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A system wherein two or more components share a common hydraulic fluid supply have

25  certain drawbacks. Referring now to Figure 1, there is schematically shown an exemplary hydranlic
circuit that is susceptible to these drawbacks. The hydraulic circuit includes a fiuid line 10, a tractor

11 having a pressure chamber 12 and piston head 13, a mud motor 14 having a power section 18 that
includes a rotor 15, a stator 19, and a bit 16. Drilling fluid flows through flnid line 10 and mud
motor 14 to bit 16. A portion of the drilling fluid is diverted via line 17 to tractor 11. When drilling

30  {fluid enters pressure chamber 12, piston head 13 drives bit 16 into the formation. The drilling fhiid
flowing through mud motor 14 induces rotation of power-section rotor 15 and connected bit 16,

Thus, mud motor 14 uses the pressure differential across power-section rotor 15 to induce bit 16 to
rotate whereas tractor 11 uses the pressure in chamber 12 to drive piston head 13 and bit 16 info the

fonmatlon.




Thus, nud notor 14 uses the pressure differential across power-section
rotor 15 to induce bit 16 to rotate whereas tractor 11 u$eBneRE0fpressure
in chanber 12 to drive piston head 13 and bit 16 into the formation. 5
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to slow down to drilling rate. Also directional control ability of drill bit below is reduced due to

lower bending rigidity, and also circumferential looseness of spline connections.
The present invention addresses these and related deficiencies im prior art systems discussed

above.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention, there is provided an apparatus disposed
between a stationary member and a movable member, the movable member driving a shaft comprising:
a first member adapted for comnection to the stationary member; a second member adatpted for
. connection to the movable member; a biasing member engaging said first and second members and
having an actuated position and an unactuated position; said biasing member being moved to said
actuated position upon the movable member being unable to drive the shaft and allowing the movable

member to move with respect to the stationary member.




between a stationary nenber and a novabl e nenber, the novabl e nenber
driving a shaft conprising: a first nenber adapted for cenrmeef0@dh to the
stationary nmenber; a second nenber adatpted for connection to the novable
menber; a biasing nenber engaging said first and second nenbers and having
an actuated position and an unactuated position; said biasing nmenber being
noved to sai.d actuated positjon upon the npvabl e nenper being unable to
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member associated W1t sal ﬁrst retamer sa t biasing member a sorbmg at least a portion of the

thrust generated by the first thruster during an overthrust condition; and a second thrust absorber
- associated with the second thruster, said second thrust absorber including a second enclosure being
fixed to the second anchor, said second enclosure having an opening leading to a second chamber, a
second retainer reciprocally disposed within said second enclosure chamber, said second retainer
having a first end projecting out of said second enclosure opening and connecting with the second
thruster, and a second biasing member associated with said second retainer, said second biasing
member absorbing at least a portion of the thrust generated by the second thruster during an overthrust
condition.

According to a fifth aspect of the present invention, there is provided a method for controlling
an overthrust condition in a bottom hole assembly (BHA) having a thruster configured to axially
displace a tube, the thruster being susceptible to the overthrust condition when the thruster is unable to
displace the tube, the method comprising: absorbing at least a portion of the thrust generated by the
thruster duﬁng an overthrust condition. | |
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associated wth the second thruster, said second thrust absorber including
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5 June 2006 thrust that otherw se would have been inparted to the tube.
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accor dance BRIEF DESCRIPTION OF THE DRAWINGS

For a more detailed description of the present invention, reference will now be made to the
accompanying drawings, wherein:

Figure 1 is a schematic diagram of a prior art hydraulic circuit that includes a tractor, a mud
motor, and a bit constructed in accordance with a preferred embodiment;

Figure 2 is a schematic diagram of a bottom hole assembly constructed in accordance with
the preferred embodiment disposed in a well bore;

Figure 3A is a cross-sectional view of a tractor incorporating a forward thrust controller
constructed in accordance with the preferred embodiment;
' Figure 3B is a cross-sectional view of a tractor incorporating an aft thrust controiler
constructed in accordance with the preferred embodiment;

Figure 4A is a cross-sectional view of a forward thrust controller constructed in accordance
with the preferred embodiment;

' Figure 4B is a cross-sectional view of an aft thrust controller constructed in accordance with

‘the preferred embodiment;




with the preferred enbodinent; Figure 4B is a cross-sectional view of an
aft thrust controller constructed in accordance with the Sluetenged
enbodi ment; 3 5 June 2006 WO 03/050375 PCT/US02/ 34728 Figure 5A is a
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&%%O%%B@S%E%I PTiIead%raég THE P FE. DSEdaiEld e T oot
. EMBODI VENT, Wi | e e present
i nvent i GHEUrRaA IhRtoprbalberosssestiqnal Yigw of agpeon ﬁﬁ‘&ﬁ%ﬁ%‘?"%ﬁ %#ag?rr“}oéﬁl enbodi nent
1001; i@ chite8@Nt invention may be used in conjunction with a well tool
adapted to forma well bore_.in 20 an subterranean formatjon_It should be
appr eci A48 THhisRdondhall cposssectional ‘B@YB&%@@@%&@%F‘FM&&%?#“% nerely one
of fm&)&oﬁﬁanerywﬂ ch the present application nay be advantageously appli ed.
Referring initially to Figure 2, a bottom hole assenbly (BHA), 20 is shown
di spose&%‘lﬁ%\%qu'hﬂ]ﬁéﬁoﬁs‘sﬁoﬂ%w&fiaﬁbﬂé aftespatizg prahpdiment Qfﬁt,fo‘%@;dl bore 22
hayhDd By and6 and a well bottom 28. Arrangements for exenplary BHA s
are discussed in U S, Application Serial No. 09/081,981, filed 25 May 20,
151998 entBigures® is yiep-halisyoss-sagtionabiview ol tirdglterpiveerabodiment of ae afbruser j al  Nunber
09/ 4671388 | |

n

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
While the present invention may be used in a variety of situations, a preferred embodiment
of the present invention may be used in conjunction with a well tool adapted to form a well bore in
20  an subterranean formation. It should be appreciated, however, that the below-described arrangement
is merely one of many for which the present application may be advantageously applied.
Referring initially to Figure 2, a bottom hole assembly (BHA) 20 is shown disposed in a well
bore 22 formed in a formation 24, the well bore 22 having a wall 26 and a well bottom 28.
Arrangements for exemplary BHA's are discussed in U.S. Application Serial No. 09/081,981, filed
25  May 20, 1998 entitled "Well System”, and in U.S. patent application Serial Number 09/467,588
filed December 20, 1999 entitled “Three Dimensional Steering System”, both hereby incorporated
herein by reference for all purposes. BHA 20 may include a bit 30, instrumentation 32, a mud
motor 34, a tractor 36, and other anxiliary equipment 38, such as telemetry systems or data
_ processors. An umbilical 40 connects BHA 20 to the surface. For convenience, movement of BHA
30 20, or any of its components, in direction “D” is intended to denote movement of BHA 20 towards
well bottom 28 (downhole). Movement of BHA 20, or any of its components, in direction “U” is
intended to denote movement of BHA 20 away from well bottorn 28 (uphole).
The various devices and mechanisms of BHA 20 may be energized using high pressure
drilling fluid (e, “mnd”) pumped from the surface through umbilical 40. Under ordinary
35  operations, this drilling fluid flows through the umbilical 40, through BHA 20, and exits at bit 30
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filed Decenber 20, 1999 entitled ' Three D nensional Steering System, both
hereby incorporated herein by reference for all purposes.5 BRA2006 may
include a bit 30, instrumentation 32, a nud notor 34, a tractor 36, and
ot her a |I|%H¥ equi prent 38, such as telemetry systens or data

- processOr s A unbi 1 i cal 40 connects BHA 20 to the s&FACEES

convenl ence, venent of Bk or_ an its c nt in direction
" D thraugh Rezak@at B Rle Tt @ﬂﬁq@/@%wtunﬁfupm%%% el Zadrmebiy { om 28
( dowaedre wall Moaa ieBlicQ k0 BldAarties wit it 88YutBhgsiof Surth GRDRAEMAt havel RRerdi r ection " U

Is intended to denot novenent of BHA 20 away from II oftom 28
(upWBart‘?él) Y%@W&ra?t&‘}é’ 53] %@tﬂfﬁbﬁﬁ%ﬁ%lgﬂ%‘n@fﬂu okds ener gi zed
usi REmAtyOkhde R res§Uré I ”rmmgﬁ bﬁ&sﬁke(cms'aaonvdmdm}o AP 8¢ Bl t he surface
through unbi | i cal Under ordlnar%itg operatlons this drilling fluid
3 | otEiPe Lﬁ}?ﬁ‘ﬁ#@“@?ﬁf 36 prcudapotor 3y thal pes hyypuli hegiss. pit 30 4 5

June 2006 ORe Bijdres f@ﬂaH@@ﬂltﬁégﬁghévma%f&Hréa f@:ﬁcn@ BforvitoWn) . The

drllllng fluid returns uphol e throug annul us f or med by wel | bore

wal z@tbmﬂc@mllm £ l@cncarnfs eraﬁqch@si%hﬁﬁoﬂﬁ tTrvstor 3¢ isicAfigust t2arth and rock
t hatonliaMte cfﬁésﬁ.ﬁ‘éﬁ%e%ﬁ%ﬁm&ﬁwdtﬂﬂstﬁgtfdr&'}‘oﬂlfrglﬁﬁﬁltﬁ(&ﬁﬂ%ﬂﬁt vel | bottom

28. Dr|II|n ol.,e s normally under ver (T]h pressure.

Thi ketiEmPS (Elﬁe@s'ﬂreéb@ﬁ ievsiopedoh et dp is ﬁ?@oﬂ%bwaob’gﬂfmﬂ lebnponent s,
@ UC 0%8d &\ tﬁﬁlﬁ%ﬁ%ﬂé%@ﬁﬂe dBusls HREaObr 3% 3the gﬂ'@ctcofﬁﬁ)?c ?ﬁb’t éh%@vhj y actuat ed

ani sns. Referring now to Figures 2, there 1's shown a

pr e@émﬂ@nrehbﬁ@m@m& arefilswedm hnited §eptes Patent Ao, 6003096 tPribisr{Taruster 30, 160

a convert the
ﬁﬁ‘.@ﬁ?‘e@%ﬂ’?e o@gmtﬁ% drl tFl%(::] %_erfgllc%‘%wg %Sa t é}%%ﬁ%ﬁﬁg&g oa%ége for urging
b| taﬂ@oim@andns Unipgd| StatesPatentd¥e. 3,380,431 calsotiprebyTineorpdsatedsheraiimbyatefsppaee by tractor 36

con @H@OS%B(?WQF%@}SQ@%% Jaﬂ%{%%r ac ﬁ%é%&ee[{; égi{/%ﬁ‘pee cg%‘%ﬁoﬁgli:l ';EL:JtS?y (not

15 howaslor 3&and ot her rel at ed nechani snms are di scussed in United States Patent

NO: o8, 003 PABEY bRt B Shloe BANRPLETOY w IETERY: H1GHARRT o0 her el by

reference or arrangehen also I'sclosed in
Uni thmsteiSt0cané so ibthesier 196, all3jsp@6d dBaymaralret or dmmmetbl;e 30n &&cspomaioaﬁhtdﬁer ei n by

ref erenc faor .a Ldi.n 0 ference wll be
made® 75" edus %hﬁﬁggmgagﬁn&%u%@%on&ogﬁl%“ rac‘%& %exe%l ary tractor
36 (nat;shb\mglandimsmafmlrmﬁrgt{namhdsm Bh vahre c&ému]amﬂhenbclaﬁd p1pmgmu/\ber d thruster
or .center tube 50.

£h€§§H Eﬁﬁ? hr %El%g&écﬁlg'?aﬁe?%ﬁeﬁy ﬁg’ npﬁ%ﬁg’g&}?g&eﬁhﬂeﬁ %I uid that is
di rieefoetb ibhélﬁr&gi”thﬂm&ﬁéeads biSH) dag/ondpeEBIEA RE thiduglywel(bori22€Fig\ah) and associ at ed
PIPING (0 SR, the DS betateod by Ei o ala 35 96100 EbiYoP g W 11 De

50 includes a medial portion 52 and first and second end portions 56, 58 and with a flowbore 54

extending therethrough. First and second end portions 56, 58 include connection inferfaces for

O

25  adjacent components in the bottom hole assembly 20. For example, first end portion 56 may link
tractor 36 with mud motor 34. Second end portion 58 may link tractor 36 with auxiliary equipment
38. Flowbore 54 provides a channel for conveying drilling fluid through tractor 36 to bit 30. Tube
‘medial portion 52 telescopically teciprocates within tractor 36 as forward and aft thrusters 80, 100

A alternately deliver their respective thrust forces to tube 50 in a manner described below.
30 Forward anchor 60 holds forward thruster assembly 80 stationary relative to borehole wall
26 while forward thruster 80 urges tube 50 and aft thruster assemibly 100 downhole towards well
bottom 28 (j.e., direction “D”). Forward anchor 60 includes borehole refention assemblies 62 and a
housing 64. The tractor 36 valve clrcmny directs high pressure diilling fluid into and out of
actuation assemblies whxch are a part of borehole retention assemblies 62. Borehole retention
35 assembhe_s 62 may include wedge members that extend radially or expandable bladder-like grippers.
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20 referred to generally as valve circuitry hereinafter. Valve circuitry

can be programmed to cause tractor 36 to deliver a thrustd fune@806o bit 30
and/ or propel BHA 20 through well bore 22 (Fig. 2). Tube 50 transmts the
t hrust g‘%n(s{?g&ﬁ by forward and aft thrusters 80, 100 to bit 30. Tube 50
incI ude df%l portion 52 and first and second end EWIS?%’%?@ 56, 58 and

a.fl re ndi n rethrou Fjrst and cond end portions
g st °’E§lﬁ+ﬁ%ﬁw§ R horepdle ST dimtlis 32 ah PR RBBRERL | h t he
bot temgmgﬂémomsmml YBo2dbole Esnag}mmgza@ibges @htﬁs%ﬁgag’é"'ﬁbt réhglgtWaD 6 ﬁ@ﬂﬂkrmté i tnk 26
tractor Wi ond en ortjaon may. |in ractor
a’@’cﬁﬁ?%‘%’f’l@“ é’gim?—’lﬂﬁcﬁﬂd‘ﬂﬁﬂ%s @4%?6‘6‘%’2&@”&%%&%@ ®or conveyi ng
flr : Iehga@@ bfﬂelhclbldwtajm 26wl iﬂ‘@ﬁlﬁtaﬂt(}ﬁ ﬁrgTeftu’Qé f" 3«9@%16“1@ laﬂs%ardawl gbuoﬁgm } ?nt ﬁZ t
e recipraqca in tractor as forward and a rusters
%%’D ??Ié%ﬁ%@ ?f&n%ﬂ% eholp gebegtion 4syrmbliss, 79 and aheysingd44 o tube 50 in a
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ass<L=q gﬁl % onargﬁ Iatlveto bar eh wal | while forward thruster
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bot O aAd%Bvalvie assemblfi(iick SHowa)) CylEhder mEABBYE GurAithddGhd ROy Meds YRS wBOT €hol e
ret t|Qn |1 es and ‘a_.housing 64. The tractor 36 valve circuitry
dir f‘%dlﬁ?gw gg’gg@lW@%&Wﬁ rpard gl §3paroinigrier harmbop$4, adcansfiendn assenbl i es
10hi ¢ Ebrampabd 99%s QIR Htden FRVADLALE SSSBINY heRub tofégen%%é}ioﬁ retention 35
assenblies 62 may include wedge nenbers at extend radially or expandabl e

bl agEben &ty Eistapibgasii0ds tixpd gntg é%é@ov@é%m@momwm@bm@vzs The
i nt B&%ltﬁ?ﬁdma@lﬁer@ﬁhﬂtéhﬁ&iw& Leedidah s%%ﬁ&@&sa%&ﬁhﬁ)k@ flﬁ%ﬁf’l‘%&m%ﬁ? geblies 62 to

extendll nflate and %ge bor ehol e . Bore e retention assenblies

efroke Wibig chmaes (6 Inextip Cylings afitrad 36 wed cqrgpl&;,tgs i stiokd pexi/todtyliedenr ges t he
d" | korivdd@ cdd 8. dThéW{rzﬁ’vetc!&@mﬁﬁ DitlatdS 2 2Poke 69 ifectind o aé'pmfrl{g%‘gﬁ %%@nchor

engages borehole wall 26 while aft thiuster 100™u downhol e
18 onarperats ok drillige, fipidrintoghe mower feetinoi6far d fimeli vontrollel ratef of adveoteorent70 i ncl udes

bor%@Aﬁstaﬂe%&'bee&mﬁa&qmﬁdk%%ﬁ?ea@de@fo?w &’&%&éggg% { gg.; | nst?ruster 80

generates a thrusting force that urges the well
bot @@lﬁg@“‘ilﬁemﬁﬁrﬂ@u@w&}gﬂmPISI@lheﬁlﬁQl@dstoatSglyﬁmahptlamomenber 82, a piston head

90, a closuhieleoP i nder menber
82 surrounds and fgiz'rneriﬁl ?lﬁ‘gg%ga@c fﬁ%@s"iﬁ}s%o Q‘%ﬁlég arre%ﬂ- shaped nenber
haquﬁgmésmmwmmsmmmlfwaﬂmwc BGnd thn@ter 108natheles aafylindend 10 85.

.’?.6:l Ofya! pﬁ%ﬁ%ﬁd 9?0 'ahcléﬁg&eﬁ:ﬁjgr ‘fFﬁzt %cpa.{] Sdist& d end 8 %fa %‘%y%l ?’Iﬁbe member 82

to seal “Interi or st on nmedi al
porﬂylmdﬁrﬁ@nmrdoilsurpmsdﬂand)ﬁw shddslalongmbaﬁ&)e@yhn&imembdlmz daba:heﬂnber 84 into a

D" Gl b 0 d 85, AL B TR SRR PRI, L5, 5L Ok
to mgmhen Uléns received by aft end 105 of cylinder member 102 to seal interior chamber 104. Piston
head 110 mounts directly onto tube medial portion 52 and is positioned within chamber 104 to
25  divide chamber 104 into a power section 106 and a reset section 108. Piston head 110 begins its
stroke within chamber 104 next to cylinder aft end 105 and completes its stroke next to cylinder
forward end 103. The valve assembly initiates a stroke by directing drilling fluid into the power
section 106. When piston head 110 has completed its stroke, 7.e., reached forward end 103, the valve
_assembly directs drilliﬁg fluid into reset scctioﬁ 108 to urge piston head 110 back to its original

30 position. |

Referring now to Figures 3A and 4A, forward thrust controller 130 controls the thrust
generated by forward thruster 80. Forward thrust controller 130 includes a housing 132, a retainer
134 and at least one spring 13§. Housing 132 includes first end 138, a back shoulder 140 fézming an
~ annular area 142 with tube 50, and a cavity 144. The cavity 144 is not sealed and although it initially
35  preferably contains a high temperature grease, ﬂuids such as annular drilling fluids may enter the

6




forward end 83. The valve circuitry initiates a stroke by injecting or
"spurting" pre-determ ned 15 anmpbunts of drilling fluid intcunb@0Pdwer
section 86 for a finely controlled rate of advancenent. Wen piston head
90 orrpl etes its stroke, i.e., reaches forward end 83 t he val ve assenbly
di rect sWOdPM%¥Png 11 ui d into reset section 88 to urg CHP$ R Head 90 back

toits naI OSI uster, 100 the usting force
t hafavis¥ g‘@ 1% % étgﬁ&h 18 gifpch ifc'gw régg'ﬁeral ly the
Z gr%)rzrﬁa Iaaﬁre@fd mﬁmg@l ﬁ gﬂh&sﬁlﬂzﬂ)l leBeand\f RcﬁaiﬂérUBt}Gfaz nslxﬁ@ thrﬂmbhldve?l g cy: i nder

a piston_hea a closure nme ated val ve
ass@ﬁ‘ifﬂ@@@“ﬁﬁ?tmgm é}qtﬁuwaé%“ W@B%?Sieﬁﬁl‘éqlﬂ”fiﬁ g’é?‘ér’fﬁ“ raéeel y slides
al ofighotddReudubd30 anadahmmemrcaﬂ@auﬁlaaplwdyﬁhder shiage dlearniagis havi ng an
forward end 103, an_.interior chamber 104 %@14% ft en& %ggv Cl osure

I

Frentsaprally piubular mispberpatiogd fighqnd dpnd g secgnd %0 seal

| Nt ofe PeseBdANREE skt 15?&&@3%3@&&6 séaigbrﬁr?gll% SFight EfAICIUB Y Gtk 14¢1be medi al
portlon 52 and i s positioned 104 to 25 d|V|de8Ehanber 104

i nt extendpbreesh thernplyrepdd2 aﬁhaclashplé@eétl‘ws@éﬁ achedip closire meHbR RS 110 begi ns
| U Sporvded BiRteS0. Meging E@T&ﬁﬂeewmm@alkpoaéa ReMleEABRE skthideeid add&land conpl et es

Its stroke next to cylinder forward end 103. The valve assenbly initiates
a st8ke by directing drilling fluid into the power section 106. \Wen

@i st on head nldH 3RsERTR4 ﬁ&%npfsﬁnﬁéaﬁ@ﬂﬁmpobve@seahoﬁ@@%h@go fudicnay d end 103,
the val ve aSsenD é directs dril fluid into reset section 108 to urge

pi satiaehefh éxpistan leag 40 knqves witlyn @ws@r ﬁQaI CY@GefGB%ﬂth &h whichfiggtiashsd thow t o Fi gur es
fori\%aﬂ%éééﬁh&%w&&am kst & gﬁ'&]{]epuoefemﬁg tﬁﬁiﬂ&ﬁ:% fubb 3§ Iﬁobéstmm gener at ed by

ruster . Forwar rust controllef 130 includes a housi ng 132,

a ribmalen®) Shawddithe g 3¢ ettarked 4o Wbm@@mﬂiqwﬂ%@m%ﬁq{gfﬂ%@m%ﬁjdes first end
A i L P b e e e R o B A e RV
1pr elﬁleveabhtyﬂu@b At ercersiveanhiugoff Ehiisetiondrag fcgqamebomhplg w8 26entbesid. annul ar
caPrp ot oS ool Gh okl ol il e Ui AR R 500 ot v ¢
an cinove ih adsecnagl @Af:rﬂlf'n ayay frenpit3p. aAacyﬂlmee admber 83 mozestrelagive &y footarer sui t abl e
cpr 1R Eoetds bn e 398 Mokl Bl HELIENG anEEbfticlel BEHENEY O OO
di shtwed bavk shonidert 140 endsOllamdB. wi t hi n hou5| ng cavity 144 in a p| ston-cyl i nder
2425 0 TSGR bt B, AR BT A e [ 51 o1 14
“sur byafbewatd thnisten0. | Spriagldji B dispasedsdhatt @pvei MY ak® 6. cofpressed @anistﬂn@c of sleeve 146
shoulder 140 by collar 148. The capacity of spring 136 to absorb energy depends, in part, on the
spring constant of the material forming the spring, the number of springs, and the diameter of the
springs. Tt will be appreciated that springs, such as Belleville springs, are a relatively reliable and
25 inexpensive. biasing mechanism capable of absotbing bursts of increased thrust. Other methods
'_uti]izing coiled springs, compressible fluids, or other means may also be used in other circumstances.
It can be seen that 2 resilient connection 1s established between forward borehole retention
asseﬁbly 62 and cylinder member 82. Under normal operating conditions, this connection has a first
state wherein a substantially solid comnection is provided. Under overthrust conditions, this
30  connection becomes resilient and allows cylinder member 82 to slide axially relative to forward
borehole retention assembly 62 provided that the spring force of spring 136 is overcome,
Referring now to Figures 3B and 4B, aft thrust controller 160 modulates the thrust generated
by aft thruster 100. Similar to the construction of forward controller 130, aft thrust controller 160
" includes a housing 162, a retainer 164, and at least one spring 166. Housing 162 includes a first end
35 167 forming a first shoulder 168, and a second end 169 forming a second shoulder 170 that forrs an
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extends through the annul ar area 142 of back shoul der 140 and is attached
to closure menber 92 of forward thruster 80. Spring 136 é&nluse@8¥e 146 is
di sposed between back shoul der 140 and collar 148. 10 VMen hydraul i c

pressure | | ied on piston head 90 in power sectiogn t ube 50, which
i s attg&ﬂéﬂg@% pi ston head 90, noves within thrustef® @6] O@Tzﬁnder member

82, V\/nc d to for anch 60 via. f rut controller
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t owar ds back shoul 140 ang conpresses, spri ]gﬁé?%g g{ifs\{gﬁg Eack shoul der
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136 i s di sposed about sleeve 146 and is conpressed agai nst back shoul der

140th53$t‘3¥:‘£ﬂol ar 148. The capacity of spring 136 to absorb energy depends, in
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t hais aﬁtmhpchgsplst%@ﬁd A0, moveseyithin aft dhsysten 40. eréld%r mpapber 1 Wichds | abl e and 25
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t hrust. her net hods ut|I|2|n c0| rings conpreSS|bIe fluids, or
64“95 puglve

Oth@mmWEHWSﬂﬁﬂﬁﬁﬁhﬁﬁ@ﬂ?@@%@ﬁﬁﬁ &sencoynteripefiovhe seen that a
o s I AONG ﬁtéﬁgﬁgh@&??&w@ GRS o bR EUEY HlobBieih of et ent on

ass 62 an er normal operating conditions, this
1% ondreg foresntube) vallﬁfpp g3 forardmevanivat depmuse pisdadeatht 10 £ o Jorger Bl0®onnection i s

8 S UL R 070 5\, 000 o, o

resi WwWs C menber tos relative to
f or bitBY Aboylmmmmbmléamow rabmrtbh@amorﬁﬂmnﬂ@teld6tonatee\terﬂé4slpie$ ng force of

Spr RelE S aft thrust
con Qg?%- %ﬁyy%ﬁgﬁéﬁa es the &nﬁgg%t gg%§?£F&@H8§§§§? %ﬁruster 100. Simlar
to the cSpmsg 146t Foomedoih sfibstaniglly theearte witneras §3g 136 of fowand contredlst r ol | er 160

nc e %?ﬁ Al i ner 164, and at |east one spring 166.

2 !ﬂp §¥§Eﬁlnc’ﬁ &s 4 |rs§&gnd 35 167 formng a first shoulder 168, and a
second eIndanlﬁé)sdemﬂmt ageﬂlestemn@bummdsﬂ‘msheﬂmmmamﬁfhmﬂhde agterfios June 2006 WO
03/ 05em3t>Zy 7f CE cy. \%/ngje%a%er 102. Under normal operating conditions, this connection has a

first state wherein a substantially solid connection is provided. Under overthrust conditions, this

cormection becomes resilient and aflows cylinder member 102 to slide axially relative to aft borehole

o,

25  retention assembly 72 provided that the spring force of spring 166 is overcome.
Referring again to Figures 2, 3A, and 3B, under one mode of operation, the valve circuitry
sequentially energizes the components of tractor 36 to impart a thrust on tube 50. The sequence of
~ this thrusting action has a first step wherein the forward anchor 60 and thruster 80 are energized and
a second step wherein the aft anchor 70 and thruster 100 are energized.

30 During the first step, the valve circuitry directs hydraulic fluid into forward anchor 60 to
actuate borehole refention assembly 62. While forward anchor 60 engages borehole wall 26 (Fig. 2),
valve circuitry injects hydraulic fluid into power section 86 of forward thruster 80. Under normal
conditions, the hydraulic pressure in power section 86 works against piston head 90 to drive piston
head 90 and connected tube 50 downhole in direction “D.” Once piston head 90 completes its stroke




annul ar area 171 with tube 50, and a cavity 172. The cavity 172 is not
sealed and although it initially preferably contains a hiSghine@a@®rat ure
grease, fluids such as annular drilling fluids nay enter the cavity 172
during operation. Housing first end 167 is connected with aft anchor
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Retai ner 164 transmts thrust to _and fromaft t hr ust.er and spring
16GWIﬂFQét’l’aFlh%134s11634’ﬂivﬁ6¢%§1e‘&°”§ﬁt%mﬂig%ehgl?&ss&?g]éﬂqg&F‘f‘&‘%‘g Bh are disposed

 ar onRglinto 48 SRR 8o Yistthiston ROAD0 Hahie Aanby 84.72 1N a pi ston-cylinder fashion.
Sl eeve 174 |sgigeneral ly a tubul ar nmenber having.,a fi rgt .end 178 and a

second &Fhd sacgnd pep, iwhishoma ewerlap7gith fhe ogiclusion of e et sty Beagls W4 ext ends

thr ok ot SR Bhisidd RRLIE fetdiish ds@mbIY D L éuskethoreBllOMMI %6, Vanter 112 of aft
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_ 25 direction “U> causing the spring 136 to be compressed against back shoulder 140. This
compression continues until the hydraulic pressure in power section 86 is absorbed by spring 136.
‘Thus, it can be seen that the excess thrust, which is attributable to the increase in hydranlic pressure,
that would have normally been transmitted to bit 30 via tube 50 has been redirected into spring 136.
Tt will be appreciated that spring 136 maintains 2 WOB on bit 30 until tube 50 can slide
30  downhole in direction D. That is, while thruster 80 is energized, but not moving, spring 136 urges
" collar 148 downhole in direction D. Collar 148 transmits this thrust via sleeve 146 through closure
 member 92 to cylinder 82, This thrust is delivered through the generally non-compressed hydraulic
" ‘fluid in chamber 86 to piston head 90 and ultimately through tube 50 to bit 30, Thus, the thrust
* delivered to bit 30 by tube 50 is that which is stored in spring 136, and ot moving fhruster 80.




conditions, the hydraulic pressure in power section 86 works agai nst piston
head 90 to drive piston head 90 and connected tube 50 downhiot@00h
direction "D." Once piston head 90 conpletes its stroke 5 June 2006 WO
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f or war dWBIP8H3e assenbly 62 and directs drilling fPEPESP2HEB3reset section
88 to reset piston head 90 within chanber 84. The secqnd, st whi ch may
over | apAmcmhrotlﬁdﬁQ:m@Ifﬁgi Whstaptialiyibe ame gRanpy éi)fo cit%f qu' (i'gct uating aft

a”ﬁle n?ﬁ‘ax‘”té’t% ngﬂté‘ri‘ﬁ’dn? bRbRR doRBhoRss @hdelioh T viten BjEgABefher ehol e wal |

e valve circuitry injects fluid into power
semt di&utedﬁiﬁo q:ﬁwafsecﬁpmrla@tcalmd@ow igpydrierapntola e fsr " 0diEARGYIES t he hydraulic

Pr ESRUEE bR BPEEIq06 1R bR Py BIAF25RE kDot 1g¥aBNeCt ed tube SO

I on ce piston ﬁead 110 conpl etes the stroke within
5chmeuph¢emmwmaurnThlsfmqypmentbmmm@tk@aaqsweﬂﬁré’éﬁép CUBXESE LA 08 to reset

reﬁé@?ﬁaﬁﬁ%ﬁg‘q’iﬂgﬁn&%md?ﬁ%? ar&%ﬁfgr ;gﬂné L gl s%ﬂ rgt%&?r om{h%o(r)fehgloree\r/]vg: ?

Zﬁmﬂm@naaﬁeawmehyﬁauhqqmsammm;)welp@aoml%rsrgim%lt EY: 3007 WW@“?&SE \Mite ﬁpfubIeHSO
e

t %iﬁﬁaﬁ ee&écredg? ?c??fg w bihers QL LR1H, &?ﬂgﬂéf@ 533@9 13h 86! R R

ent I'n novi ng ‘hol'e in direction "D." This can happen
Wh advaadeinestt tuego theendiof the sttoke. ough a part icularly slowdrilling formation or

formati t _causgs an.incr n ’“gﬂéé Wedsurn  the drill
10hi ¢ 30 gliefeﬂg np[tlﬁ%gr@gl ‘P%é? mcog%g% %e“%%@ﬂtﬁ?s@#‘% %1%:[?1%@5 on tube 50. In
ei laeves 546] URtan® thrusteds 80,1150 dowehhole irodirectiog Du rTh:stpmonmaﬁlqnys prefgrablgar | y
i nst ant aneous| S upstream descri bed
ab&iRugh %/aﬁ%%?? ‘%@[ayg‘i %‘Pﬁf %Pv%?ntq)tf ‘%ﬂ %g\%?rétln Esl%eg@%war d anchor 60
eNGIGaHs. bmgebﬁlcempvwsxbn 2fay 6lko grovidg ammtétbanlmug:mfporaysamoe offip springg fluid is
directed i r s 3 T I nto power
se(g‘i"}”owogé{] é)%‘\é\gro ‘%ﬁ’g qﬁ”ﬁ%spﬁ?%ae%}’g%mrgé ?%a 6%% si egf%ggmoperatl ng
15pr%@ﬁﬁhﬂnaﬁbﬂh@uﬂwhﬂﬂmaas&mﬂe@aaﬁmﬂwdmamkmuwpmamsuwsdthpbk@ﬂ@sect|on 86
cannot urg&; t ube 20 50Q dleg{% 1ol e t? Tﬁ% tloerrl1 %red%gﬁtﬁ(? nt connection
be fipEEHPRS) fGrmgHon T CEYP & B2 Ena ydraul i C
pr%&%HEﬁuh&xﬁ&%ﬁhmﬁ%ﬁ&m@mmsﬁnﬁmeﬂwge cyllnder 82 uphole in dlreCtion "U "
The axi al nption of cyI 8 nd cgon ret al r uses col |l ar
148 to RefsHing ngW tofagHss f%‘?‘@é’oﬂ‘w E‘E?‘?‘bﬂg 1°§%S1m?t %ﬁda’g‘%aul ic pressure
| N ROV first AfchdaQR éﬁoaﬁéﬁaﬁﬂ ﬂohaaesxeﬁdnagi Witk ¢ axtepsiqr ofhtge ilii&nalt hen cyl i nder
82, retainer 134 and collar 148 will, be dlsg ({mﬁh |n 5 direction
ol Ay ety

20 U discussaddeloy, tp rskliematiye pagodimen COmRSiesy Shoul der 140.

Thiggne GRARE %%e%f&fbataﬂbmeﬁrtﬁscﬁssédh&ow d’[‘lﬁwﬁxismalﬁfxﬁﬁﬁ:wnﬂmdlmemomr section
86 1's absorbed by spring 136, hu It c be se hat bhgﬁ gexcess t hrust,
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located in the collars 148, 176 of the forward and aft thrust controller retainers 134, 164,
respectively. Cavities 144 and 172 are filled with oil or other fluid. In operation, increased loading
75  across the thrust controllers 130, 160 allows movement between the thrusters 80, 100 and the

_ borehole retention assemblies 62, 72. Onco the borehole retention assemblies 62, 72 release their

grip on the borehole, however there is no extemal force across thrust controllers 130, 160. For
 example, with borehole retention assembly 62 no longer engaging borehole wall 26, spring 136,
acting on back shoulder 140 of housing 132 connected to borehole retention assembly 62 and on
30 collar 148 of retainer 134 connection to thruster 80, causes thruster 80 and borehole retention

| assembly 62 to move together as spring 136 de-compresses. Further, with borehole retention
assembly 72 no longer engaging borehole wall 26, spring 166, acting on first shoulder 168 of
housing 162 connected to borehole retention assembly 72 and on collar 176 of retainer 164
coﬁnécted to thruster 100, causes thruster 100 and borehole retention assembly 72 to move apart as

35 sim'ng 166 de-aompresses. Thrusters 80, 100 and borehole retention assemblies 62, 72 thus move
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that woul d have normally been transmtted to bit 30 via tube 50 has been
redirected into spring 136. It will be appreciated that sprdung203%

mai ntains a WOB on bit 30 until tube 50 can slide 30 downhole in direction
D. That is, while thruster 80 is energized, but not novi ring 136

ur ges WO BA3B48 downhol e in direction D. Col | ar 14@@’@‘%5‘&?255 this thrust
vi a_sl eeve 146 through closure  nenber, 92 to Im&gr 82. This thrust is
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tl t he teria cus first alternatlve

(z @@ 'Héﬁet &B'BWF?@E%“’EJ 4§a§8 gl g@@ g]f’ inoregses e Bdte nanner as
t hecopfroliee rehvy BAHO dolme badésSihe! $ﬁ&d t&bxbwﬂ) toTsast thore secuselst againatt thwe enbodi ment

through hole inside shoulder 750. This allows flow only through the small hole 720 through its

center axis. This is shown in Figure 6A. Fluid flow in the direction 780 that maximizes flow

through orifice 510 pushes against the head of the piston 740 and biasing spring 730, moving the
25  piston head 740 away from the shoulder 750, thereby increasing the flow area. This is shown in
Figure 6B.

Referring now to Figures 7A and 7B, thrust conirollers 130, 160 constructed in accordance
“with a second alternative embodiment will now be described. With the exception of the material
discussed below, the second alternative embodiment comprises the same elements and operates in
30 the same manner as the preferred embodiment discussed above. The second alternative thrust
controllers 130, 160, however, also comprise a dampener with orifices 510, 560 similar to those
‘discussed above in the first alternative embodiment. - The second alternative embodiment thrust
controllers 130, 160 additionally comprise collar seals 610, 660 on the forward and aft retaining
collars 148, 176, respectively. The collars 148, 176 are sealed so that movement between the

35 forward and aft thrusters 80, 100 and the forward and afi borehole retention assembﬁes (not shown)
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thrust controllers 130, 160, however, additionally conprise a danpener wth
orifices 510, 560 located in the collars 148, 176 of the5fJonede@b and aft
thrust controller retainers 134, 164, respectively. Cavities 144 and 172
are filled with oil or other fluid. In operation, increased |oading 25
across YRSPHFGEst controllers 130, 160 all ows moveneRETHERHEH t he
thnisters 80, 100 and the borehole retention assenbljes 32 72. Once the
borfee flrid Save firduglhthe gsfiosh 510 5606 The perondealigmative fhyast FOnffairlfff?)ﬂ n!%he bor ehol e,

h OV b %u{)i%r é%ﬁs B4 @65 3h HeObEBioPEI@ES 614)1646 bf aRTbivatd #A%A130, 160. For
exanple, “w t}h ehol'e’retention assenbly 62 no | onger qa I ng borehole
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con ion hruster causes thruster 80 and borehole retention

Sas detiablc fBad orchighdempetabye eisese, hath Ryidsi wits Javs Bisepaitye obsbeongallesddPy ner | with
borehole.retention . a Y , RYgROBdAhekRd wal | 26, spring
1661%835,:(??%3'55’0 Wesf9mé%%ga§F3%P%%g§8%lPlge l?]sﬁ%ngﬁ%%Z connected to borehol e
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PCT/ US02/ 34728 i.n.acgqr o it r ' j ngs 136, 166.
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as s@edeht s iy infbZhepmpensaidroavigestol; 680. (Rthinteorings sefain histousgRUGR ™M or i fi ces 510,
560, The qrifices 510, 560 thereby restrict novenent so that borehole
r et BHeNErd UAEERNTOE 62 72 will not slam against the thrusters 80, 100
whenev erTht: eush@rsedlof1s, 665, eollat als 650, 666 end bongsnsBy sl 648) @as®0t heir grip on

t he borehole., Referrjng.now to Figures.6 6 Lf 1 510, 560 in

col $ar @’@ﬁk’?edlsfﬁ@se@‘ﬁ’é‘gﬁem mlgpgfrhcé‘vm?sﬁé?’ngh ?%Sn"{all |§(%/ s‘!ee%%)’o i ment will now
19e inssdincediesBat, N 7Dientalie sehéwWhat@mstint0 WithGleonstank volnme, meovergenief nanner so

that a description of orifice 510 in.the forward : teoller 130 will

al gEtanggselary 8&72Ph38%ﬁ5§€@r?sﬁ“%ﬁ(¥het‘1‘fplﬁﬁ E %ﬁ]tdFSftﬁéero%gggl‘}?}é; orifice 510

haspbViEndeR ShiveEE of BB SetilHask ballars1A8S 176w Thisriobghuse e fuid ib@@trelled t he ot her

m ni mal flow therethrough. Flowthrau Ltifice 510 | xiq zed when

s pr¢aniies He. 173 IWFW&%SM@%%\%% %%%“g?b"?é#e‘w@yaeﬁﬂ’ TehE & 2o 2 when
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not pistons 620, 670 with a similar pressure, the compensator cavities 630, 680 communicate with the

environment outside the housings 64, 74 through ports 64?' , 097,
Referring now to Figures 8A and 8B, forward and aft thrust controllers 130, 160

25  constructed in accordance with a third alternative embodiment will now be described. With the

exception of the material discussed below, the third alternative embodiment comprises the same

elements and operates in the same manner as the preferred embodiment discussed above. The third

alternative thrust controllers 130, 160, however, also comprise dampeners similar to those discussed
above in the first or second alternative embodiments. The third alternative thrust controllers 130,
30 160 additionally comprise secondary biasing elements 810, 860. The first secondary biasing
' element 810 is located in the forward thrust controller cavity 144 between retainer collar 148 and
the end 65 of housing 64. The second secondary biasing element 860 is located in the aft thrust
controller cavity 172 between the collar 176 and the end 169 of housing 162. These secondary
biasing elements 810, 860 are preferably springs that have limited movement, but can be other

35 éonﬁguraﬁons without leaving the spixit of the third alternative embodiment.
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15 hanpered by the orifice 510. The orifice 510 is biased toward the

m nimal flow position. The orifice 510 canbe biased sevebaune2f@ and still
remain within the spirit of the first alternative enbodinment. One way is to
have a spring biased piston 710 with a hole 720 through its center axis. A
spring Wg@yf'%é?és the piston head 740 agai nst a shouPeEPS¥8H2§ hat is the
transition between dianeters in a through hole 20 760 in_the_ thrust

cont r ol [Viélren dhsi tragior 364Bmoving in the rgverpe directiondl, @r soming Qyhoffhepordhigle 2%ncr eases t he

thr st vonfid El%lr%s‘é{ sedtigy ki%%f tﬂefiﬁteﬁd} cﬁéﬁ%ﬂg{@ FATE S aldMBud- 30 ih ihead 740 to seat

more securely agal nst t rou? e 1 nside shoul der 750. This allows
f | owseb prctiort HiSoafghe intseorsehainber H84 of the it thiusergl0iis increasetht dpispdded This is

sh ' ' ] | ' ' #£8QhekRh H¥BNem zes flow

i g oo o B b o R, 06 0 B e b i ng
5 pritrigthg 8dgctiomVi Hlygs eperatibmeiesthe bé Hbant o4te bovadigle 22 Byina gxect sppgtieder 750,

t her LN e | $ i A Lo g @R Referring
nowme[@}/dl‘—als a’%lgs%ﬂ?ﬁg%%@&}% %trﬁahg?org@%?zélﬁﬁgﬁ@ 130,é1t111%§b%5(§{15?r ucted in

ac Caxdiale G2, theviubé Skingwcapnobing foreesrea it mevesonts ofitberberehali 12 Thow foreesdescri bed.

W0 i £XGE0L] 8, of 6 IR 3bore U S35 Bl coddins g al ter nat i ve
embodi it onprises the same el ements and operates In 30 the same manner
as dppesinprfefesrandlt tehet50 diningrite rinswligslesiofdadvibrusi@tf, Wctbefredrd endnat i ve t hrust

G20 450 13 S e s e PR s 210

ose I Scusse ernati ve enbodi nent.
Them6wpothel tiblet 30rin@tthe/boreholecd?i nEng, wieniby elerpantst are Inbtepreloigd by 60 addi tional |y

conpri se col.l ar, seal 0 0 onthe faqr oftaining collars
1435},%"093%3,' %1‘""3%%181?' %v%%ﬁtgw@?}osmﬁvﬁ? 0 q%e?@g%ag%%oggdﬁ %%‘ %}Hat novenent
bet te e tHringer 360 frovasdithenmoayafidm tharaftdioesisg B0, THOGownwnt prevefiothear d and aft
borehol e _retentjon as lies.(.not sho 1 June 0] 3/ 050375
PC[?%@E%?%E?W@%%F@&OF @Wﬁt%%?ﬁ(?ée%ﬁnﬂ%ng%%%wggo. The second
13l t @rsak 80,6100 hdigk howhis 64, 17¢ usdel BAd. Wil thedesmdarp biesingsderhxntsAl0g seal s 615,

665 t he exterior rtions 616, 666 af the forwar d t .. housi ngs 64,
748 VIt eﬂglet“ﬁ‘gg}gﬁésflﬁ?‘?@dn fofe i ?ontoﬁgorﬁlﬁ%f”‘g Pg@e E% ole; 75 are seal ed

t o 1hRost@FthS ldﬂgthgfﬂé thﬁlfﬁtﬂiledl%léés Etﬁ"eﬂﬁed iAerakierr36 Iifblvm?l;ﬁoutgfﬁé Bu;}relb#l]w t he
cavities 144, 172 are filled wt raulic uid or hi tenperature
gr eXs dhisgnesense e éfgoqfwﬂ?laﬁlawlw%c@?stsg@&@m%ﬁéﬂtw%sﬁW%‘Fﬁﬂéﬂ‘éP . 160.
addiehi@Rddut ¥ SRHR bosunf of WB¥ehedR o bt thbidaade sitéles Bfe nepsipefaatyor pi st ons
620, 670 |ocated in  enlarged dianmeter portions of htethggg_gho?f forward and

2Gaf t rofisers i Higssemmdary; basinglraneptts lap pducpestgtal spring rate to pro c

retention assemblies (not shown) from high impact loads.
It should be understood that the present invention may be adapted to nearly any
arrangement of devices, Although the present invention has been described as applied to a tractor

having two thrusters, the present teachings may be, as an example, advantageously applied to a BHA.
25  arrangement that includes only one thruster. Further, the terms “UP, uﬁhole, “D”, downhole,
forward, and aft are terms merely to simplify the discussion of the various embodiments of the
present invention. These terms, and other such similar terms, are not intended to denote any required
movement or orientation with respect to the present invention.

While preferred embodiments of this invention have been shown and described,
| 30 modifications thereof can be made by one skilled in the art without departing from the spirit or
| teaching of this invention. The embodiments described herein are exemplary only and are not

limiting. Many variations and modifications of the system and apparatus are possible and are
" within the scope of the invention. Accordingly, the scope of protection is not limited to the
| exmbodiments described herein, but is only limited by the claims that follow, the scope of which
35 shall include all equivalents of the subject matter of the claims. '

13




pi stons 620, 670 are biased by springs 625, 675 |ocated in conpensator
cavities 630, 680 between the conpensator pistons 620, 6%Quaa@0bhe forward
and aft conpensator cavity shoul ders 635, 685. 10 The conpensator cylinders
620, 670 are sealed with conpensator seals 640, 645, 690, 695 to prevent
fluid flowinto the conpensator cayities 630, 680. Retainer rings retain

pi stons 620, 670 in the enlarged Gtamd® er portions. The housing seals 615,
665, collar seals 610, 660, and conpensator seals 640, 645, 690, 695, form
cl osed systens within the thrust controller cavities 144, 172. As cl osed
syst erts, t hen appBrausidispeseil hetwaen & sletorbaimen?@ ané amiovable oremikha thegnmsblant .

Wth a constant vol une, novenent of retaining collars 148, 176 changes the
pr essun@nben dtihieg u chafiesporingi t her side of the collars 148, 176 that

hi nders nmovenent of the retaining collars 148, 176. This is because the
fluid in controldfast mearber bdapsedfédcontdclioh So hebtatidtagy fembdrabi | i ze t hrough the
orifices 510, 550 quickly enough to bal ance the changes in volune and

pressure on eit hagcdidd@enter 4d39ted Tod RdhBectidBto the Movable mehbaye the hindrance
of 20 these vol une changes, the conpensator pistons 620, 670 adjust to

account for the ;GhaMISSerhttr eNgY aﬂrﬁrﬁiatla%coﬁ&%mﬁérstaﬂ&hﬁ% A Rwhttd, 176.
So as to not hinder novenment of the conpensator pistons 620, 670 with a

simlar pregsubfand HGnaQER . cavities 630, 680 conmunicate with the
envi ronment outside the housings 64, 74 through ports 647, 697. Referring

Const ruct ad | n sndaraioneyBe Rilk APl d ko BRI LR oL, 00

descri bed. With the _exceptjon,of .the mater. al, di scussed bel ow, the,third
o nac s Sttt b nSHECRIEOR o sl S BSTinE IneThSEBRIFANRE 18 Powd Win( [,
same nanner_as EW@ greferred enbodi nrent di scussed above. The third

al t er nat i vaSPRY (R1Pe BT MERRET 130, 160, however, al so conprise dampeners
simlar to those discussed above in the first or second alternative
embodinents. The third alternative thrust controllers 130, 30 160

addi tional Ly conprise secondary biasing el enents 810, 860. The first
secondary B%ﬁsqpﬁgrawél%%m B vdierain |said st and sqoped membsrsdare Hip islescopier ol | er
cavity 144 between retainer collar 148 and the end 65 of housing 64. The
secondngagemadlar y bi asing el enent 860 is located in the aft thrust
controller cavity 172 between the collar 176 and the end 169 of housing
162. These secondary biasing elenents 810, 860 are preferably springs that
have |imted novenent, but can be other 35 configurations wthout |eaving
the spirit Tht dpparatubiof ctlant 2 @ity @aie niblesbiopidp tmenrd foktine Lofi6g \D thd/ 050375
PCT/ US02/ 34728

biasing member.

4. The apparatus of claim 1 wherein said biasing member is.a spring that is compressed in

said actuated position.

5. The apparatus of claim 1 wherein said stationary, movable, and second members form a

common bore for receiving the shaft.

- 6. The épparatus of claim 1 where the stationary member becomes movable and further
' including a dampener between said first and secoﬁd members dampening movement of said first

- and second members as said biasing member moves to said unactuated position.
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When the tractor 36 is noving in the reverse direction U, or com ng out of
t he borehole 22, fluid volunme in the reset section 88 of Sthuse RoRéeri or
chanber 84 of the forward thruster 80 and in the reset section 108 of the
interior chanmber 104 of the aft thruster 100 is increased. This added

vol une pl aces pressure on the forward and aft thruster pistons 90, 110,
novi ng them and the tube 5 50 in the direction U This operation noves the
tube 50 out_of the borehole 22 in the exact opposite nethod as was used to
i nser t7- t he g Berasus afclsing § evhserin s isecond member peindas 98 erifi¢agr alipswing fid 50 int o
the borehole 22, the tube 50 incurs opposing forces as it noves out of the
bor ehdlow.22. These forces work in the opposite direction as those

di scussed above that create an overthrust condition. Wth opposing forces
on the tube 50 during the renoval cycles of each thruster 80, 100, the
forward and 10 aft thrusters 80, 100 nove in opposite directions than they
woul d 8undeIThe vpyatdwmsusitclaimrthwhdrein Saidiorifiee altoomsi gheptdr Hipwt ashaid3dasingt meriiee
borehol e 22. Thus, when the el enents are not prel oaded by the secondary

bi asi mgoved fomRAIE unidieitddas \sait detuftedl pdsition Fohn WA Saidl HERIg rhénBeh enokey frai d
housing 64 and the aft thruster 100 noves further away fromthe aft

housi Rgid ddmatddo SailOHRNRR posiMENt S the tractor 36 fromrealizing the ful

| ength of the thruster stroke due to novenent between the 15 thrusters 80,
100 and the housings 64, 74 under |load. Wth the secondary biasing el enents
810, 860, however, when the tractor 36 is noving in the reverse direction

or CO@i NG GHL afffar %If E&iﬁ@q‘%lfereir%%‘e olB&H is B{asetdh:g ail(?\{;t 023 id Z‘]E@ tﬂﬁﬁé}é@@f

strokés is reall ze [ ract or novenent out o or ehol e This is
becau iasing elements 810, 860 reduce the total spring
rate ?ﬁﬁﬁgﬁgﬁﬁ&ﬁﬁﬁﬁgﬁ??%ﬁﬁ%ﬂt at m nimal anount of novenents so that the
thruster strokes are not significantly 20 reduced. The secondary biasing

el enents al so reduce the total spring rate to protect the borehole
retentjon senbl i es_(.not _shown) from high ippact | pads. It should be

inder 1Pood THRGIPAEHS O BGLA M IRHAE BT b spons TepAT TR & Pﬁ?éograng Wy
arrangenent of .devices. Although the present invention has been described
as apphf eiptanglividing said sylindes jntp gt legl twh chaplsrs saidpaifise beiag dispessd in sid nay

be, as an exanple, advantageously applied to a BHA 25 arrangenent that

i ncl usstongenrictiag dow hetusenyald ghambers ps saidsteremgryes within sgghlisder D' downhol e,
forward, and aft are terns nerely to sinplify the discussion of the various
enbodi nents of the present invention. These terns, and other such simlar
“terns, are not intended to denote any required novenent or orientation

W t h despedhe tppatane qirctdent) winran taid ibiasidh inhenber &f dsposd mndne chamlstr andf t hi s

i nventi on have been shown and described, 30 nodifications thereof can be
made Bytheniacleding 4 gating disbbsd &f the wihthwbeibeeparting fromthe spirit or
teaching of this invention. The enbodi ments descri bed herein are exenplary

only and are not |imting. Many variations and nodifications of the system
~and apparatus are possible and are .
12.  The apparatus of claim 10 wherein said biasing member is disposed in one chamber and

further including a pressure compensation member disposed in the other chamber.
13. - The apparatus of claim 6 wherein the first and second members form a sealed cavity

housing the biasing member and the second member further includes an orifice resisting fluid flow

into said scaled cavity.
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wi thin the scope of the invention. Accordingly, the scope of protection is
not limted to the enbodinents described herein, but is éniuwpel2DBGted by
the clains that follow, the scope of which 35 shall include al

equi val ents of the subject natter of the clains. 13 5 June 2006 CLAIMS 1.
An appar at di sposed. hetween a stationary nenber and a novabl e menber, the
nmovabl € nemyéPP @P%?Hgm%mgﬁﬁﬁ?ﬂé%mﬁﬁ$ﬁﬁQﬁﬁnﬁﬁ$$¥§¥“%%Hﬁﬁﬂuﬁdﬁﬁﬁgﬁmﬁor
connectj.on %o t he stationary nenber; _ a second nenber adapted for
connecYiibiiie pepspgdormpovemicnt ipgaprdination withibe myveraen ef the sesard membaiseclithatst and
second nenbers and having an actuated position and an unactuated position;
sai d Bhalvid gresprpiathaporinn aftheedvitighas s betweon he wmpeussior kystemasd the saeondovabl e
menber being unable to drive the shaft and allow ng the novabl e nmenber to
nove vingrpber s essentinllyleenstansit i onary nenber. 2. The apparatus of claim1
wherein said first and second nenbers are in tel escoping engagenent. 3. The
apparatus of claim2 wherein said tel escoping nenbers forma housing for

t he biasing nenber. 4. The apparatus of claim|l wherein said biasing nenber
i's. al$pri rthetappdratisoftaddir ldsgleteih theamPedaiot Sfisteh PoIsEds admpbnsatbh pis@apar at us
of claim1l wherein said stationary, novable, and second nenbers forma

comrin balisg émpagenteivith g hbtiings h dbrhpenBator lpAn@RRALAeMEntOfiththéddpknidagr € the
stationary nmenber beconmes novabl e and further including a danpener between

sai d fpigicit ardn@le SRAOREY FRABE SndlaHRAYoH SuidREHRBicalbn BétEen id SlviroAhtsecond
menbers as said biasing nenber noves to said unactuated position. 5 June

2006 THheidw PR Aoty RenthePidd a]toﬂ‘i}@ﬁsgi.op c&\{f}g bgtf%v%%rﬂ glle %B@%atbwﬂf&? gOrifice

for allowing flurd flow 8. The apparat erel'n said orifice
al | owg gy, Embd:OW as said biasing nmenber noves fromsaid unactuated to
sai d actd%?é ]gogition t han when said bi asing menber noves from said
actuated to said unactuated position.

16.  The apparatus of claim 3 further comprising a secondary biasing member engaging the
- stationary member and the second member, the secondary biasing member being compressed upon
the movable member being unable to drive the shaft and preventing the movable member to move

with respect to the stationary member.

| 17. An apparatus for a downhole propulsion system for drilling a borehole with a bit,
comprising:
an anchor member for anchoring the propulsion syétem;
a thrust member for driving the bit into the borehole;
a thrust control member having one end engaged with the anchor member and
another end engaged with the thrust member; |
the thrust control member allowing relative movement between the anchor

member and thrust member.
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9. The apparatus of claim8 wherein the orifice is biased to allow nore
fluid flow through the orifice in one direction than anot leslune 2006 The
apparatus of claim6 wherein said first and second nenbers forma piston
and cylinder, said piston dividing said cylinder into at |east two

chanber,s, idorificeg bei i sposed in sai [ St.o estricting fl ow
bet weerr sa?@e@ﬁaﬁmﬁ 8&&%‘“’3Q’P‘HE?YF‘&@%H‘HH%@%?WF‘:W%&%]&E%W ‘?@FH&‘FQ“E “ The
apparatug,of claim.10 wherein said biasing nenber is disposed in one
chanbé?Péﬂ%P%ﬁFPﬁﬁﬁo?ncluding a spring disposed in the other chanber. 12
The apparatus of claim 10 wherein said biasing nmenber is disposed in one
chanber and further including a pressure conpensation nenber disposed in
the other chanber. 13. The apparatus of claim®6 wherein the first and
secondSnentiresrpapis af slain d8 vdwein the hiaging mgmbércinglidesiat deasteortseBellemidlet he
second nmenber further includes an orifice resisting fluid flow into said
seal edpayity. 15 5 June 2006 14. The apparatus of claim 13 further
conprising a conpensator systemin sealing engagenent wth the housing for
novenent in coordination with the novenent of the second menber such that
the fluid pressure in the portion of the cavity that is between the
conpendat orTheypparamaficlhine s etiasth theandleF nefived HHaviSedtdngideyneaOwBh ant . 15.
The apparatus of claim 14 wherein the conpensator systemincludes a
conpeRafitoTthabosdhok toiaﬁbh%ﬁﬂlh'ﬁft@u@ma,gﬁ&ﬁnt with the housing; a conpensator
spring in engagenent with the conpensator piston and the stationary
menber, and a port for fluid comrunication between an environnment outside
the stationary nenber and a conpensator cavity between the conpensat or
cyli nder anfe!dfarail Arl ARG Y7 TRAREL -thd ShrudtReABRALBNYS Olovfihdl: Thénbdir ¢ her
conprising a secondary bl asi ng nenber engaging the stationary nenber and
the s gﬁﬂp r L asi e in onpressed upon the
novab?ggﬁgd er g%?%éﬁﬁﬁgﬁﬁéﬂggméFEV%ﬁyﬁgngggpg%gaguﬁgggenting t he novabl e
menber to nove with respect to the stationary nenber. 17. An apparatus for
a downhol e propul sion systemfor drilling a borehole with a bit,
conpri,si ng:, an_ancho nber for anchorin e propul sion system _a thrust
memberf or AT ARROHE 1 £ PR Fi?lﬁéswbls@@ having a0l HESKaRbar
havinglon eﬂ% engaged wi th the anchor nenber, and ]

- Tube, the thruster Configured to axially displace the tube and being susceptible to an overthrust

condition when the thruster is unable to displace the tube, the thrust controller comprising:
an enclosure having an opening leading to a chamber, said enclosure fixed to the
anchor;
a retainer reciprocally disposed within said chamber, said retainer having a first
end projecting out of said enclosure opening and connectin;g with the thruster; and
a biasing member associated with said rétainer, said biasing member absorbing at

least a portion of the thrust generated by the thruster during an overthrust condition.

23.  The thrust controller of claim 22 wherein said biasing member absorbs substantially all of

the thrust generated by the thruster during the overthrust condition.
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anot her end engaged with the thrust nenber; the thrust control nenber
allowing relative novement between the anchor nenber and thiragf0frenber. 16
5 June 2006 18. The apparatus of claim 17 wherein the thrust control nenber
i ncl udes a bi asi ng nenber capabl e of conpression. 19. The apparatus of

cl ai m,48 repn the biasi nenger. i nclu at |l east one Belleville

spri ngz.11 " 20. htlgm 3%)%)(31?3{1?5012%&@ g? nY Hafelmé‘%e lﬁS"E%é“eéfrs?%b‘Fﬁ’r‘f‘S%ﬂ Se¥dnds
into engagenent with a.wall of the rehol.e to anchor the propul sion

syst e 5D biasing dﬁ%gbeéth% ad?re%qtcé}nfﬁe?ae‘ﬁ% & SFHCRRICSIANY §1‘§r?é4ﬂ5’§rm?rﬂl?ﬁrudes a
cylinger nenher. attached to the thrust control nenber and a piston nenber
attacgﬁﬂgfﬁs%ggﬁéﬂﬁ?“?g?ﬂﬁtFWﬂ@%Iﬁﬂﬁﬁfﬁﬁmﬂ@r for a bottom hol e assenbly
(BHA) having an anchor, a thruster and a tube, the thruster configured to
axially displace the tube and being susceptible to an overthrust condition
when the thruster is unable to displace the tube, the thrust controller
conpr i28i ng:Thgrihmpictonseltes of glaim @2awhestin shid didsigdiergbar previddsantbast tosthe d

encl osure fixed to the anchor; a retainer reciprocally disposed within said
chanbdube duging an evesthrustconditiong a first end projecting out of said enclosure
openi ng and connecting with the thruster; and a biasing nenber associ ated
with said retainer, said biasing nenber absorbing at |east a portion of
the thrust generated by the thruster during an overthrust condition. 23.

The t 26ust Thonhmst doatroltdr oflchditin 22 whireihedalll biadife Bieaben Gorimisee bt REG YNBS
substantially all of the thrust generated by the thruster during the

overt Bpritsd, a6@Reietdi®Baid ¥étafaer) Bt Oiprds aTRQdEibe GOEDLY REeiff saliai m 22
wherein said biasing nmenber includes a first state wherein biasing nenber

has asﬂh@ﬁh&ﬁ%I%%tiﬁﬂ%kai@gprﬁfggbﬁQﬂ@fe‘?aﬁﬁérpn1 sai d biasing nember being in
said first state while the thruster displaces the tube. 25. The thrust
controller of claim 22 wherein said biasing nenber provides a thrust to the

tube during an overthrust condition. 26. The thrust controller of claim?22

wher ebn Saihgal%ﬁl&h 'ﬂgler‘ri%&%rly ﬁé)\gﬁ)gr Zii HiE? ag& se!cgr?(? hll'l.(l)S?e?, a first and second anchor,

and a tube, the thrusters configured to axially displace the tube and being susceptible to an
overthrust condition when the thrusters are unable to displace the tube, a thrust controller
comprising:

a first thrust absorber associated with the first thruster, said first thrust absorber
including a first enclosure being fixed to the first anchor, said first enclosure having an
opening leading to a first chamber, a first retainer reciprocally disposed within said first
enclosure chamber, said first retainer having a first end projecting out of said first
enclosure opening and connecting with the first thruster, and a first biasing member
assoctated with said first retainer, said first biasing member absorbing at least a portion of
the thrust generated by the first thruster during an overthrust condition; and

a second thrust absorber associated with the second thruster, said second thrust
absorber including a second enclosure being fixed to the second anchor, said second
enclosure having an opening leading to a second chamber, a second retainer reciprocally

disposed within said second enclosure chamber, said second retainer having a first end
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spring, and wherein said retainer further conprises a seating surface
adapted to receive said springs and a collar retaining s&4ng@ddhgs on
said retainer. 27. In a bottom hole assenbly having a first and second
thruster, a first and second anchor, and a tube, the thrusters configured
to axially dLsglace %$%§{ube nd, bei ng susceptible to_an overthrust

condi ti on WRYRCHESY ¥randguglogiis gPening,ang; copnestine pifh thqtseon Fhist
controller conprising. a first thrust absorber associated with the first
thruster, <af@ send Yipsingsmenbergspsiated With sai secoad retaiger, s4id serond dlagweng
fixed to the first anchor, said first enclosure having an opening | eading
to a first Teqehepabsorting atrlaast 2 persipm ef the dlupsiregecipteq byl thepeennd thster dyrivgi d
first enclosure chanber, said first retainer having a first end projecting
out of sai dnfovergirusteemidamur e openi ng and connecting with the first

thruster, and a first biasing nenber associated wth said first retainer,
said first biasing nenber absorbing at |east a portion of the thrust
generated by the first thruster during an overthrust condition; and a
seconds8t hr Ui thdstarohesllea s olkin 2 dvhstdim sdifh €irs aad Betohd blasih g mentbaisthbs@bond
thrust absorber including a second enclosure being fixed to the second
anchorsubssatiells 8I€ 0Nthe tRAS REeHRd BR\hdErsfihdoReMdBrdsRad rddfectiOeln, EEias RE
chanmber, a second retainer reciprocally disposed within said second

encl osyeehrEfabiRtion. Sai d second retainer having a first end 5 June 2006
projecting out of said second encl osure opening and connecting with the
second thruster, and a second biasing nenber associated with said second
retainer, said second biasing nenber absorbing at |east a portion of the

t hr ustyggen . i Ltion.
26, TR E nrGE it et le: SRIARLT G SLARE b0 sec SIS AR BOELY P2 g
menbers_.absor substantially all.of the thrust generated the.first and
second T RIS Mapret AR BB ot oot bigbing bt Hille R PRSI Bepish O B The
thrust controller of claim27 wherei.n sai.d first. and second biasing nenbers
ol o GEPRes 5510 SR ReaPae DG it st S S bl fhe g b have. o
pre-determned | evel of pre- conpression, said first biasing nmenber being
in saitlf ¥ "r’éi‘lg§?¢é’P biging gaqnphsr g?%tn et ﬁ@t gte yyhils the-segond; thstey fisplaces g
second bi asing nenber being in said first state while the second thruster
displé%%%b&the tube. 30. The thrust controller of claim27 wherein said
first and second biasing nenbers provide a thrust to the tube while the
fi-rst and second thrusters respectively are in an overthrust condition.

30. The thrust controller of claim 27 wherein said first and second biasing members provide a

thrust to the tube while the first and second thrusters respectively are in an overthrust condition.

31.  The thrust controller of claim 27 wherein said first and second biasing members each
comprise at least one spring, and wherein said first and second retainers each further comprise
seating surfaces adapted to receive said at least one spring and collars retaining said at least one

spring on said first and second retainers, respectively.

32. A method for controlling an overthrust condition in a bottom hole assembly (BHA)

having a thruster configured to axially displace a tube, the thruster being susceptible to the
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31. The thrust controller of claim27 wherein said first and second bi asi ng
menbers each conprise at |east one spring, and wherein s&nei208é and
second retai ners each further conprise seating surfaces adapted to receive
said at |east one spring and collars retaining said at | east one spring on
said first and second retainers, respectively. 32. A nethod for ¢qontrolling
an ov@VERRHE copdifian Whep Upg thastsp s Bﬂ%ﬁﬂ"ed‘é@% yukepithe) method AOMBLSRE st er
configured to axially displace a tube, the thruster being susceptible to
the 18bsrhinsat SestnDeRien phine dwus svmsratechy Y BIStorAuripg aIsaveRhivs! CORUBPR ¢ o

di spl ace the tube, the nethod conprising: absorbing at |east a portion of
the thrust generated by the thruster during an overthrust condition. 33.
The net hod of claim 32 wherein substantially all of the thrust generated by
t he tBBust dheimethadinfglaiyed? whdreinubstamsialip dll of thelthiush geerethd bethe thiwstetdsr ust i s
absorbed by a biasing nmenber. 35. The nethod of claim 32 further conprising
conf i ghsarbegl. t he bi asi ng menber to have a pre conpression when the thruster
can di splace the tube. 36. The method of claim 35 further conprising
configuring the biasing nenber to provide a thrust to the tube while the
thruster is in an overthrust condition. 37. The nethod of claim 32 wherein
the tBrust The nitedrofeRlind¥2 dhere@akd thRREisSPSorhd by3hiastgWidrhber 00l conpri si ng:
a tube; an anchor having anchoring nmeans for engaging a borehole wall; a
thruster associated with said anchor, said thruster having thrusting neans
for axially displacing said tube, said thruster having an overt hrust

condi gkon i Ir E1; i 2 J i j but

sai d ?Er us?gﬁ h%%ggygglg 1‘%3%2‘%3&‘?{"% y 5?@@%‘?@ ﬂlse %H%t%éé@egﬁi thH feust

contr J: [ or and said thruster, said
contrg##@%&%@%ﬁ%gggﬁﬁggﬁ%ggﬁgqggfgkgﬁg'or and including a chanber, a
retainer disposed wthin said chanber, said retainer having a centra
passage for receiving said tube and a 5 June 2006 first end connected to

2 esocPBt ca i AR5 Sl 3P e cotbite. gt g e Podod BrBRG PO g8t

portign of the t [usttggperated by the thruster during an overthrust
condi to the tube while the ster is in an ove st condition.

37. The method of claim 32 wherein the thrust is absorbed by at least one spring.

38. A well tool comprising:
a tube;
an anchor having anchoring means for engagiﬁg a borehole wall;
a thruster associated with said anchor, said thruster having thrusting means for
axially displacing said tube, said thruster having an overthrust condition during which
- said thruster applies a thrust to said tube but said thruster does not substantially displace
' éaid tube; and
a thrust controller interposed between said anchor and said thruster, said
contréller being connected to. said anchor and including a chamber, a retainer disposed

~ within said chamber, said retainer having a central passage for receiving said tube and a
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39. The thrust controller of claim38 wherein said biasing nmenber absorbs
substantially all of the thrust generated by the thruster Sdlung2§0@n
overthrust condition. 40. The thrust controller of claim38 wherein said
bi asi ng nmenber includes a first state wherein said biasing nmenber has

pre-determned | evel of e-C ressi.on The thrust ntroller of claim
B ner o S ept b Sreett thishid RS S dontgols St e § SHS R o
thruster is in an overthrust condition. 42. The thrust controller_ of claim
38 wher ei n 38RFAE; ) Fid relnipey said hirsmeemenber) @é@?lnér?é leagh R imRgonafdGiner ei n

said retainer further conprises a seating surface adapted to receive said
springs andirast@enaraied bietha thipsiey dysingan ng@ﬁ%ﬁ diggid retainer. 21

39. The thrust controller of claim 38 wherein said biasing member absorbs substantially all of

the thrust generated by the thruster during an overthrust condition.

40. The thrust controller of claim 38 wherein said biasing member includes a first state

wherein said biasing member has pre-determined level of pre-compression.

41.  The thrust controller of claim 38 wherein said biasing member provides a thrust to the

tube while the thruster is in an overthrust condition.
42. The thrust controller of claim 38 wherein said biasing member comprises at least one

spring, and wherein said retainer further comprises a seating surface adapted to receive said

springs and a collar retaining said springs on said retainer.
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