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to the borehole as the diillsiving rotates, At least one stabilizer blade (11) is carried by the stabilizer body, the stabilizer blade being
radially extendable from the stabilizer body and into engagement with the sidewall of the borehole. Each stabilizer blade is extendable
and retractable from the stabilizer body independently of the others. Each of the blades is guided in slots (17) with inclined bottom (17A)
and shifted along the bottom by an electrical motor (19). The motors are fed by batteries (25) which are charged by inductive coupling
with charging coils (27) carried by stabiliser sub (3). The movement of the blades is controlled either via telemetry from the surface or by
MWD system.
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) Technical Field

The present invention relates generally to
apparatus for use in drilling directional boreholes.
More specifically, the present invention is related to
stabilizer assemblies carried by a drillstring for
altering the direction of drilling from vertical.

Backaground Art

The earliest efforts to drill directionally for
petroleum hydrocarbons employed mechanical whipstocks,
which were ugsed to deflect a rotating drillstring from
vertical in a previously'vertical wellbore. The chief
drawback to the use of whipstocks is that directional
control of the bit and drillstring is lost once the
drillstring is kicked off or deflected by the
whipstock. Additionally, whipstock operations are
time-consuming and therefore expensive.

10

15

Another method of directional drilling employs the
use of a bent or bendable sub in connection with a
downhole motor or turbine. The bent sub has a bend
formed therein to position the drill bit a few degrees
from the vertical axis of the remainder of the
drillstring. A downhole motor is coupled between the
bent sub and drill bit or is incorporated in the bent
sub itself. The drillstring and downhole motor may be
rotated to cause the bit to disintegrate formation and
drill straight ahead at the same angle and azimuth of
‘ the existing borehole. When it is desirable to alter
30 the direction of drilling, rotation of the drillstring
is stopped and the bit is rotated by the drilling
This mode of operation is known as the

20

25

motor.



" ssliding” node, because the drillstring is sliding rat her than
rotating with respect to the sidewall of the borehole. In the deviated
portion of the borehole, the drillstring experiences sufficient
frictional 5 contact with the sidewall of the borehole to nmake it
difficult to arpdyssiggni ficant weight to the bit, r esul tronpssanssSduced
rates of penetration conpared to . rotary drilling. Exanples of bent sub
or notor directional drilling systems and nmethod are disclosed 10 in
U. S. Patent Nos. 5,311,953, May 17, 1994 to Wl ker; 5,139, 094, August
18, 1992 to Prevedel et al; and 5, 050, 692, Septenber 24, 1991 to
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In another directional drilling system and method,

15 a pair of stabilizers are provided in the drillstring
and are spaced-apart above the drill bit. The
difference in diameter between the upper stabilizer and
the near-bit stabilizer, whether adjustable or fixed,
and the spacing between the stabilizers, provide

20 lateral forces that assist in deflecting the bit from
the vertical axis of the borehole. Such stabilizer
arrangements are employed in both rotary drilling and
downhole motor arrangements. If the stabilizers are
adjustable and employed in surface rotation drilling,

25 each stabilizer blade must extend from the stabilizer
body the same distance to maintain symmetry and avoid
eccentricity and associated rough running. If drilling
is accomplished with a drilling motor, no such
limitation is imposed on upper stabilizer, above the

30 drilling motor, because it is not rotated. Examples of
stabilizer arrangements are found in U.S. Patent No.
5,332,048, July 26, 1994 to Underwood et al; 5,293,945,
March 15, 1994, to Rosenhauch et al.; 5,181,576,



Merch 15, 1994, to Rosenhauch et al.:; 5, 181,576, WO 96/ 36788

PCT/ US96/ 06878 : - 3- January 26,
1993 to Askew et al.; and 4, 754,821, July 1, 1988 to Swietlik.
Avariation on the adjustable stabilizer theme is 5 to provide
stabilizer bodigoehsed N9 fixed stabilizer bl ades, but mrETrUSg6EsTE ONS
acting betmeeﬂwﬁﬁe drillstring or stabilizer sub and the fixed
stabilizer bodies to introduce eccentricities between the upper

and lower stabilizers and resulting |ateral deflection 10 forces. These
arrangenments require nultiple piston actuations per revolution of the
drillstring and thus present mechanical jand reliability

di sadvant ages. Exanpl es of such arrangenents can be found in U S

Patent Nos. 5,038, 8%an,August, 1iHo3l 831 AEReRNEE | £V. Anhdla, 754 38283, 8ddy July
20, 1971 to Fields. .
1, 1988 to Swietlik.

2 variation on the adjustable stabilizer theme is
5 to provide stabilizer bodies having fixed stabilizer
bladee, but having pistons acting between the
drillstring or stabilizer sub and the fixed stabilizer
bodies to introduce eccentricities between the upper
and lower stabilizers and resulting lateral deflection
10 forces. These arrangements require multiple piston
actuations per revolution of the drillstring and thus
present mechanical and reliability disadvantages.
Examples of such arrangements can be found in U.S.
Patent Nos. 5,038,872, August 13, 1991 to Shirley and
15 3,593,810, July 20, 1971 to Fields. '

A needs exists, therefore, for a directional
drilling assembly or system for use with an efficient
rotating drillstring that permits the driller to

20 control precisely the trajectory of the bit during
drilling operation.

Disclosure of Invention
It is a general object of the present invention to

25 provide an improved assembly for steering a rotating
drillstring in a borehole. : '

This and other objects of the present invention
are accomplished by providing a stabilizer sub for
30 attachment into a drillstring proximal .to a drill bit.
A stabilizer body is rotatably carried by the
stabilizer sub, wherein the stabilizer body remains
substantially stationary relative to the borehole as
the drillstring rotates. At least one stabilizer blade



© Aineeds exists, therefore, for a directional drilling assenbly or

systemfor use with an efficient rotating drillstring that permts
the driller to 20 control precisely the trajectory of the bit during
drilling operation. "Di scl osure of Invention It is a
general obj ect wfoshbfdgPr €sent invention to 25 provi de an i IPCTWSGH6878
assenbl y--for steering a rotating drillstring in a borehole. '

This and ot her objects of the present invention are acconpl i shed by
providing a stabilizer sub for 30  attachnment into a drillstring proxinma
toadrill bit. A stabilizer body is rotatably carried by the
stabilizer sub, wherein the stabilizer body-rgmains substantial ly
stationary relative to the borehole as the drillstring rotates. At

| east one stabilizerigdlodaiaied by the\BtabiBdfZ&€8 body, the stabilizer blade
PCT/ US96/ 06878 being radially extendable from the stabilizer body and
into engagement with the sidewall of the borehole.

5 According to the preferred embodiment of the
present invention, at least three stabilizer blades are
spaced apart on the circumference of the stabilizer
body.. Each stabilizer blade is selectively extendable
and retractable independently of the others.

10

' According to the preferred embodiment of the
present invention, each stabilizer blade is carried in
a longitudinal slot in the stabilizer body, the slot
having an inclined bottom such that relative

15 longitudinal movement between the stabilizer blade and
stabilizer body causes extension or retraction of the
stabilizer blade. A motor is coupled between each
stabilizer blade and the stabilizer body to cause
relative longitudinal movement therebetween.

20 '

Accofding to the preferred embodiment of the
present invention, the stabilizer sub includes a fixed
stabilizer at an end opposite the drill bit. A lead
screw couples the motor to the stabilizer blade,

25 wherein rotation of the lead screw by the motor cause
the relative longitudinal movement.

t Dr.
Figure 1 is a longitudinal section view of a
30 borehole illustrating the steering assembly according
to the present invention.

Figure 2 is an elevation view of the stabilizer
portion of the improved steering assembly of Figure 1.



-4 Is carried by the stabilizer body, the stabilizer bl ade

being radially extendable fromthe stabilizer body and I nt o engagenent
with the sidewall of the borehole. 5 According to the preferred
enbodi nent of the present invention, at |east three stabilizer blades
are spacegyogsséisson the circunference of the stabilizer PCTUSY0687S
Each stabilizer blade is selectively extendabl e and retractabl e

i ndependently of the others. 10 According to the preferred
enbodi ment of the present invention, each stabilizer blade is carried
I n a longitudinal slot in the stabilizer body, the sl ot havi ng an
I nclined bottom such that relative 15 | ongi gudi nal novenent between the
stabilizer blade and stabilizer body causes extension or retraction
of the stabilizer pigafs A ilzplongieadphall derivdeanveaahof the
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Description of the Bd®gen§s-4 of Figure fi.gure 1 is a |ongitudinal section
view of a 30 borehole illustrating the steering assenbly according

Figure 5 is a flowchart depicting the operation
and control of the adjustable stabilizer of the
10 steering assembly of Figure 1.

ription o e Preferre odimen

Referring now to the Figures, and specifically to
Figure 1, a longitudinal section view of a borehole 1
15 having a steering assembly disposed therein is
depicted. Steering assembly includes a stabilizer sub
3, which is conventionally connected by a threaded tool
joint into a conventional rotary drillstring (not
shown). A drill bit 5, of either the fixed or rolling
20 cutter variety, is secured to the lowermost end of
stabilizer sub 3. A fixed stabilizer 7 is carried by
stabilizer sub 3 and gpaced apart from bit 5. 2n
adjustable stabilizer 9, including a plurality of
stabilizer blades 11, is carried by stabilizer sub 3 at
25 its lower end, near drill bit 5. Alternatively, upper
stabilizer 7 can be an adjustable stabilizer, as well,
further increasing the versatility of the steering
assembly according to the present invention. '

30 Figures 2 and 3 are elevation and longitudinal
section views, respectively, of adjustable stabilizer 9
of the steering assembly according to the present
invention. A generally cylindrical stabilizer body 13
is coupled to the exterior of generally cylindrical



ta the present invention. Figure 2 is an el evation view of the

stabilizer portion of the inproved steering assenbly of Figure 1
W06/ 36788 . PCT/ US96/ 06878

Figure 3 is a longitudinal section view of the stabilizer portion of
Figure 2. WO 936788 | JUres 4A-4D are cross section view of petnessso6s7s
bor ehol e and steerlng assenbl y, taken al ong section lines 4--4 of
Figure 1. Figure 5 is a flowhart depicting the operation

and control of the adjustable stabilizer of the 10 steering assenbly of.
Fi gure 1.

-6 -

stabilizer sub 3 by bearings and seals 15, which permit
stabilizer body 13 to rotate relative to stabilizer sub
3 and retain lubricant in the annular gap therebetween.

5 According to the preferred embodiment of the
present invention, at least four stabilizer blades
11A, 11B, 11C, 11D are received in longitudinal slots
17 in stabilizer body 13 and are retained therein by a
tongue-and-groove arrangement. Each longitudinal slot

10 17 has an inclined bottom 17A, which defines a ramp
wherein relative longitudinal movement between the
stabilizer blades 11A-11D and ramp 1l7A causes radial
expansion or retraction of stabilizer blades 11lA-11D
from stabilizer body 13. Associated with each slot 17

15 is a one-half horsepower electric motor 19. Motor 19
rotates a lead screw 21, which engages a ball nut {not
shown) carried in each stabilizer blade 11A-11D to
cause the relative longitudinal movement.

20 According to the preferred embodiment of the
present invention, each lead screw 21 is designed to
yield when stabilizer 9 is subjected to axial sticking
loads of 10,000 pounds per stabilizer blade to prevent
adjustable stabilizer 9 from causing the drillstring to

25 stick in the borehole. Because each stabilizer blade
11A-11D is provided with its own actuator, in the form
of motor 19 and lead screw 21, the stabilizer blades
are independently extendable and retractable with
respect to stabilizer body 13. Motors 19 preferably

30 are stepper or servo motors adapted to control
precisely the rotation of lead screws 21 and the
extension of each stabilizer blade 11A-11D from
stabilizer body 13.



Description of the Preferred Enbodi nent Referring now to the

Fi gures, and specifically to Figure 1, a longitudinal section view of
a borehole 1 15 having a steering assenbly disposed therein is

dépicted. Steering assenbly includes a stabilizer sub 3, which is
conventi onal | yweegsess ed by a threaded tool joint into acTANs®GE8I80oNal
rotary drillstring (not shown). A drill bit 5 of either the fixed or
rolling 20 cutter variety, is secured to the | owernost end of
stabilizer sub 3. Afixed stabilizer 7 is carried by stabilizer sub 3
and spaced apart frombit 5. An adj ustabl e stabilizer 9, including a
plurality of stabilizer blades 11, is earried by stabilizer sub 3 at
25 its ower end, near drill bit 5. Alternatively, upper

stabi | j zer 7hcan be a_nl @Jﬂ%fﬁb%@cééé@f !dﬂ%nt&&l\/\ﬁhitr:m 23 is d‘daa_tl.éaf to )
e 1 e, e B e 18" RS e gpBRTBNCHY G 10"k 1"
| ongi twdi nal + beard iagren @is, andsphus ithel gxtensidanuef aftabiddasr] i zer 9
of the steering assgrdies aceR1dbNErbe stibiniesenbody 13. i MWaHdRBeebsor
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PCT/ US96/ 06878 means for reading position data from encoders
associated with each motor 19 to ascertain the
extension of each stabilizer blade 11laA-11D.
Microprocessor or controller 23 and motors 19 are
10 powered by a battery 25 carried in stabilizer body 13.
Battery 25 preferably is charged by inductive coupling
with a plurality of charging coils 27 circumferentially
spaced in stabilizer sub 3. Charging coils 27
preferably are energized by a conventional drilling-
15 fluid-powered generator carried by stabilizer sub 3 orxr
a separate measurement-while-drilling (MWD) apparatus
elsewhere in the drillstring.

Figures 4A-4D are cross section views of borehole

20 1 and stabilizer body 13 and blades 1la-11D, taken
aloﬂg section line 4--4 of Figure 1, depicting various
configurations of stabilizer blades 1l1A-11D having
varying effects on the trajectory of drill bit 5. For
convenience, upper stabilizer blade is labeled 11a,

25 right stabilizer blade is labeled 11B, bottom
stabilizer blade is labeled 11C, and left stabilizer
blade is labeled 11D.

In Figure 4A, stabilizer assembly 9 is configured
) 30 to drop angle, or reduce the amount of deviation or
deflection from vertical. In this configuration, upper
stabilizer blade 11A is extended beyond stabilizer body
13 and into contact or engagement with the sidewall of
borehole 1, while bottom stabilizer blade 11C is near



st-abilizer sub 3 by bearings and seals 15, which permt stabilizer
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t he annul ar gap therebet ween. 5 According to the preferred
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actuator, in the forfape applies for opposing stabilizer blades 11B, 11D,
which, in the drop angle configuration, are extended to
an intermediate degree less than the gage of bit 5 and

10 borehole 1.

In Figure 4B, stabilizer 9 is depicted in a
configuration to build angle, or .increase the amount of
deviation or deflection from vertical in borehole 1.

15 In this configuration, bottom stabilizer blade 11C is
near fully extended and upper stabilizer blade 11A is
near fully retracted. Again, right and left stabilizer
blades 11B, 11D are extended to an intermediate degree
less than the gage of bit 5 and borehole 1. -

20 _

Figure 4C illustrates stabilizer 9 in a
configuration for turning bit 5 to the left in which
right stabilizer 11B is near fully extended and left
stabilizer blade 11D is retracted, permitting changes

25 in the azimuth of bit 5. Upper and lower stabilizer
blades 11A, 11C are extended to an intermediate degree
less than the gage of bit 5 and borehole 1 to hold
angle.

30 Similarly, Figure 4D depicts stabilizer 9 in a -
configuration to turn bit 5 left in which right
stabilizer blade 11D is near fully extended and f:i.ght
stabilizer blade 11B is near fully retracted, while



of- motor 19 and | ead screw 21, the stabilizer blades are
I ndependent|ly extendable and retractable with respect to stabilizer
body 13. Motors 19 preferably 30 are stepper or servo notors adapted to
control precisely the rotation of |ead screws 21 and the

extensi on of egpfisséadi!izer blade 11A-11D from st abi | IPCEAOSHNGY781 3.
WD 96/ 36788 PCT/ US96/ 06878

-7- A m croprocessor or control unit 23 is coupled to each
motor 19 to control the rotation of notor 19 and | ead screw 21, and thus
the extension of stabilizer bl ades 11A-11D from stabilizer body 13.

M croprocessor 5 23 carried in stabilizer_kpdy 13 contains conventi onal
means for reading position data from encoders - associated with each

notor 19 to ascertahﬁgép?nd loved @pabonisdr AAGEeY 2R, | 18¢ aktkhdellD.
ro

M cr opr ocessor or co ller 23 and tors é"? %%0 Eowered by a battery
25 carried in stabi FPz3R sate degres &%, PRPEPably is charged by

I nductj ve coupling
While Figures 4A-4D depict only fou; of the
5 configurations of stabilizer 9 of the steering assembly
according to the present invention, because each
stabilizer blade 11A-11D is extendable independently of
the others, a virtually infinite variety of stabilizer
configurations and bit trajectories are possible. Of
10 course, the virtually infinite adjustability of
stabilizer 9 is made possible by coupling stabilizer
body 13 for rotation to stabilizer sub 3, wherein it
remains substantially stationary relative to borehole 1
'as the drillstring rotates. This permits the
15 differential or asymmetric extension of stabilizer
blades 11A-11D, which, in turn, permits the wide range
of trajectories achieved by the various configurations
of stabilizer 9. )

20 Of course, stabilizer body 13 cannot be expected
to remain entirely stationary with respect to the
sidewall of the borehole. Friction encountered between
the inner diameter of stabilizer body 13 and the outer
diameter of stabilizer sub 3 is less than that between

25 stabilizer blades 11A-11D and the sidewall of the
borehole such that stabilizer body 13 makes
approximately one revolution for each 100 to 500 feet
drilled. As this slow rotation occurs, upper
gtabilizer 11A will tend to move toward the orientation

30 of right stabilizer 11B and the same is true of
stabilizer blades 11C and 11D. As the orientation of
stabilizer blades 11A-11D changes with respect to the
sidewall of borehole 1, corrections must be made to



with a plurality of charging coils 27 circunferentially spaced in
stabilizer sub 3. Charging coils 27 preferably are energi zed by a

. conventional drilling- 15 fl ui d- powered generator carried by stabilizer
sub 3 or a separate nmeasurenent-while-drilling (MAD) apparatus
el sewhere in tijodpéas String. . Fi gures 4A-4D ar ®CESHAM8IBCt | on
vi ews of borehole 20 1 and stabilizer body 13 and bl ades 11A-11D, taken
al ong section line 4--4 of Figure 1,. depicting various - configurations-
of stabilizer blades -11A-11D havi ng varying effects on the trajectory
of drill bit 5. For conveni ence, upper stabilizer blade is |abeled
11A, 25 right stabilizer blade is |abeled 44B. bottom stabilizer
bl ade is | abeled 11C, and left stabilizer bl ade is | abel ed 11D.

In Figure 4A, stabihazetabs sheltradecsorprdf ddted 36 theodekivedargueseor
reduce the anount of deviation or deflection fromvertical. In this
configuration, upper stabilizer blade 1llk is extended beyond

stabi i zer body 13A sFreanaxigoaraeleramelfda yahbneagh taFqEHSTOMBERE |

of borehol e 1laiighéd widhogonbl | axes i aderied by sedilizer
5 body 13 and coupled to microprocessor 23 to permit

measurement of the inclination angle of stabilizer body
13 and the rotational orientation of stabilizer body 13
and blades 11A-11D. Microprocessor 23 is programmed to
correct for changes in orientation of stabilizer sub 13

10 autoﬁatically, or can, through MWD apparatus,
communicate this information to the surface for
appropriate response. If MWD apparatus is employed, an
AM radio transceiver (not shown) is carried By
stabilizer body 13 to provide two-way radio

15 communication between microprocessor 23 and the
telemetry section of the MWD apparatus, which in turn
may be in communication with the surface through one of
several conventional telemetry or hardwire techniques.

20 Similarly, it is frequently advantageous to
' purposefully alter the configuration of stabilizer 9 to
correct for unanticipated alterations in bit trajectory
due to unexpected dhanges in the formation material,
the drilling characteristics of bit 5 and the like.

25 Thus, the appropriate configuration for stabilizer 9 is
determined at the surface or is pre-programmed into
microprocessor 23 or an MWD apparatus in the
drillstring that is in communication with
microprocessor 23. Motors 19, lead screws 21, and

30 stabilizer blades 11A-11D then are adjusted
appropriately for the desired trajectory or trajectory
correction.



WQ 96/ 36788 | PCT/ US96/ 06878

- 8- fully retracted. According to the preferred enbodi nent of
the present invention, opposing stabilizer bl ades 11A, 11C are
extendable to a dianeter larger than the gage of the bit 5 or

bor ehol e 1. Cxwﬁ@ﬁﬁﬁ% opposing 5 stabilizer blades 11A, rCifisasessrever
si mul t aneousl y ully extended to avoid sticking in borehole 1. The
sane applies for opposing stabilizer blades 11B, 11D, which, in the
drop angl e configuration, are extended to an internedi ate degree | ess
than the gage of bit 5 and 10 bor ehol e 1. In Figure 4B,
stabilizer 9 is depicted in a conflgurgﬁlon to build angle, or

i ncrease the anount of devi ation or ection fromvertical in

borehole 1. 15 In thip;Gerd iPgyleahl PIbwé‘lSE:E@ra @euhgzenebé&ﬁ.e:ohlc i's
near fully extended and u&ggygftabll zeri%éek %§§ﬁ§ fully
retracted. Again, rPgABeq f*?Fﬁ o7 e’s ﬁﬁﬁiﬁgsaﬁi D are
extendgd to an inteacedrding daytde present esnventbdon.he Wibh erefflersnces taend

borehol e 1. 20 Fi esF:L%" GtrféC éﬁ'@ié@téﬁ ﬂi@@t@e&@ﬁggaés"énﬁal
conflguratlon for turﬁun bit 5

I1izer
11B is near fully eRCERUSHSE &P Ité’fet present s’t’é‘ﬁ?r\flgl’fé‘r wﬂ'llédael % %ea&)
retracted, permitti R4rshangdsitGis made uwheinto mutdridilsgiring. to lsbpe'lrl @an

| over stabilizer interval of vertical borehole to the kick-off ox

deflection point at which it is desired to commence
directional drilling. If the kick-off point is

10 - sufficiently shallow so as not to deplete the life of
the drill bit prior to or shortly after kick-off, the
vertical drillstring can include stabilizer sub 3,
along with fixed and adjustable stabilizers 7, 9. In
the veftical section of the borehole, stabilizer blades

i5 11A-11D are fully retracted or positioned at an
extension less than the gage of bit 5 and borehole 1,
wherein stabilizers 7, 9 simply function as
centralizers. :

20 At the kick-off point, stabilizer 9 and stabilizer
blades 11A-11D are set in the configuration adapted for
the kick-off trajectory, as reflected at step 101 of
Figure 5. The controlled misalignment caused by
spaced-apart stabilizers 7, 9 causes deflection of

25 stabilizer sub 3 and bit 5 from the vertical axis of
borehole 1, and directiomal drilling is commenced.

As reflected at step 103 of Figure 5, stabilizer
body 13 is monitored by microprocessor 23 alone or '
30 together with MWD apparatus, which may be in
communication with the surface, for rotation relative
* to borehole 1. If rotation of stabilizer body 13 is
detected, this information is communicated to or
through microprocessor 23, which takes corrective



bl-ades 11A, 11C are extended to an internedi ate degree | ess than the
gage of bit 5 and borehole 1 to hold angl e. 30 Simlarly,

Figure 4D depicts stabilizer 9 in a configuration to turn bit 5 left
i i~ which right stabilizer blade 11D is near fully extended and ri ght

stabilizer bIaQﬁjﬂﬁﬁhés near fully retracted, while \BOFUSEAEEB
PCT/ US96/ 06878 -9- upper and | ower

stabilizer blades 11A, 11C are extended to an internedi ate degree to
hol d angl e. Wil e Figures 4A-4D depict only four of the 5 i
configurations of stabilizer 9 of the steering assenbly according to
the present invention, because each stahipl Lzer blade 11A-11D is

ext endabl e i ndependent |y of the others, a virtually infinite variety

of stabilizer action to readjust the configuration of stabilizer
blades 11A-11D to compensate for rotation of stabilizer
body 13 in borehole 1.

5 If no rotation of stabilizer body 13 is detected,
at.step 105 in Figure 5, it is determined whether a
change of trajectory is desired. Such a change in
trajectory is programmed in microprocessor 23 and
triggered by measurements from the accelerometers

10 carried by stabilizer body 13, or by survey data from
an MWD apparatus that indicates a change in trajectory
is appropriate, or may be communicated to
microprocessor 23 via telemetry from the surface when
there is a surface-detected or monitored indication

i5 that a change in trajectory is warranted.

As reflected by the flowchart of Figure 5, if
neither rotation of stabilizer body 13 is detected nor
is a trajectory charge or correction warranted,

20 microprocessor 23 continues to monitor both conditions
for appropriate response in the event of the occurrence
of either condition.

The present invention provides a number of

25 advantages over prior-art steering assemblies and
systems. A principal advantage is that the steering:
system is adapted for use with efficient surface-
rotation drilling techniques and their associated high
rates of penetration. The steering asseumbly according

30 to the present invention does not require complex
hydraulic and mechanical systems to effect deflection
of the bit or changes in its trajectory during drilling
operation.



configurations and bit trajectories are possible. O 10 course, the
virtually infinite adjustability of stabilizer 9 is nmade possi bl e by
coupling stabilizer body 13 for rotation to stabilizer sub 3, wherein
it remai ns substantially stationary relative to borehole 1 as the
drillstring rotwéeassrsBhis permts the 15 differential or asponEsIees7s
extensi on of stabilizer bl ades 11A-11 D, which, in turn, permts the
wi de range of trajectories achieved by the various configurations

of stabilizer 9. 20 O course, stabilizer body 13 cannot be
expect ed to remain entirely stationary with respect to the

sidewal | of the borehole. Friction encountered hetween t he inner

di aneter of stabilizer body 13 and the outer di aneter of stabilizer
sub 3 js less than that Fhewbsvention daabbkenecdeddribed difhliOfesdnédeto
sidewal | of the é%[a]hp__,% LLEzer y S

approxi mately one rg\/, 'ut%?%%&?or_ eac 801"::%1%:%%%.%1539_@ tﬁ&sgﬁlgﬁl ed. As
this skow rotation dd@ited. Jedis susceptibiete vapiatipp andnd to nove
toward the orientat mpdit@catidn wighioutt dephireare 1ffbmeHet S6cpenBnds true of

stabilizer bl aq_,es Usgﬁ?;g éﬁt{hﬁ’&%g‘ﬂbhgm ation of stabilizer
STW t o the

bl ades 11A-11D chang respec sidewal | of borehole 1,
corrections nust be nmade to



WD -96/ 36788 - PCT/ US96/ 06878
- 10 - maintain the traje Lt 5 on the desired course.
A three-axis accel eroneter wit hTugmﬂggmﬂmpuﬂer al i gned on
orthogonal axes is carried by stabi S y: 13 and coupled to

M Croprocessor Zgobésemp@’ M t measur ement of the inclinati opcrudbssss
stabilizer body 13 and the rotational orientation of stabilizer body
13 and bl ades 11A-11D. M croprocessor 23 is progranmed to correct
for changes in orientation of stabilizer sub 13 10 automatically, or can,
t hrough MAD appar at us, comuni cate this information to the surface for
appropriate response. If MAD apparatus is enplgyed, an AM r adi o
transcei ver (not shown) is carried by stabilizer body 13 to provide
two-way radio 15 communi cati on between m celygmgcessor 23 and the
telenetry section of the MAD apparatus, which in turn may be in
comuni cation with the surface through one of several conventi onal
tel emetry or hardwirel+ e@inignrgved agpembly foxsieeying & wotatingquent |y
?dvant ageous t? dtiﬂ{l_@&?iﬂb' 1naé|1t1@srétﬂwe901aﬁé w{éﬁmmw @Fmg&abhhg.zgr 9t

o] correc or unantici er at i.ons | rajectory ue to
unexpected chang&s in theafsgﬁéﬁg%%e%mﬁékﬂ gF’aﬁéhéhment #ies 3

drillstring;

a stabilizer body rotatably carried by the
stabilizer sub, wherein the stabilizer body remains
substantially stationary relative to the borehole as

10 the drillstring rotates;

at least one stabilizer blade carried by the
stabilizer body, the stabilizer blade being radially
extendable from the stabilizer body and into engagement
with the sidewall of the borehole.

15
; 2. The assembly according to claim 1 further
comprising: _
at least three stabilizer blades spaced apart on
the circumference of the stabilizer body.
20

3. The assembly according to c¢laim 1 wherein each
stabilizer blade is carried in a longitudinal slot in
the stabilizer body, the slot having an inclined bottom
and relative longitudinal movement between the

25 ° stabilizer blade and stabilizer body causes extension
or retraction of the stabilizer blade.

4. The assembly according to claim 3 further
comprising: )

30 a motor coupled between each stabilizer blade and
the stabilizer body to cause relative longitudinal
movement therebetween.

_—
This Sheet Has Bee;
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the drilling characteristics of—birt—5-and-the |ike. 25 Thus, the

appropriate configuration f | dul 9 js determ ned at the
surface or is pre-progranmaﬂ",mm’ uﬂmﬂﬁl processor 23 or an MAD

apparatus in the drillstringudt comuni cation with

M Cr opr ocessor wooesbfggors 19, lead screws 21, and 30 st abi | PCRAISODGRTR S
11A-11D then are adjusted appropriately for the desired trajectory or
trajectory correction. WO 96/ 36788

PCT/ US96/ 06878 - 11 - Figure 5
Is a flowhart depicting the control sequence and operation of the
steering assenbly according to the presggt_invention. Wth reference
to Figures 1-5, the operation of the steering assenbly 5 accordi ng

to the, gr 'elslent i nvepti Oﬂhﬂ ééséiﬂ;]ﬁﬁ&_@bbb@ihgl to clEimst, lwheb'ei.ni'a';e“mde Ep
into a drillstring to_dt n : v .. hor t he
ki ck-of f or dePPebi et orok fé’t"ll%?%hgﬁﬁ%esd?;tts%bﬁg&ztgg £6 R ol
directional drillingpppeitacthe keididf bpbint is

5 6. An improved assembly for steering a rotating
drillstring in a borehole, the assembly comprising:
a stabilizer sub for attachment into the
drillstring adjacent a drill bit;
a stabilizer body rotatably carried by the
10 stabilizer sub, wherein the stabilizer body remains
substantially stationary relative to the borehole as
-the drillstring rotates;
at least a pair of generally opposed stabilizer
blades carried by the stabilizer body, the stabilizer
15 blades being independently radially extendable from the.
stabilizer body and into engagement with the sidewall
of the borehole.

7. The assembly according to claim 6 further
20 comprising: '
four stabilizer blades spaced apart on the
circumference of the stabilizexr body.

8. The assembly according to claim 6 wherein each

25  stabilizer blade is carried in a longitudinal slot in
the stabilizer body, the slot having an inclined bottom
and relative longitudinal movement between the
stabilizer blade and stabilizer body causes extension
or retraction of the stabilizer blade.

30 .
9. The assembly according to claim 7 further
comprising:

o

eet Has Been Reﬁaced

T



10. sufficiently shallow so as not—to—deplete the |ife of the drill

bit prior to or shortly after vertical drillstring can
i ncl ude stabilizer sub 3, ”mﬂ m’ @ d and adjustable stabilizers
7,9. In the vertical section a hoI e, stabilizer blades 15
11A-11D are f ul%esdbg acted or positioned at an ext ensi peroSRRsEBaN
the gage of bit and borehole 1, wherein stabilizers 7, 9 sinply
function as centrali zers. 20 At the kick-off point,
stabilizer 9 and stabilizer bl ades 11A-11D are set in the _
configuration adapted for the kick-off trajectory, as reflected at
step 101 of Figure 5. The controlled.mg&alignment caused by

spaced-apart stabilizers 7, 9 causes deflection of 25 stabilizer sub 3
and bit 5 fromthe vertigLalotex gotpled betweehcbatk dtawildzeicr BTade@hd

tabilser bty BFELERF B b, SER EFR AR Pt dinal )50 ©

t oget her wit-h M/\D appearants thﬁh‘?bﬁt‘?ﬁ?}i be in communi cation with the
surface, for rotatlon relative to borehole 1. If rotation of
stabilizer bod d te d t hi infor icated to
or throuéh ibfop még; WA ’in kég %%‘%}“8& vagrg@m&

stab:n.lizer sub includes a fixed stabilizer at an end
opposite the drill bit.

11. An improved assembly for steering a rotating

10 drillstring in a borehole, the assembly comprising:

a stabilizer sub for attachment into the
drillstring adjacent a drill bit;

a stabilizer body rotatably carried by the
stabilizer sub, wherein the stabilizer body remains

15 substantially stationary relative to the borehole as
the drillstring rotates, at least one longitudinal slot
formed in the exterior of the stabilizer, the slot
having an inclined bottom;

at one stabilizer blade carried in the slot in the

20 stabilizer body, the stabilizer blade being
independently radially extendable from the stabilizer
body and into engagement with the sidewall of the
borehole by longitudinal movement in the slot hav'ing
the inclined bottom;

25 a motor carried by the stabilizer body and coupled
to the stabilizer blade to cause longitudinal movement
of the stabilizer blade in the slot;

a source of electrical power carried by the
stabilizer sub and in electrical communication with the

30 motor.

12. The assembly according to claim 11 further

comprising:
Thli sllblriiet liliilrieln ierliced
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- 12 - action to readj mllum M’l’ﬂjluumtl on of stabilizer bl ades
11A-11D to conpensate for rot body 13 in borehole

1. 5 If no rotation of stabilizer body 13 is detected, at
step 105 in Fi egsmbmesit is determ ned whether a change mmssaym ory
I s desired. Such a change in trajectory is progranmmed in

m croprocessor 23 and triggered by neasurenments fromthe

accel eroneters 10 carried by stabilizer body 13, or by survey data from
an MAD apparatus that indicates a change in trajectory IS appropri ate,
or may be communicated to m croprocessoR423 via telemetry fromthe
surface when there is a surface-detected or nonitored indication 15

that a change in traj ectﬁburlstaaﬁrlria:etreﬂlades spaced apmrtefihefowxl by the
flouchart of Flgurel§Mgk%udlna 5&?5 ERL AL 4 DEAnfE ex R BEZEﬁebOdyzé3 s

det ect ed nor ra ec ory arge or correction warranted
m cr ops ocessor 23 c@ﬁﬁbh&éSGde?ﬁYﬁtﬁﬁd bot h conditions for

appropriate response in EBremstorsicadriteachylrtisecetabilizeef body her
condi tion. 5
13. The assembly according to claim 11 wherein a lead
screw couples the motor to the stabilizer blade,
rotation of the lead screw by the motor causing
longitudinal movement of the stabilizer blade in the
10 slot.

14. The assembly according to claim 7 wherein the
stabilizer sub includes a fixed stabilizer at an end
opposite the drill bit.

15

15. A method of steering a drillstring in a borehole,
.the method comprising the steps of:

making a stabilizer sub into a drillstring above a
drill bit, the stabilizer sub including:

20 a stabilizer body rotatably carried by the
stabilizer sub, wherein the stabilizer body
remains substantially stationary relative to the
borehole as the drillstring rotates;

at least a pair of stabilizer blades carried .

25 by the stabilizer body, the stabilizer blades )
being independently radially extendable from the
stabilizer body and into engagement with the
sidewall of the borehole;
running the drill string into the borehole;

30 rotating the drillstring; and
selectively and independently extending and

retracting each of the stabilizer blades into and out
of engagement with the sidewall of the borehole to
alter the direction of drilling of the drill bit.

—_—
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The present invention provides a of 25 advant ages over prior-art
steering assenblies and ' ”E@ A prin al advantage is that the
fc

steering systemis adapt fficient surface-

rotation drilling techni ques amd $mgfed hi gh rates of
penetration. Tiwossseasi ng assenbly accordlﬁg to the preSHITUSIENETSt | ON
does not require conpl ex hydraul i ¢ and nmechani cal systens to effect
defl ection of the bit or changes in its trajectory during drilling
operation. WO 96/ 36788

PCT/ US96/ 06878 - 13 - The

I nvention has been described with reference t1¢ - a preferred enbodi nent
thereof. 1t is thus not limted, but is susceptible to variation and

nodi fi cati on w t houtlédep&heumethod naddordingpto artain 15 furtherovhédein

i nvention. the step of independently extending and retracting the
stabilizer blades is controlled from the surface via
telemetry.

17. The method according to claim 15 further wherein

the step of independently extending and retracting the
stabilizer blades is controlled by measurement-while-

drilling apparatus carried in the drillstring. |

“iiﬁ’iiﬂ‘l’ii‘ilﬁiﬂ“li‘l?ill



d aj ms 1. An inproved assenbly for steering a rotating drillstring

in a borehole (1), the assenbly having a stabilizer sub (9) for
attachment into a drillstring (3), a stabilizer body (13) rot at ably
carried by the stabilizer sub, wherein the stabilizer 5 body remains
substantially siyobésgasy y rel ative to the borehol e as t hpcftsdelosdzs | N9
rotates, characterized in that: at | east one stabilizer blade
(11) is carried by the stabilizer bﬁhy, the stabilizer blade being
radi al | y extendabl e fromthe stabilizer body and into engagenent with
the sidewall 10 of the borehole, the stabilizer blade being car®d by
t he stabilizer body such that it will collapse to m ninmmradial

di mensi on upon application of sufficient axial force to the t53
drillsgring if the stabilizer sub should become stuck in the o
borehol e. 15 2. o Aproved assenbly for steering a rotatFﬁg
drillstring in a bok#€ho (1), the assenbly having a stabilizer sub
(9) for attachnment into drillstring (3), aéabilizer body (13)
rotatably carried by the stabilizer sgb, wherein the stabilizer 20 body
remai ns substantially stationary rel &ive to the bo ol e as the
drillstring rotates, X | east a pair of
general |y opposedFSEe S A S cisamm VA body,
the stabilizer G

17A- .
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I ndependently radially extendable fromthe stabilizer body and 25 into

engagenent - with the sidewall of the borehole the stabilizer bl ade
"beiing carried by the stabilizer body such that it wll coll apse to

m ni mrum radial dinmension upon application of sufficient axial
force to the diiddeBkisgng i f the stabilizer b shoul d becenose@éessk i n
the borehole. 3-0 3. An i nproved - SF-V-VAN-V- i
drillstring in a borehole (1), the §

(9) for attachment into a drillst
rotatably carried by the stabilizersup
remai ns substantially stationary rélz
as the drillstring rotates, characteri
| ongi tydinal slot (17) is formed in th
body, the slot having an inclined

one stabilizer blade (11) carried int
the stabilizer blade being i ndependent
stabilizer body and into engagenent

“STARBILI )
¥ Slaggs

by | ongitudi nal novenent in the t
stabilizer bl ade being 10 carried in}jthe
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drillstring if the stabilizer sub should becone stuck in the

bor ehol e; a notor (19) carried by the stabilizer body and
coupled to 15 the stabilizer blade to cause |ongitudi nal novenent of the
stabilizer blade in the slot; a source of electrical power
carried by thewdaBkjggzer sub and in electrical communiranisssnesrs h

t he notor. 20 4 The assenbly accordinlf{)clainll or 2, wherein each
stabilizer blade is carried in a longitudinal”“slot in the stabilizer
body, the slot having an inclined bottomand rel ative | ongi t udi nal .
novenent between the stabilizer blegde and stabilizer body camges
extension or retraction of the st lizer blade. 25 5. Thoeg~
assenbly according to clains 1, 2 or 3 further ' conpri si ng;

at |least three stabilizer blades spaced apart on the circunfgeence of
the stabilizer body. 30 6. Th&=sassenbly according to clains 1 2,
further conpri sing: a nmi&gr (19) coupl ed between eacﬂasF%hilizer
bl ade and the stabilizer dﬁby to cause relative |ongitudindl novenent

t her ebet ween. 35

wherein the

7 he aseenbly accordi ng t Q,cl aj e ~-or 3




-16- opposite the drill bit. ° 8.° The assenbly according

toclaim_1, 2 : furt her conprising: s f our
stabilizer blades rt on the circunference of t he stabilizer
body. ﬁ@ii y according to claim3 further conprising:

f our stabill d apart in-faur |ongitudinal 10 slots in the
circunference of the stablllzer body; and four notors -carried by
t he stabilizer body. 10. The @gggefgl y according to claim3 wherein
a lead screw (21) couples the notor to the stabilizer blade, rotation
of the lead 15 screw by the notor causing |ongitudinal novenent of
t he 15t ahinl improbeddesisenily fcat steering a rotating drillstring in

a borehole (1), the assembly having a stabilizer sub (9) for
attachment into a drillstring (3), a stabilizer body (13)
rotatably carried by the stabilizer sub, wherein the stabilizer
5 body remains substantially stationary relative to the borehole
as the drillstring rotates, characterized in that:
at least one stabilizer blade (11) is carried by the
stabilizer body, the stabilizer blade being radially extendable
_ from the stabilizer body and into engagement with the sidewall
10 of the borehole, the stabilizer blade being carried by the
stabilizer body such that it will collapse to minimum radial
dimension upon application of sufficient axial force to the
drillstring if the stabilizer sub should become stuck in the

borehole.

15 .
2. An improved assembly for steering a rotating drillstring

in a borehole (1), the aSsembly having a stabilizer sub (9) for
attachment into a drillstring (3), a stabilizer body (13)
rotatably carried by the stabilizer sub, wherein the stabilizer
20 body remains substantially stationary relative to the borehole
as the drillstring rotates, characterized in that:
at least a pair of generally opposed stabilizer blades
carried by the stabilizer body, the stabilizer blades being
independently radially extendable from the stabilizer body and
25 into engagement with the sidewall of the borehole the stabilizer
blade being carried by the stabilizer body such that it will
collapse to minimum radial dimension upon application of
sufficient axial force to the drillstring if the stabilizer sub
should become stuck in the borehole. |
30 ' |
3. An improved assembly for steering a rotating drillstring
in a borehole (1), the assembly having a stabilizer sub (9) for
attachment into a drillstring (3), a stabilizer body (13)
rotatably carried by the stabilizer sub, wherein the stabilizer
35 body remains substantially stationary relative to the borehole

AMENDED SHEET
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o
f our stabilizer blades spaced apart in four

I ongl tu4 "mwﬂ,"ﬂ(y' circunference of the stabilizer body; and
four notorse e stabilizer body. 5 13. The assenbly
according to claim11- mherein a |l ead screw couples the notor to the
stabilizer bl ade, rotation of the +®xmd screw by the notor causing

| ongi tudi nal novenent of the stabilizer blade in the 10 sl ot . - 14,

The assendtythecdardiligtiring aioratesherctiardduerized sirmbitiatzer sub includes

?reI ih)c()gdofSt g?;&#ﬁrgl%t‘%ﬁlnlcﬁgr }ﬁagiigﬁgq‘g‘éﬁgh%;cgtdr t :H) bﬁ‘g né?ﬁ@&dcoﬁﬁr E?%g

t he steps:xferior of themktabidigezbibader thé isiot ahakring sani rnghclbined a

drill bity, EPSmSR E |zer sub including: 20 a stabilizer body
rotatably QarrT ed stabilizer sub, wherein the stabilizer
body5 , atréﬁasﬁsogebﬁtamlme}r fladenkky) reasried is the slot in

bor ehol e @ge t BRaBh ke ivKh Otéhésstab 1i blade Bbih§a3hdapgediderftil
stabilizer %I ades carzrl ed y lhé'zsetrabl I?zeer blddg, thepts(l'ftgqatﬁrf‘]:f ger

bl ades radially eyh W%Eé?&bmey SF&HFL&FF?re?Péﬁdéﬂﬂe iptemengagement
st abi | i zefithpBhed i deval 16 rFa¢BeEBbréhbliet B¢ longitudinaFideva@héntofid e

bor ehol e; slot having the inclined bottom, the stabilizer blade being
10 carried in the slot such that it will collapse to minimum radial

| dimension upon application of sufficient axial force to the
dfillstring if the stabilizer sub should become stuck in the

borehole;
a motor (19) carried by the stabilizer body and coupled to
15 the stabilizer blade to cause longitudinal movement of the

stabilizer blade in the slot;
a source of electrical power carried by the stabilizer sub
and in electrical communication with the motor.

20 , 4. The assémbly according to claim 1 or 2, wherein each
stabilizer blade is carried in a longitudinal slot in the
stabilizer body, the slot having an inclined bottom and relative
longitudinal movement between the stabilizer blade and stabilizer
body causes extension or retraction of the stabilizer blade.

25
5. The assembly according to claims 1, 2 or 3 further
comprising:
at least three stabilizer blades spaced apart on the
circumference of the stabilizer body.
30
6. The assembly according to claims 1 or 2, further comprising:
a motor (19) coupled between each stabilizer blade and the
stabilizer body to cause relative 1longitudinal movement
therebetween.
35 '
7. The assembly according to claims 1, 2, or 3, wherein the

stabilizer sub includes a fixed stabilizer (19) at an end

AMENDED SHEET
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runni'ng th il] i into the borehole! 30~ rotating the
dri’ll st rmﬁ @ Hulm nill sel ectively and i ndependently extendi ng and
retracti " abilizer blades into and out of engagenent

with the sidewall of the borehole to alter the direction of drilling
of the drill bit. - WD 96/ 36788 -16-

PCT/ US96/ 06878 - 18 - 16. The

met hod acoppoéihget bhel deillsbiibrt her wherein the step of independently
extending and retracting the ~ stabilizer blades is controlled fromthe
surface via telemetry. 5 17. The met hod according to claim15
further wherei fhe astsﬁé‘k@-tYepa@FOF@déﬁenGé’nt Fyadmt ehdi ngr arRE r & r FALGHER he
stabi | i zegkohphAfl€Sngs controlled by measurement-while- drilling

apparatus carried in th rills
pp5 four stabfigzer bfa&eg spaced apart on the circumference of

the stabilizer body.

9. The assembly according to claim 3 further comprising:
four stabilizer blades spaced apart in four longitudinal
10 slots in the circumference of the stabilizer body; and
four motors carried by the stabilizer body.

10. The assembly according to claim 3 wherein a lead screw (21)
couples the motor to the stabilizer blade, rotation of the lead

15 screw by the motor causing longitudinal movement of the
stabilizer blade in the slot.



