METHCOD AND APPARATUS FOR CONTROLLI NG PRECESSI ON I N A
DRI LLI NG ASSEMBLY BACKGROUND OF THE | NVENTI ON Fi el d of
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the present invention relate to a structure and net hod
of controlling precession when drilling and, nore
particularly, to controlling precession through the
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Description of the Related Art

[02] In a drilling assembly for drilling for oil and the like, a “non-
rotating” part may be used which 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 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.



direction of drilling, such that the drill bit may be

moved fromvertical drilling to drilling in a
weamphewrar direction. One nethod for acconpl i BEi/m§2008/066528
directional drilling is shown by U S. Patent No.

5,931,239 ("the '239 patent "), whi ch is incorporated
herein by reference. In the '239 patent, the direction
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stabilizer ades in an adjustable stabilizer portion
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directional control, Partjcula becau t he
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rotate along with the non-rotating, stabilizer, when
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position of the adLust abl e bl ades changes t he

the patemtetheieare fonr suah stabilipes birdasl eWhen epe afitlee abilizer ng
assenbly. For exanple, to turn the drilling bit of the

bladed iis ¢xitinded asigherbpppsitablade iefetractied.dba dridking ass¢rebly bl ade is
retracted and a right blade is extended. If the

drillsrtowards th iretgpctet] atabilizardnlade {anl avaiy dtosstha ohpdsingt urn (180
degrees), the position of the blades are sw tched.

extended statllizegblade)t he originally retracted bl ade noves from
the left side to the right side and the originally

[04] ext endethwalvadtrtaiones tHemdmrbtatng 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 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 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



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

wW@e®ppIzome of turning the drilling assenbly to BPEEUS2008/066528
rightrather than the left. It is thus difficult to
control drilling to proceed in a particular direction

when the non-rotating stabilizer rotates due to
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a stabilizer. SUMWARY OF THE | NVENTI ON [07] The
bladesycagrgikesnipenhvith thegpiglion dirdiprmaracaniedlingitie et hods for
controlling precession. [08] According to an aspect of
diretion opthe delmg iisxagiar if ge noniretating gabilizey tutatislewerrar| | i ng
apparatus including: a non-rotating stabilizer; the
not ahekhr ot ati ng stabilizer including a first blade and a
second bl ade, the first blade being arranged opposite
[06]t he sechevdrdghy) et wavldbeadvantageolus taste dbleaddimisthbi ased
radially outwardly by a force of a first value; and
preceskien ef andhmtaing pad sihada stabilizat bi ased radi al |y
outwardly by a force corresponding to the first val ue.

SUMMARY OF THE INVENTION

[07] 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.



[09] The second bl ade nmay be biased radially outwardly
by a force which is lower than the first val ue.[10]
wab@sesvond bl ade may be biased radially outwardi/ys1nos/066528

substantially no force. [11] The force of the first

val ue biasing the first blade nmay be provided by a
spring. [12] The non-rotating stabilizer may include a
fixed billi zer d j ble. siahil d the
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' tabilizer. [13] The adjustable stabilizer may
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gﬁégl direction of the non-rotating stabilizer. [15]
prov L28IHE bl ade may be slidably attached such that
the second bl ade can nove at_ least 0.3 inches in the

[12] axi al  diledtopieiting siabilizgsanayeinshgde 19| fivsd stabjlizseand | dabl y
attached such that the second bl ade can nove at | east

an adjustableygahalizer and the figsk blade dnd e s¢cond bladgmanbe prtichig t o
anot her aspect of the present invention, there is

the figedstelblizera drilling apparatus conprising a
non-rotating stabilizer conprising a fixed stabilizer;

[13] wher ei Theladjuftable dtabiliatr hayzempriserp plhediy af pdjostable t y of
bl ades; wherein at |east one of the plurality of

stabiliteatiladesobhitthare extexdthbket abi | i zer i s bi ased

[14] The second blade may be slidably attached to the non-rotating

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

[15] Thé 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.



radially outwardly by a force different than another
one of the plurality of blades. [18] Another one of

wao b@opdieral ity of bl ades may be biased radi al | BCT/US2008/066528
outwardly by substantially no force.[19] The plurality
of bl ades may conprise four blades circunferentially
arranged around the non-rotating stabilizer. [20] The
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drilli, apparatus conprising: a non-rotating
circwn ’E?P"“gg’é’ln%)%ﬁﬁlﬁf‘i"’é‘ﬁﬁl& noneiptatipe $abilzeri zer: wherein the
fixed stabilizer conprises a plurality of bl ades;
[21lwher ei nThet Plugadity o€ dadehe mayur s9mprseof sip| dladssof t he
. fixed stabilizer is slidable along the non-rotating
circusmfagntiallyerrangedaround the nogirptating gabibtert he non-rotating
stabilizer. [23] At |least one of the plurality of
[22] bl ades Aeprdieg &l andhisr espret dfcths tpréerdt innaiies, theretibe
axial direction. [24] At |east one of the plurality of
provisled dakillingyapparasiks icomptiengta dopastatifig Stabitiedresmiprisihfe
axial direction. [25] At |east one of the plurality of
a fixbd atdeitizarpwhdreinghd finddl Kabilizel e@asprises 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—fotating
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



0.5 inches in the axial direction. [26] The

non-rotating stabilizer further may conprise an
wa@eojoasesand e stabilizer, the adjustabl e stabiliP€&F/US2008/066528

conprising a plurality of adjustable blades which are

extendabl e and retractable. [27] According to another

aspect of the present invention, there is provided a
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t.hird bl ade and a fourth bl ade arranged around the
the %TCPE’S‘?‘WI@F é’ﬁ & rn-rofaiing, siabiligers whereinths dirstiand secoder ei n
the first apd second bl ades are spring | oaded by
bladesare sprinedpadgd foy springsni jarfiysicspring senstantipad vhevews thet he
. third blade is opposite the first blade and the fourth
third,plades is; aprepitro dhet first hlades epd e fiusth bladedistdppositei thed bl ade
and the fourth blade are not spring | oaded. BRI EF
secopi-Hagy P tonth@d bipde aDRhNNGES HlaR]arcTing spriipleadedpect s and
features of the present invention will be nore
apparent by describing certain enbodi nents of the
pr es entBRILFDESCRIRTHON OFf EHERRA i acconpanyi ng
drawi ngs, in ich: [29] FIG 1 illustrates an
[28] exenpl aFhe abaioalipeenendofeatared rof kel prepentsisemiiby will 8] FI G
2 illustrates precession nechanics in a "snooth node";
morq 8dfardat By dsdribings teraire smpodimests i afrthérpeaniiagention a
"vibrating node'" [32] FIG 4 is an explanatory
with iréferesdertatheccahpanying viviggspireekisizi on i nduced by
| ateral vibration and torque; and

[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.



[33] FIG 5 illustrates an exenplary enbodi nent of the
bl ades of a fixed stabilizer. DETAILED DESCRI PTI ON OF
wa HBBBMPLARY EMBCODI MENTS [ 34] Exenpl ary enboRPCTE81088/066528
of the invention will now be described bel ow with
reference to the attached drawi ngs. The descri bed
exenpl ary enbodi nents are intended to assist the
rstapnding. of . the inventi and are nat int ended
in BRI ot My s s Ptiis S dfof e
foll ow ng _description, the same drawi ng reference
the Sﬁ’ﬁ?ﬁﬁgﬁﬁegtgg}’%u%%tg for the sane el ementg t hr oughout .
[35] Fig. shows an senbly for directj 1y
[351cont rol léullﬂwwﬂarl ﬁ@sex;\?& fre &iﬁ?cttpﬁ@l?Yd?anrpﬁ#ggrﬂﬁgg em 40
i ncludes a comuni cations [ink 30, a nonrotating
systen 49); The drilling)systean 40 inchiudes peqpmupgcatiope link 39, @dophe
communi cations |ink 30 and the non-rotating
rotatingzatabilizee 1) anfhae flex jpini20cehicloiedns| the Rommunigatiess Hnk
antenna portion 32 and a spiral stabilizer 31. It is
30 apdrthe cwedotatingostebiinat. oThe hemmunicatiaps ink2@cludérean
drilling system 40 also includes a drill bit 5 at an
anterenacpottivar3@aind aFpaldtabilizeh3 It IHisi connaxterttalphy extt ofither t 0
dig a bore hole in the ground. This can be done
flex §dino2Qh Tae rddillong, systein $halse.indlBdes altéll bitns aph@kndg
stabilizer 10 is attached to the opposite end of the
thereoF.€ Thi dtintbit2 isardchtdbhe HiiekpSto alig b)boek Bdla thezg@bund. an
adj ustabl e stabilizer 9 and an antenna portion 3 there

This R bE&he tHrbEhNOMotoRndt dhaemst abi | i zer 10 does not
rotate with the drill bit 5. However, the non-rotating

[36] St abi | iBRMmoAQotBYg &tfMifde? 10 fis 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.

137] 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.



acted upon by other forces. [37] The adjustable

stabilizer 9 may be of the type described in U S
woaa000059N0. 5, 931, 239. In this exenpl ary enbodPeEns20081666528

adj ust abl e stabil'izer includes four adjustable bl ades

11 A-1 I D. Each of the blades may extend or retract to

control the direction of drilling. As described above

and in the '239 patent, en one of the bl ades _1IA-1
B8ID o ohtdiaanabnutier {0 6o SRS i Eataii 7 om t ne

xt ended bl ade. Conversely. the drill bit 5 is_urged
The ?‘6%2%‘%‘1%“ et requpestedyip Abroadingtably afebilirsy 9 tuquehdhen and

retracti on_of the various adjustable blades 1IA-I ID
antengial ROFHONF br In the eaemplerymbpdimeninshovn i Be. bitbefizead [ 38]

The non-rotating stabilizer 10 al so includes a fixed
stabijeesbf kricludes four s l24dd@Ds tFabit bladesr alipwssfor emesen ed t o

the adjustable stabilizer 9 through the antenna
numbpgyrand arsyBimétrica] lagamgeswpl. aHywevenotie membersdfoblmdes ris Fi g.

1, the fixed stabilizer 7 includes four blades
not HiA#edl ADfourouFevidrastemorl thamSodroblades eondh bausbkkrfoand a

symetrical arrangenent. However, the nunber of bl ades
examipl& twe)ithrke, five @flsik @r ot bladeevaild B¢ usedr e t han f our

bl ades coul d be used, for exanple, two, three, five or

[39]Si X Or THr RivbhiBdesf @RUpEsdne appRchtioh 3fdcovdred ithaent or s

of the present application discovered that a drilling
drillias $8dhIbYy Withha F0R28kati) shbiNgerSéRpidd HEtwORSIHREes i n
two nodes, a "snooth npbde" and ‘a "vibrating node".

“smootPRbi-MRd ¢ <bRGes floger. [ 40] In the "snooth node”, the
precession rate follows the

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



mechani cs of an axial sliding frictional contact that
is subjected to a clockwi se torsional input. This is
W@ bawoioms Fig. 2. In an experinment, a first exeempUs200$/066528
a drilling systemeach of the blades of the fixed
stabilizer were biased radially outwardly wth simlar
spring loads. As the bit drills dowward in Fig. 2,
con{abtefofr&! Sild l(?sna)gﬁt H@ﬁort lf%&?oq akﬁlg G{Hee 3 pei{ég c%&wis .
ormati on generated-an axi al  sl1ding PIorce heef_l xed
S ili,zer, al so.receives a torsional force generated
torqb‘%/’%ﬁ%"’?’%%?f% hﬁeét ween the rotating drilling shaft
and the. non-rotating stabilizer unit. This is depicted
prés| 2nd60at ePall tofsional friction force in Figp2. The
dot pedD | | De4& heksS OHNECHS T HESE T WG VESt 67's " dés&ri bes
the precessional path of a fixed stabilizer contact.
In this node, the precession rate can be cal cul ated
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i the applied clockwi se torque. For a 4
b4 g‘%‘g{ﬁrg{“a ST 2Er PRS2 Pracession Rat e tor - S%Bot h
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onal .t ue between rotati shaft and

=zEricti. or !
/=R ing iR o Tty gen stabilzer conta33d FormagPR. o mg---i ct i on
f I : [:hizer contact and formation * / =
f—. %gtf(?gga@%bt%%fd?%lgﬁsgzﬂdél [1ing fluid FS =Spring force on
FS aSpiixgefbretonti fixed etabiliaericaatact. bs..[.41].. W.th..t.hi.s...mde,
t he desiqgper.can,sel ect. the confact force that
[4or ovi degq'g‘c%g‘p‘f‘%‘iﬂ’ zhepﬁ?eé’c,gggrs‘fa&rfet“&tt é‘% CPRAct; ftﬁéceékﬂect ed
frictional torque and sliding friction factor. For 500
Pro‘ﬁ"ﬁfssaﬁf?a‘@ée, prgcessign{rgiey oo the F@pqted frigtional Jiqeaue apd

sliding friction factor. For 500 1b 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



inlb torsional frictionin a 85 in. hole, the snooth
precession rate would be 6.5 degrees per ft of hole.
wO/Rpaeiong Mode Precession [42] In the "vibratPemyUsmdeicss2s
t he observed precession rates were many tinmes greater
than were cal cul ated or observed in the snooth node.
In this test, the inventors collected enough
' t 0nen em o, cal e the
occa4§§n§g S%gfegglsg@é%nasf ggt %?A Z)Sé’ gw @ﬁ% ctthlg% na%gl#’ 3% etﬁt ﬂ'ei f they
. assuned.ghat %he é??@%h node nmechani cs al so applied to
micrgSEOPIS, Vasatps g thed 8tk SWARFS e in the snooth node t he
calcul ated friction factors were pically in the 0.25
31 (o 0 5 Ry WiHF o thesvibRiae ey e Peledered Biffianpect eq
val ue of about 0.35 for drill string frictionin a
factorsav e Bl elosei@ ZsHyi T ralqelated Hictionfasplopiszeap dees
observedoccasj onal values as high as 0.6 and 0. 8,
not mgkiecigngehiaythg tdrilling enviropmenie Hicdy o evypranmeat wabldons in
the rock surface. [43] However, while in the vibrating
clearkyppteducher Gistiom |fasterdsigmifieantly reréagart thars zever eThpsi the cl ose
to zero. This calculated friction factor of zero does
inventas comnmkuled 81as eomaothbremddd 0ff operptionmuso hasendontr@lesh an
envi ronnment woul d clearly produce a friction factor
the meaqgsridn oeobdnycsgdwatgethis e, zeTle iMku®rs ot ilikebBnt or s
concl uded that some other node of operation nust have
explaaativnr fot ltiedpdrives Pf @RaSSivO Pred®sidaris ¢kat dh¢ bogor hioke t i Me.
The inventors nost |ikely explanation for the periods
assenfly @XGHEGd Be@n BEVREDS ibAifing GurinpAtheseperibdl t om hol e
assenbly nmust have been severely vibrating during

[44) t hese Bkl @ffhe 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 lateral stabilizer contact

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

10



[44] Many of the service conpanies that supply

Measurenment Wiile Drilling (MAD) tools report that
wa@lomnkaedoes accel erati on neasurenents frequent| yPERUS®AS/066528

20 g (g-force), or nore. Drilling assenblies

experience axial, lateral, and torsion vibrations,

sonetines all at the sane tine. Nonrotati ng units

trave?&péﬁddthg %suf?ﬁg %@chscsfoﬂqagy "lth%r g!:rg%%d Xia Cgﬁ glzﬁrp y

wever, axl a ateral

the Sé{agﬁle'? SRR, %Ele?%ﬂ%tvﬂbz?%‘% L

ateral vi brati ons th t occur a& one of the
pRAL ééﬁ@ﬁﬂrk%@u%hw@s@é@oﬂ dr2#Ti ng assenbl y. ?5
The inventorpieiel i eve that) |ameqd £ afg)f &t 6 "af f&ce 4“t he

precessi on nmechanics by greatly increasing the

di stance that the lateral stabilizer contact nust
PRAmRrecessipyRatg feriviel Vibmtions inthenVibrating Mral. . grdegift grilled

ol ctraveled and the resultin
ke M 3%025‘2%8%4352?*?5 %‘“e T eased axial ot i on Al ?%V/@"t he
AMIémmltmdﬁamabnh:aaomn equat.i.an.f.ar..a.4..hl.aded... .inch
ROPﬂ@ llzetr as follows: PRA =Precession Rate for Axi al

F‘Q{ngﬁg I°Hthe Virbrat i ng - Mode degfft-dri i+ ed-

inch
litude of axial vibrations inch ROP =Drilling rate

=lirjcfigpal gorquerpetyeendptaiipg shaftand pepsrptatingsiabiligeronal.--+-wih§ue
f= gﬁilﬁg?ﬁiéuérpfa@&)k Bawedirddbilfecdiedi L Bhhatdnst abi | i zer «

i nl bs = Sliding friction factor between stabiliZer
f= cﬁrfpawatelabase fAglting fluidn  *
FS§ =Spring force on a fixed stabilizer contact................cocovviiuvinirnennenn.. 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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[ = .35 for water base drilling fluid FS = Spring
force on a fixed stabilizer contact |Ibs [46] If the
W o@b/0e3cri bed in the snmooth exanpl e had an aRCEHIS2008/066528
vibration anplitude of 0.2 inch while drilling at 30
ft/hr with a rotary speed of 80 revs/mn the
precession rate would i ncrease to 110 degrees per ft
teral vibra

very iw 8@9%@ o, 2 sflnalignd @ ?Fﬁ%ﬂgﬁgaeggyv SpRgHof o

eamnlrrumdlarretertht srrallerthanthe
buﬂdo‘i)qca‘&ﬁ 21165 maGhed FrIoRe fEaBsncy hd e ﬁgst topl gvould maye pi ¢
dianeter. In the inventors first experinental dr| ['1ing

1/8 in.deferally ay it ahiewately dilly comniesned baspries an ppawite fidender
e mninumand a 1/8 in. over gauge maxi num Wth
of the @ﬂﬂgl Thpeqntigeovs rietinphl torqud ¢hat &ﬁeanpquam the soot caseed a
design that allowed the tool to be deflected laterally
the laterahmytenyof thevidob adtatd it rathe that lanly a sipedydomentatioad a
resonant frequency in the bottom hole assenbly the
Fig. 4 dlustra¢s hombthafrictinsal carghaicrEaey thiswotbtiorer y | ow
oscillating | oads. The oscillations and deflection
[48] ener gy Rigulad4Ib elidwstioin stabileeabladest1say1 SRincHigdelle
" resonant frequency. The first tool would nove 1/8 in.

1. ThedigYikdel Ylaass thit add At algke@l With it laferSIQU¥PIIBSSER dvdulte
springs on opposite sides of the tool. The conti nuous

have fi¢ nobVé BNePpodiRIdieSidn af thé %ooma@h tiRGake okiBfaticiR| OgAUSes
the lateral notion of the tool to rotate it rather

bladet %Gldhﬁb% otk "R Yan@"th& Y 'vﬂﬂﬁd Rt 1ot nddvt UhAef €S _how

e frictional torque creates this rotation. [48] Fig.

cloc %ed' %e%gig%f {Pﬁlﬂocﬁ&/%p F]J.ldtl%ﬁgl t{?ljggegiis Aék dnfer tdhubh

orehol e e stabilizer that are not aligned

a bla&\é Elgcm% t!hgﬁ %lﬁlter %?o%k“s@.t "[ﬂﬂscamy lt}g 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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have to nove in opposite directions if the tool kept
the sane orientation. One bl ade woul d nove cl ockw se
wa@eaonie7eot her woul d have to nove counter cl oCREU/BE82008/066528

Because of the clockw se frictional torque it is nuch

easier to turn a blade cl ockw se than counter

cl ockwi se. This causes the counter clockw se blade to

stay fixed in the hol e gnd beco a pivot point that
35002 +CRM B AP (0D er_emu the ool to_rotate,;
ockwi se a88ut the pixalepoifniS) Wth reference tc

| ocation of the blades in the figures, Fig. 4A shows

t he upper, bl ade 15A hei ng conpress nd the | Quer
PrL i SRR Rale 5 forn Wilieliths i Ve Modine 1 oo e
CPMOERGRatbhreatéikyas..a. .pLVOL . poi.nt. s0..t.hat. t hechdeShin

bl ade 15A slides to the right, the right side bl ade
AMP s Amplifude of BisRH Visdiane - bot + om bl -ade-- 15C- st i des ik t he
ROP' EhliHinfsatshown in Figs. C3 and C3, when the uppeg,.

bl a

................................................................

l'ade 1I5A i's ful'ly extended, the right si'de blade 15B
D =Rigmstenef bolpi.vot.. poi-nt...and..t-he..r.enai-ni.ng- bl.ades . 1Hsh

e c| 06k ' .5l de to.sjde

e R R S
S = Shiling fricttioncfagesbdtWweenptabizssiontact aiddomsationdi. cat.ed.. hy* t he
fol | ow n?oéPRL: 360 *(12 + CPM2 AMP 60/R O )) , ( " r

f = B5ppwatesasedrillingflyidi e for Lateral Vibrations in
_Mi [ Lit dril)ed CPM =Vibration frequenc
ES —gygfxégo[%%ﬁlkg%%d%%gﬁ%ﬁ (ionglg! .................................... qgs y

u of ‘rateéeral”vibratrions 1t nch
[49] ROP =Difi thé isamge fraqwenéyt Ishuxp&iencdd Baretein e akial egsej nch

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
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T = Frictional torque between rotating shaft and
non-rotating stabilizer inlbs / = Sliding friction

w0 amvoesInet ween stabilizer contact and fornat i POI/US20087066528
.35 for water base drilling fluid FS =Spring force on
a fixed stabilizer contact Ibs [49] If the sane
frequency is experienced here as in the axial case,

. then 1/8 in. lateral.vibrations would te.a

wit (Dbl whB a5k Yping i by = amiteotpe S 800 Bor 161 e of
the above, the present inventqrs di scovered that

orde{/F% %@@ﬁé‘amzvﬁ@ g 05¢Fd t @iqfﬁ, thg spring ’Plﬁ%n%B‘egﬁ% down
direction of the borehole) and vibrations in the

blade wourlddiaveyto eceompmesseda USensgallynin arderyp (cpmpresy hedefie from
side to side in the borehole) cause rotation of the

springt i foir¢e ofegreatgxctbary 80thips ywouldhbe pessssernt  Haweveroinghe
recogni zed that if axial and | ateral vibrations could

- situabien desdubesldgbovéyehe sprmgdfiaspigetbe sightoblader prowidesoa Yorcoul d be
reduced and the directional drilling could be better

tendingind cavhpresd.thd &ptihg binsinp eheclefi bladae hdeedy Boee theesprhg of t he
bl ades of the fixed stabilizer is biased by a

forces bixsing Radhadflthe aiea hreSihilarga naclcenalMdhfyiceaharh5@ 1bk he
bl ades are biased by a simlar force, it is not

is neCdsbdry €dibdmpressitiepeing BRYQEE leBfblddse Ifde¥® Gendralbt hi zer
in the bore hole. For exanple, consider a fixed

550 péudli Ibad RbMItHR EQUifed b RERPradd & 306 ¥ Bprigatiecd6f he
iased by a spring force of 500 | bs. In order for the

inch fahX Q60 habs!th 388x §101/P¢ of BN €5bht OHEWS el Blflen bR 2071 N
biasing the left bl ade woul d have to be conpressed.

oppo@ﬁ@ SRk Yach bhs@ ﬁ’}egOd b pRHES, @t%sfowgqre(lpﬁlfeh to oscillate
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 ilateral vibration, the
drilling system according to an exemplary embodiment of the present

invention includes a fixed stabilizer which avoids symmetrical radial biasing
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spring a force of greater than 500 | bs would be
necessary. However, in the situation described above,

w0 b@osarorcig bi asi ng the right bl ade provi des aP¢DUS®08/066528
tending to conpress the spring biasing the | eft blade.
I ndeed, since the spring forces biasing each of the
bl ades are simlar, a nuch smaller force than 500 I bs

of o DeBESRE MTREP: PRGe1AE 58 ™ B3 AlobRfy e
i f‘iﬁtrﬁ%oé%ogﬁﬁ%nﬁiﬁv RO R

. 1 ek when there are opposing bl ades each bi ased by
S““‘%U@“P%‘gﬁ?lngs the force reqU|red to oscillate the

tool by a 1/32 of an_inch in any direction is only 45
[53] pounds AfhereBmiay Q’C‘?b%{]ﬁ&‘s(’f the blades 124128 ofgy Bxedhe

bl ade 1/16 of an inch. Regardl ess of the number of
stabilizer agegrd lmﬁmmmvp@lqm 1& in&imidade thetsyempleryni | ar

spring force small forces can cause conpression of the
emb%ipmmghe ondlado@Aeand thef right bladé 42B ere daph biased, inthg s can

cause precession. This provides an ideal condition for
radiabdirdctipm iy dspértize biaging spsmg &4, MBbrHowewes, thebadse t hey

can begin wth extrenely | ow energy defl ections that
oppositerth® toipl tihdedCAUmE the rigle diudan2B.ardAaatdiiaded by ypridgat er al

vi brations of the stabilizer contacts are maxi m zed

Partidullarlyyiglbottbvd Hisle 1C sppositg tHeaap dthds t12ai isi g radidiBdes.
[52] In order to limt precession caused by |atera

biaselt b aapii), Liké\@isé] fihd left BLhdS Y S £6PpasicOthé kBt BlaleanB
exenpl ary enbodi ment of the present invention includes

is notxadihiXEslaset 3 hg &€ Which avoids symetrical radial
bi asi ngof t | ades of the fixed stabilizer.
[54] Parti cuigf imegsaﬁxQQﬂ)dWofttﬁe bRBeLARNBSIARY only move
laterally, in one direction. If the lateral load is directed at the fixed blades 12C,
12D which are not spring loaded, no motion is possible, regardless 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 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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enbodi nment, opposite blades in the fixed stabilizer 7
are not biased by a simlar spring force. [53] An

wez@apbzare enbodi ment of the bl ades 12A- 12D of p@r/i520081066528

stabilizer according the present invention is shown in
Fig. 5. In the exenplary enbodi nent, the top bl ade 12A
and the right blade 12B are each biased in the radi al

90 USRI DU CRR EGd Uil ATV RO FRRING WBurabdBy

However, the ades opposite the tob
the APl Rirer Bl P S ot SIS e 1 op
15517} kew sE0° PR eroRBh R e adb o BB Bhay mpre ot ade
than 55 S AR PO 0 ol 28 EOF PG ke 85 o

v erally, in one direction. If the lateral | oad
be t@e gl(){) zfitséﬂn%f*t bipsing £acheblads adbis would creats ariSeH thre not

. .Spring |oaded, no notion is possible, regardl ess of

minigyn deshold foy e dpterghiorcs thatdg squiredio injtipteyibragprs| v
fixed in the |lateral/radial direction. Wen the notion

The jvalugy anscthe gumboaeiospringreissyt ipaichledyl dithitodl.adiveyer, 128,
it wll require a lateral force of nore than 500

provistinghuoret mmgpaousaoTyrigid sprongs pravide & higheikearf&0topataradis t o
nove 1/1 6th of an inch. By making the threshold for

moverhenti A tiasarlg spoing tovcehorgdisiegio biglde of dtdeade258l lbpneynbe of
resonant vibrations is prevented. Thus, in the

usedax ervpte arhyghebuindatitoriandral ohoviehe ntand aicidsirignfres tof arleadt t hout
an equal opposing spring force, 550 pounds is required

500 Ibe n1ap e usedko Biidre that a sufficiently high barrier is created.

[56] Although this exemplary embodiment includes four blades, the

number of blades of the fixed stabilizer is not particularly limited and there

may be more or less than four blades. For example, there may be six blades in

which three adjacent blades being biased by a spring force and the opposing

three blades not being biased by a spring force. Alternatively, there may be

five blades with two or three adjacent blades being biased by a spring force

and the remaining two or three blades being biased by no spring force or a

substantially lower spring force.

[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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of an inch. In the exanpl e described above wth
opposi ng spring forces, only90 pounds load is required

wo or09mosyowenment of 1/ 16th of an inch. Accordi neCHUS100£066528
exenpl ary enbodi nent suppresses |ateral notion and
vi bration. [55] The present exenplary enbodi nent can
accommodat e nore than one spring biasing each bi ased

| , 12B, F le, th he t 500 1b
biadgh, FER L gl ol oBHRE e +1E SgfodlBe iP5 500
| b_minj threshold far the lateral f that i
enougl o Y L THET APEml | B SEPBPIG, D BaydF BESeLat ho

. hupber_ of springs i s not particularly |imted.

Spnwaofgx%s dhat i,3tdgash i('?%, I dpwerr gk s ering foregyplithe Wadsg s

provi de a higher barrier to |lateral novenent. A
12A 028 Inprdsp tq Riperths basrignfo daterahpgpeenyng dbeyonayelsg bast 250
. Ibs may be used to create a high barrier to latera
biaseddyervipring Snier thats asleasy 25@ ths dower on 00 bgdewadlmnithe may

be used to ensure that a sufficiently high barrier is
springbésging dladp6JA, ALBhough t hi s exenpl ary enbodi ment

i ncludes four blades, the nunber of blades of the
[58]fi xed skhebfixedzeabilizr Yoof per ¢xemplaay lexnbbdimeneds alsd t here

may be nore or |ess than four bl ades. For exanple,
designbé te comyol [peecessiondtal&E by raxiahivithations.e eTRdpracesidén bl ades

bei ng biased by a spring force and the opposing three

causddl BdRGal Ribratlomk DOhO rGRAf ¢ sipnSWant @ 4rdrdo®m motion.
Alternatively, there may be five blades with two or

In or8é11t€ BddREks AfeitéceNi @B sdatdynBis lﬂkﬁﬁ&?ecﬁyn,ahesmeingﬂi& orce

and the remaining two or three blades being biased by
embd¥PmSR nhdidtsTtRb € tHRbiAles YRS PP drifrdeVsliafipeliat RigpBds f or ce.

[57] Furthernore, the exenplary enbodinment includes
14. DuitMAg RloRRE Sownward 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
friction 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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12A, 12B which are biased by a spring force and two
bl ades 12C, 12D which are not biased by a spring
WO 20000059The bl ades 12C, 12D may al so be bi asedP¢TU$1068/066528
radial direction by a spring force which is
significantly | ower than thebl ades 12A, 12B,
particularly a spring force which substantlally
10k Sht nenaHan 93 Ridte L hd sfhihe Mk Y SHERery"O"

i ased spr orce
0 ha the force of the
dOWBngégoYf' gfiﬁao ¥§}&%? F%nggY lﬁg barrier to
| at er al ane e o be bj ased a sprin
1590 or et AREN Ghek bando e s (PelaoLBges doBPRE eOP] oy
?ﬁgﬂh gfrlng b|a3|ng bl ades 12A, 12B. [58] The
end pof § sliiing support 14A taniack bl addesy 126 ﬁ%ﬁ‘%o"es al so

designed to control precession caused by axia
theny, Prbfbétdoa\ﬁlsvardrﬁl@cs%d@%ﬁhe et of st ngryrosating| stapilizent i ons
- is the result of the significant up and down noti on.
This| gllowis de battomm ek efsthe dnidingrassamehdy ¢mbeunge e apg downs
axial direction, the exenplary enbodi mrent nounts two
whilefthe Hdade$ d2€s IZDCqmljtzmmndcbmaréJ i Thisglinaits #lle ®tgdport s
14. During normal downward drilling, the free sliding
distdnt@asiesedibyl the ifiecl eliding bladest 1GF, ¢200 td tha dofvnivae ddvare
sliding support, as shown in Fig. 5. This is due to
of tHehdrilf bit abd himitacHe prgcedsion Fde bf dR hirtiatigg bdsadbly 1d2C,
12D as they nove downwardly. The friction will oppose
that predicttdWoyeHeCniooth Mlddéndhk eedTfitibit Iff feieticd beveeh tleades
at the top end of their sliding position. On the other

blad&2M2C, 14D tah@ thOfirek Qlidink NGippdra il ik ZBiichbRWeN ShaAOhBCI NY
up and down, the blades will remain in stationary

coefﬁ&@ﬁta&‘t fri\é’u&h bEthed %eeblldé’wwvﬁb LAE tHeOR1e ROUMERS

upward. That is, because of
assures free shdmg of the blades 12C, 12D rather than movement between the

is

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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the frictional contact between the blades 12C, 12D and
the hole 1, the blades tend to remain in the sane
WEk@emos9Thus, when the bottom end of the dril|PEIEyUS2008/066528
assenbly bounces upwardly, the non-rotating stabilizer
is able to nove upwardly relative to the sliding
bl ades 12C, 12D as the sliding blades 12C, 12D renai n
tian. ol i di :
east B S ETHE (R LR 0 oo Nk AR BLRRSE S5 sBfey o,
I|d|ng support 14B. [59] On the other hand, when the
0ol bounces downwar d, the top end of the free sliding

support ,h 14 ont ac the ades 1 t hem
6115 1" e ASHASE A S PEHTGR SerTsem (oS35 T2 and
non- r ot atj ng stablllzer ThIS all ows the bottaom end of
the WQ‘ ﬁﬁlt 11 Peil i ersatercipt hey acmh%‘@eeaﬁ ShadgeRthtsiicEe t he
| ades 12C, 12D onl ownward, This limts the
Shdltl&ﬁ%npoa isa theh the M@ﬁ%yl%@e feldbyshe borgholpMallead1oc,
12D to the downward advance of the drill bit and
mov jalping dhet fiee hidingaaili Ghe frag eliding blade ¢nptactsgnan prayide
assenbly to that predicted for the snooth node. The
formgtierf frictipe factcns that are gl lozst Hatavdmes asHughhisaie pad ®Epil 12D
and the free sliding support 14 is mich | ower than the
frictivodhdtorsi &Fnttharfofe; ithet slidingbsatfaceeof thé slidhadgypottAGon12D
and the hole 1. This assures free stiding of the
whidhl altke H1dREC, slitie Dmagt ber equipped nwitk ndainohdt beadngs he
bl ades 12C, 12D and the hole 1. [60] If the free
signi$ichrliyrificrt 88 gHehfricticieatds. Chaa@ppitiohs!8etheklidihesippobal
vi brations of the bottomend of the drilling assenbly,

and thB QA thy K ThahuBRWINES 6 MBieken cabidt ieedhbfe 18k di ng of
the bl ades 12C, 12D. The exenpl ary

[62] In the exemplary embodiment of Fig. 5, each of the blades

len

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 exem;;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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enbodi nent shows a free sliding |length of the bl ades

12C, 12D of 0.5 in. Axial vibrations are estinmated to
wheoovnodhe range of 0.1 to 0.3 in. Accordi ngl yPCHUS208£066528

sliding length is of at least 0.1 in limts the bl ades

to downward notion in at |east sone instances. A free

sliding length of at least 0.3 in should provide

| .

be <R BosEfod FEL P i Opips SARGRGLORRnd MRS o1

c 10l ' ficient f Liyding l.ength.
may 7 PAGE derfb MRS el BofThne feSfe B kPt B ades
. 12C 12D .and. t.he, bor ehol | is greater than the
imvefon, TR AR R Psthed tiBine Sy bB Ry aneie

support that the blades 12C, 12D are held by the
not Iy "l“’S’Ibé‘%a}é'Ptlrat’é(ﬁé“ ﬁb'ﬂlﬁ@eﬁ’f'ong the free sliding rail.
The free sliding blade contacts may provide fornation
friction factors that are at least three tinmes as high
as the pad to rail friction factors. Furthernore, the
sliding surface of the sliding support upon which the
bl ades slide nmay be equi pped with dianond bearings to
significantly increase the friction ratio. Contact
portions of the sliding support and the pads may be
manuf actured fromtungsten carbide to enhance I|ife.
[62] In the exenplary enbodi nrent of Fig. 5, each of
the bl ades 12A-12D includes a nunber of pyram d shaped
spi kes 13. This shape hel ps to increase the friction
bet ween the bl ades 12A-12D and the borehole 1. Using
45 sl oped pyram ds avoi ds generating bendi ng | oads on

the contacts. The tops of the pyram d shaped spi kes
may be flattened to ensure the required

—
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| ateral |oad capacity and to increase wear resistance.
Al'so, in the exenplary enbodi nent of Fig. 5, the
W@ piokees918 are arranged in three rows of threePCIg2008/066528
three rows of the exenplary enbodi nent are designed to
provi de equal contacts in a gauge hole surface. The
rows are al so separated to pronote self cleaning of
the spikes 13. [63] Although the present invention has
been described in connection wth the exenplary
wﬁgmcti;mEqus the present invention, it wllbe

appar en ose skilled in the art that various

nnglflqghhgﬂ%nﬁﬁﬁmﬁyco @glggy be made thereto w thout

departing spirit of the invention.

Th houl d be understood that the above
n%ﬁﬁﬁgﬁﬂ¥§8&blmﬂbt limtative, but illustrative in

o PG B Pn apraToding s e s oo Wi . ¢ e

n-rotatin bilizer including a first blade and a
the ggé&ﬂagspéa m“?a8p$FF%?WEW§8§gB€%ng arranged opposite
t he second_bl ade;, wherein the first blade is biased
r afherpinyhedfist bladei iy bigsedgadighcautwardly tyig forcepp disst and

wherein the second blade is not biased radially
Vﬂ“%@@%ardly by a force corresponding to the first val ue.

2. The drilling apparatus according to claim1,

whwhesgin thersecand ihcd Bers¢dsrafia iy edwaeddli by 4 §0rctut war dl y

by a force which is |lower than the first val ue.
corresponding to the first value.

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

blade is biased radially outwardly by a force which is lower than the first value.

3. The drilling apparatus according to claim 1, wherein the second

blade is biased radially outwardly by substantially no force.

4. The drilling apparatus according to claim 1, wherein the force

of the first value biasing the first blade is provided by a spring.
5. 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.
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3. The drilling apparatus according to claima1,

wherein the second blade is biased radially outwardly
whyoosbwrantial |y no force. 4. The drilling apper/a82988/066528

according to claim1, wherein the force of the first

val ue biasing the first blade is provided by a spring.

5. The drilling apparatus according to claim1,

wher ei nTEJkﬁilli‘ngp%ﬁi&s RecordiAPld diZRls, Wheletags a fixed
n

stabilizer a an adjustable stabilizer and the first

adjubthiig @ta@iﬂgertcgﬁpﬁrﬁg Q gir:{xlrﬂt? gga sEabRAdbiler Elggeéfwmf&g

stabili1zer. 6. pparatus according to

' , Wherein the adjustable stabilizer conprises a
aree%‘?ﬁ?%‘i‘?ty of adjustable stabilizer blades which are

extendable. 7. The drilling apparatus according to
claim1, wherein the second blade slidably attached to

the nonzro ing stabilizer in.,an axial.direction of
thé: nonTitiing bparas ArosERe ol Wi bR EFeDar at us
acge ing.tQ claim7, whereinh the second hlade is
bladg Fli“g‘gg'l ag‘?gfdxeg icthe AoRTRIMNg SipblizREn 2p piabdipceoldls nove
at least 0.3 inches in the axial direction. 9. The
non-gotating;stliligppar at us according to claim 7, wherein the
second bl ade is slidably attached such that the second
bl ade can nove at least 0.5 inches in the axial
direction. 10. A drilling apparatus conprising: a
nof- r ot Bhei duidling apbaraius eecosdingioi ddimg/, avheteyettie sacaid | i zer ;

blade is slidably attached such that the second blade can move at least 0.3

inches in the axial direction.

9. The drilling apparatus according to claim 7, wherein the second
blade is slidably attached such that the second blade can move at least 0.5

inches in the axial direction.

10. 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.
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wherein the fixed stabilizer conprises a plurality of
bl ades; wherein at | east one of the plurality of
whb@deesood the fixed stabilizer is biased radi BCT/¥S2008/066528
outwardly by a force different than another one of the
plurality of blades.11. The drilling apparatus
according to claim 10, wherein the another one of the
plurality of blades is biased radially outwardly by
substantially no force. 12. The drilling apparatus
according to claim10, wherein the plurality of blades
cobpr i S drilling appasgasacepidingite glamd Pavhereintheanged
around the nqn-rotatin%_stabLIizer. 13. The drilling
anothgp pag efithesplavabibrafiblages is biesed nadially oyiwerdy by t he plurality
of bl ades conprises five blades circunferentially
substantfadlygedora¢.ound t he non-rotating stabilizer. 14. The
drilling apparatus according to claim 10, wherein the
plurality of blades conprises six bl ades
circunferentially arranged around the non-rotating
st i | iThedrillibg .apparsios ddcordgngap phimtl 0swieeeipthiesi ng: a
non-rotating stabilizer conprising a fixed stabilizer;
pluralifiedfeldded Engrissdustlades kiragifeafiflly SRagal fbundal i ty of
bl ades; wherein at |east one of the plurality of

the nBh-88meQtabliider. f i xed stabilizer is slidable along the
non-rotating stabilizer in an axial direction of the

nonr ot at i ng
13.  The drilling apparatus according to claim 10, wherein the
plurality of blades comprises five blades circurriferentially arranged around the

non-rotating stabilizer.

14.  The drilling apparatus according to claim 10, wherein the
plurality of blades comprises six blades circumferentially arranged around the

non-rotating stabilizer.

15. 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-

rotating stabilizer.
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stabilizer.16. The drilling apparatus according to
claim 15, wherein the at | east one of the plurality of
whb@deesore slidable at |east 0.1 inches in theP@wrUS1008/066528

direction. 17. The drilling apparatus according to
claim15, wherein the at |east one of the plurality of

bl ades is slidable at least 0.3 inches in the axial
direction. 18. The drilling apparatus according to

clai m15, wherein at |east one of the plurality of

bl gdes i Li-dahl e I f 0. 5.n i.n the axia

di ?gc ti gﬁe éljllggg d[;lr?élrd(lj rSi alc%?&l'hg QO gaﬁn {{'%‘%erem til%fit

ng-appar atus accordfng to

[ herein.the n ot at i .stabilizer. further
tasE ot Pk nurlil5 ofpligcsif Bl 2L s D3 5exBhin bt ab
dﬁe%a%bilizer conprising a plurality of adjustable blades

Wch are extendabl e and retractable. 20. A drilling

apparatus conprising: a non-rotating stabilizer

‘conprising a first blade, a second blade, a third

blage and a fourth bl ade arranged around the

ci téunt ehedrilingapparsiis gesrdingta HajmskSamheteinghe giher ei n

the first and second bl ades are spring | oaded by
leastcqaeiof s péralily pf bladesdpslidable eblaat Aatinchanth thhexiali n t he
_third blade is opposite the first blade and the fourth
dire¢fioade i s opposite the second blade and the third bl ade

and the fourth bl ade are not

18.  The drilling apparatus according to claim 15, wherein at least
one of the plurality of blades is slidable at least 0.5 inches in the axial

direction.

19.  The drilling apparatus according to claim 15, wherein the non-
rotating stabilizer further comprises an adjustable stabilizer, the adjustable
stabilizer comprising a plurality of adjustable blades which are extendable and

retractable.

20. A drilling apparatus comprising:
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;
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spring | oaded.

WO 2009/005976 PCT/US2008/066528

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.
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