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(57) Abstract: Systems and methods for implementing and using a variable stiff-
ness downhole tool housing including cylindrical segments positioned along a

common axis, with a pair of segments each coupled to a bulkhead and positioned

at either axial end of the tool housing are provided. The housing also includes a
flexible cylindrical sleeve, positioned along the common axis between two of the

plurality of cylindrical segments, that includes a first and second region with an

outer diameter no larger than a common segment inner diameter and a third re-
gion located between the first and second regions and with an outer diameter no
larger than a common segment outer diameter (the first and second regions each
at least partially inserted into an end of one segment). A stiffness controller con-
trols the stiffness of the tool housing by controlling at least part of an axial force
exerted between the two segments.
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VARIABLE STIFFNESS DOWNHOLE TOOL HOUSING

BACKGROUND

(il tfield operators demand access to a great quantity of information regarding the
parameters and conditions encountered downthole. A wide variety of logging tools have been
and are being developed to coliect information relating to such parameters as position and
orientation of the bottorn hole assembly, environmental conditions in the borehole, and
characteristics of the bovehole itsell as well as the forroations being penetrated by the
borehole. Among such tools are acoustic logging tools, which generate acoustic signals at one
end of the tool that are transmatied through the formation to receivers at the other end of the
tool. By measuring the arrival times of the different types of waves at the receivers it is

possible to assess the makeup of the formation between the transmitters and the receivers,

Awmoung the waves that are propagated are pressure waves (P-waves), shear waves
{S-waves), Rayleigh waves, mud waves and Stoneley waves. The Rayleigh, mud and
Stoneley waves generally propagate much more slowly than P-waves and S-waves and thus
arrive at the receivers after the P-wave and S-wave (generally the waves of interest). Because
of this, the other three slower wave types can easily be masked. P-waves and S-waves,
however, can propagate along the body of the tool, thus requiring a tool designer to
implement structures in the tool to atienuate and/or slow the propagation of such waves to

avoid interference with the reception of these waves through the formation.

Designing an acoustic logging tool that is robust enocugh for a downhole environment
while still providing acoustic isolation between the transmitters and receivers of the tool can
be challenging. Many materials that provide good acoustic isolation, attenuation and/or wave
propagation delay are soft and not as strong as other materials that may be preferred for use
in a tool housing. Further, structures used to stow down and scatter acoustic waves frequently
use gaps that produce a tool surface that is not smooth, can reduce tool strength, can become
clogged with debris, and cap interfere with and degrade the quality of received signals of
interest. And neither the materials nor the structures currently in use address the need for
acoustic tools that are long enoungh to provide adeguate transmitter and receiver separation
while still being navigable through boreholes that contain sharp bends, doglegs or other

abrupt deviations,



(921

10

15

20

30

WO 2013/172837 PCT/US2012/038268
2

BRIEF DESCRIPTION OF THE DRAWINGS
Accordingly, there are disclosed in the drawings and the following description
specific examples of system and methods implementing and using variable stiffness

downhole tool housings. In the drawings:
FIG. 1 shows an tllustrative drilling rig.
FIG. 2 shows an illustrative wireline logging environment.
FIG. 3 shows an tllustrative tubing-conveyed logging environment.
FIG. 4 shows an illustrative acoustic logging tool.
FIG. § shows an illustrative isolator segment of the acoustic logging tool of FIG. 4.

FIGS. 6A and 6B show cutaway views of ditferent illustrative embodiments of the

isolator segment of FEG. 5.

FIG. 7A shows an illustrative acoustic logging tool with the isolator in a stiffened

configuration.

FIG. 78 shows an iliostrative acoustic logging tool with the isolator in an unstiffened

and flexed configuration.

FIG. § shows an dlustrative method for operating a variable stiffness downhole tool

housing.

It should be understood, however, that the specific embodiments given in the
drawings and detailed description thereto do not Hmut the disclosure. On the contrary, they
provide the foundation for one of ordinary skill to discern the alternative forms, equivalents,
and modifications that are encompassed together with one or more of the given embodiments

in the scope of the appended claims,

DETAILED DESCRIPTION
The paragraphs that follow describe ilustrative variable stiffness downhole tools in
more detail. First, we present an overview of drilling and logging environments within which
the described embodiments may be incorporated and used. This overview is followed by
more detatled descriptions of an illustrative acoustic logging tool isolator embodiment.
Finally, we present an illustrative method for using a downhole tool incorporating such an

embodiment.
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FIG. 1 shows an illustrative logging while drilling (EWD) environment. A drilling
platform 2 supports a derrick 4 having a traveling block 6 for raising and lowering a dnill
string 8. A kelly 10 supports the drill string 8 as it is lowered through a rotary table 2. A dnll
bit 14 1s driven by a downhole rootor and/or rotation of the drill string 8. As bit 14 rotates, it
creates a borehole 16 that passes through various formations 18. A pump 20 circulates
drilling fluid through a feed pipe 22 to kelly 10, downhole through the interior of drill string
8, through orifices in drill bit 14, back to the surface via the annulus around dnll string 8, and
into a retention pit 24. The drilling fluid transports cuttings from the borehole into the pit 24
and aids 1 maintainiog the borehole fntegrity.

An LWD tool 26 is integrated into the bottom-hole assembly near the bit 14, As the
bit extends the borehole through the formations, logging tool 26 collects measurements
relating to various formation properties as well as the tool orientation and various other
drilling conditions, The logging tool 26 may take the form of a drill collar, 1.e., a thick-walled
tubular that provides weight and rigidity to aid the drilling process. A telemetry sub 28 may
be included to transfer measurement data to a surface receiver 30 and to receive cornmmands
from the surface. In some embodiments, the telemetry sub 28 does not communicate with the

surface, but rather stores logging data for later retrieval at the surface when the logging
asserubly is recovered,

At various times during the drilling process, the drill string & may be removed from
borehole 16 as shown n FIG, 2. Once the dnll siring has been removed, logging operations
can be conducted using a wireline logging tool 34, i.e., a sensing instrument sonde suspended
by a cable 42 having conductors for transporting power to the tool and telemetry from the
tool to the surface. A wireline logging tool 34 may have pads and/or centralizing springs (not
shown) to maintain the tool near the axis of the borchole as the tool is pulled uphole. A
surface logging facility 44 coliects measurements from the logging tool 34, and includes a
computer system 45 for processing and storing the measurements gathered by the logging
tool.

An alternative logging technigque is logging with coil tubing. FiG. 3 shows an
itlustrative coil tubing-conveyed logging systern in which coil tubing 34 is pulled from a
spoot 32 by a tubing injector 56 and injected into a well through a packer 58 and a blowout
preventer 60 into the well 62, (It is also possible to perform drilling in this manner by driving
the drill bit with a downhole motor.} In the well, a supervisory sub 64 and one or more
fogging tools 65 are coupled to the coil tubing 54 and optionally configured to conumunicate

to a swrface computer system 66 via information conduits or other telemetry channels. An
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uphole interface 67 may be provided to exchange communications with the supervisory sub
and receive data to be conveyed to the surface computer system 66,

Surface computer system 66 is configured to communicate with supervisory sub 64
during the logging process or alternatively configured to download data from the supervisory
sub after the tool assembly is retrieved. Surface computer system 66 is preferably configured
by software (shown in Fig. 3 in the form of removable storage media 72) to process the
logging tool measurements. System 66 includes a display device 6K and a user-input device
70 to enable a human operator to inferact with the systern software 72,

In each of the foregoing logging environments, the logging tool assemblies preferably
include a navigational sensor package that includes directional sensors for determining the
wclination angle, the horizontal angle, and the rotational angle {ak.a. "tool face angle”) of the
bottom hole assembly. As is commonly defined in the art, the inclination angle is the deviation
from vertically downward, the horizontal angle s the angle in a horizontal plane from true
North, and the tool face angle is the orientation {rotational about the tool axis) angle from the
high side of the borchole. In accordance with known techniques, divectional measurements can
be made as follows: a three axis accelerometer measures the earth's gravitational field vector
relative to the tool axis and a point on the circumference of the tool called the "tool face scribe
fine”. {The tool face scribe line i typicaily drawn on the tool surface as a line parallel to the tool
axis.) From this measurement, the inclination and tool face angle of the logging assembly can be
determined. Additionally, a three axis magnetoroeter measures the earth's magnetic field vector
in a similar manner. From the combined magnetometer and accelerometer data, the horizontal
angle of the logging assembly can be determined. These orientation measurements, when
combined with measurements from motion sensors, enable the tool position to be tracked
downhole.

in these and other logging envivonments, measured parameters are usually recorded
and displayed in the form of a log, ie., a two-dimensional graph showing the measured
parameter as a fonction of tool position or depth. In addition to roaking parameter
measurements as a function of depth, some logging tools aiso provide parameter
measurements as a function of rotational angle. Such tool measurersents have often been
displayed as two-dimensional images of the borehole wall, with one dimension representing
tool position or depth, the other dimension representing azimuthal orientation, and the pixel
intensity or color representing the parameter value.

One type of logging tool that may be used to collect data from wells such as those

previously described is an acoustic logging tool. FIG. 4 shows an example of an acoustic well
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logging tool 400 that incorporates an illustrative isolator embodiment 500. It should be noted
that acoustic logging tool 400 is not drawn to scale 1o order to more clearly illustrate the
individual components of the tool. The illustrative acoustic logging tool shown includes a
main electronics module 410, a receiver module 420, an isolator 500, a transmitter module
430 and a trapsmitter electronies module 440, Transmitter electronics module 440 houses the
electronics that couple to and control acoustic emitters 432 housed by transmitter module
430, BEmitters 432 emit acoustic signals that are divected juto the surrounding formation,
through which the signals propagate, eventually being detected by acoustic sensors 422
within receiver module 420, Acoustic transducers suttable for use as acoustic emitters and
sensors are well known in the art and are not discussed further,

Sirmntlarly, main electronics roodule 410 houses the electronics that couple to and
receive signals from receiver module 420, as well as the electronics that process and/or store
the received data and/or communicate with eguipment on the surface. In some tllustrative
embodiments, transmitter electronics module 440 couples to and communicates with main
electronics module 410 via clectrical, optical or radio frequency (RF) links. In other
illustrative embodiments, transmitter electronics module does not couple to electronics
module 410 and operates autonomously based upon an internally stored program that is
initiated prior to lowering acoustic logging tool 400 into the borehole,

Because the materials used to form many of the components of the various modules of
downhole tools frequently include metals and roetal alloys, which tend t© be very good
conductors of acoustic waves, acoustic signals generated by emitters 432 may propagate
through the acoustic logging tool 400, Isolator 300 is positioned between and coupled to
transmitter module 430 and receiver module 420, operating to attenuate andfor siow down
acoustic waves that may propagate up the tool housing from emitters 432 to receivers 422.
Such waves can interfere with the detection and measurement of the acoustic waves of
interest propagating through the surrounding formation.

FIG. 5 shows a more detailed view of illustrative isolator 300, which 1s also not drawn
to scale for clarity and only shows a small number of segments for simplicity. Hiustrative
isolator 500 ncludes two threaded end segments 502 and 508, each of which can accept the
corresponding complementary thread {rom another tool section to allow the two sections to
be secured to each other as part of g tool assembly., Any number of segments 504 may be
positioned in between end segments 502 and 508, and four such segments (504a — 304d) are
shown in FIG, 5. In practice, an isolator would be expected to use between eight and twenty-

four intermediate segments. Each segment 504 1s spaced away from an adjacent segment by a



10

15

20

WO 2013/172837 PCT/US2012/038268
6

spacer 506, and three such spacers {500a — 506c) are shown in FIG. 5. The spacers 306 are
made of a material or combination of materials that attenuvate acoustic waves and have a high
“slowness” value (i.e., a high acoustic wave travel time through the material) relative to the
slowness of the segroents 304, Countemplated materials include steel andfor other
metals/alloys for the segments 504 and rubbers, fiber-reinforced rubbers, syunthetic cloths
and/or plastics for the spacers 506. The spacers 506 are cach part of one or more slecves
{explained in more detail n the descriptions of FIGS. 6A and 6B below) that are inserted
within the segments 504, and the segments 504 can move relative to the spacers while still
maintaining countact with the sleeve(s). Such movement allows isolator 500 to expand and
contract axially, and to flex laterally.

The illustrative isolator 500 of FIG. 5 also includes a series of keys 510 {(510a - 510¢)
and corresponding slots 512 (512a — 512¢) made of any of a variety of load bearing material
(e.g., the same types of materials histed above for manufacturing the segments 304). Each key
straddies two segments, but is only secured to one of the two segments straddied. In some
embodiments, the key is secured by direct attachrnent to the outside of the segment {e.g., by a
screw, bolt, rivet andfor weld), while n other embodiments the key s secured by a
shouldered grove in one of the two segments (not shown) within which the key can move
without becoming separated from the segment. Iu still other iHastrative embodiments, the key
may be machined directly into one of the two segments. The other end of a given key is
positioned within an 1osert or slot in the other segroent which s larger in all directions than
the key to minimize contact between the key and the other segment when the key is properly
positioned within the slot. Thus, for example, key 5310a of FIG. 5 is attached to segment
304b, but is positioned as to maintain space between the edges of the key and slot 5iZa, as
well as between the underside of the key facing segment 3044 and the opposing face of slot
S12a. The space may be left empty, or may be filled with a material similar to that used for
spacers 500 if, for example, the tool using a housing like that of ilustrative isolator 300 does
not require acoustic isolation. This space acts as an acoustic barier to prevent the
transmission of acoustic waves between segments 504 through the keys, while still allowing
the keys to roechanically Hmit the relative motion of the segments {(generally during periods
when the acoustic emitters of the tool are not active). Although only one key per segment pair
is shown in the example of FIG. 5, at least some preferred embodiments incorporate three to
four equally spaced keys per segment pair, while others may only have keys on some
segment pairs {€.g., keys on cvery third segment pair), and still other may have keys that

attach to one segment and run continuously through multiple segments with notches as
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described above. Many different numbers of keys per segment pair, segment pair intervals,
key/motch configurations and cucumferential spacings around the segments may be used, and
all such key numbers, segment pair intervals, key/notch configurations and key spacings are
within the scope of the present disclosure. Further, at least soroe embodiments may not use
keys at all.

As previously noted, in at least some embodiments the spacers 506 are actually part of
one oy more sleeves inserted within the segments 504, FIGS. 0A and 68 each show cutaway
views of an isolator {600A and 600B) that illustrates two different example configurations of
such sleeves. Hustrative isolator 600A of FIG. 6A incorporates a single cylindrical sleeve
507 with an outer diameter of regions inserted within the segments 504 no larger than the
coromon nner diameter of the segments. Each of the spacers 306 are implemented as
protuberances that radially extend beyond the inner diameter of the segments. In at least some
illustrative embodiments, the outer diameter of the protuberances 18 no larger than the
common outer diameter of the segments 304, In other illustrative embodiments, the outer
diameter of the protuberances eqguals the outer diameter of the segments 504 to produce an
isolator with a smooth outer surface when in a stiffened configuration.

The materials chosen to manufacture sleeve 387 {(e.g., rubbers or plastics), in addition
to providing acoustic isolation, also provide the elasticity needed to allow isolator 600A to
axially compress, axially expand and laterally flex. The thickness of the sleeve at least
partially determines the flexibility and range of motion of isolator, as does the geometry of
the sleeve (e.g., bellows incorporated into the sleeve(s)). For a given thickness, geometry and
material, the flexibility of the isolator will be fixed, This flexibility can be varied,
nonetheless, through the use of additional structures and mechanisms, as shown i the
ilustrative embodiment of FIG, 6A. A tensioner 524 (e.g., a cable, wire or chain) attaches to
bulkheads 514 and 515 and mechanically himits any axial expansion of isolator 600A. An
isolator grommet 526 (e.g.. a rubber or plastic grommet) acoustically isolates tensioner 524
from the bulkhead 515 to prevent acoustic waves from propagating along the tensioner 524
A tension controller 516 (e.g., an electric motor/worm gear actuator driving a pulley} sets the
tension on tensioner 524, which countrols the axial corapressive forces exerted along the walls
of each segment 304. In at least some illustrative embodiments, teasion controller 516 1s
acoustically isolated from the bulkhead 514 upon which it 1s mounted by isolator gasket 518,
When the tension is increased, the axial compressive forces increase and the segments 504

cornpress each of the spacer protuberances 506, This increase in axial compressive force
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reduces the flexibility of isolator 600A relative to its flexibility with less tension applied on
tensioner 324, thus stiffening the isolator,

The flexibility of isolator 600A can be increased by decreasing the thickness of sleeve
507, but such reductions can cause lateral instability of the isolator. In at least some
illustrative embodiments of FIG. 6A, lateral stability is maintained by filling the volume 530
{formed by the bulkheads 514 and 515, the segments 504 and the sleeve 507 and shown with
a dashed line) with a fluid (e.g., hydraulic fluid), which is then pressurized by pressure
controller 320, drawing fluid as needed from fluid reservoir 522, In the embodiment shown,
this produces a cylindrical volume 550, though the volume 530 may be annular in other
embodiments that isolate the cable from the fluid or otherwise provide for passing wires or
other tool coraponents through the isolator. Many other volume geometries are contemplated,
and are all within the scope of the present disclosure. Once the volume 550 is filled and
pressurized, the fhud provides lateral stability while stll allowing sleeve 507 to fiex as
needed when tension along tensioner 524 is decreased, allowing isolator 600A to flex further
than an ermbodiment that does not incorporate a fluid while maintaining lateral stability (e.g.,
without buckling). The fluid also absorbs acoustic energy, further attenuating acoustic waves
that may be propagating through isolator 000A.

The degree of flexing is adjusted by controlling both the tension along tensioner 524
and the pressure of the fluid. Increasing the tension and/or the pressure increases the stiffness
of the solator 6004, while decreasing the tension and/or the pressure decreases the stiffness
and increases the flexibility of the isolator 600A. It should be noted that in at least some
illustrative embodiments, tension controller 516 is not present and tensioner 324 operates to
mechanically lirait the axial expansion of isolator S00A. In such an embodiment, the stiffuess
of isolator 600A 1s set by pressure controller 320, In yet other embodiments, tensioner 524
may also be omitted, with the flexing of isolator 600A being mechanically limtted by keys as
previously described, and the stiffness of the isolator 6GUA being set by pressure controller

20,

il

?

It should also be noted that in at least some illustrative embodiments, fension
controller 316 and/or pressure controlier 520 are coupled to main electronics yoodule 410,
which houses the electronics that communicate with each controller. Tension controller 516
and pressure controller 520 may be coupled to electronics module 410 using any of a variety
of communication and/or power links, inclading but not himited to electrical, optical and/or
radio frequency (RF) links. Many techniques for providing and routing such links through

fogging tools and drillstrings are known in the art, and are not discussed further.
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Additional isolator flexibility may be achieved by an alternative embodiment of

sleeve SO7 that substitutes one single sleeve for individual sleeves (307a — 307¢) between

&

ach segment (§04a — 304d), as shown in the illustrative example of isclator 600B of
FIG. 6B. By using multiple sleeves rather than a single sleeve, adjacent segmeunts can move
further relative to each other and relative to the sleeve, as compared to the embodiment of
FIG. 6A. Isolator 6008 functionally operates in the same manner as described above for
1solator 60CA. It at jeast some illustrative embodiments, the relative motion between a
segrment and a sleeve is limited (o prevent separation and/or loss of fluid) through the use of
technigues similar to those used to limit the movement of gaskets and seals. These technigues
operate to allow the overlap between the sleeves 507 and the segments 504 to vary while
maintaining the hydraulic itegrity of wsolator 600B. Such techniques are well known in the
art and are not discussed further.

To better appreciate the degree of flexibility of a tool or portion thereof that
incorporates the illustrative isolator, an illustrative embodiment is shown 1o FIGS. 7A and 7B
with an isolator 500 that includes 10 segments and 9 spacer protuberances. FIG. 7A shows
the illustrative acoustic logging tool in its stiffened configuration, while FIG. 78 shows the
same tool in an unstiffened configuration and flexed in an I8 degree bend from vertical,
though other angles are possible {(e.g., from 0 to 90 degrees from vertical). Soch a flexing
capability greatly assists in situations where the logging tool must pass tight bends and
doglegs within the borehole without damaging the tool. In at least sowme illustrative
embodiments, the same structures and mechanisms of isolator 500 are also incorporated
within other sections of the tool (e.g., receiver 420 of the logging tool of FIGS. 7A and 7B),
providing even wore tool {lexibility and flexibility control. In such embodiments, the
stiffness of each section may be controlled separately or synchronously, depending upon the
particular situation downhole. In at least sowme Hustrative embodiments, this flexing control
may alsc be useful for maintaining the tool in a2 more stiffened configuration through deviated
sections of a borehole {relative to the stitfness used doring acoustic logging when the tool is
in a vertical position) to minimize contact between the tool’s sensors and the borehole walls.
The tool may subsequently be placed back in a less stiffened configuration when the tool is
clear of the deviation and once again in a vertical position. By changing the tool
configuration to roinimize sensor contact with the borehole wall, reliable logging data can
continue to be acquired as the tool passes through the deviation.

An illustrative use of the above described embodimnents is shown in FIG, § as

ilustrative voethod 800, The wmethod begins by setting one or more variable housings of an
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acoustic logging tool {e.g., housings that are part of the isolator and receiver sections of the
tool) to an unstiffened configaration (block 802). The tool is then lowered to the bottorn of
the borehole, the housing(s) is/are set to a stiffened configuration and acoustic logging is
initiated (block 8§04} as the tool is raised upwards through the borehole (block 806}, For at
ieast some boreholes (e.g., vertical boreholes), the stiffness of the tool is adjusted before
acoustic logging is activated such that the flexural slowness of the tool is slower than the
flexural slowness of the surrounding formation (not shown). This adjustment further reduces
interference by acoustic waves that may travel along the body of the tool. When a deviation
in the borehole is encountered, the stitfness of the housing(s) is/are decreased (block 808) to
facilitate moving the tool past the deviation. In at least some embodiments, logging is
suspended (block §08) as unstitfening and flexing of the tool housing{s) may reduce the
acoustic isolation provided by said housing(s). Once the tool is past the deviation (block 810}
the housing(s) 1s/are again stitfened and acoustic logging is resumed if previously suspended
{block 812). The tool continues t¢ be ratsed up through the borehole {(block 814} until another

deviation is encountered (block §16) or the tool reaches the top of the borehole (block 818},
i another deviation is encountered (block 816}, blocks 8OR through &14 are repeated. The
tool continues to be raised up through the borehole (block 8i4) until the top is reached {block

§18), ending the method {block 820).

It should be noted that in embodiments that utilize keys {Iike those shown i FIG. 5},
the stiffened configuration of method 800 is set such that the keys do not contact any edge of
a corresponding notch so as to maintain acoustic isolation between segments. Also, although
the method 800 presented describes a vertical well wherein logging is performed as the
acoustic logging tool is raised up through the borehole, other embodiments of method 800
may also inciude logging while lowering the tool, or logging while both lowering and raising
the tool. Further, the systems and methods described are also apphicable to von-vertical

boreholes.

Numerous other modifications, equivalents, and alternatives, will become apparent o
those skilled in the art once the above disclosure is fully appreciated. For example, other
embodiments may include non-acoustic logging tools, as well as logging tools used within
logging while drilling (WD) and tubing conveyed logging operations. It is intended that the
following claims be interpreted to embrace all such moedifications, equivalents, and

alternatives where applicable.
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CLAIMS

WHAT IS CLAIMED IS:

1. A variable stiffness downhole tool housing, comprising

a plurality of cylindrical segments positioned along a common axis and comprising at
least a pair of segments each coupled to a bulkhead and positioned at either axial
end of the tool housing;

at least one flexible cylindrical sleeve, positioned along the common axis between
two segments of the plurality of cylindrical segments, comprising a first and second
region with an outer diameter no larger than a common inner diameter of the two
segments and a third region located between the first and second regions and with
an outer diameter no larger than a common outer diameter of the two segments, the
first and second regions each at least partially inserted into an end of one of the two
segments; and

a stiffness controller that controls the stiffness of the tool housing by controlling at
least part of an axial force exerted between the two segments.

2.  The variable stiffness download tool housing of claim 1, further comprising:

a tensioner that axially couples the bulkheads to each other and controls at least part
of the axial force exerted by the two segments on opposite sides of the third region,
said axial force comprising a compressive axial force;

wherein the stiffness controller comprises a tension controller, coupled to one of the
bulkheads and to the tensioner, which controls at least part of the compressive axial

force by setting the tension along the tensioner.

3.  The variable stiffness downhole tool housing of claim 2, wherein the tensioner is

acoustically isolated from the bulkheads.

4.  The variable stiffness downhole tool housing of claim 1, further comprising:

a port, coupled to one of the bulkheads, that permits the passage of a fluid into a
volume formed by the plurality of cylindrical segments, the at least one flexible
cylindrical sleeve, and the bulkheads;

wherein the stiffness controller comprises a pressure controller, coupled to one of the

bulkheads and to the port, that controls at least part of the axial force by setting the
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hydraulic pressure of the fluid filling the volume, said axial force comprising an
expansive axial force; and

wherein axial expansion of the housing is mechanically limited.

5. The variable stiffness downhole tool housing of claim 4, wherein the axial expansion of

the housing is mechanically limited by a tensioner that couples the bulkheads to each other.

6.  The variable stiffness downhole tool housing of claim 1, wherein the at least one

flexible cylindrical sleeve is made of a material that attenuates acoustic waves.

7.  The variable stiffness downhole tool housing of claim 1, wherein the at least one

flexible cylindrical sleeve comprises rubber or plastic.

8.  The variable stiffness downhole tool housing of claim 1, further comprising;
at least one additional segment of the plurality of cylindrical segments positioned
along the common axis between the pair of segments coupled to the bulkheads; and
the at least one flexible sleeve further comprising a fourth region similar to the first
and second regions and a fifth region similar to the third region, the fifth region
positioned between the third and fourth regions;
wherein the fourth region is at least partially inserted into an end of the at least one

additional segment.

9.  The variable stiffness downhole tool housing of claim 1, further comprising;

at least one additional segment of the plurality of cylindrical segments positioned
along the common axis between the pair of segments coupled to the bulkheads; and

at least one additional flexible sleeve, positioned along the common axis between one
of the two segments and the one additional segment, comprising a fourth and fifth
region similar to the first and second regions and a sixth region similar to the third
region;

wherein the fourth region is at least partially inserted into an end of the one of the two
segments and the fifth region is at least partially inserted into an end of the at least

one additional segment.

10. The variable stiffness downhole tool housing of claim 1, wherein the variable stiffness

downhole tool housing comprises an isolator or a receiver of an acoustic logging tool.
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11. The variable stiffness downhole tool housing of claim 1, further comprising at least one
key secured to the outside of a first segment of the two segments and axially extending past
an end of the first segment and into a recessed notch in a second segment of the two
segments, said notch being larger than a portion of the at least one key inserted into the notch

in all directions in which a notch surface faces the at least one key.

12. The variable stiffness downhole tool housing of claim 11 being comprised by an
acoustic logging tool, wherein the stiffness of the variable stiffness downhole tool housing is
adjusted during operation of the acoustic logging tool such that the key is not in direct

physical contact with the second segment.

13. The variable stiffness downhole tool housing of claim 11, wherein the at least one key
limits the flexing of the two segments or limits axial compression, axial separation, or

twisting between the two segments.

14. A method for operating a variable stiffness housing of a downhole tool, comprising:
activating a stiffness controller within the housing and setting the housing to a
stiffened state that restricts its flexing by increasing axial forces between the two
segments, said housing comprising two segments of a plurality of cylindrical
segments positioned along a common axis at opposite ends of the housing;
moving the downhole tool through a borehole until a deviation in the borehole is
encountered;
setting the housing to an unstiffened state to allow the housing to flex beyond its
previously restricted limits;
moving the downhole tool past the deviation;
setting the housing to the stiffened state once the downhole tool is past the deviation;
and
continuing to move the downhole tool through the borehole.
15. The method of claim 14, wherein increasing the axial forces comprises increasing axial
compression forces between the two segments by increasing tension along a tensioner that
couples two bulkheads, each bulkhead coupled to one of the two segments.
16. The method of claim 15, wherein the tensioner is acoustically isolated from at least one

of the two bulkheads.
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17. The method of claim 14, wherein increasing the axial forces comprises increasing axial
expansion forces between the two segments by increasing the hydraulic pressure of a fluid
contained within the housing between the two bulkheads, and further comprises mechanically
limiting axial expansion of the housing.
18. The method of claim 17, wherein mechanically limiting the axial expansion of the
housing comprises coupling the two segments to each other with a tensioner.
19. The method of claim 17, wherein mechanically limiting the axial expansion of the
housing comprises coupling the two segments by at least one key attached to the exterior of a
first of the two segments and inserted into a notch on the exterior of a second of the two
segments.
20. The method of claim 14, further comprising:
maintaining the housing in the stiffened state; and
operating an acoustic logging tool that comprises the housing while the housing is in
the stiffened state,
wherein the two segments are separated by at least one cylindrical sleeve positioned
along the common axis, with each end of the at least one cylindrical sleeve to either
side of the protuberance at least partially inserted inside an end of one of the two
segments, and
wherein the at least one cylindrical sleeve attenuates acoustic waves propagating

through the housing.
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