METHOD AND APPARATUS FOR CONTROLLING PRECESSION IN A DRILLING ASSEMBLY
BACKGRO&%%&%@;‘% INVENTION Field of the Invention [1] Methods al}(é,gf% i£0%§§é)ﬁg§§stent with
the present invention relate to a structure and method of controlling precession when drilling and, more
particularly, to controlling precession through the unbalanced radial biasing of blades and the use of
free sliding axial blade contacts in a fixed stabilizer. Description of the Related Art [2] In a drilling
assembly foekiion loneil APARA s ROIOCONGHOT PN ERHBERSSIONNRD does not rotate with

the drill bit. For example, a'non-rotating stabilizer may be used. However, although the non-rotating

stabilizer does not rotate along withhiecmiidoik.sEem@;1otating stabilizer may rotate due to
precession because of other forces associated with drilling, such as lateral and axial forces. In at least

beneficial to limit the rotation of a non-rotating stabilizer is when the non-rotating stabilizer is used in a
directional drwn ssembly. WO 20091005976PCT/US2008/066528 [3] In related art, there are
proposed Mg (5%5%1% BSRBHing the direction of drilling, such that the drill bit may be moved from
vertical driw to drilling jn.a partic Igr direction..One mekho for accomplishing directional drilling is
shown by U.S. Patent tg?géfﬁ 9 E-‘{h"ész%‘ﬁ‘%% A ,ltvvhtl f 1FRE trﬁ SR Rerein by reference. In

the '239 p%ﬁ@é,ﬁg gt%m%gﬁ%ié@&igfg&%{gﬁé%&ﬁ%@pgn\% rrxl.dd{ﬁﬁr cting stabilizer blades in an

. LM n
adjustable stabilizer portion of a non-rotating sta a non-limiting e bodiment of the patent,

there are fguf.Syahisiaiiizan Diades eR-caeial hirciablizeLuhiateR 3 extesded and the opposite

blade is retracted, the drilling assembly drills towards the retracted stabilizer blade (and away from the

opposing sxsnged stadilizeibirdaie H fiewadsls ialionat thenpen-ratating.gtabilizer can cause
problems with the directional control. Particularly, because the adjustable blades which control the

drilling diretiidizentate along with the non-rotating stabilizer, when the non-rotating stabilizer rotates,
the shifted position of the adjustable blades changes the direction in which the blades urge the drilling
assembly. For example, to turn the drilling bit of the drilling assembly in a left direction, a left blade is
retracted AMEXIREARENS Reldbechagl. If the non-rotating stabilizer then rotates a half-turn (180

degrees), position of the blades are switched. Accordingly, the originally retracted blade moves
from the Iiﬁ%ide to theqﬁd‘rﬁrmlﬁg ﬁﬁﬁwzyoq%ﬂTEFW%g‘?éﬂﬁéa‘yﬁléﬁgkrﬁc?\/é?ﬁ’om the right side to the left

side. In thlrsota annegrd[ﬁgé%g%? Qgeg\%ﬁggggetgg&gr&ta Ql\l{,zit rtgéo&%%gg p(l)(%ldes to a position of turning the

drilling assembly t
example, a non-rotating stabilizer may be used. However, although the non-
rotating stabilizer does not rotate along with the drill bit, the non-rotating
stabilizer may rotate due to precession because of other forces associated with
drilling, such as lateral and axial forces. In at least some instances it may be
advantageous to control the non-rotating stabilizer, or some other non-rotating
part, so that it does not rotate due to precession. One environment in which it

can be beneficial to limit the rotation of a non-rotating stabilizer is when the

non-rotating stabilizer is used in a directional drilling assembly.



rather than the left. It is thus difficult to control drilling to proceed in a particular direction when the
non-rotating stabilizer rotates due to precession. [5] The drilling apparatus can be programmed to
adjust the b gggogéo?ﬁge”ﬁon-rotating stabilizer turns in order to counteract tREYSERIA RS ever, if the
non-rotating stabilizer turns too quickly, adjustments to the blades cannot keep pace with the rotation.
Furthermore, controlling the direction of the drilling is easier if the non-rotating stabilizer turns slower or

not at all. Accordingly, it Id be advant to b le to limit th i f -rotati
part such [agl)g]}a stabilize%f @b\év ; R%Egﬁg/ﬁ?&éﬁ%?ﬁ%%%%icf%ﬁgﬁﬁ?ggéﬁﬁr?\?gﬁﬁonnOpr%vri]dogsro 9
apparat“%%fe?t% WS f%&ﬁp&'i‘%ﬂ@@rﬂ BRESNUL Bl &CEOH G0, AlagRE Ct Of the present

invention, thereis provided illing apparatus Ircluding: a non-rotating stabilizer; the non-rotating

stabilizer i3cluding i ftsi-hlane AR AoRcennciade s dishplasis: peirg.asranged opposite the second

blade; whereir_1 the firs_ blade is biased radially outwardly by a force of a first value; and wherein the
second bladgiis nonBiased (adialireativeasy DY39 ferke eeurparatyjreiehtie first value. [9] The

second blade may be biased radially outwardly by a force

" incorporated herein by reference. In the ‘239 patent, the direction of drilling is
controlled by extending and retracting stabilizer blades in an adjustable
stabilizer portion of a non-rotating stabilizer. In a non-limiting embodiment of
the patent, there are four such stabilizer blades. When one of the stabilizer
blades is extended and the opposite blade is retracted, the drilling assembly

| drills towards the retracted stabilizer blade (and away from the opposing

extended stabilizer blade).
[04] However, rotation of the non-rotating stabilizer can cause
problems with the directional control. Particularly, because the adjustable
blades which control the drilling direction rotate along with the non-rotating
stabilizer, when the non-rotating stabilizer rotates, the shifted posjiion of the
adjustable blades changes the direction in which the blades urge the drilling
assembly. For example, to turn the drilling bit of the drilling assembly in a
left direction, a left blade is retracted and a right blade is extended. If the non-
rotating stabilizer then rotates a half-turn (180 degrees), the position of the
blades are switched. Accordingly, the oﬁginally retracted blade moves from
the left side to the right side and the originally extended blade moves from the

right side to the left side. In this manner, rotation of the non-rotating stabilizer

moves the blades to a position of turning the drilling assembly to the right



which is lower than the first value. WO 2009/005976PCT/US2008/066528 [10] The second blade
may be biased radially outwardly by substantially no force. [11] The force of the first value biasing the
first blade m%?ﬁ%%%%?&gd by a spring. [12] The non-rotating stabilizer ma%ﬁ(’:ﬂﬁ?@oﬁ/%@asstabilizer
and an adjustable stabilizer and the first blade and the second blade may be part of the fixed stabilizer.
[13] The adjustable stabilizer may comprise a plurality of adjustable stabilizer blades which are

extendable. [14] The second blade m e slidably attached to the pon-rotating stabilizer in an axial -
direction oft Srrll}éarlll-?}é?a?ﬁng tlgl?m%*}&é‘g] t?l%@%%(&@ﬂ%&%m?ﬁ?eﬁ{é%ﬁdably attached such that the

second bl %gﬁ at least Q.3 inches in the axial direction. %1)% The second blade may be
slidably attac %a suc&g %%%a% mﬁeeggé:%%%ﬁfﬁ lenggtr%%i(&%rgtt gCaSs‘?u(?. iRches IR the axial direction. [17]

According ?nother asﬂgc&gii _ %%%mtégyggg%m%&skpwﬂg@@ X (if%igg apparatus comprising
g

a non-rotating stabilizer comprising a fixed stabilizer; wherein the fixed stabilizer comprises a plurality

of blades; whrseienablgass 9asiRshemlrAliNCPtDladRs At e fisesstabilizer is biased radially

outwardly by a force different than another one of the plurality of blades.
However, if the non-rotating stabilizer turns too quickly, adjustments to the

blades cannot keep pace with the rotation. Furthermore, controlling the
direction of the drilling is easier if the non-rotating stabilizer turns slower or
not at all.

[06] Accordingly, it would be advantageous to be able to limit the -

precession of a non-rotating part such as a stabilizer,

| SUMMARY OF THE INVENTION

(073 The present invention provides apparatuses and methods for
controlling precession.

[08] According to an aspect of the present invention, there is
provided a drilling apparatus including: a non-rotating stabilizer; the non-
rotating stabilizer including a first blade and a second blade, the first blade
being arranged opposite the second blade; wherein the first blade is biased
radially outwardly by a force of a first value; and wherein the second blade is
not biased radially outwardly by a force corresponding to the first value.

[09] The second blade may be biased radially outwardly by a force

which is lower than the first value.



[18] Another one of the plurality of blades may be biased radially outwardly by substantially no force.
WO 2009/005976PCT/US2008/066528 [19] The plurality of blades may comprise four blades
circumferent‘fgﬁf%%é?ﬂa%(ﬁ around the non-rotating stabilizer. [20] The pIuraIﬁ?WBﬁQ%@ﬁﬁ@ comprise

five blades circumferentially arranged around the non-rotating stabilizer. [21] The plurality of blades
may comprise six blades circumferentially arranged around the non-rotating stabilizer. [22] According

to another ect of the present invention, there is provided a drilling apparatus comprising: a
non-rotatirg8 abilizer c rfgﬁ‘?ﬁaaﬁ as?éqﬁli;’éa‘r %W&ngﬁ ﬁx@&%ﬂ?ﬁz&ycomprises a plurality of

blades; th%%esitn q%alﬁag(t)?gr%eof the plurality of blades of the fixed stabilizer is slidable along the
non-rotating Stabilizer N an axial direction of the non-rotating stabilizer. [23] At least one of the

plurality of[glla}des may %élﬁ?c@%@tﬂ:@aﬁ}sg'%aﬂf&%hgﬁé&%h% & 1 Itdgﬁggorrﬁa)jég% At least one of the

plurality of 'blades may be slidable at least Inches in the axial direction. “[25] At least one of the
plurality ofhlrdesimay bgighdable at least 0.5 inches in the axial direction.

[12] The non-rotating stabilizer may include a fixed stabilizer and
an adjustable stabilizer and the first blade and the second blade may be part of
the fixed stabilizer.

[13] The adjustable stabilizer may comprise a plurality of adjustable
stabilizer blades which are extendable.

[14] The second blade may be slidably attached to the non-rotating
stabilizer in an axial direction of the non-rotating stabilizer.

[15] The second blade may be slidably attached such that the second
blade can move at least 0.3 inches in the axial direction.

{16] The second blade may be ‘slidably attached such that the second
blade can move at least 0.5 inches in the axial direction.

[17] According to another aspect of the present invention, there is
provided a drilling apparatus comprising a non-rotating stabilizer comprising a
fixed stabilizer; wherein the fixed stabilizer comprises a plurality of blades;
wherein at least one of the plurality of blades of the fixed stabilizer is biased
radially outwardly by a force different than another one of the plurality of
blades.

[18] Another one of the plurality of blades may be biased radially

outwardly by substantially no force.



[26] The non-rotating stabilizer further may comprise an adjustable stabilizer, the adjustable stabilizer
comprising a plurality of adjustable blades which are extendable and retractable. [27] According to
another asp&? 3PtH&%Pé%sent invention, there is provided a drilling apparatuB@HH3Aehgs s
non-rotating stabilizer comprising WO 2009/005976PCT/US2008/066528 a first blade, a second
blade, a third blade and a fourth blade arranged around the circumference of the non-rotating
stabilizer; wherein the first and second blades are spring loaded by springs of a first spring constant;
and whereld the third bidbe iPbppéite 3he hladasiadeaandeammtssth fave tiadgmosite the second
blade and the thig,d blade and the fourth blade are not spring loaded. BRIEF DESCRIPTION OF THE

DRAWINGS PB4 6%%5%3f§%}f€3ﬁﬂ'é%t@f%étﬁ 28Kt invention will be more apparent by
deseriong caan emoc(iney i Reo GVl Wi clrene g socompanying draving

circumferentially arranged around the non-rotating stabilizer.

21] The plurality of blades may comprise six blades

circumferentially arranged around the non-rotating stabilizer.

[22] According to another aspect of the present invention, there is

provided a drilling apparatus comprising: a non-rotating stabilizer comprising

a fixed stabilizer; wherein the fixed stabilizer comprises a plurality of blades;

wherein at least one of the plurality of blades of the fixed stabilizer is slidable

along the non-rotating stabilizer in an axial direction of the non&otating

stabilizer.

[23] At least one of the plurality of blades may be slidable at least

0.1 inches in the axial direction.

[24] At least one of the plurality of blades may be slidable at least

0.3 inches in the axial direction.

'[25] At least one of the plurality of blades may be slidable at least

0.5 inches in the axial direction.

[26] The non-rotating stabilizer further may comprise an adjustable

stabilizer, the adjustable stabilizer comprising a plurality of adjustable blades

which are extendable and retractable.

[27] According to another aspect of the present invention, there is

provided a drilling apparatus comprising: a non-rotating stabilizer comprising



assembly; [30] FIG. 2 illustrates precession mechanics in a "smooth mode"; [31] _FIG. 3 iIIustra}tes
precession mechanics in a "vibrating mode" [32] FIG. 4 is an explanatory illustration of clockwise
precession% &8%%%§9V§teral vibration and torque; and [33] FIG. 5 illustratBs KB

embodiment of the blades of a fixed stabilizer. DETAILED DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS [34] Exemplary embodiments of the invention will now be described below with

reference to.the attached drawings. The described exemplary embodiments are intended to assist the
understanaiﬂﬁtol??ﬁéa& iV \;vhlgaf‘d afhirhblrdenndad @Wi?é@eﬁfﬁﬁé@fmﬁlention in any way.

the circumference of the non-rotating stabilizer; wherein the first and second
blades are spring loaded by springs of a first spring constant; and wherein the
third blade is opposite the first blade and the fourth blade is opposite the

second blade and the third blade and the fourth blade are not spring loaded.

BRIEF DESCRIPTION OF THE DRAWINGS

[28] The above aspects and features of the present invention will be
more apparent by describing certain embodiments of the present invention

with reference to the accompanying drawings, in which:

[29] FIG. 1 illustrates an exemplary embodiment of a drilling
assembly;

[30] FIG. 2 illustrates precession mechanics in a “smooth mode™;
(31] FIG. 3 illustrates precession mechanics in a “vibrating mode””
[32] FIG. 4 is an explanatory illustration of clockwise precession

induced by lateral vibration and torque; and
[33] FIG. 5 illustrates an exemplary embodiment of the blades of a

fixed stabilizer.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[34] Exemplary embodiments of the invention will now be
described below with reference to the attached drawings. The described
exemplary embodiments are intended to assist the understanding of the

invention, and are not intended to limit the scope of the invention in any way.



In the following description, the same drawing reference numerals are used for the same elements
throughout, »35(1} Fig. 1 shows an assembly for a directionally controlled driIIin% system 40. The drilling
system 40 i ¥ %%%gsggﬁwmunications link 30, a non-rotating stabilizer 10 5‘%@99?6%?536 which
joins the communications link 30 and the non-rotating stabilizer. The communications link includes an
antenna portion 32 and a spiral stabilizer 31. It is connected to one end of the flex joint 20. The drilling
system 4Q also jncludes a drill bit 5 at an end thereof, The drill bit 5 is rotatably driven to dig a bore
hole in théﬂd?&ﬁ%%?ﬁ"m% eSS g he R gAY RS T6 e BE S RBWAT2LE 863 9368 fdh-rotating stabilizer 10 is
attached t§lthe og)aositete d of the flex joint 20 and includes a fixed stabilizer 7, an adjustable
stabilizer SIS SHERH S PORHS there between. The non-rotating stabilizer 10 does not rotate with

the drill bit.a, However the.ngn-rotating stabilizer 1Q may rotate if a by other forces. [37]
Sl staniin il LS B RS KR Rl o A G

The adju e stabilizer® may ype descri Tt No. §?§31,239. In this

exemplar)gﬁm%ij.m?ﬂé g}m?%jg%?e@}leﬁ?ﬂ%@g @g&%ﬁ#&gg{%gﬁi’qﬁjé@s%ﬁb%kg%%s 11A-11D. Each of the

blades may extend or retract to Contro Irection of dr ove and in the '239

patent, whgmippesabihg.piades LAl 10 pdandebithedr Ibhib5 s ardiaay from the extended

blade, Conversely, the drill bit 5 is urged towards a retracted blade.Accordingly, extension and

retraction3uf el asoum asjusigbitabinges i -ddalinwadas thediindssystem 40 to be steered.
WO 2009/005976PCT/US2008/066528 [38] The non-rotating stabilizer 10 also includes a fixed

stabilizer @ntenna portion 32 and a spiral stabilizer 31. It is connected to one end of the
flex joint 20. The drilling system 40 also includes a drill bit 5 at an end
thereof. The drill bit 5 is rotatably driven to dig a bore hole in the ground.
This can be done through a motor, not shown.
[36] The non-rotating stabilizer 10 is attached to the opposite end of
the flex joint 20 and includes a fixed stabilizer 7, an adjustable stabilizer 9 and
an antenna portion 3 there between. The non-rotating stabilizer 10 does not
rotate with the drill bit 5. However, the non-rotating stabilizer 10 may rotate if
acted upon by other forces.
37} The adjustable stabilizer 9 may be of the type described in U.S.
Patent No. 5,931,239. In this exemplary embodiment the adjustable stabilizer
includes four adjustable blades 11A-11D. Each of the blades may extend or
retract to control the direction of drilling. As described above and in the ‘239
patent, when one of the blades 11A-11D is extended, the drill bit 5 is urged
away from the extended blade. Conversely, the drill bit 5 is urged towards a
retracted blade.  Accordingly, extension and retraction of the various

adjustable blades 11A-11D allows for the drilling system 40 to be steered.



The fixed stabilizer 7 is connected to the adjustable stabilizer 9 through the antenna portion 3. In the

exemplary embodiment shown in Fig. 1, the fixed stabilizer 7 includes four blades 12A-12D. Four
blades alloW X! BABER number and a symmetrical arrangement. Howevé’r(,:?ﬁlésﬁgﬂ?{%ﬁ%% blades is

not limited to four. Fewer or more than four blades could be used, for example, two, three, five or six or
more blades could be used. [39] The inventors of the present application discovered that a drilling
assembly with a non-rotating stabilizer toﬁgerated in two modes, a "smooth mode" and a "vibrating

mode". Siddth Mode PRSCRUSTStERDRbize™ dhalsthinsbides alixqst stebiiteh Fate follows the

mechanics_of gn axial sliding frictional caontact that is subjected to a clockwise torsional input. This is
*§

shown in 1. SRR iSO ertdeRa b PR IR Y Liretehiareiohfe blades of the fixed
stabilizer were biased radia utwardly with simjlar spring loads,.As.the bjt drills downward in Fig. 2,
the frictiort BeRveRAHE |>'<e&c?(t§ ey %Sr%ﬂ%‘ﬂﬂﬁég%’g?dfésglﬁhlagﬁl }éﬁﬁ g force. The fixed
stabilizer glso;receives a torsional force generated. by the friction between the rotating drilling shaft and
the non-rogﬁéﬁl%giesrtgtl)?ﬁgglré ﬁ%i@%hjéégsdggﬁiggg a%?#é Efe?gl ??)fg’éfgr%gff%t%ﬁ?orce in Fig. 2. The

dotted Inciihr AR et aemtACHaRIAIR e HiRER e BLSARRBIANA ol fixed stabilizer

contact. In this mode, the precession rate can be calculate m the contact force and its axial sliding

friction fagigr pagkdhesrplied elogkwisekordUgal 3ba-4obladedsiabiizekeBB&y (1263602.T pisD D 40
f RS = Precession Rate for Smooth Modedeg/ft drilled

example, two, three, five or six or more blades could be used.

[39] The inventors of the present application discovered that a
drilling assembly with a non-rotating stabilizer operated in two modes, a
“smooth mode” and a “vibrating mode”.

Smooth Mode Precession

[40] In the “smooth mode”, the precession rate follows the
mechanics of an axial sliding frictional contact that is subjected to a clockwise
torsional input. This is shown in Fig. 2. In an experiment, a first example of a
drilling system each of the blades of the fixed stabilizer were biased radially
outwardly with similar spring loads. As the bit drills downward in Fig. 2, the
friction between the fixed blades and the formation generated an axial sliding
force. The fixed stabilizer also receives a torsional'force generated by the
friction between the rotating drilling shaft and the non-rotating stabilizer unit.
"This is depicted as the lateral torsional friction force in Fig. 2. The dotted line
that connects these two vectors describes the precessional path of a fixed

stabilizer contact. In this mode, the precession rate can be calculated from the



D = Diameter of hole,inch T =Frictional torque between rotating shaft and non-rotating stabilizer,inlb J
= Sliding frigti tween stabilizer contact and forrnation f = .35 for water base drilling fluid FS
= Spring foﬁc&lég gé{?g;@%é?jgstabilizer contactlbs [41] With this mode, the desigﬁgf%sgrqogé%%ﬁhe contact

force that provides acceptable precession rates for the expected frictional torque and sliding friction
factor. For 500 Ib springs, a .35 friction coefficient, and 120 inlb torsional friction in a 8.5 in, hole, the

smooth pr R rate:would be 6.5 degrees. per ft of hole. Vibrating Mode Precession [42] In the
"vibrating %8(;3(?%%!{1 Oéggbas%&r)v%daﬁ}%ﬁse?éagp ra éé)nw%%%%?ﬁ ﬁ’ﬁ\@gpg fPH¥ISvere calculated or

observed ig the. smEQth mode -§ fest, the inventors collected enough precession data to enable
them to calculate the sliding frlscgéiiz)%&farétor as a function of depth if they assumed that the smooth mode

mechanics also appi th%y'bbrat' g mode. While in the smooth mode the calculated friction factors
were typicﬁmﬁgﬁ%gﬁ’ EM% i »-which.is.reasonahly.close.to.an expecteg value of about 0.35

. . 848

i ater b

for drill string fric mud environment. The inventors also observed

PRS = Precession Rate for Smooth Mode,....occcvvevevenievninnnnn.. deg/ft drilled
D =Diameter 0f h0le,.....iiuieirii ettt inch
T =Frictional torque between rotating shaft and non-rotating stabilizer,....inlb

J =Sliding friction factor between stabilizer contact and formation............ *
S = .35 for water base drilling fluid

FS = Spring force on a fixed stabilizer contact...................... ereerreneen Ibs

[41] With this mode, the designer can select the contact force that
provides acceptable precession rates for the expected frictional torque and
sliding friction factor. For 500 Ib springs, a .35 friction coefficient, and 120
. inlb torsional friction in a 8.5 in. hole, the smooth precession rate would be 6.5

degrees per ft of hole.

Vibrating Mode Precession

[42] In the “vibrating mode” the observed precession rates were
many times greater than were calculated or observed in the smooth mode. In
this test, the inventors collected enough precession data to enable them to
calculate the sliding friction factor as a function of depth if they assumed that
the smooth mode mechanics also applied to the vibrating mode. While in the
smooth mode the calculated friction factors were typically in the 0.25 to 0.5
range, which is reasonably close to an expected value of about 0.35 for drill

string friction in a water base mud environment. The inventors also observed



occasional values as high as 0.6 and 0.8, which they attribute to the microscopic variations in the rock
surface. [43] However, while in the vibrating mode the calculated friction factors were quite close to
zero. This cBIQAREA Ffion factor of zero does not make sense in the driIIiﬁﬁ%HWP&%f%%%E%uch an
environment would clearly produce a friction factor significantly greater than zero. Thus, the inventors
concluded that some other mode of operation must have controlled the precession mechanics during

this time. The inventors most it%l‘y explanati néor th riQds of excessive precession is that the
bottom ho?gcg’?ggﬁﬁbw Hitisthay b%%ndség\fé}%l @rb?ﬁ%ﬁg 0%?% pdfidde. [44] Many of the
service companies. that'S%f%PIYn'\{L%asuﬁean,%QJeWh'le Drilling (MWD) tools report that downhole

. COPIC varial T . oy . .
acceleration measuremen Sfrequen(ﬁ;y exceed 20 g (g-force), or more. Drilling assemblies experience

axial, lateralyand torsign yiyalions SAMEIT Rl 8D S, NPRIRRIng unis should not be
lons ial an

affected by torsional vibrations. However, axi lateral vibrations can greatly increase the

precessiopsaigsiRtaqRe-sRialing slabiiagt. Hismastdisiipivavibaliopsiare axial and lateral

vibrations that occur at one of the resonant frequencies of the drilling assembly. [45] The inventors

believe thadtaxiate/ibyation aHeCkSIHIG RIRGRIFHRAMERRANIES i HEaatkiNgsaRSINg the distance that the
lateral stabilizer contact must move. Fig. 3 shows how axial motions can greatly increase the distance

traveled anehthe pedutitng fitetassheforasignihanfergeasd abkial resionThliershike smooth mode
precession equation for a 4 bladed stabilizer as follows: (360* (12+ 3* RPM* 2 AMP601 ROP)\ 29T
PRA= inventors concluded that some other mode of operation must have controlled

the precession mechanics during this time. The inventors most likely

explanation for the periods of excessive precession is that the bottom hole

assembly must have been severely vibrating during these periods.

[44] Many of the service companies that supply Measurement While

Drilling (MWD) tools report that downhole acceleration measurements

frequently exceed 20 g (g-force), or more. Drilling assemblies experience

axial, lateral, and torsion vibrations, sometimes all at the same time. Non-

rotating units should not be affected by torsional vibrations. However, axial

and lateral vibrations can greatly increase the precession rates of a non-

rotating stabilizer. The most disruptive vibrations are axial and lateral

vibrations that occur at one of the resonant frequencies of the drilling

assembly.

[45] The inventors believe that axial vibration affects the precession

mechanics by greatly increasing the distance that the Iateral stabilizer contact

must move. Fig. 3 shows how axial motions can greatly increase the distance

10



pi. D\D4?Df FS) PRA = Precession Rate for Axial Vibrations in the Vibrating Mode......deg/ft drilled
RPM = Rotary Speed with Tri-cone bitrev/min AMP = Amplitude of axial vibrationsinch ROP = Drilling
rate ft/hr D %iﬁ‘?%‘f@?%f hole,inch T =Frictional torque between rotating sh%ﬁtTéWWSW%mg
stabilizerinlbs f = Sliding friction factor between stabilizer contact and formation f = .35 for water base
drilling fluid FS = Spring force on a fixed stabilizer contactlbs [46] If the tool described in the smooth

example had an axial yibration amplitude of 0.2 inch while drilling at 30 ft/hr with a rotary speed of 80
revs/min tﬁrgvéeecéiggi Fgfé’?ﬁ% SRR e 11bedgiased BN anptien alters |

the smooth mode precession equation for a 4 bladed stabilizer as follows:

PRA:[360-(12+3¢RPM-2-AMP-60/R01)]{ 20T }

pieD Dedo fo IS

PRA = Precession Rate for Axial Vibrations in the Vibrating Mode......deg/ft drilled

RPM = Rotary Speed with Tri-cone bit...........ccecveriienenerereniiiernsnnnn. rev/min
AMP = Amplitude of axial VIbrations.............c..ovviiveeeeeeneeeeieseeeenannnn, inch
ROP =DrillING Tate......ooeuriiiiiiiiiiiii e e reeeee e ft/hr
D = Diameter 0f h0le,....uuiuiiii et e inch
T =Frictional torque between rotating shaft and non-rotating stabilizer........... inlbs
Jf =Sliding friction factor between stabilizer contact and formation .................. .

Jf = .35 for water base drilling fluid
FS =Spring force on a fixed stabilizer contact...........coeoverneenerereserernannnnnn, lbs
[46] If the tool described in the smooth example had an axial

* vibration amplitude of 0.2 inch while drilling at 30 ft/hr with a rotary speed of
80 revs/min the precession rate would increase to‘ 110 degrees per ft drilled.

- [47] Lateral vibrations can have a similar effect on precession. The
spring loaded stabilizers must have a minimum diameter that is smaller than
the bit and a maximum extension that is larger than bit diameter. In the
inventors first experimental drilling tool they used radial dimensions of a 1/16
in under gauge minimum and a 1/8 in. over gauge maximum. With equal
springs in each blade the inventors created a design that allowed the tool to be
deflected laterally with very low loads. If the rotary speed matched a resonant

frequency in the bottom hole assembly the lateral vibrations could begin with
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[47] Lateral vibrations can have a similar effect on precession. The spring loaded stabilizers must have
a minimum diameter that is smaller than the bit and a maximum extension that is larger than bit
diameter. InUAMOENE37€ first experimental drilling tool they used radial dinf&i<IGHEB458286 in under
gauge minimum and a 1/8 in, over gauge maximum. With equal springs in each blade the inventors
created a design that allowed the tool to be deflected laterally with very low loads. If the rotary speed
matched a resonant frequency in the bottom hole assembly the lateral vibrations could begin with very
low oscillatRiY I8¥RsCiHangstandtiohBeargitietinstion dsBrgionsurtgyotewdikkPecause they matched a
resonant frequency. The first tool would move 1/8 in. laterally as it alternately fully compressed the
springs orP B B&RBS By PATREE A 79398500 AEHHBRY frikhe Fask el s RO Bplied to the tool causes
the lateral matio tof tpe togl Lg rota?ae it rather than hd(;%gga steady orientation.,Fig. 4 illustrates how the
frictional t&?%}ﬁ% PETALL 35 1L FEERTHY AR PASINSASIG R AR QBREE 51488 s 15A-15D in a
borehole he stabilizer blades that are not aligned with the lateral oscillations would have to move
in oppositéﬂf |ree((%t?i%5hsi ff.hcénfgg'll?(%sp %ﬁéog%%oer ur‘?e%?aﬁ%a.%hﬁ %I%gcfet%)gﬁ%mrﬁ%ve clockwise and the

other wouliaKeiHBRY? GHB PIB TSNS RRga REdhe.dnalyrdtigignal toraue It is much

easier to turn a blade clockwise than counter clockwise. This caus e counter clockwise blade to

stay fixed p;%ﬂ:ﬁ1mglﬁa@ggq1@@qggqﬁ@i&{gp{op@;@tcmg&gmgv§%mher stabilizers on the tool to rotate
a

clockwise about the pivot point. With reference to the location of the blades in the figures, Fig. 4A

shows thejaggper bladeripA heingrowyTsrsseshane hadevenbliateii 56 heipgextended. In this
situation, the left blade 15D acts as a pivot point so that the upper blade 15A slides to the right, the

right side blafliee btdBiblickelsidive/thaindethet hbgosd widdehtSaicslides itathadeibudd shown in Figs. C3 and
C3, when the upper blade 15A is fully extended, the right side blade 15B acts as a pivot point and the
remaininghbkedesnya in ppesid 58 totatd tetholikeptWithhaeehrsivatiorsidnmovement the tool
rotates 1/8 in. circumferentially. This increases the precession rate as indicated by the following: WO
2009/005 98P CMonid Py cieroEsp rid /8B0 @hep o have ARIMGGLROMY| 2 T pie D) Dolts f

clockwise. Because of the clockwise frictional torque it is much easier to turn
a blade clockwise than counter clockwise. This causes the counter clockwise
blade to stay fixed in the hole and become a pivot point that allows the other
stabilizers on the tool to rotate clockwise about the pivot point. With
reference to the location of the blades in the figures, Fig. 4A shows the upper
blade 15A being compressed and the lower blade 15C being extended. In this
situation, the left blade 15D acts as a pivot point so that the upper blade 15A
slides to the right, the right side blade 15B slides down and the bottom blade
15C slides to the left. As shown in Figs. C3 and C3, when the upper blade
15A is fully extended, the right side blade 15B acts as a pivot point and the
remaining blades 15A, 15C and 15D rotate clockwise. With each side to side
movement the tool rotates 1/8 in. circumferentially. This increases the

precession rate as indicated by the following:
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PPL =-Precession Rate for Lateral Vibrations in Vibrating Modedeg/ft drilled CPM =Vibration

frequencycygl /mm P =Amplitude of lateral vibrationsinch ROP =Drilling rate.ft/hr D =Diameter of
hole,inch szglﬁ?ctlong% o?que between rotating shaft and non-rotating stabi Z%W{I%%O‘}Séogﬁaqng friction

factor between stabilizer contact and formation f = .35 for water base drilling fluid FS = Spring force on
a fixed stabilizer contactlbs [49] If the same frequency is experienced here as in the axial case,

PRL:(360.(12+CPM'.2°AMP%O/ROP)J.( 2e7 } .............................................. Eq3
pis D Dede foFS

PPL =Precession Rate for Lateral Vibrations in Vibrating Mode....... deg/ft drilled
CPM =Vibration freqUency ..........cc.vvvivrineiniviiiniieeieeineneenennns cycles/min
AMP = Amplitude of lateral vVibrations............uvuviiniiirereenrieeeieerineanenens inch
ROP =DrIHDG TALE. ...t vntriii ettt ete et ee e e e e nree e e e s ft/hr
D =Diameter 0f HOLE, .. .uvuiniiiniit e e inch
T =Frictional torque between rotating shaft and non-rotating stabilizer.......... inlbs
J =Sliding friction factor between stabilizer contact and formation .................. *
S = .35 for water base drilling fluid

FS =Spring force on a fixed stabilizer contact................. TR lbs

[49] If the same frequency is experienced here as in the axial case,
then 1/8 in. lateral vibrations would generate a precession rate of 71 deg/ft
drilled.

[50] In view of the above, the present inventors discovered that
vibrations in the axial direction (in the up and down direction of the borehole)
and vibrations in the lateral direction (causing the stabilizer to move from side
to side in the borehole) cause rotation of the stabilizer. Accordingly, the
present inventors recognized that if axial and lateral vibrations could be
reduced, the rate of precession (rotation) could be reduced and the directional
drilling could be better controlled.

[51] In the experiments above, each of the blades of the fixed
stabilizer is biased by a substantially equal spring force. When each of the
blades are biased by a similar force, it is not difficult to induce movement of

the fixed stabilizer in the bore hole. For example, consider a fixed stabilizer

13



then 1/8 in. lateral vibrations would generate a precession rate of 71 deg,/ft drilled. [50] In view of the
above, the present inventors discovered that vibrations in the axial direction (in the ug{ and down

P Hdbe from

direction of %%’8%%8?5? and vibrations in the lateral direction (causing the StAINZE
side to side in the borehole) cause rotation of the stabilizer. Accordingly, the present inventors

recognized that if axial and lateral vibrations could be reduced, the rate of precession (rotation) could
be reduced and the directional drilliggscould be better controlled. [51] In the experiments above, each

of the bladdtdPtrkdetvathistick Pidsibeing bipsedhp&sntingfoseiuel 2fRisfd®e. When each of the
blades are hiased similar.force, it is not difficult to.induce moyement of the fixed stabilizer in the
bore hoIe.Oé)]rfTr ée?fa‘%f ,eégrt%légfﬁ“ﬁ%dné’t‘é If?etFe\m %ﬁ?%é%ﬂﬁ Hsdfthlade being biased by a
spring for f 500 Ibs. In order for the fixed stabilizer.to be moved to the,left, the spring biasing the left
blade wom%%%ea\\yg %ggléwceog%%?e%osme%r.egee{iﬁedrc@fﬁxf/?rlani%’rcli%P ’fcc?e&?n%orrgggeﬁ%é & ésIftpring a force of greater

than 500 o3y B DPSESRANHCUNE 164 1118 BUYRLARISSGibed,apays,he spring biasing the

right blade provides a force tending to compress the spring g the ade. Indeed, since the

spring forgpgRigsina el Adhe @é@?ﬁﬂ%é@?&@ﬁ@ﬂ&%&@ 5t {g4eq 1Atk 500 Ibs is necessary to

compress the spring biasing the left blade. Indeed, generally a 550 pound load would be required to

compressténh&iig to seripe sk S AbidNnE anddbBIrpuNEadedralaydtid erafan inch. However, when

there are opposing blades each biased by 500 Ib springs, the force required to oscillate the tool by a
1/32 of arfoneads biaahig diosidind dlaoty 4% pionhasaandchnrhyMotsedids sequived to move the blade
1/16 of an inch. Regardless of the number of blades, when opposite blades are biased by a similar
spring fortensmealhfyreeumnesa thess pongirassigrhefldfebipiin gadeed, meneeatigrt of the blades. In turn,
this can cause precession. This provides an ideal condition for building high energy resonant
vibrations¥58caeiss theg wanls dsineamined i copragreonaciidtdh derfieztl4HE tR&RBan build because of

resonance. Accordingly, lateral vibrations of the stabilizer contacts are maximized through the use of

spring-loael %‘E&b‘f ePadiel fﬁlﬁlﬁd(&éﬁ%ﬁﬂﬁﬁ%eé&@ﬁ?ﬁ%&@d%ﬁﬁaﬁ%l vibration, the drilling
system accordng 19af Sxeimplan erbdipent of g plesent myeign e  fed stabizer

the tool by a 1/32 of an inch in any direction is only 45 pounds and only 90

pounds is required to move the blade 1/16 of an inch. Regardless of the

number of blades, when opposite blades are biased by a similar spring force

small forces can cause compression of the springs and movement of the blades.

In turn, this can cause precession. This provides an ideal condition for

building high energy resonant vibrations because they can begin with

extremely low energy deflections that can build because of resonance.

Accordingly, lateral vibrations of the stabilizer contacts are maximized

through the use of spring-loaded stabilizer blades.

[52] In order to limit precession caused by .lateral vibration, the

drilling systemn according to an exemplary embodiment of the present

invention includes a fixed stabilizer which avoids symmetrical radial biasing
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of the blades of the fixed stabilizer. Particularly, according to the exemplary embodiment, opposite
blades in the fixed stabilizer 7 are not biased by a similar spring force. [53] An exemplary embodiment
of the blade‘g(ﬁg?-%%%? a fixed stabilizer according the present invention BSHEMIH 5. In the
exemplary embodiment, the top blade 12A and the right blade I12B are each biased in the radial
direction by respective biasing spring 15A, 15B. However, the blades opposite the top blade 12A and

the right blade are_not hiased by springs. Particularly, a bottom blade 12C opposite the top blade
12A is no? ?ﬁié’l@%ﬁa@gﬁ% ’éegﬁfﬁgél.lque\gﬂéﬁ?‘ﬂ?élﬁ'eﬁoﬁ%ﬁ@&?‘Dt,hﬁpﬁi‘ﬁg}f%aﬂi’e right blade 12B is not

radially biased by a spring.. F54 With springs in, only .two of the blades, the, tool can only move laterally,
in one dirg%jt;%c?r(mf?%ﬁﬁ’e?g{’g?g Igz!la 8 we% egg)%?r[é[ﬁéa% B bladts 1% 1 Whiéh are not spring loaded,
no motioryﬁlgmg}%ﬁgg@rdless of the size or load. These blades 12C, 12D are simply fixed in the
lateral/radial direction. When the motion is directed towards the spring-loaded blades 12A, 12B, it will

requre aaigrl force ouass hay SRR i 2 Ammplien b fohe:550 pounds (o move

1/16th of an inch. By making the threshold for the initial motion e development of

resonant viiatiensciv ey s gres LRSI IG RX@IRIARY PIBOAIMERLREfpyesent invention without

an equal opposing spring force, 550 pounds is required to move 1/16th of an inch. In the example
describeccmbouimeiiththe ppshigis P DA easHER W1 212 PoBRESs dadk bsasegsired for a movement of
1/16th of an inch. Accordingly, the exemplary embodiment suppresses lateral motion and vibration.
[55] The prdie miresioniipnespettiodibiasihgapragcosambiBteHoore thathobRdgpring biasing each biased
blade 12A, 1213. For example, there may be three 500 Ib springs biasing each blade. This would
create a PEDOSiE Whiarurladarehakdfdhetmishttdadt fi?Beath aishiespdreyl springiate vibrations. The
values and the number of springs is not particularly limited. However, providing more numerous or
rigid sprifGEstititle 2 Prgrmr Hadrelde rrersitmibocriohtade Hiddig Berifigitdite on a single blade of at
least 250 Ibs be used j9 create a high bather to lateral movement and a biasing force of at least
500 Ibs n?é?f%@%s%ﬂ’f@%ni‘ﬁh@“fﬁﬁt hesinfidhladsy ! AigreRResits feerghtdiadis BB Ithough this exemplary
embodimgqitoiprc%glﬁsg%%&a%es rlth number of blades of the fixed stabilizer is not particularly limited
and there may Pe nore or 1e8s tWan four blades. For example, there may be six blades in which three

adjacent plgges beinopigsed A #RINGIAISS AR ORROSIRg dlfes ages not being biased by a

spring force. Alternatively, there'may be f es with'two or three adjacent blades being biased by

a spring fateRiandibe.rereaiRnawR Mkihie R RIades Reing: kirsadRyRASARRg force or a substantially
lower spring force. [57] Furthermore, the exemplary embodiment includes two blades 12A, 123 which
are biaset2Dywhiibring doregriagd duded)ladesdlidl islgdswliche @iriRes biagediby a spring force. The
blades 12C, 12D may also be biased in the radial direction by a spring force which is significantly
lower thaer tleed. These blades 12C, 12D are simply fixed in the lateral/radial direction.

When the motion is directed towards the spring-loaded blades 12A, 12B, it
will require a lateral force of more than 500 pounds to get an‘y motion. It will
take 550 pounds to move 1/16th of an inch. By making the threshold for the
initial motion high enough, the development of resonant vibrations is
prevented. Thus, in the exemplary embodiment of the present invention
without an equal opposing spring force, 550 pounds is required to move 1/16th

of an inch. In the example described above with opposing spring forces, only
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blades 12A, 123, particularly a spring force which substantially different enough so as to limit axial
movement. For example, they may be biased by a spring force that is at least 100 Ibs lower than the
spring force (§ ﬁg(ég%)&l%gds I2A, 123. In order to raise the barrier to lateral mg\?MgﬁﬂO%@Way also be
biased by a spring force that is at least 250 Ibs lower or 500 Ibs lower than the spring biasing blades
12A,123. [58]The fixed stabilizer 7 of the exemplary embodiment is also designed to control
precessiorgd: bﬁgﬁ %@ggq,l ibrations. The precession.gaused by axial vig?ra jons is the result of the
significant up? and down mgtéﬁ(l)%?#n?%rraénr%\éea Bré’ﬁ? e porlf(le%réérél h%ﬁﬁ%r 4By this axial direction, the

exemplar RS, rggg%ﬁbi £3 I%ﬁoe%g&gﬁgﬁiding axial supports 14. During

normal downward drilling, the free sliding blades w on the top end 14A of the free sliding

support, agsfown in Fighd pTisdSAupdadeAliRianaR1s AR s enRidiagehlades 12C, 12D as

they move downwardly. The friction will oppose the downward motion and keep the free sliding blades
at the top s afdtbpinglisiagpaationiaQ S, han, FobedaRIoiaNACsigbilzer begins bouncing
up and down, the blades will remain in stationary contact with the hole 1 whenever the tool bounces
upward. Thatlssdbseaubespfitige Hiatlapalachrirdebetmeenthedblases 12604 and the hole 1, the
blades tend to remain in the same place. Thus, when the bottom end of the drilling assembly bounces
upwardly, tgimon- tbtesheddsfebiliz datisa ftedo thao ve teguisdiy relsitivevibihsiiding blades 12C, 12D
as the sliding blades 12C, 12D remain in the same position. The sliding blades slide relatively
downwardiyesirairssadetisorember tieprigsiving sappuotaiyBmisd] Glotwevether hand, when the tool
bounces downward, the top end of the free sliding support 14A contacts the blades 12C, 12D to move
them in thEFEHRVEIMEREERTVIh T8id (9Sings (REOWSR-Aokialieg Beatien Zerlateidl allows the bottom end

of the driIIin%assem%! fo bounc,eé#) and down whil%%hse blades 12C1 12D only move downward. This
limits the BEAFREENECIRUUE SRS 8 disiRg Hilersof sHeass B saibiward advance of the

drill bit angsgmj S ssion rate.of the non-rotating assembly to that predicted for the smooth
mode. The coe#ffé%efa{)%%%tlgﬁlﬁlé v lgeeﬁ hnéot‘)/ﬁal‘%%nst ﬂgcf E’fﬂn:gn}érﬁ?e()ﬁ%@%ﬁ%ing support 14 is much

lower tharghe,coeffigientaf fiig ; he hole 1. This assures free
sliding of the blaqc}i‘lae‘%I 1ZC,eléD rﬁﬁ%ﬁ%ﬁﬁ%&%@%’rﬁgﬁ?@éfﬁgﬁ%ﬁ%r%%lag es 12C, 121) and the hole 1.

[60] If the e sliding langibuexcerdsihp arritvde atiheaxiatyB@Rtionaofdhe bottom end of the
drilling assembly, there is only downward motion of the free sliding of the blades 12C, 12D. The
exemplaryenbbodirbideslodwis Aited shisiinglangitt ghttficuRladaminzg ohdlnefd.5 in. Axial vibrations
are estimated to be in the range of 0.1 to 0.3 in. Accordingly, a free sliding length is of at least 0.1 in
limits the biadesmordowleamtitmfotiohladat [East:sonpéejibtancey. b Sirdlalding length of at least 0.3 in
should provide enough sliding length in most conditions. A free sliding length of at least 0.5 in. may be
used to nithicl drasragiprer driades ieisie hidved bidingrisaderceend e morediapove, the friction
between the blades 12C, 12D and the borehole 1 wall is greater than the friction between the blade
and the FEESIRIMES AP RSIPE PirssrtRy biping foree.1 Zeterpativaly harfeBdrdifole wall and move along

the free szplglliengl g il. The free sli rovide formatjon friction factors that are at

ing blade contacts may
least three time's 2 i .t‘gg ﬁ‘fegﬁﬁ% ?g"?%?f‘fr %?ng%‘t%%_s%.’ﬁf t@’rﬁwé?@%éogﬁﬁjin.g surface of the
sliding su {ﬁéjp&qammogé%geo@l?ggg ﬁéggsrgg]%ég&%q&gq%egowng rgéa%[é]r%gdobearlngs to significantly

e pa(ﬁsamay be manufactured

increase the friction ratio. Contact portions o Iding supportan
from tunggien.GathiiR IRCRRaR0E e
[57] Furthermore, the exemplary embodiment includes two blades

12A, 12B which are biased by a spring force and two blades 12C, 12D which
are not biased by a spring force. The blades 12C, 12D may also be biased in

the radial direction by a spring force which is significantly lower than the
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[62] In the exemplary embodiment of Fig. 5, each of the blades 12A-12D includes a number of pyramid
shaped spikes 13. This shape helps to increase the friction between the blades 12A-12D and the

borehole I. Y&HYA88%E0ed pyramids avoids generating bending loads onBR&/ ESAERS5He tops of

the pyramid shaped spikes may be flattened to ensure the required lateral load capacity and to
increase wear resistance. Also in the exemplary embodiment of Fig. 5, the spikes 13 are arranged in
three rows of thr é\Tgseéhree rows of the exemplary embodiment are designed to provide equal

h

contacts i A58 S R aThe FotREnFlotes, Sdch tubrenprdinGiEEemicleaning of the spikes

13. [63] Although the present invention has heen described in connection with the exemplary
embodiménts: %$ tgﬁeasp}%sﬁélﬁlf ﬁ‘&éfﬁ%?‘ﬂ%u }fB}é 5?)8[55%%%85‘[%%@“}%@4*%@ art that various

vention. FHarer s e B O B B & ot imitatve, but
ustrativeinll 83pagisralsSbk? WHATIS CHANER 15: o diing pRparatus comprising: 2
non-rotating stabilizer; 5the non-rotating stabilizer including a first blade and a second blade, the first
blade beingagssanosshanpesite tha sesaBdiIa88hs lower or 500 Ibs lower than the

spring biasing blades 12A, 12B.

[58] The fixed stabilizer 7 of the exemplary embodiment is also

designed to control precession caused by axial vibrations. The precession

caused by axial vibratioﬁs is the result of the significant up and down motion.

In order to address the precession caused by this axial direction, the exemplary

embodiment mounts two of the blades 12C, 12D on free sliding axial supports

14. During normal downward drilling, the free sliding blades will ride on the

top end 14A of the free sliding support, as shown in Fig. 5. This is due to the

fri(;tion acting on the free sliding blades 12C, 12D as they move downwardly.

The friction will oppose the downward motion and keep the free sliding blades

at the top end of their sliding position. On the other hand, if the non-rotating

- stabilizer begins bouncing up and down, the blades will remain in stationary

contact with the hole 1 whenever the tool bounces upward. That is, because of

the frictional contact between the blades 12C, 12D and the hole 1, the blades

tend to remain in the same place. Thus, when the bottom end of the drilling

assembly bounces upwardly, the non-rotating stabilizer is able to move

upwardly relative to the sliding blades 12C, 12D as the sliding blades 12C,
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wherein the first blade is biased radially outwardly by a force of a first value; wherein the second blade

IS not biased r g g ardly by a force corresponding to the first value; O ein he second blade
is slidably a(t{!tvzﬁcl 19 >éo%t%%lnon rotating stabilizer in an axial direction of thej%o%ht% 2 Pn%“:f%\%lllzer and

wherein the first blade is a non-steering blade. 2. The drilling apparatus according to claim 1, wherein
the second blade is 155ubstantially unbiased. sThe drilling apparatus according to claim 1, wherein the

force of thgﬂgstr I%l 1 bla sing theeflrst blade IS rovuil d by11 ag r|n 204 The I?rllllng apparatus

according to claim Jeremn the h r?srlo’tar%mg S abﬁlzer edes%a}{)l Yer and an adjustable

stabilizer a&ﬂﬁh@afﬁ @@Q@ﬁgg gq? ﬁggg d§1 %pﬁgp%kthgglxed stabilizer. 5.The drilling
erein t

apparatus accordlng to claim 4, w ust
[59] On the other hand, when lthe tool bounces downward, the top

end of the free sliding support 14A contacts the blades 12C, 12D to move
them in the downward direction with the rest of the non-rotating stabilizer.
This allows the bottom end of the drilling assembly to bounce up and down
while the blades 12C, 12D only move downward. This limits the total
distance moved by the free sliding blades 12C, 12D to the downward advance
of the drill bit and limits the precession rate of the non-rotating assembly to
that predicted for the smooth mode. The coefficient of friction between the
blades 12C, 12D and the free sliding support 14 is much lower than the
coefficient of friction between the blades 12C, 12D and the hole 1. This
assures free sliding of the blades 12C, 12D rather than movement between the
blades 12C, 12D and the hole 1.

[60] If the free sliding length exceeds the amplitude of the axial
vibrations of the bottom end of the drilling assembly, there is only downward
motion of the free sliding of the blades 12C, 12D. The exemplary
embodiment shows a free sliding length of the blades 12C, 12D of 0.5 in.
Axial vibrations are estimated to be in the range of 0.1 to 0.3 in. Accordingly,
a free sliding length is of at least 0.1 in limits the blades to downward motion
in at least some instances. A free sliding length of at least 0.3 in should

provide enough sliding length in most conditions. A free sliding length of at
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25stabilizer comprises a plurality of adjustable stabilizer blades which are extendable. 6.The drilling
apparatus a¥EOAGAY Waim 1, wherein the second blade is slidably attachBEXLERIIRAGERS second
blade can move at least 0.3 inches in the axial direction. 57.The drilling apparatus according to claim
1, wherein the second blade is slidably attached such that the second blade can move at least 0.5
inches in the axial direction. - 8. The drilling apparatus according to claim 1, wherein the first blade

and 10thelsgstdhel BlaBidyaks jpedtitamareirspainkydrspride a suffivisatditingjidimgaratus according to

claim 1. whereijn the force of the first value biases the entire first blade.

10. The drilling apparatus

according kpethim 1, wherein each of the first blade and the second blade comprises a plurality of
pyramid srﬂgﬂed spikes. Il.The dr{)lllng’ ?}Pepgratus ccordin t%I(;Idaum 1, wherein the non-rotating

As noted abov iction between the

es 12C, 12D and

the borehole 1 wall is greater than the friction between the blade and the free
sliding support so that the blades 12C, 12D are held by the borehole wall and
move alon‘g the free sliding rail. The free sliding blade contacts may provide
formation friction factors that are at least three times as high as the pad to rail
friction factors. Furthermore, the sliding surface of the sliding support upon
which the blades slide may be equipped with diaﬁond bearings to
signiﬁcantly increase the friction ratio. Contact portioﬁs of the sliding support
and the pads may be manufactured from tungsten carbide to enhance life.
[62] In the exemplary embodiment of Fig. 5, each of the blades
12A-12D includes a number of pyramid shaped spikes 13. This shape helps to
increase the friction between the blades 12A-12D and the borehole 1. Using
45° sloped pyramids avoids generating bending loads on the contacts. The
tops of the pyramid shaped spikes may be flattened to ensure the required
lateral load capacity and to increase wear resistance. Also, in the exemp;lary
embodiment of Fig. 5, the spikes 13 are arranged in three rows of three. The
-three rows of the exemplary embodiment are designed to provide equal
contacts in a gauge hole surface. The rows are also separated to promote self
cleaning of the spikes 13.
[63] Although the present invention has been described in

connection with the exemplary embodiments of the present invention, it will
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- stabilizer does not rotate with a drill bit. 20 12.A drilling apparatus comprising: a non-rotating
stabilizer comprising a fixed stabilizer that controls precession and an adjustable stabilizer that
controls\dire‘thEO%P ﬁﬂ?ﬁg; wherein the fixed stabilizer comprises a pIuraIitﬁ%T’H%@%’,ﬂﬁ%erein at
least one of the plurality of blades of the fixed stabilizer is biased radially outwardly by a force different
than another one of the plurality of blades; and MCSLLP wherein one of the plurality of blades is

shdably att&cgedartg %Qgt on-r% i(rslg st biIizet&;i‘r%\ an.axial di %‘Cﬁt«iiiqn of the non-rotating stabilizer.
The drilling’8paratus accordi tglt? Caif 13, 0 AR AR AHE R B & SaR8 lurality of blades is
substantlalyayngéa%%ge thereto without departing from the scope and spirit of the

invention. Therefore, it should be understood that the above embodiments are

not limitative, but illustrative in all aspects.
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14. The drilling apparatus according to claim 12, wherein the plurality of blades comprises four blades
circumferentially arranged around the non-rotating stabilizer. 10 15. The drilling apparatus
according to claim 12, wherein the plurality of blades comprises five blades circumferentiddl§ &rkinged
around the non-rotating stabilizer. 1516.The drilling apparatus according to claim 12, wherein the
plurality of blades comprises six blades circumferentially arranged around the non-rotating stabilizer.
17.A drilling apparatus comprising: 70a non-rotating stabilizer comprising a fixed stabilizer that is freely

slidable and t rln scqu(imiﬁrtgx_nd an adjustable stabilizer that controls direction of drilling:
wherein the fi a plurality of blades; wherein at least one of the plurality of
blades of the fixed stabilizer is slidable along the non-rotating stabilizer in an axial direction of the
non-rotating stabilizer unit.
1. A drilling apparatus comprising:
a non-rotating stabilizer;
5 the non-rotating stabilizer including a first blade and a second blade, the first
blade being arranged opposite the second blade;
wherein the first blade is biased radially outwardly by a force of a first value;
wherein the second blade is not biased radially outwardly by a force
corresponding to the first value;
10 wherein the second blade is slidably attached to the non-rotating stabilizer in an

axial direction of the non-rotating stabilizer, and

wherein the first blade is a non-steering blade.

2. The drilling apparatus according to claim 1, wherein the second blade is

15 substantially unbiased.

3. The drilling apparatus according to claim 1, wherein the force of the first

value biasing the first blade is provided by a spring.

20 4. The drilling apparatus according to claim 1, wherein the non-rotating
stabilizer includes a fixed stabilizer and an adjustable stabilizer and the first blade and
the second blade are part of the fixed stabilizer.

5. The drilling apparatus according to claim 4, wherein the adjustable

25  stabilizer comprises a plurality of adjustable stabilizer blades which are extendable.
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25 MOBLLP 18. The drilling apparatus according to claim 17, wherein the at least one of the
plurality oh blades is slidable at least 0.1 inches i.n the axial direction. 19. The drilling apparatus
according to claim 17, wherein the at least one of 5the plurality of blades is slidable at least 0.3 inches
in the axial direction. 20. The drilling apparatus according to claim 17, wherein at least one of the
plurality of blades is slidable at least 0.5 inches in the axial direction. 1021 The drilling apparatus
according to claim 17, wherein the non-rotating stabilizer unit further comprises an adjustable

stabilizer, the adjustable S%Ei" er,com rig,l[n Saiglcuorra 5'%/ %%%’r%ta}blghbelraqui Wr%g:c%%eP%ﬁteelnsdable
and retractable. 27.A drillin Sp aratus'to minimize pre(gessmn comprising: }?Sea non-rotating stabilizer

comprising afirsipages e Sns HAdRABAPRER can move at least 0.3 inches in the axial

direction.

5 7. The drilling apparatus according to claim 1, wherein the second blade is
slidably attached such that the second blade can move at least 0.5 inches in the axial

direction.

8. The drilling apparatus according to claim 1, wherein the first blade and

10 the second blade are identical in shape and size.

9. The drilling apparatus according to claim 1, wherein the force of the first

value biases the entire first blade.

15 10. The drilling apparatus according to claim 1, wherein each of the first

blade and the second blade comprises a plurality of pyramid shaped spikes.

11. The drilling apparatus according to claim 1, wherein the non-rotating

stabilizer does not rotate with a drill bit.

20
12. A drilling apparatus comprising:
a non-rotating stabilizer comprising a fixed stabilizer that controls precession
and an adjustable stabilizer that controls direction of drilling;
wherein the fixed stabilizer comprises a plurality of blades;
25 wherein at least one of the plurality of blades of the fixed stabilizer is biased

radially outwardly by a force different than another one of the plurality of blades; and

22



and a fourth blade arranged around the circumference of the non-rotating stabilizer unit; herein the first
and second blades are spring loaded by springs of a first spring constant; wherein the third blade
is opposite the first blade and the fourth blade is opposite 20the second blade and thg tt$rd blade and
the fourth blade are not spring loaded; and wherein the first and second blades are non-steering
blades. 23. The drilling apparatus according to claim 22, wherein the first and second blades are
loaded by springs of approximately 500 Ibs of spring force. 25 24. A drilling apparatus comprising:

MCSLLP a non-rotating stabilzer;. ., (1%, non-rotping stabiizer ineluding & st Rlads, and, g gecond
blade the first blade ‘f)velng arranged opposite the secon bla €,

stabilizer in an axial direction of the non-rotating stabilizer.

13. The drilling apparatus according to claim 12, wherein the another one of

5  the plurality of blades is substantially unbiased.

14.  The drilling apparatus according to claim 12, wherein the plurality of
blades comprises four blades circumferentially arranged around the non-rotating
stabilizer.

10

15.  The drilling apparatus according to claim 12, wherein the plurality of

blades comprises five blades circumferentially arranged around the non-rotating

stabilizer.

15 16.  The drilling apparatus according to claim 12, wherein the plurality of
blades comprises six blades circumferentially arranged around the non-rotating

stabilizer.

17. A drilling apparatus comprising:
20 a non-rotating stabilizer comprising a fixed stabilizer that is freely slidable and
that controls precession and an adjustable stabilizer that controls direction of drilling;
wherein the fixed stabilizer comprises a plurality of blades;
wherein at least one of the plurality of blades of the fixed stabilizer is slidable
along the non-rotating stabilizer in an axial direction of the non-rotating stabilizer unit.

25
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wherein the first blade is biased radially outwardly by a force of a first value; wherein the second blade
is not biased radially outwardly by a force corresponding to the first value; wherein the second
blade is slidably attached to the non-rotating stabilizer and the first blade is not slidably attached to the
non-rotating stabilizer; and wherein the first blade is a non-steering blade. 10 ZS.WégélLifﬁng apparatus
according to claim 24, wherein the second blade is slidably attached to the non-rotating stabilizer such
that the second blade moves between 0.3 inches to 0.5 inches in the axial direction. 1526.A drilling

apparatus comprising, a nop-rotating stablilizer, the nan-rotating stabilizer including.a first blade
nﬂ% Oﬂlé éﬁglggin%&r%?us ac&o%n&oto ¢ almn]g7 W %Iiealél tﬁe é{qea%t one ofb

and a second blade, the first bl arranged opposite the secon e, wherein the first

blade is directly: biasady adialiy @uinagly by e dasce. i kst 20value.eyadashhy an element dedicated
to the first blade; wherein the second blade is not biased radially outwardly by a force

corresponding to the first value; and

19. The drilling apparatus according to claim 17, wherein the at least one of

5 the plurality of blades is slidable at least 0.3 inches in the axial direction.

20.  The drilling apparatus according to claim 17, wherein at least one of the

plurality of blades is slidable at least 0.5 inches in the axial direction.

10 21. The drilling apparatus according to claim 17, wherein the non-rotating
stabilizer unit further comprises an adjustable stabilizer, the adjustable stabilizer

comprising a plurality of adjustable blades which are extendable and retractable.

22. A drilling apparatus to minimize precession comprising:
15 a non-rotating stabilizer comprising a first blade, a second blade, a third blade
and a fourth blade arranged around the circumference of the non-rotating stabilizer unit;
wherein the first and second blades are spring loaded by springs of a first spring
constant;
wherein the third blade is opposite the first blade and the fourth blade is opposite
20  the second blade and the third blade and the fourth blade are not spring loaded; and

wherein the first and second blades are non-steering blades.

23.  The drilling apparatus according to claim 22, wherein the first and
second blades are loaded by springs of approximately 500 lbs of spring force.
25

24. A drilling apparatus comprising:

24



wherein only one of the first blade and the second blade is mounted on a sliding axial support. 75
MCSLLP 27. The drilling apparatus according to claim 26, the clement is a dedicated spring
directly biasing the first blade. 28. The drilling apparatus according to claim 27, wiigselrPincreasing
load on the first blade, recompresses the element. 29. The drilling apparatus according to claim
26, wherein the stidable blade is mounted in the free sliding support that moves the slidable blade only
in a downward direction with the non-rotating stabilizer.

a non-rotating stabilizer;

the non-rotating stabilizer including a first blade and a second blade, the first
blade being arranged opposite the second blade;

wherein the first blade is biased radially outwardly by a force of a first value;

5 wherein the second blade is not biased radially outwardly by a force

corresponding to the first value;

wherein the second blade is slidably attached to the non-rotating stabilizer and
the first blade is not slidably attached to the non-rotating stabilizer; and

wherein the first blade is a non-steering blade.

10
25. The drilling apparatus according to claim 24, wherein the second blade is
slidably attached to the non-rotating stabilizer such that the second blade moves
between 0.3 inches to 0.5 inches in the axial direction.
15 26. A drilling apparatus comprising:

a non-rotating stabilizer;

the non-rotating stabilizer including a first blade and a second blade, the first
blade being arranged opposite the second blade;

wherein the first blade is directly biased radially outwardly by a force of a first

20  value exerted by an element dedicated to the first blade;

wherein the second blade is not biased radially outwardly by a force
corresponding to the first value; and

wherein only one of the first blade and the second blade is mounted on a sliding

axial support.

25
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MCSLLP

27.  The drilling apparatus according to claim 26, the element is a dedicated

spring directly biasing the first blade.

28. The drilling apparatus according to claim 27, wherein increasing load on

the first blade, recompresses the element.

29. The drilling apparatus according to claim 26, wherein the slidable blade

is mounted in the free sliding support that moves the slidable blade only in a downward

direction with the non-rotating stabilizer.

26





