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(57) ABSTRACT 

A stabilizer especially adapted for use With an drill string 
having an eccentric drilling element, such as a bi-center bit. 
The stabilizer has a pair of circumferentially displaced 
blades that lie in a common circumferential plane and extend 
from a rotatable sleeve supported on the stabilizer body, as 
Well as a stationary blade. The rotating blades are aligned 
With the stationary blade When in a ?rst circumferential 
orientation and are disposed so that the mid-point betWeen 
the rotating blades is located opposite the stationary blade, 
thereby providing full-gauge stabilization, When the rotating 
blades are in a second circumferential orientation. A mag 
netic systems senses the circumferential orientation of the 
rotating blades and transmits the information to the surface 
via mud pulse telemetry. A piston actuated by the drilling 
mud locks the rotating blades into the active and inactive 
positions. A brake shoe located on the distal end of each 
rotating blade provides contact With the Walls of the bore 
hole and serves as a support pad for a formation sensor. 
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STABILIZER FOR USE IN A DRILL STRING 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 09/532,725, ?led Mar. 22, 2000, entitled 
DRILL BIT STABILIZER. 

FIELD OF THE INVENTION 

[0002] The current invention is directed to an improved 
stabilizer for use in a drill string, such as that used to drill 
a bore through an earthen formation. 

BACKGROUND OF THE INVENTION 

[0003] In underground drilling, such as gas, oil or geo 
thermal drilling, a bore hole is drilled through a formation in 
the earth. Bore holes are formed by connecting a drill bit to 
sections of long pipe so as to form an assembly commonly 
referred to as a “drill string” that extends from the surface to 
the bottom of the bore. The drill bit is rotated so that it 
advances into the earth, thereby forming the bore. A high 
pressure drilling ?uid, typically referred to as “drilling 
mud,” is pumped doWn through the drill string to the drill bit 
so as to lubricate the drill bit and ?ushes cuttings from its 
path. The drilling mud then ?oWs to the surface through the 
annular passage formed betWeen the drill string and the 
surface of the bore. The distal end of a drill string, Which 
includes the drill bit, is referred to as the “bottom hole 
assembly.” 

[0004] A substantial portion of the problems encountered 
during drilling result from instability in the drill bit and drill 
string, Which places high stress on the drill bit and other 
components of the drill string. Consequently, drill strings 
traditionally incorporate one or more stabiliZers, Which are 
typically located proximate the drill collar. Such stabiliZers 
typically have pads or blades spaced around their circum 
ference that extend radially outWard so as to contact the Wall 
of the bore and, thereby, stabiliZe the drill string. 

[0005] Drill bit instability problems are especially preva 
lent With drill strings employing eccentric drilling elements, 
such as bi-center drill bits employing a closely coupled pilot 
drill and a reaming Wing, or bottom hole assemblies incor 
porating a reaming Wing separated from the drill bit or 
Without any drill bit. Abottom hole assembly employing an 
eccentric drilling element can pass through a hole that is 
smaller than the hole formed by the drilling element. Eccen 
tric drill bits are frequently used to enlarge, or drill an 
initially large, diameter section of a bore hole that is beloW 
a casing having an inside diameter less than that of the hole 
to be bored. Consequently, conventional stabiliZers siZed to 
provide full gauge stabiliZation—that is, stabiliZers in Which 
the outside diameter of the stabiliZe is only slightly less than 
the insider diameter of the bore hole formed by the drill 
bit—cannot pass through the casing to reach the section to 
be drilled. As a consequence, full gauge stabiliZation near 
the bit cannot be obtained With conventional stabiliZers. A 
lack of full gauge stabiliZation can result in poor directional 
control, smaller than expected bore diameter, and excessive 
stress on the drill bit and drill string. 

[0006] An improved stabiliZer having three axially spaced 
apart blades, tWo of Which are rotatable, that permits full 
gauge stabiliZation of a bi-center drill bit is disclosed in US. 
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application Ser. No. 09/532,725, ?led Mar. 22, 2000, entitled 
Drill Bit StabiliZer, hereby incorporated by reference in its 
entirety. While the stabiliZer disclosed in that prior applica 
tion has many advantages, further improvement in rotatable 
blade stabiliZers, discussed beloW, are desirable. Conse 
quently, it Would be desirable to develop an improved 
stabiliZer that had one or more rotatable blades so as to 

facilitate stabiliZation of drill strings employing eccentric 
drilling elements. 
[0007] Traditionally, information concerning the proper 
ties of the formation being drilled through, such as its 
density, porosity, electrical resistivity/conductivity, etc., Was 
obtained by a “Wire line” technique. The technique involved 
removing the drill string from the bore hole and loWering a 
device, such as a sonde, Which Was attached to a cable, into 
the bore hole. The device typically contained various types 
of sensors, Which may include gamma scintillators, resis 
tivity sensors, nuclear detectors, etc., capable of sensing 
information concerning the formation. Resistivity sensors, 
for example, may be used to transmit, and then receive, high 
frequency Wavelength signals (e.g., electromagnetic Waves) 
that travel through the formation surrounding the sensor. By 
comparing the transmitted and received signals, information 
can be determined concerning the nature of the formation 
through Which the signal traveled, such as Whether it con 
tains Water or hydrocarbons. In some applications, the Wire 
line device featured resistivity probes on independently 
articulated pads mounted on spring actuated arms to ensure 
that the sensors contacted the bore hole Wall. 

[0008] More recently, “logging While drilling” (LWD) 
systems have been developed in Which the sensors are 
incorporated into the drill string so as to provide real-time 
information to the drilling operator concerning the proper 
ties of the formation being drilled through. In such systems, 
the information obtained by the sensor is transmitted to the 
surface, using techniques Well knoWn in the art such as mud 
pulse telemetry, Where it is analyZed. 
[0009] In many types of sensors, it is important that the 
sensor be as close as possible, and preferably in contact With, 
the formation so as to minimiZe errors in the measurement. 

Consequently, in the past, sensors in LWD systems have 
sometimes been mounted on the blades of stabiliZers used to 
stabiliZe the drill string. Unfortunately, such approaches 
have not been entirely successful in ensuring that the sensor 
is maintained very close to, or in contact With, the formation. 
Consequently, it Would also be desirable to provide an 
improved stabiliZer that incorporated one or more sensors in 
such a manner as to ensure that the sensor is maintained very 

close to, or in contact With, the formation. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the current invention to provide an 
improved apparatus for drilling a bore hole. This and other 
objects is accomplished in a stabiliZer for use in a drill string 
for drilling a bore hole, comprising a stabiliZer body 
adapted to be mounted in the drill string, (ii) a ?rst stabiliZer 
blade af?xed to the stabiliZer body, the ?rst stabiliZer blade 
having a distal end adapted to engage the bore hole, (iii) a 
sleeve rotatably mounted on the stabiliZer body, and (iv) at 
least a pair of circumferentially displaced second stabiliZer 
blades projecting radially outWard from the sleeve, the pair 
of second stabiliZer blades rotating in a common circumfer 
entially extending plane axially displaced from the ?rst 
stabiliZer blade. 
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[0011] In a preferred embodiment, the invention further 
comprises a locking member locking the sleeve into a ?rst 
position, (ii) means for applying a pressure to the locking 
member for unlocking the locking member in response to 
the pressure of the drilling ?uid, Whereby the sleeve can 
move into the second position When unlocked, and (iii) 
means for intensifying the pressure applied to the locking 
member, Whereby the pressure applied to the locking mem 
ber is greater than the pressure of the drilling ?uid. In 
another preferred embodiment, the stabiliZer comprises a 
sensor for sensing Whether or not the stabiliZer blade is in a 
?rst position. In another preferred embodiment, the stabi 
liZer has a pad mounted in the distal end of the stabiliZer 
blade, the pad having ?rst and second ends, a pivot joint 
pivotally coupling the pad ?rst end to the blade distal end, 
Whereby rotation of the pad about the pivot joint in a ?rst 
direction displaces the pad second end radially outWard so as 
to contact the bore hole Wall. 

[0012] The invention also encompasses a method of fur 
ther drilling a bore hole through an earthen formation, 
comprising the steps of inserting a drilling string having 
a stabiliZer and an eccentric drilling element into the bore 
hole, the stabiliZer having a rotatable stabiliZer blade locked 
into a ?rst circumferential orientation in Which the blade is 
substantially aligned With the eccentric drilling element, (ii) 
unlocking the stabiliZer blade, and (iii) rotating the unlocked 
stabiliZer blade into a second orientation in Which the blade 
is circumferentially displaced from the eccentric drilling 
element. 

[0013] The invention also comprises an apparatus for use 
in a drill string for sensing a property of an earthen forma 
tion through Which the drill string drills a bore hole When the 
drill string is rotated in a ?rst circumferential direction, the 
bore hole having a Wall, comprising a housing adapted to 
be mounted in a drill string, (ii) a blade extending radially 
outWard from the housing, the blade having a distal end, (iii) 
a sensor pad mounted in the distal end of the blade, the 
sensor pad having a circumferentially trailing ?rst end and 
a circumferentially leading second end When the housing is 
rotated in the clockWise direction, a pivot joint pivotally 
coupling the ?rst end of the sensor pad to the blade distal end 
Whereby rotation of the sensor pad about the pivot joint in 
a counterclockWise direction displaces the sensor pad sec 
ond end radially outWard so as to contact and apply a force 
to the bore hole Wall, the contact creating a friction force 
When the housing rotates in the clockWise direction that 
tends to further rotate the sensor pad about the pivot joint in 
the counterclockWise direction thereby increasing the force 
applied by the sensor pad second end to the bore hole Wall, 
(iv) at least a ?rst sensor mounted in the sensor pad for 
sensing a property of the formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an isometric vieW of a stabiliZer accord 
ing to the current invention. 

[0015] FIG. 2 is a longitudinal cross-section through the 
stabiliZer shoWn in FIG. 1. 

[0016] FIG. 3 is a transverse cross-section taken along 
line III-III shoWn in FIG. 2, shoWing the stationary blade. 

[0017] FIGS. 4(a) and (b) are transverse cross-sections 
taken along line IV-IV shoWn in FIG. 2, shoWing the 
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rotatable blades aligned With the stationary blade (i.e., in the 
inactive orientation) and opposite the stationary blade (i.e., 
in the active orientation), respectively. 

[0018] FIG. 5 is a transverse cross-section taken along 
line V-V shoWn in FIG. 2. 

[0019] FIG. 6 is a vieW of the stabiliZer shoWn in FIG. 2 
With the rotatable blade assembly removed, shoWing the 
hatch for the electronics. 

[0020] FIG. 7 is a transverse cross-section taken along 
line VII-VII shoWn in FIG. 6, shoWing the electronics 
package. 
[0021] FIG. 8 is a longitudinal cross-section through the 
rotatable sleeve. 

[0022] FIG. 9 is a transverse-cross section through the 
rotatable sleeve taken along line IX-IX shoWn in FIG. 8. 

[0023] FIG. 10 is an enlarged vieW of the piston housing 
shoWn in FIG. 2. 

[0024] FIG. 11 is cross-section taken along line XI-XI 
shoWn in FIG. 9, shoWing the pressure equalization com 
ponents for the rotating sleeve seals. 

[0025] FIGS. 12(a) and (b) shoW the stabiliZer according 
to the current invention assembled in a drill string employ 
ing a bi-centered drill bit (a) While the drill string is being 
tripped into the hole With the rotatable blades aligned With 
the stationary blade in the inactive orientation, and (b) With 
the drill bit in operation and the rotatable blades rotated into 
the active orientation so as to effect stabiliZation. 

[0026] FIG. 13 is a transverse cross-section taken along 
line XIII-XIII shoWn in FIG. 12(a), shoWing the positioning 
of the stationary and rotatable blades relative to the reaming 
Wings of the bi-center bit. 

[0027] FIG. 14 is a transverse cross-section taken along 
line XIV-XIV shoWn in FIG. 6, shoWing the hatch and 
magnetic detector. 

[0028] FIG. 15 is a longitudinal cross-section taken along 
line XV-XV shoWn in FIG. 6, shoWing the hatch and 
magnetic detector. 

[0029] FIG. 16 is an alternative embodiment of the rotat 
able sleeve shoWn in FIG. 5. 

[0030] FIG. 17 is a detailed vieW of the burst plate 
assembly shoWn in FIG. 10. 

[0031] FIG. 18 is a detailed vieW of an alternate embodi 
ment in Which a spring-loaded pressure relief valve is used 
in place of the burst plate. 

[0032] FIG. 19 is a detailed vieW of a transverse cross 
section, looking in the doWn hole direction, through a 
portion of one of the rotatable blades of an alternative 
embodiment, shoWing the incorporation of a brake shoe and 
sensor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] A stabiliZer 1 according to the current invention is 
generally shoWn in FIGS. 1 and 2. Additional details of the 
stabiliZer 1 are shoWn in FIGS. 3-19. The stabiliZer com 
prises a body 50 that supports tWo sleeves—a rotatable 
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sleeve 20 and a stationary sleeve 24. (Except When the drill 
bit rotated by a motor located beloW the stabilizer, such as 
in steerable drill strings, the stabiliZer 1 rotates along With 
the drill bit and is not stationary during normal drilling. 
Thus, as used herein the term “stationary” refers to the lack 
of rotation relative to the body 50 of the stabiliZer, Without 
regard to Whether there is rotation relative to the formation.) 
As shoWn best in FIG. 3, the stationary sleeve 24 is affixed 
to the body 50 by means of retaining keys 76 that extend 
through openings in the sleeve and engage recesses 79 in the 
body so as to prevent rotation of the sleeve 25 about the 
body. The retaining keys 76 are secured to the body 50 by 
screWs 78. As shoWn in FIG. 2, the rotatable sleeve 20 is 
supported on brass bearings 80 and 82 secured to the body 
50. The bearings 80 and 82 are located in grooves 81 formed 
in the inside diameter of the sleeve 20 at each of its ends, as 
shoWn in FIG. 8. 

[0034] FIGS. 12(a) and (b) shoW the stabiliZer 1 incorpo 
rated into a drill string 27 that includes a pilot bit 6, a 
reaming Wing 8, and an element 15 that, depending on the 
application, may be a drill collar or a motor. The drill string 
27 is rotated by a conventional drive mechanism 5 (Which 
rotates the drill string in the clockWise direction, looking in 
the doWn hole direction, to effect drilling), such as a motor, 
that is mounted at the surface. Couplings 14 and 16 are 
formed on opposite ends of the stabiliZer body 50. Coupling 
14 consists of male pipe threads that alloW the stabiliZer to 
be threaded into a section of the drill string, such as element 
15. Coupling 16 consists of female pipe threads, formed in 
the Wall of the central passage 28 of the stabiliZer body 50, 
that alloW the stabiliZer 1 to be threaded onto the drill bit. 
Although as shoWn in FIG. 12, the stabiliZer 1 is coupled 
directly to the drill bit, the stabiliZer could also be incorpo 
rated at other locations in the drill string, such as above the 
element 15 so that, for example, a doWn hole motor used for 
directional steering Was located betWeen the stabiliZer and 
the drill bit. 

[0035] As shoWn in FIGS. 2 and 3, a blade 17 projects 
radially outWard from the stationary sleeve 24. The distal 
end of the blade 17 has an arcuate surface 19 that is adapted 
to contact the Walls of the bore so as to aid in stabiliZation. 
The relatively Wide shape of the blade 17 and the fact that 
it is integrally formed With the sleeve 24 provides a rugged 
construction. Preferably, the blade contact surface 19 
encompasses an angle A, shoWn in FIG. 3, of at least about 
30°. The included angle betWeen the sides 23 of the station 
ary blade is preferably about 30°. 

[0036] Rotatable Stabilizing Blades 

[0037] As shoWn in FIG. 9, tWo blades 18, lying in the 
same circumferential plane and circumferentially spaced 
apart, project radially outWard from the rotatable sleeve 20. 
The rotatable blades 18 are axially displaced, preferably in 
the doWn hole direction, from the stationary blade 17. 
Rotation of the rotatable sleeve 20 causes the rotatable 
blades 18 to rotate in a common plane, Which is perpen 
dicular to the stabiliZer longitudinal axis, about the stabiliZer 
body 50. 

[0038] Each rotatable blade 18 has an arcuate surface 21 
adapted to contact the Walls of the bore so as to provide 
further stabiliZation. Like the stationary blade 17, the rotat 
able blades are integrally formed With the sleeve and of 
rugged construction. Preferably, each of the blade contact 
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surfaces 21 encompasses an angle C of at least about 15°. In 
general, the larger the contact surface, the more effective the 
stabiliZation. HoWever, employing too large a contact sur 
face 21 Will result in excessive frictional resistance to 
rotation When the blades 18 scrape against the Wall of the 
bore hole. Although tWo blades are preferable, the invention 
could also be practiced using a stabiliZer With a single, 
rotatable blade, as disclosed in aforementioned U.S. appli 
cation Ser. No. 09/532,725, or With more than tWo blades 
rotatable blades. 

[0039] In one embodiment, the angle D betWeen the inner 
edges contact surfaces 21, shoWn in FIG. 9, is about 40° so 
that the total angle B spanned by the outer edges of the 
contact surfaces 21 of the rotatable blades 18 is about 70°. 
Employing tWo blades 18, rather than a single blade span 
ning angle B, achieves effective stabiliZation but reduces the 
drag created by the stabiliZer as it scraps against the Walls of 
the bore hole and reduces the resistance the blades 18 
impose on the How of drilling mud through the annulus 13 
betWeen the drill string and the bore hole, shoWn in FIG. 12. 
Of course, as discussed beloW, the con?guration of each 
stabiliZer should be optimiZed according to the geometry of 
the eccentric drilling element With Which it Will be used. An 
alternate embodiment of the rotatable sleeve 20‘, having 
someWhat differently shaped rotatable blades 18‘, is shoWn 
in FIG. 16. 

[0040] As shoWn in FIG. 13, the reaming Wing 8 com 
prises an eccentric drilling element consisting of ?ve sets of 
circumferentially offset teeth 9 extending radially outWard. 
As shoWn in FIGS. 12(a) and 13, the stabiliZer is circum 
ferentially oriented With respect to the drill bit and the 
stationary sleeve 24 is circumferentially oriented on the 
stabiliZer body 50 so that, When the stabiliZer 1 is mounted 
on the drill bit, the stationary blade 17 is axially aligned With 
the center of the teeth 9 of the reaming Wing 8. Further, as 
also shoWn in FIG. 13, When the bottom hole assembly is 
tripped in the casing 3, the rotatable sleeve 20 is circum 
ferentially oriented on the stabiliZer body 50 so that the 
rotatable blades 18 are also axially aligned With the reaming 
Wing 8. Preferably, the angle B spanned by the contact 
surfaces 21 of the rotatable blades 18, shoWn in FIG. 9, falls 
Within the angle E spanned by the teeth 9 of the reaming 
Wing 8, as shoWn in FIG. 13. 

[0041] Preferably, the radial distance by Which the contact 
surfaces 19 and 21 of the stationary and rotatable blades 17 
and 18, respectively, are displaced from the centerline of the 
stabiliZer body 50 is slightly less than the distance by Which 
the teeth 9 of the reaming Wing 12 are displaced from the 
centerline of the drill bit so that the contact surfaces of the 
Wings do not extend radially outWard further than the 
reaming Wing teeth 9. In addition, the stabiliZed body 50, 
drill collar 15, and other components of the bottom hole 
assembly must be siZed so as not to extend beyond the 
pro?le of the reaming Wing 8. This alloWs the stabiliZer 1 to 
be tripped into the casing behind the reaming Wing 8 Without 
interference by the blades, or other components of the 
bottom hole assembly, yet provides good stabiliZation. Con 
sequently, as shoWn in FIG. 12(a), When the rotatable blades 
18 are aligned With the reaming Wing 8, as shoWn in FIG. 
13, the drill bit/stabiliZer assembly can be loWered into a 
casing 3 of diameter F that is less than the diameter F‘ of the 
bore 4 formed by the reaming Wing 8—that is, less than 
tWice the maximum radius of the reaming Wing teeth 9. For 
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example, the diameter F of the casing 3 might be about 12-% 
inches, Whereas the diameter F‘ of the bore hole 4 might be 
about 14-1/z inches. 

[0042] Once the reaming Wing 8 and stabilizer 1 have 
passed beyond the casing 3 and drilling is ready to begin, as 
shoWn in FIG. 12(b), the sleeve 20 is rotated 180° on the 
stabiliZer body 50, using the technique discussed beloW, into 
the angular orientation shoWn in FIG. 4(b), so that the 
midpoint betWeen the rotatable blades 18 is located 180° 
from the center of the stationary blade. In this position, the 
stabiliZer provides essentially three-point, full gauge stabi 
liZation of the drill bit in the bore 4 of diameter F‘ formed by 
the reaming Wing 8. Moreover, by employing a pair of 
rotatable blades 18 that are located in the same circumfer 
ential plane, the overall length and Weight of the stabiliZer 
I is reduced. Reducing the length of the stabiliZer reduces the 
“bit-to-bend” distance—that is, the distance betWeen the 
drill bit and the bottom hole assembly motor in a steerable 
drill string—Which improves steering ability. In a preferred 
embodiment of the invention, the overall length of the 
stabiliZer 1, excluding the coupling 14, is less than 30 
inches. 

[0043] Ideally, the blades of a conventional, three blade, 
?xed blade stabiliZer Would be spaced at 120° intervals. 
HoWever, such a stabiliZer could not achieve full gauge 
stabiliZation in a typical bi-center drill bit application 
because it could not pass through the casing 3. As shoWn in 
FIG. 4(b), preferably, the centers of the contact surfaces 21 
of rotatable blades 18 are circumferentially displaced by an 
angle I that is at least about 60° so that the center of the 
contact surfaces 21 of the rotatable blades 18 are displaced 
from the center of the contact surface 19 of the stationary 
Wing 17 by an angle G that is no more than about 150°, and 
preferably, no more than about 140°. Moreover, due to the 
circumferential expanse of the contact surfaces, the edge of 
each of the rotatable blade contact surfaces 21 is displaced 
by an angle H that is preferably no more than about 130° 
from the edge of the stationary blade contact surface 19. This 
con?guration alloWs the stabiliZer 1 to provide essentially 
the same degree of stabiliZation provided by a conventional, 
?xed blade stabiliZer having three equally spaced blades. In 
general, the greater the circumferential expanse of the con 
tact areas 21 and the further apart the contact areas—that is, 
the larger the angle B shoWn in FIG. 9—the more effective 
the stabiliZation but the larger the pass through diameter and 
the greater the blockage of the How of drilling mud through 
the annulus 13 betWeen the drill string and the bore hole. In 
an alternate embodiment shoWn in FIG. 16, the center of the 
contact surfaces 21‘ of the rotatable blades 18‘ are circum 
ferentially displaced by an angle of about 90° so that the 
center of each of the contact surfaces 21‘ is circumferentially 
displaced from the center of the stationary blade by an angle 
of 135°. 

[0044] Preferably, shims 86 are installed betWeen the 
stabiliZer 1 and the drill bit, as necessary, to ensure that the 
stationary blade 17 is axially aligned With the reaming Wing 
8. Alternatively, the threads in the coupling 16 can be 
specially machined relative to the threads on the drill bit so 
that the proper alignment is obtained When the tWo compo 
nents are fully threaded together. Moreover, the threaded 
coupling 16 could be dispensed With and the stabiliZer 
Welded to, or integrally machined With, the drill bit so that 
the stabiliZer 1 and reaming Wing formed a unitary assembly, 
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With the stationary blade permanently aligned With the 
reaming Wing 8. Such a unitary assembly Would avoid the 
need to align the stabiliZer to the drill bit at the drilling site 
and Would result in a more compact, shorter assembly. 

[0045] Seals 83 and 85 are incorporated betWeen the 
bearings 80 and 82 and the stabiliZer body 50, and betWeen 
the bearings and the sleeve 20, to prevent leakage of drilling 
mud into the radial clearance gap betWeen the rotatable 
sleeve 20 and the stabiliZer body 50. Preferably, the clear 
ance gap is ?lled With oil to facilitate rotation of the sleeve 
and, When pressuriZed as discussed beloW, prevents ingress 
of drilling mud. 

[0046] In a preferred embodiment of invention, a pressure 
compensation system is incorporated into the sleeve 20, as 
shoWn in FIG. 11. An approximately axially extending 
passage 30 is formed in each of the rotatable blades 18. The 
inlet of this passage 30 is closed by a cap 32 through Which 
a small hole 31 extends. A smaller passage 35 extends 
radially inWard from the outlet of passage 30 to the inner 
surface of the sleeve 20 just behind the bearing 80 so as to 
communicate With the oil-?lled clearance gap. A piston 34 
slides Within the passage 30. Preferably, the passage 30 is 
?lled With a grease. When the stabiliZer is loWered into the 
bore 4, drilling mud enters the hole 32 and applies pressure 
to the grease in the passage 32. This causes displacement of 
the piston 34 so as to pressuriZe the oil in the passage 36, and 
the clearance gap With Which it communicates, to approxi 
mately the same pressure as that of the drilling mud in the 
annular passage 13 betWeen the drill string and the bore 4. 
This pressuriZation of the oil in the clearance gap ensures 
that drilling mud Will not leak pass the seals 83 and 85 into 
the clearance gap. 

[0047] Rotatable Blade Actuation Mechanism 

[0048] Actuation of the rotatable sleeve 20 Will noW be 
discussed. As shoWn in FIG. 5, When the rotatable blades 18 
are in the inactive position—that is, aligned on either side of 
the stationary blade 17 so that the midpoint betWeen them 
coincides With the center of the stationary blade—a pin 72 
mounted in a hole 71 in the stabiliZer body 50 engages a 
recess 84 formed in the inside surface of the rotatable sleeve 
20 that is located midWay betWeen the rotatable blades. 
Springs 74, shoWn in FIGS. 2 and 7, urge the pin 72 radially 
outWard into engagement With the recess 84. Thus, as shoWn 
in FIG. 5, the rotatable sleeve 20 is locked in the inactive 
position. The pin 72 is attached by a connector 140 to one 
end of a piston 141 that slides Within a piston housing 40 
mounted Within the stabiliZer body 50. A second pin 70 is 
attached by another connector 140 to the other end of the 
piston 141. Although helical compression springs 74 are 
shoWn, other elements capable of biasing the pin 72 radially 
outWard could also be employed, such as belville springs 
and leaf springs. 

[0049] After the stabiliZer 1 has been tripped in the bore 
hole, the How of drilling mud doWn through the drill string 
is initiated in preparation for drilling. As shoWn in FIG. 2, 
the drilling mud 11 ?oWs through a central passage 28 
formed in the stabiliZer body 50 and then through the piston 
housing 40 by means of tWo passages 42, shoWn in FIG. 5. 
Although the How of drilling mud 11 is used to actuate the 
rotation of the blades 18 into the active orientation, it is 
important that this actuation does not occur prematurely 
since it Will often be necessary to initially drill out the casing 
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shoe before the drill bit and stabilizer can clear the casing 
and the drilling of the formation begin. Until this initial 
drilling is completed, the stabilizer blades cannot be oriented 
into the active position because they remain located Within 
the reduced diameter of the casing. According, as discussed 
beloW, a burst plate 108 or similar pressure actuated device 
is preferably employed to ensure that premature actuation of 
the rotatable blades 18 does not occur. Thus, during the 
drilling of the casing shoe, the How of drilling mud is kept 
sufficiently loW to avoid rupturing the burst plate and 
prematurely actuating the rotatable blades 18. 

[0050] When the stabiliZer has moved doWn clear of the 
casing 3 and the drilling of the formation is ready to begin, 
the How rate of the drilling mud 11 is increased until it 
ruptures the burst plate 108 and imparts a force, as explained 
beloW, that displaces the piston 141 upWard When vieWed as 
shoWn in FIG. 5. This causes the pin 72 to retract so as to 
disengage from the recess 84, thereby rendering the sleeve 
20 free to rotate about the stabiliZer body 50. When the 
rotation of the drill string begins, indicated by the counter 
clockWise arroW in FIG. 5 (Which is vieWed looking in the 
up hole direction), drag is imparted to the rotatable blades 18 
as they rotate through the drilling mud and frictional resis 
tance is imparted to the blade contact surfaces 21 as a result 
of contact With the Walls of the bore hole. These forces cause 
the rotatable sleeve 20 to rotate in the opposite direction 
(clockwise as vieWed in FIG. 5) relative to the stabiliZer 
body 50. A circumferential groove 82 extending part-Way 
around the inside surface of the sleeve 20 facilitates the 
sliding of the distal end of the pin 70 around the inside 
surface of the sleeve. When the sleeve 20 has rotated 
approximately 180°, the pin 70 reaches the recess 84 and the 
force on the piston 141 seats the pin 70 into the recess so that 
the rotatable sleeve 20 is locked With the blades 18 in the 
active position, as shoWn in FIG. 4(b). Thus, When the 
piston 141 is in a ?rst position (doWnWard as shoWn in FIG. 
5), the pin 72 is engaged in the recess 84 and the rotating 
blades 18 are locked in the inactive position, When the piston 
is in a second position (upWard as vieWed in FIG. 5), the pin 
70 is engaged in recess 84 and the blades are locked in the 
active position, and When the piston is in an intermediate 
position, neither pin is engaged and the blades are free to 
rotate about the stabiliZer body. 

[0051] The mechanism for imparting force to the piston 
141 is shoWn in FIG. 10. Acap 102 is threaded into one end 
of the piston housing 40. A passage 104 in the cap 102 is in 
How communication With the central passage 28 through the 
stabiliZer body 50. A small burst plate 108, shoWn best in 
FIG. 17, is mounted Within the hole 104 by a retainer 106. 
As previously discussed, the burst plate 108 ensures that the 
actuation of the rotatable blades 18 into the active orienta 
tion does not occur prematurely. The burst plate 108 is 
preferably a metal disk thinned and scribed so as to burst 
When a predetermined pressure differential is applied across 
the burst plate, Which, in one embodiment of the invention, 
is about 800 psi. Alternatively, other devices knoWn in the 
art that are designed to admit ?uid When a predetermined 
pressure is reached, such as relief valves and bloW-out 
valves, could also be utiliZed in place of the burst plate. FIG. 
19 shoWs an alternate embodiment in Which a spring loaded 
relief valve 108‘ is used in place of the burst plate. 

[0052] During assembly of the stabiliZer 1, the cavities 
128 and 130 on either side of the piston 141, the small 
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passages 120 and 122, the cavity 157 in passage 118, the 
cavities 155 and 154 in passage 156, the passage 152, and 
the cavity 161 in passage 167, are all ?lled With oil, after 
Which the ?ll-passage through the pistons 114, 112 and 100 
are plugged, for example, by plug 150 in the case of cap 100. 

[0053] As the stabiliZer 1 is loWered deeper into the bore 
hole, it becomes subjected to progressively greater hydro 
static pressure from the drilling mud in the hole. As a result 
of the Weight of the drilling mud in the column above the 
stabiliZer 1, this pressure may be as high as 20,000 psi. 
Consequently, the piston housing 40 incorporates a pressure 
equalization system for the burst plate 108 to prevent its 
premature rupture. Speci?cally, When the stabiliZer is loW 
ered into the bore hole, the drilling mud Will enter the inlet 
of passage 104 and exert pressure on the outside surface of 
the burst plate 108. Drilling mud Will also enter passages 
148 in the stabiliZer body 50, shoWn in FIG. 2. The passages 
148 supply an annular passage that is in How communication 
With passages 146 and 147 formed in the piston housing 40, 
as shoWn in FIG. 10. Since the cavity 165 formed in passage 
116 is initially only air-?lled, the mud Will ?oW inWard and 
exert a pressure that acts against the piston 110. The dis 
placement of the piston 110 pressuriZes the oil in cavity 161 
and, as a result of the connecting passage 152, pressuriZes 
the oil in cavity 154 as Well. The oil in cavity 154 then exerts 
a pressure on the inside surface of the burst plate 108 that is 
essentially equal to the pressure on the burst plate outside 
surface, thereby equaliZing the pressure across the burst 
plate. 

[0054] The pressure equaliZation system is desirable 
because the pressure differential ultimately applied across 
the burst plate 108 When full mud How is established may be 
relatively loW—for example, only about 200 psi. Without 
the pressure equaliZation system, the burst plate 108 Would 
have to be siZed to Withstand the 20,000 psi applied by the 
Weight of the drilling mud. Since the burst pressure tolerance 
for burst plates is typically 12%, it Would be dif?cult to siZe 
a burst plate that did not rupture prematurely When the 
stabiliZer Was loWered into the bore hole yet reliably rup 
tured When the How of drilling mud Was established. 

[0055] In any event, When the mud pumps are started and 
drilling mud begins to How doWn through the central pas 
sage 28, the pressure of the drilling mud in the passage 28 
becomes greater than the pressure of the drilling mud in 
?oWing back up to the surface through the annulus 13 
betWeen the drill string and the bore hole, for example, due 
to the pressure drop associated With ?oWing through the drill 
bit. Consequently, the pressure of the drilling mud on the 
outside surface of the burst plate 108, Which is exerted by the 
mud ?oWing through the central passage 28, becomes 
greater than the pressure on the inside surface of the burst 
plate, Which is exerted by the mud ?oWing through the 
annulus 13 to the surface. 

[0056] As the How of mud is increased in preparation for 
beginning drilling through the formation, the pressure dif 
ferential across the burst plate 108 becomes greater. Even 
tually, it Will become suf?ciently great to rupture the burst 
plate 108, causing the pressure of the mud in central passage 
28 is exerted on the large end of piston 112. This pressure 
drives piston 112 to the left, as vieWed in FIG. 10, Which 
increases the pressure in cavity 130 and drives the piston 141 
upWard as vieWed in FIG. 10 against the resistance of the 



US 2004/0011559 A1 

compression springs 74. The displacement of the piston 141 
drives the piston 114, Which acts as a barrier betWeen the oil 
in the actuation system and the drilling mud in cavity 165, 
to the right. Displacement of the piston 141 also disengages 
the pin 70 from the recess 84, thereby freeing the sleeve 20 
to rotate. Once the sleeve 20 has rotated 180°, the pin 72 
engages the recess 84 so that the rotatable blades 18 are 
locked in the active orientation shoWn in FIG. 4(b), as 
previously discussed. 

[0057] When it is desired to WithdraW the bottom hole 
assembly from the bore hole, the mud pumps are stopped, 
thereby eliminating the pressure differential opposing the 
springs 74. Consequently, the springs 74 drive piston 141 
doWnWard as vieWed in FIG. 10. As a result of drag and 
contact With the bore hole, continued rotation of the stabi 
liZer Will again cause the sleeve 20 to rotate around the 
stabiliZer body 50 another 180° until the pin 72 is again 
engaged in the recess 84, as shoWn in FIG. 5, thereby 
locking the rotatable blades in the inactive orientation, 
shoWn in FIGS. 4(a) and 5. A chamfer in the pin 70 alloWs 
the pin to be disengaged from the recess 84 by rotating the 
drill string in the reverse direction, counterclockwise as 
vieWed in FIG. 5. This is a backup feature that ensures that 
the rotating blades can be oriented back into the inactive 
position in the event of a malfunction in the piston actuation 
mechanism. 

[0058] Since the cross-sectional area of the smaller diam 
eter portion 112“ of the piston 112 is preferably only about 
one ?fth that of the cross-sectional area of the larger 
diameter portion 112‘, the pressure of the oil in the cavity 
157 that is applied to piston cavity 130 on one side of the 
piston 141 is about ?ve times that the pressure of the drilling 
mud in central passage 28. For example, suppose that, after 
the How of drilling mud Was established, the pressure of the 
drilling mud in the annulus 13 Was 20,000 psi and the 
pressure of the drilling mud in central passage 28 Was 
20,200 psi. A 200 psi pressure differential Would be applied 
to the piston 112. This Would then increase the pressure in 
piston cavity 130 from 20,000 psi to 21,000 psi, thereby 
intensifying the pressure force driving the actuation of the 
piston 141. 

[0059] Intensi?cation of the piston actuating pressure is 
useful since, in order to actuate the piston 141, this pressure 
must overcome the resistance of the springs 74 to compres 
sion. If the pressure Were not intensi?ed, a spring having a 
loWer spring constant Would be required, reducing the force 
used to reseat the pin 70 When the rotatable sleeve 20 has 
been oriented back into the inactive position prior to With 
draWal of the bottom hole assembly. Thus, the piston actua 
tion pressure intensi?cation system ensures that suf?ciently 
large spring forces can be used to ensure reliable locking of 
the rotatable blades 18 in the inactive orientation. 

[0060] Mechanism for Sensing Circumferential Orienta 
tion of the Rotatable Blades 

[0061] According to an important aspect of the invention, 
a system is incorporated into the stabiliZer for detecting the 
angular orientation of the rotatable sleeve 20 With respect to 
the stabiliZer body 50. Detection of the angular orientation 
can alloW the drilling operator to determine that the rotatable 
sleeve 20 has assumed its active orientation prior to com 
mencement of reaming. Perhaps more importantly, such 
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detection can also alloW the drill operator to con?rm that the 
rotatable sleeve has been re-oriented into its inactive orien 
tation. 

[0062] As shoWn in FIGS. 6 and 7, a recess 46 is formed 
in the stabiliZer body 50. This recess 46 is enclosed by a 
cover hatch 48 secured to the stabiliZer body by screWs 62. 
An electronics package 60, Which includes a printed circuit 
board and microprocessor, is secured under the hatch 48. As 
shoWn in FIGS. 4(a) and (b), magnets 90 and 92 are located 
in recesses 38 formed on the opposing sides of the inner 
surface of the rotatable sleeve 20. A loW intensity magnet 90 
is located Within one of the recesses 38 and a high intensity 
magnet 92 is located in the other recess. As shoWn in FIG. 
14, a detector 94, capable of sensing the intensity of a 
magnetic ?eld, is located in a blind hole 95 formed in the 
underside of the hatch 48. 

[0063] When the rotatable sleeve 20 is rotated so that the 
midpoint betWeen the blades 18 is approximately aligned 
With the stationary blade 17—that is, in the inactive orien 
tation—the Weak magnet 90 is located adjacent the detector 
94, as shoWn in FIG. 4(a). HoWever, When the rotatable 
sleeve 20 is rotated so that the mid-point betWeen blades 18 
is oriented approximately opposite from the stationary blade 
17—that is, in active orientation—the strong magnet 92 is 
located adjacent the detector 94, as shoWn in FIG. 4(b). 
Thus, by sensing the presence of a Weak magnetic ?eld, 
strong magnetic ?eld or essentially no magnetic ?eld, the 
angular orientation of the rotatable sleeve 20 can be deter 
mined. Accordingly, the detector 94 sends a signal repre 
sentative of the strength of the magnetic ?eld to the elec 
tronics package 60, Which processes the information and, 
employing programed softWare and other techniques Well 
knoWn in the art, uses the detector signal to determine 
Whether the rotatable blades 18 are oriented into the inactive 
position, active position, or intermediate position. This 
information can then be stored in memory Within the elec 
tronics package 60 for subsequent use, or for subsequent 
transmission to the surface. Alternatively, information on the 
orientation of the rotatable sleeve 24 can be transmitted 
immediately to the surface. Transmission of information to 
the surface can be accomplished by techniques Well knoWn 
in the art, such as mud pulse telemetry. 

[0064] As is Well knoWn in the art, in mud pulse telemetry 
systems information from a sensor are typically received and 
processed in a microprocessor-based data encoder, Which, in 
the current invention, can be incorporated into the electron 
ics package 60, Which digitally encodes the information. A 
controller, Which can also be incorporated into the electron 
ics package 60, then actuates a pulser that generates pressure 
pulses Within the How of drilling mud that contain the 
encoded information. The pressure pulses can be de?ned by 
a variety of characteristics, including amplitude, duration, 
shape, and frequency. The pressure pulses travel up the 
column of drilling mud ?oWing doWn to the drill bit, Where 
they are sensed by a strain gage based pressure transducer at 
the surface. The data from the pressure transducers are then 
decoded and analyZed by the drill rig operating personnel. 
As is also Well knoWn in the art, various pulsers have been 
developed for generating the pressure pulses in the drilling 
mud, such axially reciprocating valves or rotary pulsers, 
such as continuously rotating “turbine” or “siren” type 
pulsers or incremental type pulsers. 
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[0065] Consequently, according to the current invention, 
information from the detector 94 can be encoded and 
transmitted the surface via a pulser 29 located in the stabi 
liZer passage 28 through Which the drilling mud ?oWs and 
controlled by softWare programmed into the microprocessor 
in the electronics package 60. 

[0066] Brake Shoe 

[0067] Another embodiment of the invention is shoWn in 
FIG. 19. In that embodiment, a recess 53 is formed in the 
contact surface 21 of one or more of the rotatable blades 18. 
A circumferentially extending brake shoe 59 is mounted 
Within the recess 53. One end of the brake shoe is pivotally 
mounted Within the recess 53 by a pivot pin 52 projecting 
from the Wall of the recess. This alloWs the brake shoe 59 to 
rotate in a plane perpendicular to the central axis of the 
stabiliZer 1. As vieWed in FIG. 19, the brake shoe 59 rotates 
radially outWard in the counterclockwise direction and radi 
ally inWard in the clockWise direction, While the drill bit 
(and, therefore, the stabiliZer 1 and drill string 27) rotates in 
the clockWise direction to drill into the formation. (As used 
herein, the terms clockWise and counterclockwise are used 
in only a relative sense to refer to opposing rotational 
directions, it being realiZed that rotation appearing in the 
clockWise direction When looking doWnhole Will appear in 
the counterclockWise direction When looking uphole.) 

[0068] Radial outWard rotation of the brake shoe 59 is 
limited by a stop pin 54 mounted in the recess 53 and 
extending through a slot 57 formed through the brake shoe. 
Aspring 58, retained in hole 57 formed in the blade 18, urges 
the shoe 59 to rotate radially outWard in the counterclock 
Wise direction. As the stabiliZer 1 rotates in the bore 4 along 
With the drill bit 5, the outWard force applied by the spring 
58 assists centrifugal force in urging the shoe to rotate 
radially outWardly about the pivot pin 52 so that its contact 
surface 55 engages the Wall of the bore 4. 

[0069] When the stabiliZer 1, and hence blade 18, is 
rotating in the clockWise direction, as indicated by the arroW 
in FIG. 19, the end of the brake shoe 59 opposite the pivot 
point forms the leading edge of the shoe and the pivot end 
forms the trailing edge of the shoe. As is Well knoWn in the 
brake shoe art, contact betWeen the brake shoe 59 and the 
Wall of the bore 4 in this con?guration Will generate a 
friction force that tends to urge the shoe to rotate further 
about the pivot 52 in the counterclockWise direction and 
thereby drive the shoe further into contact against the Wall 
of the bore. The greater the area of contact betWeen the brake 
shoe 59 and the Wall of the bore 4, the greater the frictional 
force and the greater the force urging the brake shoe into 
contact With the Wall of the bore. Thus, the brake shoe 29 is 
preferably “self-energizing” in that even slight contact 
betWeen the brake shoe 59 and the bore hole Wall Will drive 
the brake shoe radially outWard so as to increase the force 
urging the shoe against the Wall. 

[0070] The brake shoe 59 serves to ensure that suf?cient 
frictional resistance is developed betWeen the blades 18 and 
the bore 4 to ensure that the blades 18 rotate into the active 
position When released by the actuation mechanism, and 
subsequently rotate back into the inactive system prior to 
WithdraWal of the stabiliZer, as previously discussed. 

[0071] Formation Sensor 

[0072] According to one aspect of the invention, the brake 
shoe 59 can be used as a sensor pad that facilitates sensing 

Jan. 22, 2004 

information about the formation being drilled through, such 
as that used in LWD systems. As shoWn in FIG. 19, a sensor 
45 is mounted in a recess 47 formed in the contact surface 
55 of the brake shoe 49. The sensor 45 senses information 
concerning the formation 2 being drill through, such as its 
density, porosity, electrical resistivity/conductivity, etc., and 
may be a gamma scintillator, resistivity sensor, or nuclear 
detectors, for example, or other sensor Well knoWn in the 
?eld. A cover 39 can be installed over the recess to protect 
the sensor 45 from damage. The signal from the sensor 45 
is sent via a conductor, not shoWn, extending through 
passage 49 to the electronics package 60, Which processes 
the signal and prepares it for transmission to the surface 
using techniques Well knoWn in the ?eld, for example, using 
the mud pulse telemetry system discussed above in connec 
tion With the mechanism for determining the circumferential 
orientation of the rotatable blades. 

[0073] The use of the brake shoe 59 as a support pad for 
the sensor 45 ensures that the sensor is placed into contact 
With, or very close to, the Wall of the bore hole 4, thereby 
ensuring accurate measurements. 

[0074] Although the sensor 45 is preferably placed in the 
brake shoe 59, the invention could also be practiced by 
incorporating the sensor in the distal end of the rotating or 
stationary blades Without bene?t of the brake shoe. 

[0075] The present invention may be embodied in other 
speci?c forms Without departing from the spirit or essential 
attributes thereof and, accordingly, reference should be 
made to the appended claims, rather than to the foregoing 
speci?cation, as indicating the scope of the invention. 

What is claimed: 
1. A stabiliZer for use in a drill string for drilling a bore 

hole, comprising: 

a) a stabiliZer body adapted to be mounted in said drill 
string; 

b) a ?rst stabiliZer blade af?xed to said stabiliZer body, 
said ?rst stabiliZer blade having a distal end adapted to 
engage said bore hole; 

c) a sleeve rotatably mounted on said stabiliZer body; and 

d) at least a pair of circumferentially displaced second 
stabiliZer blades projecting radially outWard from said 
sleeve, said pair of second stabiliZer blades rotating in 
a common circumferentially extending plane axially 
displaced from said ?rst stabiliZer blade. 

2. The stabiliZer according to claim 1, further comprising 
a locking mechanism for locking said sleeve in ?rst and 
second circumferential orientations. 

3. The stabiliZer according to claim 2, Wherein When said 
sleeve is in said ?rst circumferential orientation, the mid 
point betWeen said pair of second blades is substantially 
axially aligned With said ?rst stabiliZer blade. 

4. The stabiliZer according to claim 3, Wherein When said 
sleeve is in said second circumferential orientation, the 
midpoint betWeen said pair of second stabiliZer blades is 
substantially opposite said ?rst stabiliZer blade. 

5. The stabiliZer according to claim 2, Wherein said ?rst 
and second circumferential orientations are spaced approxi 
mately 180° apart. 
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6. The stabilizer according to claim 1, wherein the centers 
of said distal ends of said second stabilizer blades are 
circumferentially displaced by an angle of at least about 60°. 

7. The stabiliZer according to claim 1, further comprising 
a sensor mounted in said distal end of at least one of said 
blades for sensing a property of a formation through Which 
bore hole is drilled. 

8. A stabiliZer for use in a drill string for drilling a bore 
hole, and through Which a drilling ?uid ?oWs, comprising: 

a) a stabiliZer body adapted to be mounted in said drill 
string; 

b) a sleeve rotatably mounted on said stabiliZer body; 

c) a stabiliZer blade projecting radially outWard from said 
sleeve; 

d) a movable locking member, said locking member 
locking said sleeve into a ?rst circumferential orienta 
tion When said locking member is in a ?rst position and 
unlocking said sleeve When said locking member is in 
a second position, Whereby said sleeve can rotate 
around said stabiliZer body When unlocked. 

9. The stabiliZer according to claim 8, Wherein said 
locking member also locks said sleeve into a second cir 
cumferential orientation. 

10. The stabiliZer according to claim 8, further comprising 
a piston coupled to said locking member, Whereby actuation 
of said piston drives said locking member from said ?rst 
position to said second position. 

11. The stabiliZer according to claim 10, Whereby said 
piston is actuated by the How of said drilling ?uid through 
said drill string. 

12. The stabiliZer according to claim 10, Wherein said 
piston is actuated by pressure applied to said piston by said 
drilling ?uid. 

13. The stabiliZer according to claim 12, further compris 
ing means for intensifying the pressure applied by said 
drilling ?uid by said drill string. 

14. The stabiliZer according to claim 13, Wherein said 
pressure intensifying means comprises a second piston. 

15. The stabiliZer according to claim 14, Wherein said 
second piston has an enlarged diameter portion and a 
reduced diameter portion, and Wherein said drilling ?uid 
applies pressure to said enlarged diameter portion and said 
piston reduced diameter portion applies pressure greater 
than said drilling ?uid pressure to said enlarged diameter 
portion. 

16. A stabiliZer for use in a drill string for drilling a bore 
hole, and through Which a drilling ?uid ?oWs, comprising: 

a) a stabiliZer body adapted to be mounted in said drill 
string; 

b) a movable stabiliZer blade mounted on said stabiliZer 
body and capable of moving into ?rst and second 
positions; 

c) a locking member locking said sleeve into said ?rst 
position; 

e) means for applying a pressure to said locking member 
for unlocking said locking member in response to the 
pressure of said drilling ?uid, Whereby said blade can 
move into said second position When unlocked; and 
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f) means for intensifying the pressure applied to said 
locking member, Whereby said pressure applied to said 
locking member is greater than said pressure of said 
drilling ?uid. 

17. A stabiliZer for use in a drill string for drilling a bore 
hole, comprising: 

a) a stabiliZer body adapted to be mounted in said drill 
string; 

b) a movable stabiliZer blade mounted on said stabiliZer 
body and capable of moving into ?rst and second 
positions; 

c) a sensor for sensing Whether or not said stabiliZer blade 
is in said ?rst position. 

18. The stabiliZer according to claim 17, further compris 
ing a magnet coupled to said movable stabiliZer blade, and 
Wherein said sensor is capable of sensing the presence of the 
magnetic created by said magnet. 

19. The stabiliZer according to claim 17, further compris 
ing means for storing information representative of Whether 
said sensor has sensed that said stabiliZer blade is in said ?rst 
position. 

20. The stabiliZer according to claim 17, further compris 
ing means for transmitting information representative of 
Whether said sensor has sensed that said stabiliZer blade is in 
said ?rst position to the surface of the earth. 

21. A stabiliZer for use in a drill string for drilling a bore 
hole, comprising: 

a) a stabiliZer body adapted to be mounted in said drill 
string; 

b) a sleeve rotatably mounted on said stabiliZer body; 

c) a stabiliZer blade projecting radially outWard from said 
sleeve, said stabiliZer blade having a distal end; 

d) a pad mounted in said distal end of said stabiliZer blade, 
said pad having ?rst and second ends, a pivot joint 
pivotally coupling said pad ?rst end to said blade distal 
end, Whereby rotation of said pad about said pivot joint 
in a ?rst direction displaces said pad second end 
radially outWard so as to contact said bore hole Wall. 

22. A drill string for use in drilling a bore hole in an 
earthen formation, said bore hole having a Wall, comprising: 

a) a drill bit; 

b) means for rotating said drill bit in the clockWise 
direction so as to drill a bore hole in an earthen 

formation; 
c) a stabiliZer mounted proximate said drill bit, said 

stabiliZer comprising a housing and a stabiliZer blade 
extending radially outWard from said housing, said 
blade having a distal end; 

d) a sensor pad mounted in said distal end of said blade, 
said sensor pad having ?rst and second ends, said 
second end being circumferentially displaced from said 
?rst end in the clockWise direction, Whereby said 
second end forms a leading edge When said drill string 
rotates in said clockWise direction, a pivot joint pivot 
ally coupling said ?rst end of said sensor pad to said 
blade distal end Whereby rotation of said sensor pad 
about said pivot joint in a counterclockWise direction 
displaces said sensor pad second end radially outWard 
so as to contact and apply a force to said bore hole Wall, 
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said contact creating a friction force when said drill 
string rotates in said clockwise direction that tends to 
further rotate said sensor pad about said pivot joint in 
said counterclockwise direction thereby increasing said 
force applied by said sensor pad second end to said bore 
hole wall; 

e) a sensor mounted in said sensor pad for sensing a 
property of said formation. 

23. The drill string according to claim 22, further com 
prising a compression spring for urging said sensor pad to 
rotate around said pivot joint in said counterclockwise 
direction so as to cause said sensor pad second end to contact 
and apply said force to said bore hole wall. 

24. The drill string according to claim 22, wherein said 
drill bit comprises an eccentric drilling element. 

25. The drill string according to claim 22, further com 
prising a reaming wing disposed proximate said drill bit. 

26. The drill string according to claim 22, wherein said 
sensor is a resistivity sensor. 

27. The drill string according to claim 22, further com 
prising means for limiting said rotation of said sensor pad 
about said pivot joint in said counterclockwise direction. 

28. An apparatus for use in a drill string for sensing a 
property of an earthen formation through which said drill 
string drills a bore hole when said drill string is rotated in a 
?rst circumferential direction, said bore hole having a wall, 
comprising: 

a) a housing adapted to be mounted in a drill string; 

b) a blade extending radially outward from said housing, 
said blade having a distal end; 

c) a sensor pad mounted in said distal end of said blade, 
said sensor pad having a circumferentially trailing ?rst 
end and a circumferentially leading second end when 
said housing is rotated in the clockwise direction, a 
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pivot joint pivotally coupling said ?rst end of said 
sensor pad to said blade distal end whereby rotation of 
said sensor pad about said pivot joint in a counterclock 
wise direction displaces said sensor pad second end 
radially outward so as to contact and apply a force to 
said bore hole wall, said contact creating a friction 
force when said housing rotates in said clockwise 
direction that tends to further rotate said sensor pad 
about said pivot joint in said counterclockwise direc 
tion thereby increasing said force applied by said 
sensor pad second end to said bore hole wall; 

d) at least a ?rst sensor mounted in said sensor pad for 
sensing a property of said formation. 

29. A method of further drilling a bore hole through an 
earthen formation, comprising the steps of: 

a) inserting a drilling string having a stabiliZer and an 
eccentric drilling element into said bore hole, said 
stabiliZer having a rotatable stabiliZer blade locked into 
a ?rst circumferential orientation in which said blade is 
substantially aligned with said eccentric drilling ele 
ment; 

b) unlocking said stabiliZer blade; and 

c) rotating said unlocked stabiliZer blade into a second 
orientation in which said blade is circumferentially 
displaced from said eccentric drilling element. 

30. The method according to claim 29, further comprising 
the step of locking said stabiliZer blade into said second 
circumferential orientation. 

31. The method according to claim 29, wherein the step 
of unlocking said stabiliZer blade is effected by pumping a 
drilling ?uid down said drill string. 


