external gap on the outer collar. However,
the orienting hanger assembly can incorporate the gap
sub allin one piece orin multiple pieces for easy replace-
ment and service, and this disclosure is not limited in this
regard. Further, because of the "hanging" nature of the
EM MWD tool inside the outer collar, the actual measured
separation between internal and external gaps may be
repeatably ordained in sequential deployments of EM
MWD tools in the orienting hanger assembly during drill-
ing operations over time.

[0054] A further technical advantage of the orienting
hanger is that alignment may be preserved in harsh en-
vironments for orientation, such as high vibration drilling
environments. As previously noted, in embodiments pro-
viding locking screws, torque may typically be applied to
the locking screws with conventional hand tools (e.g., via
a standard allen wrench). This is advantageous because
it enables easy replacement of the locking screws. In
embodiments providing an expandable split ring assem-
bly as an alternative to locking screws, it will be under-
stood that such split ring assemblies provide tight, robust
locking via conventional, straightforward actuation of
threaded mechanisms on the assemblies.

[0055] A further technical advantage of the disclosed
orienting hanger assembly (and its disclosed methods of
use) is to enable a more flexible and cost-effective MWD
tool asset utilization. As noted above, the orienting hang-
er enables retrievable MWD tools to be used in non-re-
trievable environments without many of the disadvantag-
es conventionally associated with such deployments.
Thus, with the orienting hanger assembly available, a
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fleet of retrievable MWD tools has a potentially wider uti-
lization platform, both in conventional retrievable deploy-
ments, and further in novel non-retrievable deployments
as disclosed herein.

[0056] The foregoing has outlined rather broadly the
features and technical advantages of the inventive dis-
closure of this application, in order that the detailed de-
scription of the embodiments that follows may be better
understood. It will be appreciated by those skilled in the
art that the specific embodiments disclosed may be read-
ily utilized as a basis for modifying or designing other
structures for carrying out the same general purposes of
the inventive material set forth in this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] For a more complete understanding of the em-
bodiments described in this disclosure, and their advan-
tages, reference is made to the following detailed de-
scription taken in conjunction with the accompanying
drawings, in which:

FIGURE 1 illustrates, in disassembled form, per-
spective views of one embodiment of an orienting
hanger assembly 100, including an outer collar 105,
an inner hanger 120, and a tool adapter 150 for at-
tachment to MWD tool 160 (it being understood that
MWD tool 160 is not part of orienting hanger assem-
bly 100);

FIGURE 2 shows, in cutaway view, the orienting
hanger assembly 100 of FIGURE 1 in assembled
form;

FIGURE 3 is a section view of the orienting hanger
assembly 100 as shown on FIGURE 2; and
FIGURE 4 is a flow chart illustrating one example of
a method of deploying an MWD tool in an orienting
hangerassembly such as orienting hanger assembly
100 illustrated with reference to FIGURES 1-3.

DETAILED DESCRIPTION

[0058] flush with the inner surface of second inner col-
lar wall section 113 when inner hanger 120 is received
into outer collar 105. As will be described in greater detail
further below, at least one radial wing 131 provides a
wing passage 133 through which an orienting screw 171
is situated. While this disclosure is not specific to any
specific separation between distal wing faces 132 and
the inner surface of second inner collar wall section 113,
it will be understood from FIGURE 2 to be close enough
so that the inner surface of second inner collar wall sec-
tion 113 retains orienting screw 171 within wing passage
133 when inner hanger 120 is received into outer collar
105.

[0059] Asjustnoted, and as shownonFIGURES 1 and
2, at least one radial wing 131 includes an open wing
passage 133 from its distal wing face 132 through to the
inner surface of second hanger portion 128. FIGURES
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1and 2 also show that alignment notch 130 and the radial
axis of the radial wing 131 that includes wing passage
133 share a common radial orientation about longitudinal
hanger axis 121. In alternative embodiments (not illus-
trated), alignment notch 130 and the radial axis of the
radial wing 131 that includes wing passage 133 may be
offset by a pre-determined radial misalignment, which, if
present, must be accounted for in aligning the high side
of MWD tool 160 to alignment notch 130.

[0060] Tooladapter 150, as shown on FIGURES 1 and
2, is a cylindrical member having first adapter end 151
and second adapter end 152. The outer surface of first
adapter end 151 provides threads disposed to mate with
threads on the inner surface of second hanger portion
128, as illustrated on FIGURE 2. The inner surface of
second adapter end 152 provides threads (not visible on
FIGURES 1 and 2) disposed to mate with threads pro-
vided on one end of an MWD tool. In preferred embodi-
ments, the MWD tool is a retrievable MWD tool such as,
by way of example, one of the Electro-Trac EM system
of EM telemetry tools available from GE Oil & Gas (ht-
tp://www.ge-energy.com/products_and_services/prod-
ucts/drilling_measurements/electro_ trac_em_mwd_).
For the purposes of the following disclosure, FIGURES
1, 2, and 3 should be viewed together. Any part, item, or
feature that is identified by part number on one of FIG-
URES 1-3 has the same part number when illustrated on
another of FIGURES 1-3.

[0061] FIGURE 1 illustrates, in disassembled form,
perspective views of one embodiment of an orienting
hanger assembly 100. As shown on FIGURE 1, the ori-
enting hanger assembly 100 includes a hollow cylindrical
outer collar 105, a hollow cylindrical inner hanger 120,
and a cylindrical tool adapter 150. Tool adapter 150 is
suitable to receive one end of a threaded MWD tool 160,
examples of which are described further on in this dis-
closure. All of outer collar 105, inner hanger 120, and
tool adapter 150 can be made from a material such as
stainless steel. However, this disclosure is not limited in
this regard.

[0062] Fully assembled, orienting hanger 100 is dis-
posed to be inserted into a conventional drill string. To
enable this insertion, outer collar 105, as shown on FIG-
URE 1, includes a first collar end 108 that provides a
threaded box connection 106 and a second collar end
109 that provides a threaded pin connection 107. Con-
sistent with drill string connections known in the art, such
conventional pin and box connections enable an assem-
bled orienting hanger 100 to be inserted into a concate-
nated string of drill collar tubulars. For clarity, threaded
pin connection 107 is omitted from outer collar 105 on
FIGURE 2.

[0063] Outer collar 105 has a substantially constant
outer diameter about a longitudinal collar axis 110. Outer
collar 105, as shown on FIGURE 2, includes annular in-
ner collar shoulder 111 that separates the interior of outer
collar 105 into a first cylindrical inner collar wall section
112 at first collar end 108 and a second cylindrical inner
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collar wall section 113 at second collar end 109. The
diameter of the second inner collar wall 113 section is
less than that of the first inner collar wall section 112, as
illustrated on FIGURE 2. Outer collar 105, as depicted
on FIGURES 1 and 2, also provides at least one radial
threaded locking hole 114 (and, as illustrated on FIGURE
3, three locking holes 114) extending from the outer wall
through to the first inner collar wall section 112.

[0064] Innerhanger 120, asshownonFIGURE 1, com-
prises a cylindrical member having a unitary longitudinal
hanger axis 121. Inner hanger 120 is disposed to be re-
ceived inside outer collar 105 so that longitudinal collar
axis 110 and longitudinal hanger axis 121 become sub-
stantially common, as shown on FIGURE 2.

[0065] As illustrated on FIGURE 2, inner hanger 120
includes first hanger end 122 aligned at first collar end
108 and second hanger end 123 aligned at second collar
end 109 when inner hanger 120 is received into outer
collar 105. Additionally, FIGURE 1 depicts inner hanger
120 including first outer cylindrical hanger wall section
124 at first hanger end 122 and second outer cylindrical
hanger wall section 125 at second hanger end 123.
[0066] The diameter of first outer hanger wall section
124 is greater than the diameter of second outer hanger
wall section 125 and, as depicted on FIGURES 1 and 2,
is separated from second outer hanger wall section 125
by an annular outer hanger shoulder 126. Outer hanger
shoulder 126 is disposed to abut inner collar shoulder
111 when inner hanger 120 is fully received inside outer
collar 105, as shown on FIGURE 2.

[0067] As shown on FIGURE 1, inner hanger 120 is
further divided into first hanger portion 127 and second
hanger portion 128, which correspond to first outer hang-
er wall section 124 and second outer hanger wall section
125, respectively. First outer hanger wall section 124 in-
cludes an annular knurled portion 129, shown on FIG-
URES 1, 2, and 3. As illustrated on FIGURE 2, knurled
portion 129 and locking holes 114 (on outer collar 105)
are located so that knurled portion 129 is visible through
each locking hole 114 when inner hanger 120 is fully
received inside outer collar 105.

[0068] Orienting hanger 100 also includes one locking
screw 170 disposed to be received through each locking
hole 114 and frictionally engage knurled portion 129
when inner hanger 120 is fully received into outer collar
105. As shown on FIGURES 2 and 3, three locking
screws 170 are provided, one for each of the three locking
holes 114 also provided. This disclosure is not limited,
however, to any particular number of locking screws 170
and corresponding locking holes 114. Also, as further
described in more detail below, this disclosure is not lim-
ited to locking screws 170 as the only manner by which
inner hanger 120 may be orientationally locked to outer
collar 105. Other embodiments, not illustrated, may in-
stead provide an expandable split ring assembly for ori-
entationally locking inner hanger 120 to outer collar 105.
[0069] As shown on FIGURES 1, 2, and 3, the inner
surface of first hanger portion 127 also includes an align-
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ment notch 130 at first hanger end 122. Application of a
conventional hand tool on alignment notch 130 enables
inner hanger 120 to be rotated about longitudinal hanger
axis 121 relative to outer collar 105, and thus to be ori-
ented to a selected position relative to outer collar 105
after inner hanger 120 has been fully received into outer
collar 105. Any of a number of conventional tools are
commercially available to engage alignment notch 130
(e.g., Beefy Alignment Wrench #30-6669B, available
from Hunting Specialty Supply of Houston, Texas at: ht-
tp://www.hunting-intl.com/hunting-specialty-sup-
ply/handling-equipment).

[0070] While FIGURES 1, 2, and 3 depict a cube-
shaped alignment notch 130, nothing in this disclosure
is intended to limit the location or geometry of alignment
notch 130 so long as it is effective to engage a tool to
orient inner hanger 120 within outer collar 105.

[0071] FIGURES 1 and 2 further illustrate inner hanger
120 with a pair of opposing radial wings 131 extending
outward from second outer hanger wall section 125 and
terminating at a distal wing face 132. Although FIGURES
1 and 2 illustrate two opposing radial wings 131, other
embodiments (notillustrated) may provide more than two
radialwings 131 in an opposing arrangement around sec-
ond outer hanger wall section 125. As depicted on FIG-
URE 2, radial wings 131 advantageously have a common
radial wing length such that distal wing faces 132 are
locatedsnugly next to an inner surface of the outer collar
atthe second end thereof. However, it will be appreciated
that this disclosure is not limited in this regard and that
any suitable MWD or LWD tool may be used.

[0072] Tooladapter150alsoincludesaradial threaded
tool-orienting hole 155, located on the tool adapter to be
visible through wing passage 133 when tool adapter 150
is threaded into second hanger end 123, as shown on
FIGURE 2. As noted above, FIGURE 2 also illustrates
orienting screw 171 disposed to be received through a
selected wing passage 133 and into tool-orienting hole
155. As shown on FIGURE 2, a portion of orienting screw
171, when received into tool-orienting hole 155, prevents
relative rotation of tool adapter 150 and inner hanger 120
via contact engagement with selected wing passage 133.
[0073] In preferred embodiments, orienting screw 171
engages selected wing passage 133 such that negligible
relative rotation, and in any case no more than one de-
gree of relative rotation, is possible. However, it will be
appreciated that this disclosure is notlimited in this regard
and that any desired range of relative rotation between
tool adapter 150 and inner hanger 120 may be achieved
by selecting different geometries for wing passage 133
and orienting screw 171.

[0074] The common radial orientation of alignment
notch 130 and the radial axis of the radial wing 131 that
includes wing passage 133 enables an MWD tool with a
known high side to be threaded into orienting hanger as-
sembly 100 via the use of tool adapter 150 and to have
its high side oriented to a known reference point on the
exterior of orienting hanger assembly 100. To accomplish
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this orientation, the MWD tool is threaded into tool adapt-
er 150. The adapter is then threaded into inner hanger
and secured with orienting screw 171. The high point of
the MWD tool is thereby oriented to alignment notch 130
because wing passage 133 (and therefore the high side
of the MWD tool, including any known offset) and align-
ment notch 130 are radially aligned. Alignment notch 130
can then be aligned (oriented) with the scribe line trans-
ferred up from a bent sub or motor steering tool with which
orienting hanger 100 is associated. Thus, the high side
of the MWD tool may be aligned to the scribe line on the
bent sub or motor steering tool. This orientation process
is more fully described below with reference to disclosed
methods.

[0075] The following paragraphs describe further alter-
native embodiments of the orienting hanger assembly
100 that are considered within the scope of this disclo-
sure.

[0076] As shown on FIGURES 1, 2, and 3, the locking
holes 114 may be countersunk so that locking screws
170 are flush with the outside of outer collar 105, which
protects them while the orienting hanger assembly 100
is deployed in drilling operations. Also, as shown on FIG-
URES 1, 2, and 3, knurled portion 129 may be located
in an annular recess 134 in first hanger portion 127.
[0077] As has been noted in several places in this dis-
closure, the scope of the disclosed orienting hanger as-
sembly is not limited to the use of locking screws 170,
locking holes 114 and knurled portion 129 as shown on
FIGURES 1-3 as a cooperating structure to lock inner
hanger 120 to outer collar 105 when inner hanger 120 is
full received into outer collar 105. In one embodiment, a
conventional expandable split ring assembly (not illus-
trated) is used instead of locking screws 170, locking
holes 114 and knurled portion 129 to lock inner hanger
120 to outer collar 105. It will be understood that such a
split ring assembly is rigidly affixed to first hanger end
122 with opposing C-shaped members disposed to cir-
cumferentially engage first inner collar wall section 112.
As is known conventionally, a threaded mechanism on
the split ring assembly is actuated so as to cause the C-
shaped members to extend (i.e. to separate apart) or to
retract back together. It will be appreciated that actuation
of the threaded mechanism will cause split ring assembly
to rotationally lock and unlock inner hanger 120 and outer
collar 105 as desired. Thus, when inner hanger 120 has
been aligned with outer collar 105 in accordance with this
embodiment, actuation of the threaded mechanism on
the split ring assembly will case inner hanger 120 and
outer collar 105 to become orientationally locked. It is
understood in the applicable art that such split ring locks
are tight and robust, even in high vibration environments.
[0078] It should be noted that if used, the split ring as-
sembly should be selected and installed on first hanger
end 122 so as not to impede engagement and operation
of a suitable hand tool on alignment notch 130.

[0079] Additionally, as illustrated on FIGURES 1 and
2, first hanger portion 127 may include at least one an-
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nularrecess 135 disposed to receive an o-ring configured
to prevent annular fluid flow between firstinner collar wall
section 112 and first outer hanger wall section 124 when
the inner hanger is received into the outer collar. While
FIGURES 1 and 2 depict four annular recesses 135 (two
above annularrecess 134 and two more below it), nothing
in this disclosure should be interpreted to limit the
number, geometry, or location of any annular recess 134
or 135.

[0080] In some embodiments, orienting hanger as-
sembly 100 may include at least one fluid window 136
cut through second hanger portion 128 to enable fluid
flow from inside inner hanger 120 to inside outer collar
105 when inner hanger 120 is fully received into outer
collar 105, as shown by arrow F on FIGURE 2. While
FIGURES 1 and 2 depict two fluid windows 136, nothing
in this disclosure should be interpreted to limit the
number, geometry, or location of any fluid window 136.
[0081] Additionally, embodiments of orienting hanger
assembly 100 that include a fluid window 136 may also
include a flow enhancer 137 on the inner surface of sec-
ond hanger portion 128. Flow enhancer 137 may be
shaped to encourage fluid flow from inside inner hanger
105 through each fluid window 136 when inner hanger
120 is fully received into outer collar 105.

[0082] Asshownon FIGURES 1 and 2, flow enhancer
137 is a symmetrical convex surface rising axially toward
first hanger end 122. Nonetheless, it should be under-
stood that this disclosure is not limited to the geometry
shown on FIGURES 1 and 2 and other corresponding
geometries effective to enhance fluid flow F are also with-
in the scope of this disclosure.

[0083] Other embodiments of tool adapter 150 include
at least one annular recess 153 disposed to receive an
o-ring configured to prevent annular fluid flow between
tool adapter 150 and the inner surface of second hanger
portion 128 when tool adapter 150 is fully received into
inner hanger 120.

[0084] The scope of this disclosure further includes
methods for using an orienting hanger assembly in a bot-
tom hole assembly (BHA). Advantageously, the previ-
ously described embodiments of the orienting hanger
may be used in such methods although the methods dis-
closed are not limited solely to use of the embodiments
of the orienting hanger disclosed in FIGURES 1 - 3 and
the associated description. Further, although the dis-
closed methods contemplate embodiments in which a
retrievable MWD tool is deployed in a non-retrievable
environment, the methods are again not limited in this
regard. FIGURE 4 is a flow chart in which blocks 401
through 410 represent steps of the method in summary
form, and as described in greater detail in the written
disclosure immediately below.

[0085] The following detailed description refers gener-
ally to FIGURE 4 and describes a method of using ori-
enting hanger assembly 100 such as described with ref-
erence to FIGURES 1 - 3. In summary, orienting hanger
assembly 100 is described above with reference to FIG-
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1"

URES 1 - 3 as comprising a generally tubular inner hang-
er 120, a generally tubular outer collar 105, and a gen-
erally cylindrical MWD tool adapter 150. Inner hanger
120 is disposed to be received snugly into outer collar
105 such that when it is fully received into outer collar
105, the longitudinal axes of inner hanger 120 and outer
collar 105 coincide. Additionally, an annular external
shoulder 126 on inner hanger 120 abuts an annular in-
ternal shoulder 111 provided on outer collar 105 so that
first hanger end 122 and second end 123 generally cor-
respond with first collar 108 and second collar end 109.
Tool adapter 150 has first adapter end 151, second
adapter end 152, and radial threaded tool-orienting hole
155 that enables an MWD tool to be attached in a prese-
lected orientation, as described further below.

[0086] Moving on now to a first example of the dis-
closed methods, and with reference to FIGURE 4, block
401 on FIGURE 4 refers to the step of threading and
tightening MWD tool 160 onto tool adapter 150 via
threads on the internal surface of second adapter end
152. Generally, MWD tool 160 may be a retrievable EM
MWD tool (an example is described above), but this dis-
closure is not limited in this regard.

[0087] Once MWD tool 160 is tightened onto tool
adapter 150, the next step is to measure and record any
radial offset about the longitudinal MWD tool axis that
exists between the high side of MWD tool 160 and tool-
orienting hole 155 on tool adapter 150 (block 402). First
adapter end 151 is then threaded onto inner hanger 120
at second hanger end 123 until tool-orienting hole 155 is
visible through wing passage 133 in one of at least two
opposing radial wings 131 provided on second hanger
end 123 (block 403).

[0088] Block 404 on FIGURE 4 refers to the step of
threading orienting screw 171 through wing passage 133
and tightening itinto tool-orienting hole 155 on tool adapt-
er 150 such thata portion of orienting screw 171 prevents
relative rotation of tool adapter 150 and inner hanger 120
via contact engagement with wing passage 133.

[0089] Block 405 refers the step ofinserting outer collar
105 into a bottom hole assembly (BHA), via pin end con-
nection 107 on outer collar 105. In some examples, outer
collar 105 may be an external electrical isolation gap sub,
but this disclosure is not limited in this regard.

[0090] The nextstep is to transfer a selected tool face
orientation of the BHA onto outer collar 105 (block 406).
Conventional methodology may be used accomplish this
step. The selected orientation may be ordained by the
scribe line on a bent sub or by a suitable reference mark
on a steering tool. In the example of the disclosed meth-
ods illustrated on FIGURE 4, the user-selected tool face
orientation transferred onto outer collar 105 is the zero
degrees orientation, but this disclosure is not limited in
this regard.

[0091] In the next step, inner hanger 120, with tool
adapter 150 and MWD tool 160 attached, is received into
outer collar 105, through first collar end 108, such that
MWD tool 160 is suspended from second hanger end
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123 via abutment and resting of outer hanger shoulder
126 against inner collar shoulder 111 (block 407). At this
point, it is advantageous to make data or power connec-
tions between MWD tool 160 and any additional down-
hole tools elsewhere in the BHA, if so desired.

[0092] Block 408 refers to the step of using a conven-
tional hand tool (such as described above) on alignment
notch 130 to rotate inner hanger 120 within outer collar
105 such that alignment notch 130 is rotationally aligned
with the BHA scribe line as transferred onto outer collar
105 in the step described in block 406. Inner hanger 120
is then rotationally locked to outer collar 105 (block 409)
by threading at least one locking screw 170 through a
corresponding radial threaded locking hole 114 in outer
collar 105 and frictionally engaging each locking screw
1700n annular knurled portion 129 formed on the exterior
of first hanger end 122. In the embodiment of orienting
hanger assembly 100 depicted on FIGURE 3, this step
is accomplished by using three locking screws 170, but
this disclosure is not limited in this regard. As described
above, in other embodiments, an expandable split ring
assembly (not illustrated) may be provided on orienting
hanger assembly 100 instead of the functional locking
combination of locking screws 170, knurled portion 129
and locking holes 114. The split ring assembly will be
understood to be rigidly attached to first hanger end 122
and configured, when engaged, to prevent relative rota-
tional displacement between inner hanger 120 and outer
collar 105 when inner hanger 120 is fully received into
outer collar 105.

[0093] The next step, as illustrated in block 410, and
only if necessary, is to correct the directional measure-
ments made by MWD tool 160 for the radial offset meas-
ured in block 402. This maybe completed by software or
firmware native to MWD tool 160, but again this disclo-
sure is not limited in this regard. Further, although not
illustrated on FIGURE 4, this correcting step also in-
cludes, if required, correcting for any radial misalignment
between the high side of MWD tool 160 and alignment
notch 130 (including correcting for any radial misalign-
ment between wing passage 133 and alignment notch
130).

Claims
1. An orienting hanger assembly (100), comprising:

a generally tubular inner hanger (120) disposed
to be received snugly into a generally tubular
outer collar (105) such that when the inner hang-
er (120) is fully received into the outer collar
(105) alongitudinal axis (121) of the inner hang-
er (120) coincides with a longitudinal axis (110)
of the outer collar (105), an annular internal
shoulder (111) provided on the outer collar (105)
abuts an annular external shoulder (126) on the
inner hanger (120), and first and second ends
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of the of the inner hanger (120) generally corre-
spond with first and second ends of the outer
collar (105);

a cylindrical MWD tool adapter (150) having first
and second adapter ends (151, 152), the first
adapter end (151) disposed to threadably en-
gage the second end (123) of the inner hanger
(120), and the second adapter end (152) dis-
posed to threadably engage an MWD tool (160),
the tool adapter (150) further including a radial
threaded tool-orienting hole (155);

the outer collar (105) having a tubular collar wall,
the first end of the outer collar (105) including at
least one threaded locking hole (114) extending
through the collar wall;

the inner hanger (120) having a tubular hanger
wall, the first end (122) of the inner hanger (120)
including an annular external knurled portion
(129) formed on the hangerwall, the knurled por-
tion (129) and the at least one locking hole (114)
located so that, when the inner hanger (120) is
fully received into the outer collar (105), alocking
screw (170) can be received through each lock-
inghole (114) andfrictionally engage the knurled
portion (129);

the first end of the inner hanger (120) further
providing an interior alignment notch (130) in the
hanger wall;

the second end (123) of the inner hanger (120)
providing at least two opposing radial wings
(131) extending outward therefrom, one of the
radialwings (131) having a predetermined radial
offset about the inner hanger longitudinal axis
(121) from the alignment notch (130), each ra-
dial wing (131) terminating at a distal wing face
(132) and having a common radial wing length
such that when the inner hanger (120) is re-
ceived into the outer collar (105), the distal wing
faces (132) are located snugly next to an inner
surface of the outer collar (105) at the second
end thereof, atleast one of the radial wings (131)
including an open wing passage (133) from its
distalwing face (132) throughto aninner surface
of the inner hanger (120) at the second end
thereof, threadable engagement of the tool
adapter (150) onto the second end of the inner
hanger (120) enabling an orienting screw (171)
to be received through a selected wing passage
(133) and into the tool-orienting hole (155) so
that a portion of the orienting screw (171) pre-
vents relative rotation of the tool adapter (150)
and the inner hanger (120) via contact engage-
ment with the selected wing passage (133); and
box and pin connections (106, 107) on corre-
sponding ones of the first and second ends of
the outer collar (105), the box and pin connec-
tions (106, 107) suitable to threadably insert the
outer collar (105) into a drill string.
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The orienting hanger assembly (100) of claim 1, in
which each threaded locking hole (114) is counter-
sunk at an outer edge of the collar wall.

The orienting hanger assembly (100) of claims 1 or
2, in which the knurled portion (129) is located in an
annular recess on the first end of the inner hanger
(120).

An orienting hanger assembly (100), comprising:

a generally tubular inner hanger (120) disposed
to be received snugly into a generally tubular
outer collar (105) such thatwhen the inner hang-
er (120) is fully received into the outer collar
(105) alongitudinal axis (121) of the inner hang-
er (120) coincides with a longitudinal axis (110)
of the outer collar (105), an annular internal
shoulder (111) provided on the outer collar (105)
abuts an annular external shoulder (126) on the
inner hanger (120), and first and second ends
of the of the inner hanger (120) generally corre-
spond with first and second ends of the outer
collar (105);

a cylindrical MWD tool adapter (150) having first
and second adapter ends (151, 152), the first
adapter end (151) disposed to threadably en-
gage the second end (123) of the inner hanger
(120), and the second adapter end (152) dis-
posed to threadably engage an MWD tool (160),
the tool adapter (150) further including a radial
threaded tool-orienting hole (155);

an expandable splitring assembly rigidly affixed
to the first end (122) of the inner hanger (120)
with opposing C-shaped members disposed to
circumferentially engage first inner collar wall
section (112), the splitring assembly configured,
when engaged, to preventrelative rotational dis-
placement between the inner hanger (120) and
the outer collar (105) when the inner hanger
(120) is fully received into the outer collar (105);
wherein a threaded mechanism on the split ring
assembly being actuated so as to cause the C-
shaped members to extend or to retract back
together;

the outer collar (105) having a tubular collar wall,
the inner hanger (120) having a tubular hanger
wall, the first end of the inner hanger further pro-
viding an interior alignment notch (130) in the
hanger wall;

the second end (123) of the inner hanger (120)
providing at least two opposing radial wings
(131) extending outward therefrom, one of the
radialwings (131) having a predetermined radial
offset about the inner hanger longitudinal axis
(121) from the alignment notch (130), each ra-
dial wing (131) terminating at a distal wing face
(132) and having a common radial wing length

10

15

20

25

30

35

40

45

50

55

13

such that when the inner hanger (120) is re-
ceived into the outer collar (105), the distal wing
faces (132) are located snugly next to an inner
surface of the outer collar (105) at the second
end thereof, at least one of the radial wings (131)
including an open wing passage (133) from its
distalwing face (132) through to aninner surface
of the inner hanger (120) at the second end
thereof, threadable engagement of the tool
adapter (150) onto the second end of the inner
hanger (120) enabling an orienting screw (171)
to be received through a selected wing passage
(133) and into the tool-orienting hole (155) so
that a portion of the orienting screw (171) pre-
vents relative rotation of the tool adapter (150)
and the inner hanger (120) via contact engage-
ment with the selected wing passage (133); and
box and pin connections (106, 107) on corre-
sponding ones of the first and second ends of
the outer collar (105), the box and pin connec-
tions (106, 107) suitable to threadably insert the
outer collar (105) into a drill string.

5. The orienting hanger assembly (100) of any preced-
ing claim, inwhichthe second end ofthe innerhanger
(120) includes at least one fluid window (136) dis-
posed to enable fluid flow from inside the inner hang-
er (120) to inside the outer collar (105) when the
inner hanger (120) is fully received into the outer
collar (105).

6. The orienting hanger assembly (100) of claim 5, in
which aninner surface of the second end of the inner
hanger (120) is shaped to encourage fluid flow from
inside the inner hanger (120) through each fluid win-
dow (136).

7. The orienting hanger assembly (100) of any preced-
ing claim, in which the tool adapter (150) includes at
least one annular recess (153) disposed to receive
an o-ring configured to prevent annular fluid flow in-
side the inner hanger (120) past the tool adapter
(150) when the tool adapter (150) is threadably en-
gaged on the second end of the inner hanger (120).

8. The orienting hanger assembly (100) of any preced-
ing claim, in which the predetermined radial offset is
zero degrees.

Patentanspriiche

1. Ausrichtungsaufhdngeranordnung (100), umfas-
send:

einen im Allgemeinen réhrenférmigen inneren
Aufhanger (120), der angeordnet ist, in einem
im Allgemeinen réhrenférmigen Auflenkragen
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(105) passgenau aufgenommen zu werden, so-
dass, wenn derinnere Aufhanger (120) vollstan-
dig im AulRenkragen (105) aufgenommen ist, ei-
ne Langsachse (121) des inneren Aufhangers
(120) mit einer Langsachse (110) des Aul3en-
kragens (105) zusammenfallt, wobei eine ring-
férmige innere Schulter (111), die auf dem Au-
Renkragen (105) bereitgestellt ist, an einer ring-
férmigen auBeren Schulter (126) am inneren
Aufhanger (120) anliegt, und erste und zweite
Enden des inneren Aufhangers (120) im Allge-
meinen ersten und zweiten Enden des AulRen-
kragens (105) entsprechen;

einen zylindrischen MWD-Werkzeugadapter
(150) mit ersten und zweiten Adapterenden
(151, 152), wobei das erste Adapterende (151)
angeordnet ist, mit dem zweiten Ende (123) des
inneren Aufhangers (120) verschraubt zu wer-
den, und das zweite Adapterende (152) ange-
ordnetist, mit einem MWD-Werkzeug (160) ver-
schraubt zu werden, wobei der Werkzeugadap-
ter (150) weiter ein radiales Werkzeugausrich-
tungsgewindeloch (155) enthalt;

wobei der AuRenkragen (105) eine réhrenférmi-
ge Kragenwand aufweist, wobei das erste Ende
des AulRenkragens (105) zumindest ein Sperr-
gewindeloch (114) enthalt, das sich durch die
Kragenwand erstreckt;

wobei der innere Aufhanger (120) eine réhren-
formige Aufhangerwand aufweist, wobei das
erste Ende (122) des inneren Aufhangers (120)
einen ringférmigen &ufleren geriffelten Ab-
schnitt(129) enthalt, der auf der Aufhdngerwand
gebildet ist, wobei der geriffelte Abschnitt (129)
und das zumindest eine Sperrloch (114) so ge-
legen sind, dass, wenn der innere Aufhanger
(120) vollstandig im AufRenkragen (105) aufge-
nommen ist, eine Sperrschraube (170) durch je-
des Sperrloch (114) aufgenommen werden
kann und reibschlissig mit dem geriffelten Ab-
schnitt (129) ineinandergreift;

wobei das erste Ende des inneren Aufhdngers
(120) weiter eine Innenausrichtungskerbe (130)
in der Aufthangerwand bereitstellt;

wobei das zweite Ende (123) des inneren Auf-
hangers (120) zumindest zwei gegeniberlie-
gende Radialfliigel (131) bereitstellt, die sich da-
von nach aufRen erstrecken, wobei einer der Ra-
dialfligel (131) einen vorbestimmten radialen
Versatz um die innere Aufhdngerldngsachse
(121) von der Ausrichtungskerbe (130) hat, je-
der radiale Fligel (131) an einer fernen Fllgel-
flache (132) endetund eine gemeinsame radiale
Flugelldange hat, sodass, wenn der innere Auf-
hanger (120) im AufRenkragen (105) aufgenom-
men ist, die fernen Fligelflachen (132) passge-
nau neben einerInnenflache des AulRenkragens
(105) an dessen zweitem Ende gelegen sind,
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wobei zumindest einer der radialen Fligel (131)
einen offenen Fligeldurchlass (133) aufweist,
dervonseinerfernen Flugelflache (132) zu einer
Innenflache des inneren Aufhangers (120) an
dessen zweitem Ende hindurchgeht, wobei ein
Aufschrauben des Werkzeugadapters (150) auf
das zweite Ende des inneren Aufhangers (120)
ermoglicht, dass eine Ausrichtungsschraube
(171) durch einen ausgewahlten Fligeldurch-
lass (133) und im Werkzeugausrichtungsloch
(155) aufgenommen wird, sodass ein Abschnitt
der Ausrichtungsschraube (171) eine relative
Drehung des Werkzeugadapters (150) und des
inneren Aufhangers (120) mittels Kontakteingriff
mit dem ausgewahlten Flugeldurchlass (133)
verhindert; und

Gehause- und Stiftverbindungen (106, 107) auf
entsprechenden der ersten und zweiten Enden
des AuBenkragens (105), wobei die Gehause-
und Stiftverbindungen (106, 107) geeignet sind,
den AuBenkragen (105) in ein Bohrgestange
einzuschrauben.

Ausrichtungsaufhangeranordnung (100) nach An-
spruch 1, in der jedes Sperrgewindeloch (114) an
einer AuBenkante der Kragenwand versenkt ist.

Ausrichtungsaufhangeranordnung (100) nach den
Anspriichen 1 oder 2, in der der geriffelte Abschnitt
(129) in einer ringférmigen Vertiefung am ersten En-
de des inneren Aufhangers (120) gelegen ist.

Ausrichtungsaufhangeranordnung (100), umfas-
send:

einen im Allgemeinen réhrenférmigen inneren
Aufhanger (120), der angeordnet ist, in einem
im Allgemeinen réhrenférmigen Auflenkragen
(105) passgenau aufgenommen zu werden, so-
dass, wenn derinnere Aufhanger (120) vollstan-
dig im AuRenkragen (105) aufgenommen ist, ei-
ne Langsachse (121) des inneren Aufhangers
(120) mit einer Langsachse (110) des AuRen-
kragens (105) zusammenfallt, wobei eine ring-
férmige innere Schulter (111), die auf dem Au-
Renkragen (105) bereitgestellt ist, an einer ring-
férmigen duleren Schulter (126) am inneren
Aufhanger (120) anliegt, und erste und zweite
Enden des inneren Aufhangers (120) im Allge-
meinen ersten und zweiten Enden des Aullen-
kragens (105) entsprechen;

einen zylindrischen MWD-Werkzeugadapter
(150) mit ersten und zweiten Adapterenden
(151, 152), wobei das erste Adapterende (151)
angeordnet ist, mit dem zweiten Ende (123) des
inneren Aufhangers (120) verschraubt zu wer-
den, und das zweite Adapterende (152) ange-
ordnetist, mit einem MWD-Werkzeug (160) ver-
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schraubt zu werden, wobei der Werkzeugadap-
ter (150) weiter ein radiales Werkzeugausrich-
tungsgewindeloch (155) enthalt;

eine erweiterbare Spaltringanordnung, die starr
am ersten Ende (122) des inneren Aufhdngers
(120) mit gegeniiberliegenden C-férmigen Bau-
teilen fixiert ist, die angeordnet sind, umlaufend
mit einem ersten Innenkragenwandbereich
(112) ineinanderzugreifen, wobei die Spaltrin-
ganordnung konfiguriert ist, im Eingriff einen re-
lativen Drehversatz zwischen dem inneren Auf-
hanger (120) und dem AufRenkragen (105) zu
verhindern, wenn der innere Aufhanger (120)
vollstdndig im AuRenkragen (105) aufgenom-
men ist; wobei ein Gewindemechanismus auf
der Spaltringanordnung betatigt wird, um die C-
férmigen Bauteile zu veranlassen, sich auszu-
dehnen oder wieder zusammenzuziehen;
wobei der AuRenkragen (105) eine rohrenférmi-
ge Kragenwand aufweist, wobei der innere Auf-
hanger (120) eine réhrenférmige Aufhanger-
wand hat, wobei das erste Ende des inneren
Aufhangers weiter eine Innenausrichtungsker-
be (130) in der Aufhédngerwand bereitstellt;
wobei das zweite Ende (123) des inneren Auf-
hangers (120) zumindest zwei gegeniberlie-
gende Radialfliigel (131) bereitstellt, die sich da-
von nach aufRen erstrecken, wobei einer der Ra-
dialfligel (131) einen vorbestimmten radialen
Versatz um die innere Aufhdngerldngsachse
(121) von der Ausrichtungskerbe (130) hat, je-
der radiale Fligel (131) an einer fernen Fligel-
flache (132) endetund eine gemeinsame radiale
Flugellange hat, sodass, wenn der innere Auf-
hanger (120) im Aufenkragen (105) aufgenom-
men ist, die fernen Fligelflachen (132) passge-
nau neben einerInnenflache des AulRenkragens
(105) an dessen zweitem Ende gelegen sind,
wobei zumindest einer der radialen Fligel (131)
einen offenen Fligeldurchlass (133) aufweist,
dervon seinerfernen Flugelflache (132) zu einer
Innenflache des inneren Aufhangers (120) an
dessen zweitem Ende hindurchgeht, wobei ein
Aufschrauben des Werkzeugadapters (150) auf
das zweite Ende des inneren Aufhangers (120)
ermdglicht, dass eine Ausrichtungsschraube
(171) durch einen ausgewahlten Fligeldurch-
lass (133) und im Werkzeugausrichtungsloch
(155) aufgenommen wird, sodass ein Abschnitt
der Ausrichtungsschraube (171) eine relative
Drehung des Werkzeugadapters (150) und des
inneren Aufhangers (120) mittels Kontakteingriff
mit dem ausgewahlten Fligeldurchlass (133)
verhindert; und

Gehause- und Stiftverbindungen (106, 107) auf
entsprechenden der ersten und zweiten Enden
des AuBenkragens (105), wobei die Gehause-
und Stiftverbindungen (106, 107) geeignet sind,
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den AuBenkragen (105) in ein Bohrgestange
einzuschrauben.

Ausrichtungsaufhangeranordnung (100) nach ei-
nem der vorstehenden Anspriiche, in dem das zwei-
te Ende des inneren Aufhangers (120) zumindest
ein Fluidfenster (136) enthélt, das angeordnet ist,
einen Fluidstrom aus dem Inneren des inneren Auf-
hangers (120) zum Inneren des AuRRenkragens (105)
zu ermdglichen, wenn der innere Aufhanger (120)
vollstandig im AuRenkragen (105) aufgenommeniist.

Ausrichtungsaufhangeranordnung (100) nach An-
spruch 5, in der eine Innenflache des zweiten Endes
des inneren Aufhangers (120) geformt ist, einen Flu-
idstrom aus dem Inneren des inneren Aufhangers
(120) durch jedes Fluidfensters (136) zu férdern.

Ausrichtungsaufhangeranordnung (100) nach ei-
nem der vorstehenden Anspriiche, in der der Werk-
zeugadapter (150) zumindest eine ringférmige Ver-
tiefung (153) enthalt, die angeordnet ist, einen O-
Ring aufzunehmen, der konfiguriert ist, einen ring-
férmigen Fluidstrom im Inneren des inneren Aufhan-
gers (120) tiber den Werkzeugadapter (150) zu ver-
hindern, wenn der Werkzeugadapter (150) auf das
zweite Ende des inneren Aufhdngers (120) ge-
schraubt ist.

Ausrichtungsaufhangeranordnung (100) nach ei-
nem der vorstehenden Anspriiche, in der der vorbe-
stimmte radiale Versatz null Grad ist.

Revendications

Ensemble de suspension a orientation (100)
comprenant :

une suspension interne de forme générale tu-
bulaire (120) disposée pour étre regue commo-
dément dans un collier externe de forme géné-
rale tubulaire (105) de sorte que, lorsque la sus-
pension interne (120) est complétement recue
dans le collier externe (105), un axe longitudinal
(121) de la suspension interne (120) coincide
avec un axe longitudinal (110) du collier externe
(105), qu’un épaulement interne annulaire (111)
ménageé sur le collier externe (105) s’aboute a
un épaulement annulaire externe (126) sur la
suspension interne (120) et qu’une premiere et
une seconde extrémité de la suspensioninterne
(120) correspondent de maniére générale a la
premiére et a la seconde extrémité du collier ex-
terne (105) ;

un adaptateur d’outil MWD cylindrique (150)
ayant une premiere et une seconde extrémité
d’adaptateur (151, 152), la premiére extrémité
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d’adaptateur (151) étant disposée pour s’enga-
ger par vissage sur la seconde extrémité (123)
de la suspension interne (120) et la seconde ex-
trémité d’adaptateur (152) étant disposée pour
s’engager par vissage sur un outil MWD (160),
'adaptateur d’outil (150) comprenant en outre
un trou d’orientation d’outil taraudé radial (155) ;
le collier externe (105) ayant une paroi de collier
tubulaire, la premiere extrémité du collier exter-
ne (105) comprenant au moins un trou de ver-
rouillage taraudé (114) s’étendant a travers la
paroi du collier ;

la suspension interne (120) ayant une paroi de
suspension tubulaire, la premiére extrémité
(122) de la suspension interne (120) compre-
nant une partie annulaire externe moletée (129)
formée sur la paroi de la suspension, la partie
moletée (129) et le au moins un trou de ver-
rouillage (114) étant situés de sorte que, lorsque
la suspension interne (120) est complétement
regue dans le collier externe (105), une vis de
verrouillage (170) puisse étre regue a travers
chaque trou de verrouillage (114) et s’engage
par frottement sur la partie moletée (129) ;

la premiére extrémité de la suspension interne
(120) fournissant en outre une encoche d’ali-
gnement interne (130) dans la paroi de la
suspension ;

la seconde extrémité (123) de la suspension in-
terne (120) fournissant au moins deux ailes ra-
diales opposées (131) s’étendant vers I'exté-
rieur de celle-ci, 'une des ailes radiales (131)
ayant un décalage radial prédéterminé autour
de l'axe longitudinal interne de la suspension
(121) vis-a-vis de I'encoche d’alignement (130),
chaque aile radiale (131) se terminant sur une
face d’aile distale (132) et ayant une longueur
d’aile radiale commune de sorte que, lorsque la
suspension interne (120) est regue dans le col-
lier externe (105), les faces d’ailes distales (132)
soient situées commodément a cété d’une sur-
face interne du collier externe (105) sur sa se-
conde extrémité, au moins I'une des ailes radia-
les (131) comprenant un passage d’aile ouvert
(133) qui la traverse depuis sa face d’aile distale
(132) a une surface interne de la suspension
interne (120) a sa seconde extrémité, 'engage-
ment par vissage de I'adaptateur d’outil (150)
sur la seconde extrémité de la suspension inter-
ne (120) permettant de recevoir une vis d’orien-
tation (171) a travers un passage d’aile sélec-
tionné (133) et dans le trou d’orientation d’outil
(155) de sorte qu’une partie de la vis d’orienta-
tion (171) empéche une rotation relative de
'adaptateur d’outil (150) et de la suspension in-
terne (120) par engagement de contact avec le
passage d’aile sélectionné (133) ; et

des liaisons a filetage male et femelle (106, 107)
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sur certaines correspondantes de la premiére
et de la seconde extrémité du collier externe
(105), lesliaisons afiletage male etfemelle (106,
107) convenant pour insérer par vissage le col-
lier externe (105) dans une garniture de forage.

Ensemble de suspension a orientation (100) selon
la revendication 1, dans lequel chaque trou de ver-
rouillage taraudé (114) est contre-alésé sur un bord
externe de la paroi du collier.

Ensemble de suspension a orientation (100) selon
les revendications 1 ou 2, dans lequel le partie mo-
letée (129) est située dans un évidement annulaire
sur la premiére extrémité de la suspension interne
(120).

Ensemble de suspension a orientation (100)
comprenant :

une suspension interne de forme générale tu-
bulaire (120) disposée pour étre regue commo-
dément dans un collier externe de forme géné-
rale tubulaire (105) de sorte que, lorsque la sus-
pension interne (120) est complétement recue
dans le collier externe (105), un axe longitudinal
(121) de la suspension interne (120) coincide
avec un axe longitudinal (110) du collier externe
(105), un épaulement interne annulaire (111)
ménageé sur le collier externe (105) s’aboute sur
un épaulement annulaire externe (126) sur la
suspension interne (120) et une premiere etune
seconde extrémité de la suspension interne
(120) correspondent de maniére générale a la
premiére et la seconde extrémité du collier ex-
terne (105) ;

un adaptateur d’outil MWD cylindrique (150)
ayant une premiere et une seconde extrémité
d’adaptateur (151, 152), la premiére extrémité
d’adaptateur (151) étant disposée pour s’enga-
ger par vissage sur la seconde extrémité (123)
de la suspension interne (120) et la seconde ex-
trémité d’adaptateur (152) étant disposée pour
s’engager par vissage sur un outil MWD (160),
I'adaptateur d’outil (150) comprenant en outre
un trou d’orientation d’outil taraudé radial (155) ;
un ensemble d’anneau fendu expansible fixé de
maniére rigide a la premiére extrémité (122) de
la suspension interne (120) avec des éléments
opposés en forme de C disposés de maniéere a
s’engager circonférentiellement sur la premiéere
section de paroi de collier interne (112), I'en-
semble d’anneau fendu étant configuré, lorsqu'il
est engagé, pour empécher un déplacement ro-
tatif relatif entre la suspension interne (120) et
le collier externe (105) lorsque la suspension
interne (120) est complétement regue dans le
collier externe (105) ; dans lequel un mécanis-
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me fileté sur 'ensemble d’anneau fendu étant
actionné de maniére a amener les éléments en
forme de C a s’étendre ou a se rétracter
conjointement ;

le collier externe (105) ayant une paroi de collier
tubulaire, la suspension interne (120) ayant une
paroi de suspension tubulaire, la premiére ex-
trémité de la suspension interne fournissant en
outre une encoche d’alignement interne (130)
dans la paroi de la suspension ;

la seconde extrémité (123) de la suspension in-
terne (120) fournissant au moins deux ailes ra-
diales opposées (131) s’étendant vers I'exté-
rieur de celle-ci, 'une des ailes radiales (131)
ayant un décalage radial prédéterminé autour
de l'axe longitudinal (121) de la suspension in-
terne depuis I'encoche d’alignement (130), cha-
que aile radiale (131) se terminant sur une face
d’aile distale (132) et ayant une longueur d’aile
radiale commune de sorte que, lorsque la sus-
pension interne (120) est regue dans le collier
externe (105), les faces d’ailes radiales (132)
soient situées commodément pres d’'une surfa-
ce interne du collier externe (105) a sa seconde
extrémité, au moins l'une des ailes radiales
(131) comprenant un passage d’aile ouvert
(133) depuis sa face d’aile distale (132) jusqu’a
une surface interne de la suspension interne
(120) a sa seconde extrémité, un engagement
par vissage de I'adaptateur d’outil (150) sur la
seconde extrémité de la suspension interne
(120) permettant a une vis d’orientation (171)
d’étre regue a travers un passage d’aile sélec-
tionné (133) et dans le trou d’orientation d’outil
(155) de sorte qu’une partie de la vis d’orienta-
tion (171) empéche une rotation relative de
'adaptateur d’outil (150) et de la suspension in-
terne (120) par engagement de contact avec le
second passage d’aile (133) ; et

des liaisons a filetage male et femelle (106, 107)
sur certaines correspondantes de la premiére
et de la seconde extrémité du collier externe
(105), lesliaisons afiletage méle etfemelle (106,
107) convenant pour insérer par vissage le col-
lier externe (105) dans une garniture de forage.

5. Ensemble de suspension a orientation (100) selon

I'une quelconque des revendications précédentes,
dans lequel la seconde extrémité de la suspension
interne (120) comprend au moins une fenétre a fluide
(136) disposée pour permettre un écoulement de
fluide venant de I'intérieur de la suspension interne
(120) a l'intérieur du collier externe (105) lorsque la
suspension interne (120) est complétement regue
dans le collier externe (105).

Ensemble de suspension a orientation (100) selon
la revendication 5, dans lequel une surface interne
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de la seconde extrémité de la suspension interne
(120) est conformée pour encourager un écoule-
ment de fluide de I'intérieur de la suspension interne
(120) a travers chaque fenétre de fluide (136).

Ensemble de suspension a orientation (100) selon
I'une quelconque des revendications précédentes,
dans lequel I'adaptateur d’outil (150) comprend au
moins un évidement annulaire (153) disposé pour
recevoir un joint torique configuré pour empécher un
écoulement de fluide annulaire dans la suspension
interne (120) de passer par I'adaptateur d’outil (150)
lorsque 'adaptateur d’outil (150) est engagé par vis-
sage sur la seconde extrémité de la suspension in-
terne (120).

Ensemble de suspension a orientation (100) selon
I'une quelconque des revendications précédentes,
dans lequel le décalage radial prédéterminé est de
zéro degre.
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