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Examples of point-the-bit type rotary steerable systems and how they operate
are described in U.S. Patent Application Publication Nos. 2002/0011359;
2001/0052428 and U.S. Patent Nos. 6,394,193; 6,364,034; 6,244,361;
6,158,529; 6,092,610; and 5,113,953, all herein incorporated by reference.
Examples of push-the-bit type rotary steerable systems and how they operate
are described in U.S. Patent Nos. 5,265,682; 5,553,678; 5,803,185; 6,089,332;
5,695,015; 5,685,379; 5,706,905; 5,553,679; 5,673,763; 5,520,255; 5,603,385;
5,582,259; 5,778,992; 5,971,085 all herein incorporated by reference.

Regardless of the type of steerable system, a bottom hole assembly of a
drilling system can include a tiltable joint. This joint can be used, for example, to

aim a tool face in a desired direction which can control the direction in which the

borehole propagates. The movement of the joint relative to the bottom hole
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The orientation and/or angular displacement of the tiltable joint with
respect to the bottom hole assembly can be directly measured by a resolver or
angular potentiometer on the tiltable joint and/or gap-sensors measuring relative
motions in two non-collinear planes (inductive, capacity, etc.) between tiltable
joint and bottom hole assembly. However inclusion of such devices can be
impossible or undesirable, e.g., tight tolerances.

SUMMARY OF THE INVENTION

In one embodiment, a method of determining an orientation of a tiltable
joint connected to a bottom hole assembly can include providing a plurality of
radially disposed actuators driven by a fluid to tilt the tiltable joint, correlating a

known orientation of the tiltable joint with respect to the bottom hole assembly



joint connected to a bottom hole assenbly can incl ude
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assembly. The fluid can be a drilling fluid. The method can include measuring at
least one of a fluid supply pressure and a fluid return pressure locally to the
plurality of radially disposed actuators, and removing any pressure loss
associated with the at least one of the fluid supply pressure and the fluid return
pressure from the exhaust pressure to produce the set of exhaust pressures.
The set of known exhaust pressures can be a set of known peak exhaust
pressures.

In another embodiment, a method of determining an angular displacement
of a tiltable joint connected to a bottom hole assembly can include providing a
plurality of radially disposed actuators driven by a fluid to tilt the tiltable joint,

correlating a known angular displacement of the tiltable joint with respect to the
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measuring at least one of a fluid supply pressure and a fluid return pressure
locally to the plurality of radially disposed actuators, and removing any pressure
loss associated with the at least one of the fluid supply pressure and the fluid
return pressure from the exhaust pressure to produce the set of exhaust
pressures. The set of known exhaust pressures can be a set of known peak
exhaust pressures.

In yet another embodiment, a method of determining an angular
displacement of a tiltable joint connected to a bottom hole assembly can include

providing a plurality of radially disposed actuators driven by a fluid to tilt the

tiltable joint, measuring an exhaust pressure of the fluid from at least one of the
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wQ eiam2sennect ed to a bottom hol e assenbl y canP¢Tub20d€070623
providing a plurality of radially disposed actuators
driven by a fluid to tilt tAe tiltable joint,
nmeasuri ng an exhaust pressure of the fluid from at
| east . on f theplyrality of radially disppose

plugiBa S7afl, et Aatates g 'Eanlkiat fpEBERRRaust pressures,
derivi ntg a set of exhaust flowrates fromthe set of .

derjneaa set pf edust §owgatesiram thg set of axleawst paessues oificulating
data set for the plurality of radially disposed

a state whtactmtionodatahset et thef pexaliystf radisy cispesedaanctuators from
determ ning the angul ar di splacenent of the tiltable

the | goit I8 ephialist Rowated, Garidhaele@iniring hieé @ingsikerditplate@@nt of the
the state of actuation data set of the plurality of

tiItaP%joﬂt'Wit@P?s%%%? tb fHd &G Shold REsEMBR/ 9{)@3@'«9‘%’!&@ b&ctuation

state o ctuation data set can I'nc

e T i L A

act_luation data set can _include integratin t he set of

exhHIRs (SR ot CatRLHgethe §ialee of neelbalen 1 dalgr 8gt £ag include
set of volunetric data, correlating a known vol une of

integrafingnthedet| ofi exbaudi Zowneigs aveuaa dimealiigiereemdie, step of
and generating the state of actuation data set via the

calagdting thelsiatet of actladtenaddta ket kanwimclugleuimtegfating the set of
di scharged fluid correlated with the known actuator

exhBUSPfRGE TERL. ovVére aMBROGhieA/Al i 1aC brdee Cal $i! 8t MBRinetric data,

rate of angul ar di spl acenment change from the angul ar

cortyERCETEbun T08R 0P RORA BRI il acuaor
disﬁn’\%&e?rp%ﬁﬁ P%%ﬁ egtg%e?atfmogr rtrr%isqgfe %Pdactu?a %nVidgga %2t via the set of
volumetric data and the known volume of discharged fluid correlated with the
known actuator displacement. The method can include calculating a rate of
angular displacement change from the angular displacement.

The method can include providing an inclination and azimuth of the bottom
hole assembly with respect to a formation, and resolving an inclination and
azimuth of the tiltable joint with respect to the formation via the angular
displacement of the tiltable joint with respect to the bottom hole assembly and the
inclination and azimuth of the bottom hole assembly with respect to the
formation. The method can include supplying the fluid from a bore of the bottom

hole assembly, wherein the fluid is a drilling fluid. The method can include

measuring at least one of a fluid supply pressure and a fluid return pressure



azimuth of the tiltable joint with respect to the
formation via the angul ar di splacenent of the tiltable
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ool Roae SRRt dBaLPrrey Beflells: ot Lottt any frossure

supply gﬁiessure and a fluid return pressurelocally to .
losg pesotiae with the atdansl e @f Spe Jkip sePplt Riessurgnand the fluid

renmovi ng any pressure | oss associated with the at
retureaptessaee dforh hthef lexhdusiuppéssyve eks yoredaced théesétl of dexhaust

return pressure fromthe exhaust pressure to produce

presdlfeSet TIE sex auGlowsr 8fi5ali oreddl@es edarPbe k@8N oeXhaust peak
pressures can be a set of known peak exhaust

exh%ﬁ@ts;aﬂérsgﬁresgm EF DESCRI PTION OF THE DRAWNGS Fig. 1 is

a schematic cross-sectional view of a rotary steerable
system having a bottom hole assenbly with a tiltable
joint, according to one enbodi ment of the invention.

Fig. 2is a h ' 1de view of the b m hol e
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schematic cross-sectional view of an actuator,
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DESCRI PTI ON OF THE | NVENTI ON The invention rel ates
havirenea alttoyn holeaagretisig with al tittatslenjoint) gaccbedinly teohe @mBodiment
tool face points; or nore particularly, of determning
of théfvehtigAt ati on and/ or
Fig. 2 is a schematic side view of the bottom hole assembly with a tiltable
joint of Fig. 1.
Fig. 3 is a schematic cross-sectional view of an actuator, according to one

embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The invention relates generally to a method of determining the direction a
tool face points; or more particularly, of determining the orientation and/or
angular displacement of a tiltable joint of a bottom hole assembly. As used
herein, the term orientation refers to the position in relation to a specific place or
object, for example, the direction an object is skewed with respect to a place or
another object. The term angular displacement refers to the position in relation

to a specific place or object (i.e., orientation) and the magnitude of skew



angul ar di spl acenent of a tiltable joint of a bottom
hol e assenbly. As used herein, the termorientation
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rotary steerable system 2
the bottom hole assembly 4. In order to achieve directional control while drilling,

components of the bottom hole assembly 4 can include a tiltable joint 6 and/or
one or more drill collar stabilizers (18,20), for example, of a rotary steerable
system 2. Upper section 22 of bottom hole assembly 4 can house the electronics
and/or other devices for control of the rotary steerable system 2.

Tiltable joint 6 of bottom hole assembly 4 shown in Figs. 1-2 includes a
drill bit 24 on a distal end. Drill bit 24 can be any kind known in the art. Fig. 2
illustrates the general direction 26 in which tool face 28 points in the current state
of actuation, with the general direction 26 (e.g., central axis) of tool face 28
skewed from the central axis 30 of the bottom hole assembly 4 by a magnitude of

skew A. In use, a tiltable joint 6 of a bottom hole assembly can allow the tool



Tiltable joint 6 of bottom hole assenbly 4 shown in
Figs. 1-2 includes a drill bit 24 on a distal end.
wmeioblo2435¢ 24 can be any kind known in the artPCHU§2002070623
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relative to another. Non-limiting examples of tilting joints include a tilting head
drill bit and a tilting sleeve, e.g., as described in U.S. Pat. App. No. 10/248,053,
incorporated by reference herein.

Force to tilt the tiltable joint 6 with respect to the bottom hole assembly 4
can be provided by one or more actuators (34,36), as are known in the art. An
actuator (34,36) can be motively driven by a fluid, for example, drilling fluid 16. A
hydraulic actuator can include a dump valve actuator, for example, the bi-stable
actuator and drilling system including same as described in U.S. Pat. App. No.
11/609996 incorporated by reference herein. An actuator (34,36) can include a

cylinder and piston driven by a motive fluid.



can be provided by one or nore actuators (34,36), as
are known in the art. An actuator (34,36) can be
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face points in a direction). Orientation and/or angular displacement can vary
dynamically as the rotary steerable system 2 is operated.

Ascertaining the orientation and/or angular displacement of the tool face
28 with respect to the bottom hole assembly 4 and/or formation 14 can be
desired. For example, it may be desired to actively maintain tool face 28 in a
geostationary orientation. In the embodiment in Figs. 1-2, the position of the tool
face 28 of the drill bit 24 relative to the bottom hole assembly 4 is primarily
controlled by tilting the sleeve 38 having the drill bit 24 attached to a distal end
thereof, via actuators (34,36). Actuators (34,36) can be sequentially actuated as

the bottom hole assembly 4 rotates, so that the tilt of the drill bit 24 is actively

maintained in the desired direction with respect to the formation 14 being drilled.



desired. For exanple, it may be desired to actively
mai ntain tool face 28 in a geostationary orientation.
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tool face 28 of the drill bit 24 relative to the
bottom hol e assembly 4 is pldmarily controlled by
tilting the sl eeve 38 having the drill bit 24 attached

toadist end t hereo vi a,actuyators 4, 36) . ,
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assenbly 4 . The distal end of the bottom hol e
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example, with respect to a fixed point on the bottom hole assembly 4. The distal
end of the bottom hole assembly 4 can define a coordinate system with 0-360
degrees representing the orientation of skew with respect to a fixed point of the
bottom hole assembly 4. Angular displacement can include the orientation (e.qg.,
radial displacement) as well as the magnitude of axial skew in that orientation, for
example, the axial skew between the tiltable joint 6 axis 26 and the central axis
30 of bottom hole assembly 4 shown in Fig. 2 as reference character A.
Orientation describes the direction the tiltable joint is skewed relative to some
fixed point (e.g., bottom hole assembly 4), while angular displacement includes

the magnitude (e.g., reference character A) of axial skew in that orientation.
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respect to a fixed point of the bottom hole assenbly 4
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a noveabl e piston to provide the force to tilt the
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In the embodiment in Figs. 1-2, a plurality of actuators (34,36) are radially
disposed to allow radial deflection, i.e., steering, of the drill bit 24, relative to the
bottom hole assembly 4. The number of actuators included is design dependent,
and can include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 50, etc., to provide the desired
level of control over the tilting of the tiltable joint 6. An actuator (34,36) can
include a dump valve 42, for example, as shown in Fig. 3. A dump valve 42 can
allow retraction of the actuator by release of fluid therefrom. In one embodiment,
actuators are pushed into full extension with the sleeve 38 in their drive state and

the subsequent movement of the sleeve 38 during the dump state is to push the
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valyea;n\g?nbrre?%%?rthg \%al?/ggrr?gr%%e? 52 being guided for reciprocating movement
between a first position in which one end 56 of the valve member 52 engages a
seating associated with the first outlet 46, closing the first outlet 46, with fluid
being able to flow from the inlet 44 to the chamber 50 and through the second
outlet 48 with the valve member 52 in this position; and a second position in
which the opposing end 54 of the valve member 52 engages a seating
associated with the second outlet 48, closing the second outlet 48 while
permitting fluid to flow from the inlet 44 through the chamber 50 to the first outlet
46. Valve member 52 can also be in a central position where neither outlets

(46,48) are closed. Figure 3 illustrates the dump valve 42 with the valve member

52 in its second position, i.e., allowing fluid into an actuator (e.g., piston, bellows,
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the first outlet 46, with fluid being able to flow
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16 as the motive fluid to drive the actuator. In the dump state, fluid can be forced
to move out of the piston, bellows, etc. of the actuator (34,36) according to the
movement (e.g., retraction) of the piston, bellows, etc.

Actuators (34,36) can be selectively activated to steer the tool in a desired
direction, typically referenced relative to the formation 14. In the current
embodiment, as the direction 26 of tool face 28 generally determines the
direction of borehole 12 propagation, it can be desirable to determine the

direction 26 of tool face 28, or other device attached via a tiltable joint 6. For

example, a monitoring or control system governing the activation of the actuators
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the actuators (34,36) can be utilized to function as a
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26 ZenTtZBte J%?nt bj S(rjln?sxagpplareessgrse gehnosvc\)n; 6|0n f(g:rI gxample as shown in Fig.
3, can be in communication with the exhaust pressure of the actuator (34,36).
One way in which the incorporation of a pressure sensor 60 can involve minimal
change is to use the same wiring as the dump valve 42 for both power and signal
from the pressure sensor 60.

Exhaust pressure of the dumped actuation fluid can be employed in a
number of embodiments to determine the direction a tiltable joint 6 points. The
relationship between exhaust pressure and the movement of the actuator (34,
36) can be ascertained. More particularly, in one embodiment, the exhaust

pressure from an actuator(s) (34, 36) can be used to derive a flow rate of fluid

from the actuator (34,36). Bernoulli's equation, for compressible and/or



3, can be in comunication with the exhaust pressure
of the actuator (34,36). One way in which the
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exanple, the flow of fluid into an actuator can be
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time ?rftgrgvraﬂoegro?/\i/ger aa’time history of the motion of the actuator, e.g., a piston
moving in a cylinder. The integral of the flow rate is the volume of fluid
exhausted from the actuator (34,36) over that interval. As the volume of
exhausted fluid corresponding to a level of actuation can be known (e.g., total
volume of the actuator), the movement of an actuator can be calculated from this
set of volumetric data. For example, a known volume of fluid discharged from an
actuator can correlate to a known actuator displacement. Correlating can include
disposing the tiltable joint 6, or more particularly, the actuator(s) thereof, into a

desired orientation and/or angular displacement and measuring the

corresponding exhaust pressure or volume of discharged fluid created by the



time interval to provide a tine history of the notion

of the actuator, e.g., a piston noving in a cylinder.
wab@oiozsegyral of the flowrate is the vol une oPCT/U820d8/070623

exhausted fromthe actuator (34,36) over that

interval . As the vol ume of Exhausted fl uid

correspondi ng to a level of actuation can be known

sl By of e KPR erioL Y15 BBt 5 e SSEBAE 5 Tor a state

vol unet ri c data. For exan‘pl e, a known volune of fluid
of agtuptieardada sef-om an actuator can correlate to a known
actuat or displacenment. Correlating can include
di sfdkithg dthte of hctablien j(@ignt méyementrof ¢hearctuaternsakhgwn, the
the actuator(s) thereof, into a desired orientation
corRpoadingna gl &mneri sPirecREBNS joRitce BBRABErdaMeLI4tee, for example, as
correspondi ng exhaust pressure or vol une of dlscharged

thefﬂn%bﬁaﬁlbgla?élgtlcm’skﬁ;g‘%ﬂ'a°.‘<H éid?% ) SArRP tiItABR teBE n Ye known.

he actuators can be conbined’'to forma State o

MO?ﬁ‘irbéﬁéﬁf P bR E binlior o) Bl RS larBE HE sBRelaR worton

enment  of thetlltabl oint 6 can b alculatg
thefe . ERAnPPerefaencRe Asc |°<E'§Ptq1@|”ataf‘92¥hﬁﬁglé|ﬁr isplacement
act uator(s) and tiltable joint 6 can be known.
relatiye daghe bstttonhdote assainklyjoang/os foanatiar é4pdotertatian loan be
the defl ectable portion thereof, can be referenced as
desired, tmieeaammlé,owhendheracaragudsaaredm@tmaaia@marﬁ.gn einhit agltieving a
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actuators are not variable, e.g., only achieving a

orue'ﬁ%idWB&ﬁ’%e”h%Berﬂle'f?édu&l”duféctfo'ﬁemtWb‘cﬂ%% the&'b% Pﬁnt 6 is

enbod enta .
skeipeleidtie i e BFRb RO B ASee b e Sheef & hfetign oin be
deslijrzgleo\];vhgﬁ Id%?ér%ﬁihi%g t%gnmggnitude of skew is not desired. For example,
when the tiltable joint 6 is capable of always forcing the joint into its maximum
level of deflection, we know skew angle A and with the orientation can resolve
the direction the tool face 28 points (e.g., inclination and azimuth) with respect to
the formation 14.

Pressure sensor(s) 60 can also be utilized to determine the orientation
and/or angular displacement of a tiltable joint 6 without integrating a set of
exhaust flow rates. In one embodiment, a known orientation and/or angular
displacement of the tiltable joint 6 can be correlated to a set of known exhaust

pressures. The known exhaust pressure can be the peak exhaust pressure of

fluid discharged from an actuator, e.g., in the dump state. A set of known
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exhaust pressure. In such an enbodi nent, the
abatib the apisnsl afthe betemthale assemiply 4r thenexhiaust pagsauie from the
nmeasur ed exhaust pressure. As the actuators can be
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to vggé(ﬂrﬁégﬁeuﬁgwprregﬁlc%ﬁ V\I/hen e wad exhaudied 28 the actuator, e.g.,

a piston in cylinder, bellows, etc., is retracted. By measuring this peak exhaust
pressure and comparing it to a known peak exhaust pressure corresponding to a
known orientation and/or angular displacement of the tiltable joint 6, the
orientation and/or angular displacement of the tiltable joint 6 corresponding to the
measured peak exhaust pressure can be determined.

In one embodiment, the peak exhaust pressure can be referenced to the
actuation signal of the dump valve 42 to determine the position (e.g., orientation
and/or angular displacement) of the tiltable joint 4. If the tiltable joint 6 is exactly
at the firing angle requested, then the tiltable joint 6 and the peak in exhaust
pressure during the dump state are 180 degrees out of phase in that

embodiment. If the tiltable joint 6 is at a different position, the peak exhaust
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the tiltable joint 6 causes a spike in the actuator exhaust pressure (e.g., piston in
cylinder, bellows, etc.) that is measurable even with the dump valve 42 energized
in a drive state.

After determining the direction (e.g., orientation and/or angular
displacement) the tiltable joint 6 is pointing relative to the bottom hole assembly
4, the direction relative to the formation 14 can be determined, or more
specifically, the inclination and azimuth of the tiltable joint 6 relative to the
formation. This can be desirable when the bottom hole assembly 4 is rotated, for
example, as in rotary steerable drilling. Tiltable joint 6 can be nutating with
respect to the axis 30 of the bottom hole assembly 4 during use as the bottom

hole assembly 2 is also rotating.



return pressure can be the pressure in the annul us
bet ween the bottom hol e assenbly 4 and the borehol e
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tiltable joint 6 causes a spike in the actuator
exhaust pressure (e.g., pistbn in cylinder, bellows,
etc ) that is neasurable even with the dunp val ve 42

i r 8 st dbriand qimilr el i UlaHie ioTabBuIch SXampIS, that of the

di spl acenent) the tiltable joint 6 is pointin .

took tacgt 2&ecary be Hietaaningth o PEOVAEIBE i) W%n@thméngi&@@ﬂﬂbﬁf the
relative to the formation 14 can be determ ned, or

bottoom ehdpeassenday 14,, Ohe hacdlimiting ovayad @Eoviding indlinakien and
tiltable joint 6 relative to the formation. This can

azirhettdegsata %bioeph&ﬁ@fthbf@pﬂ?@pﬂ@t@ mebsudss ebices4nithe bottom hole
rotated, for exanple, as in rotary steerable drilling.

assjéh{ﬂl)aﬁ' Es%ﬁbﬂ/h ﬁ tﬁ@%rpﬁﬁ%‘bﬁéhﬁﬁowyér@/mér a@pltaE@ment of

axi s ottom hol e assenb use

the, tH%PF%‘iiﬂt'- ORGSR P *%Oﬁﬁ%sn & eBby, A pgyused to

a hat of the tooq] face 2 can. be dete rmne

reS‘B'yenE% iIRgfioth andc R7IAMHD off H]?d“ﬁ%‘?'ﬁutq‘f‘to@ Wi r@éP?‘&rﬂO the
hol e asserrbly 4 . One non-limting way of providing

formaiéan rikt.i ofn aere sehhodimanis dhe ssieevepl eae etiend between zero
appropriate neasuring devices in the bottom hol e

deflegtiemiibyy. Acoavdal Withvihel axit @0 af tthe THuttoom ihed adsisembly 4, to a
and/ or angul ar di splacenent of the tiltable joint 6

maihiuin [REBEKIN MO akhg shelvhamg! 2. agreesiéntattos 28 ngNMéﬁ¢ad|al
to resolve the inclination and a2|mJth of the filtable

dlrécﬁgﬂghg ’[IW?BE‘ JE Fst pélﬂtlﬁé}edé end o r116e dtlr]zé’(ﬁ"?o resolve the

eeve ca

mcl%%{tllpﬁ%t\q{g@éﬁ@g@egfbﬁlpaﬁ'tgblg\émo é r\}veltha?(els?oecp to the t}ormatlon 14.

Resolving can include geometrical calculations, as are known in the art. The
direction the tiltable joint 6 is pointing (e.g., orientation, angular displacement,
and/or inclination and azimuth) can be calculated in real-time.

The amplitude of the pressure signal can be dependent on fluid,
properties, i.e., the drilling fluid; fortunately in an embodiment when all actuators
(34,36) receive the same fluid, the orientation can be determined even if the
magnitude of tilt is unknown by suitable ratio metric methods.

Angular displacement includes both the orientation and the degree of
skew and can be used with the inclination and azimuth of the bottom hole
assembly 4 relative to the formation 14 to resolve the inclination and azimuth of

the tiltable joint 6 with respect to the formation 14. Inclination and azimuth of the



maxi mum defl ection A, as is shown in Fig. 2. The
orientation (e.g., which radial direction the tiltable
WO 2000029859 s poi nting) determ ned can be utili zedr/82008/070623
resolve the inclination and azinmuth of the tiltable
joint 6 with respect to the2formation 14. Resol ving
can include geonetrical calculations, as are known in
, e. art, The direction.the tiltahle jgQint 6 s
itapli i 6 8 G i Pl 6 of o dnde B srl i can thus be
and/or inclination and azinmuth) can be calculated in
determained wighouthdiregiyl maagering threapg¥ss gisdlagejpant batwvaesn the
dependent on fluid, properties, i.e., the drilling
tiltableujotht 6f and botbral holé assemblybbdi nent when all actuators
(34,36) receive the sane fluid, the orientation can be
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tiltable joint 6 with respect to the formatiaqon 14.
othengioNALeqrihtianag MethOeH can Remelliaedads depisrtht Agofherpproach
bit axis direction 26 of tool face 28 of drill bit 24)

to apatrotlingstheesigralequdlitie donexampte, dif tbe taxpanshpiassue dai, is to
angul ar di spl acenent between the tiltable joint 6 and
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above steps can be acconplished with a conputer. Data
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t hrough any nethod outlined above may prove to be
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oach .to controlling the

caud the SR SRS REDS Svaike 15 b e et Nttt o fuzzy
Iogitc;)that will apply weights to the signal based on the quality of the signal such
that inaccurate signal data can be ignored and the system reverts to outer loop
control.

Numerous embodiments and alternatives thereof have been disclosed.
While the above disclosure includes the best mode belief in carrying out the
invention as contemplated by the named inventors, not all possible alternatives
have been disclosed. For that reason, the scope and limitation of the present

invention is not to be restricted to the above disclosure, but is instead to be

defined and construed by the appended claims.



devel op a signal quality neasure. Such a schene can
use neasures such as signal - noise ratio, or
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a novi ng average of the signal to determ ne whether
some rapid transi ent has catlsed the current sanple to
be invalid. Logic can be derived (using e.g., fuzzy
logic) that will apply weights to the signal based on
the quality of the signal such that inaccurate signha
data can be ignored and the systemreverts to outer
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construed by the appended cl ai ns. CLAIMS What is
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of atiltable joint connected to a bottom hol e

assfbleyjoffipri sing: providing a plurality of radially
dlsposedJ actuators driven by a fluid totilt the
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disposed actuators;
measuring an exhaust pressure of the fluid from at least one of the plurality of
radially disposed actuators to produce a set of exhaust pressures; and
comparing the set of exhaust pressures and the correlated set of known exhaust
pressures to determine the orientation of the tiltable joint with respect to

the bottom hole assembly.

2. The method of claim 1 further comprising:

providing an inclination and azimuth of the bottom hole assembly with respect to
a formation; and

resolving an inclination and azimuth of the tiltable joint with respect to the
formation via the orientation of the tiltable joint with respect to the bottom
hole assembly and the inclination and azimuth of the bottom hole

assembly with respect to the formation.



nmeasuri ng an exhaust pressure of the fluid from at
| east one of the plurality of radially disposed
wa@ewnarosss to produce a set of exhaust pressurBCT/USINS/070623
conparing the set of exhaust pressures and the
correl ated set of known exh¥ust pressures to deternine
the orientation of the tiltable joint with respect to
the bottom hol e assenbly. 2. The nethod of claim1
further conprising: providing an inclination and
azimuth of the bottom hole assenbly with respect to a
3. flbenmetheet ohplaim s Brthead coamprisied isHaplyte HedfldifrRma epre of
the tiltable joint with respect to the formation via
t hehebiotintraholerassenttiye whdresbthe fjuid ieta wiitihgflespect to
the bottom hol e assenbly and the inclination and
azimuth of the bottom hole assenbly with respect to
the formation. 3. The nmethod of claim1 further
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a fluid return res |ocally to the plurality of
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| oss associated with the at | east one of the fluid
remoypg gnprsessure lasrl aspecidted with dheah |gasisang ef theoftwidhaupply
exhaust pressure to produce the set of exhaust

pr gressae. abd fhiee floiet hedrofprebaurem fromhahei exidust seessdire to
known exhaust pressures is a set of known peak exhaust

Pr 85880 &S the set of exhaust pressures.

5. The method of claim 1 wherein the set of known exhaust pressures is a set of

known peak exhaust pressures.

6. A method of determining an angular displacement of a tiltable joint connected
to a bottom hole assembly comprising:

providing a plurality of radially disposed actuators driven by a fluid to tilt the
tiltable joint;

correlating a known angular displacement of the tiltable joint with respect to the
bottom hole assembly with a set of known exhaust pressures of the
plurality of radially disposed actuators;

measuring an exhaust pressure of the fluid from at least one of the plurality of

radially disposed actuators to produce a set of exhaust pressures; and



6. A nethod of determ ning an angul ar di spl acenent of
a tiltable joint connected to a bottom hole assenbly
wa@eownessng: providing a plurality of radial | ypdi/spmegazo623
actuators driven by a fluid to tilt the tiltable
joint; correlating a known &hgul ar di spl acement of the
tiltable joint with respect to the bottom hol e
assenbly wiith a set of known exhaust pressures of the
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exhaust pressure of the fluid fromat |east one of the
pl LassUresde qedainaingyihei ypmsaddigelegamens of dhe tibabieejoint with
set of exhaust pressures; andconparing the set of
ex hrasgecto ¢iss bodsmamade talseembiy el at ed set of known
exhaust pressures to determ ne the angul ar
di spl acenent of the tiltable joint with respect to the
bottom hol e assenbly. 7. The nethod of claim®6 further
7. fﬁé‘?ﬁétﬁb&‘%i‘ ﬁ%lﬁrﬁ\é @'rﬂﬂ%{)lééﬂm'pﬂ%wg?at' on and azi muth of

e bottom e asse y Wwthrespect to a formation;
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angu&gr di sp%&;:enent of the tiltable joint with

r eshEEMafigNt # bot t om hol e assenbly and t he

i nclination and azimuth of the bottom hol e assenbly
resoiving eesinetinatian tang Bainthi oh the. tiltalée jeinhodthofrespedtinio the
6 further conprising supplying the fluid froma bore

of foheatiot viemhleohregdsisdisplacemenerodithe tiftebllel joird with gespect to
drilling fluid. 9. The nethod of claim8 further

COMRE i 5tiddh hole assembly and the inclination and azimuth of the bottom
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hole assembly with respect to the formation.

8. The method of claim 6 further comprising supplying the fluid from a bore of

the bottom hole assembly, wherein the fluid is a drilling fluid.

9. The method of claim 8 further comprising:

measuring at least one of a fluid supply pressure and a fluid return pressure
locally to the plurality of radially disposed actuators; and

removing any pressure loss associated with the at least one of the fluid supply
pressure and the fluid return pressure from the exhaust pressure to

produce the set of exhaust pressures.



measuring at |east one of a fluid supply pressure and
a fluid return pressure locally to the plurality of

wo aobabd3y9 di sposed actuators; and renovi ng anyP@T/@SENS/&70623
| oss associated with the at | east one of the fluid
supply pressure and the fl w4 return pressure fromthe
exhaust pressure to produce the set of exhaust

pressures. 1Q. The thod of claim 6 wherein the set of
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pressures. 11. A nmethod of determ ning an angul ar
di sPikaevmerRakadxhaust PEGESMESS. oi nt connected to a bottom
hol e assenbly conprising: providing a plurality of
radi al |y di sposed actuators driven by a fluid to tilt
the tiltable joint; neasuring an exhaust pressure of

11.tha frhéthedf bpracaérmiargf apnenglidrhaisplddemdrityobfa tiltable joint
radi ally di sposed actuators to produce a set of
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rates fromthe set exhaust "pressures; calculating a

state o uat.i on. dat r.the plural ity . .
proyiieaer pufHit 3 (a%F dedfeed Asulatfis et pvarlg o it the
flow rF\t es., and determ ning the angul ar displacenment
of WiRE'&iFIMtabl e joint with respect to the bottom hol e
assenbly fromthe state of actuation data set of the
measuring anexbrushgiessuie of dppdoi tiemuat mast ong. ofTthe plurality of
met hod of claim 11 wherein the step of calculating the
st ahdiatlf dieposatiiagtuatatsatogmrbdocarprdes f exmiegy padssuges he
set of exhaust flow rates over a tine interval.
deriving a set of exhaust flow rates from the set of exhaust pressures;
calculating a state of actuation data set for the plurality of radially disposed
actuators from the set of exhaust flow rates; and
determining the angular displacement of the tiltable joint with respect to the
bottom hole assembly from the state of actuation data set of the plurality

of radially disposed actuators.

12. The method of claim 11 wherein the step of calculating the state of actuation
data set comprises integrating the set of exhaust flow rates over a time

interval.

13. The method of claim 11 wherein the step of calculating the state of actuation

data set comprises:



13. The nmethod of claim 11 wherein the step of
calculating the state of actuation data set

W@ ow02ses: i ntegrati ng the set of exhaust fl oweBUSR08/070623
over atime interval to create a set of volunetric
data; correlating a known v& ume of discharged fluid
with a known actuator displacenent; and generating the

. . State of actuation a set via the set of | unetric
nedidlinafte fReokRstmd Jdkistes GRechimgineival o EFEA6'S set o
correlated with the known actuator displacenent. 14 .
TheVOoleD A datacl ai m 11 further conprising cal cul ating
a rate of angul ar di spl acenment change fromthe angul ar
coratilatpigacae nkndwn 15olufinee aktdiischarfied| duid 14ith uat kepwn actuator
conprising: providing an inclination and azi muth of
t hejigmbtomehplagdassenbly with respect to a formation;
and resolving an inclination and azinuth of the
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with respect to the formation. 16. The nmethod of claim
11 F'eR'8HePeRbnpri sing supplying the fluid froma bore
of the bottom hol e assenbly, wherein the fluid is a
drilling fluid. 17. The method of claim 16 further
conpri sing: neasuring at |east one of a fluid supply

14. prigss miethad bfaclinuiid  fietherncgmpdsing ecdladalingy at catehef angular
plurality of radially disposed actuators; and

displacement change from the angular displacement.

15. The method of claim 11 further comprising:

providing an inclination and azimuth of the bottom hole assembly with respect to
a formation; and

resolving an inclination and azimuth of the tiltable joint with respect to the
formation via the angular displacement of the tiltable joint with respect to
the bottom hole assembly and the inclination and azimuth of the bottom

hole assembly with respect to the formation.

16. The method of claim 11 further comprising supplying the fluid from a bore of

the bottom hole assembly, wherein the fluid is a drilling fluid.

17. The method of claim 16 further comprising:



renovi ng any pressure | oss associated with the at
| east one of the fluid supply pressure and the fluid
WO eaoa/n0ze3py essure fromthe exhaust pressure to PCDUSZNES/070623
the set of exhaust pressures. 18. The nmethod of claim
11 wherein the set of knowr%xhaust pressures is a set
of known peak exhaust pressures.

measuring at least one of a fluid supply pressure and a fluid return pressure
locally to the plurality of radially disposed actuators; and

removing any pressure loss associated with the at least one of the fluid supply
pressure and the fluid return pressure from the exhaust pressure to

produce the set of exhaust pressures.

18. The method of claim 11 wherein the set of known exhaust pressures is a set

of known peak exhaust pressures.



