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system. that forms a borehole using a bit adapted to disintegrate the earth and rock of a subterranean

formation. One such system is described in U.S. Application Serial No. 09/081,981, entitled "Well
15  System," filed May 20, 1998, hereby incorporated herein by reference for all purposes. This system,
preferably includes a bit, a downhole means to rotate the bit, and a downhole means to thrust the bit
against the bottom of the borchole. An exemplary arrangement utilizes a positive displacement
motor (e.g., a “mud motor”) to rotate the bit and a tractor to generate thrust or weight on bit (WOB).
In these systems, high pressure drilling mud is conveyed to the BHA through the umbilical. After
20  passing through the BHA, the drilling mud exits through nozzles located in the bit and the drilling
1md with returns flows back to the surface via an annulus formed between the umbilical and the
borehole wall. The mud motor and tractor use the drilling fluid flowing through the umbilical as

their power source.

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.




5 The present invention relates generally to downhole tools that control
thrust generating nenbers. Mdrre particularly, the present June@Gbé on
relates to an apparatus that absorbs the thrust generated by a downhol e
tool having a mud notor and/or a propul sion system Description of the
Rel ated Art It is known that the recovery of subterranean deposits of
hydr ocarbons re U|r 10 construction of wells haV|ngéborehoIes
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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.




and vice versa. For exanple, during drilling operations, the BHA may
encounter a formation having earth and rock that is partiocuthai2086 difficult
to disintegrate. A bit 16 forced against this hard to drill formation
tends to increase the torque required to turn the drill bit against the
formation. The bit torque increase causes a resultant increase in the
differential. pressure_across power section 18 of nud nmotor 14. As the
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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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5 June 2006 According to a second aspect of the present invention, there is
provi ded an apparatus for a downhol e propul sion system f &Judei20b6 ng a
borehole with a bit, conprising: an anchor nmenber for anchoring the

propul sion systenm a thrust nenber for driving the bit into the borehole; a
thrust control nenber having one end engaged with the anchor nenber and
anot her end enqaged wth the thrust menber; the_ thrust control nenber
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second thruster, said second thrust absorber including a second encl osure
being fixed to the second anchor, said second encl osure having an opening
| eading to a second chanber, a second retainer reciprocally disposed

wi thin said second encl osure chanber, said second retainer having a first
end projecting out of said second encl osure opening and connecting with the
second thruster, and a second bi asing nenber associated with said second
retainer, said second biasing nenber absorbing at |east 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
nmet hod for controlling
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an overthrust condition in a bottom hole assenbly (BHA) having a thruster
configured to axially displace a tube, the thruster being kns@dpsi ble to
the overthrust condition when the thruster is unable to displace the tube,
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sixth aspect of the gresent invention, there is provided a well tool
cortppisihAgotherwise wenld havesbren drpaiadi 19gthe iefo ilsng birehrmsbipg thee gl they a

“borehelre ivadaks may bOEwSlaftial BSSReATRE radubibnSRiFessi3d GliRhse B4 fabddst er
havi ng thrusting means for axially displacing said tube, said thruster

haJieRgr afvanermst 1 igererss iaithat 815 testor mje Wﬁl‘é‘hl%é‘“éii wdipakgs the SYSPPIMI®R a t hr ust

t 0 sEBietl FhkiRembie! foy @l Bbtiohl ki BdselNO hal@h mert Bshant itRhidhedh&Rs actrgai d tube;
and, a thrus% cog%égller i nt er posed between said anchor and said thruster,
PP 8roVsER £y

saidisERmay R HEBEREMEES-d anchor and i ncl uding a chanber, a

ret ai nemnn difefAQB@skeotdl d1ddinatiFrinthoGiRRAD Ble, thiBitl BsdrBdrfmRLsddR Mk GcprB t I al

_passagg for receiving said tube and a first end connected to said

t hritie fHferent sonficuptipnsothptapsteict thawpeed ofpowsmegt of the Hisish gbsabrBelhadssti at ed

W tabsosidrdlare EgledihiErestrisad SncR iRk RehaRAY S¢roR BB BE idllak&ast a portion of

the thr s%{gggerated by the thruster durin an overthrust condition. Also
[

di scl os alfepnafixg eibrdypent ihs threst plserr %’é-‘( fedditionglly pomprisphyy sep@3ths and an

an G NGembed Aikposebloriiil the, enbldguré. Parsdulang, fHRARSonA NMhsiemasd QEdtids means
cooperate to aX|aII¥ﬂg spl ace a tube. | referred enbodj nent, the

. 1n a preter| (
t hAR PP sYrthe s A whendhe e s diplised insa dirgtign oppPestie Bl Hdks ng  means
anghténded F@vaRr dife0idtet thGadt@. ThesebbHdUSAdiRpOmERRA Sllowd HBADE theWehdih Bf t he
encl osure is.a $¥a5|ﬂ% nenber}%gat S conflgured to absorbh thrust energy
whéhf tg"”ﬁtieéﬁfé“lkﬁrt hEgEg P shingdets stroksylength dreyopovergrt afthushg neans
cagbfrzeuNnt er an overthrust condition when the thrusting neans inparts a
t hrust g?rce to the tube, but the tube is not substantially axially
di spl acéd® PIRASH I FRLoR GemPTTey S PORRIPRIOR Pb e apd advepaeey whihirgetiefer i s
CORPEreEREthridYs praBleink BEpricAdvitRETIRVAridRS HahSteliRs ABscAbelliBEvel @DRell B USt t hat
ot h r¥4se moquﬁhav% been inparted to the tube. ALsob%gmeabsorbin t he

t hetgt Teayrs, will heseadly appapsnptodthosgslallpdind et upanirgading t WHE detded educt i on

| N dpdeApiEoH & the pfP@fed dibydinRal G thdBiverdtioACAHA by Y RRELIERE aé@h@aﬁﬁﬂ%ease SO
that the tractor rate is nodul ated and nakes the system nore stable.
Fuft¥&&fore, for a bottom hol e assenbly having nore than one thrusting

means, a thrust abgeifEDESENPIORNRVIEE RO Meach such thrusting neans. In
a first _and second gltennative enbodi ment, the thrust absorbers may
addi t i oﬁ%??’oﬁf’o‘%&‘]ie descriplipnpf theapresspt imystipyaristenemheiinent b wadetpdke t he speed

of asompamilg Riwinpe whbkinst absorbers. The thrust absorbers are especially
restri C%Fg?xreolnl%,% s%l?e?na%é( tdiearglgla‘l‘ll of la%?'i(cj)r a?%(t: ﬁgcﬁ"gul}chc?rc%P tshgtr iggladeissa txragtlo?;);ergﬁd
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;




In a third alternative enbodi nent, the thrust absorber may additionally
conprises a second biasing nenber disposed within the end.hsae06
Particularly, the second biasing nenber restricts novenent of the thrust
absor bey is displaced in a direction oggosi te that of the

Ov[\]hﬁn {She be

i nt endeY 'SP WAPd direction of the tractor. The secon8CHP3RPAE8 menber al | ows
nost of the length.of. the thruster rroke t.0 be r.eal preventing

| oss of PI eo%{%lslgé%d?#muﬁ@ "u(?n%ov\l/egn%fr’?tsé‘%taﬁetnﬁiew?%? us Cntaqégg?lﬁ’érrd. The present
I niaaiticomtrot@npri ses a conbi nati on of features and advantages whi ch enabl e

it to ver coe vari.pus problens o rior devices. The various
char act SR EEs b s R-eplaew St fofint® SiRdmratm FLEAG, || e
r eagghtkollepparent to those skilled in the art upon reading the follow ng
detailed, description.of the, preferred enbodinents of.the invention, and by
5 eferriﬂ" o it ’Qﬁfgﬁeﬁ’@gﬂa}eﬁfvﬂfﬁ “%ﬁgﬁg?ﬁ?%ﬁi“ﬁﬁ’&? THE DRAW NGS
Fo rpoﬁiﬁéﬂlfogsuﬁietb@ih h@&dﬂﬁéﬁﬁﬂtﬁé ﬁﬂfhn@%ecbﬂﬁ&lt@ﬁﬁ&ﬁ%hﬁboﬁiﬁiéﬁﬁ;t ion, reference \r/]m | I
now be e o, the acconmpanyjn rawi ngs, erein: Figute ., is a schematic
di agr amq;g?“a X ""’G‘r‘*“ﬁ?gf"f i 'SS%_OF‘%W ﬁ’“ls%%?_ﬂm? Efm%’éﬁ%er’ﬁ& or, a nud
E_Dts@cfond _'oﬁc&!sﬁ'uﬁfé@iﬂ&_&d’otﬂidﬁﬁddﬂalﬂle@ﬁf Q{dgédaﬁcﬁalwﬁhtltveamw&ﬁn%ts[ ed enbodi ne gt_;
igure 2.is a sche i c diagramof_ a bottom hol e assenbly constructed in
accordaﬁé%’re\/ﬁAtlﬁamP'g@L“ﬁ?sé'ﬁeéF?“éﬁ“m% qlicpiing 5! o a\ﬁ%“’ﬁa’r&bore; Fi gure
103A thifist3oMFko0&S- sectional view of a tractor incorporating a forward thrust
controller constructed in accordance with the preferred enbqdi nent; Figure
ap%%t%ferﬁﬂaa?&

3B is aFspBsB §adenigkrosyscetipnal viey pf 4 sceepd afterpabiy t hr ust

conthiglchBfollercOnst ructed in accordance with the preferred enbodi nent; Figure
4A is a _cross-sectional view of a forward thrust controller constructed in
accor dafésre 8 i p tapthelf prosstseqtiondl Viswnd @itlisd plternative eppbodiapent of afomiags s sect i onal

Vi %&fco 1@ dnat hrust controller constructed in accordance with the
preferred enmbodi ment; 3 5 June 2006 WD 03/ 050375 PCT/ US02/ 34728 Figure 5A
151 s a t opvigye 8B isg i9p-Halicess-pastiarmal Vieveqy adhirdalteratize emshodimentaf pyalt BRBOdi nent of a

f orNAtdder. t hrust controller; Figure 5B is a top-hal f cross-sectional view of

a first alternative enbodi nrent of an aft thrust
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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controller; 5 Figure 6A is an enlarged cross-sectional view of a thrust
controller retainer orifice in a first position constructselline20@&cor dance
with the first and second al ternative enbodiments; Figure 6B is an enlarged

CI‘OSS-Sﬁ‘F ﬁnal view of a thrust controller retainer orifice in a second
- posi tion e8P ucted in accordance with the first an&CTMEVRA™ | t ernati ve

enbodi nent s [ re 7A i s hal f ¢ ss sectiona a second

al t Brygh P?F@e%&ﬂgfg‘?‘i‘i@ntnﬁfmlg“gffgﬁwpﬂmu ﬁf%‘gl% thﬁéﬁ’ﬂ’i"é% &meiz‘i%ure 7Bis a

tOpwaﬁbérewﬂpmmamm@ﬂabaﬂ&o@tﬁe@hmt&@@ﬁtﬂﬁgs%t&ﬁﬁa@éﬂom@mmémnt of an aft
top-half cross-secti view of a third

t hrust confrol|er igure 8Ais nal

al t Spaies i @%&Fﬁ?&ﬂ?%?o againgl Y bators pi.  Qpliph e Wpéiig et S Figure 8B is
a t [hmhs ﬁndslﬁ@@smg@ﬁ&sh@@amy @dsurd chbd amadrtte&fn&aénblg% bempadegrent of an aft
thrust controller. DETAILED CRI PTI ON OF THE PREFERRED EMBODI MENT Wi | e

3 heCOE?P@%“é‘FftS“?Wét}?t“ia@PF Srand e a4, that wsehydranlielly sptualedmeghenisRg, a preferred

enbodi ”ﬁ(@feml%fuomSF%&%@Bh ah@!ﬁ%&@ﬂsﬁ%%ﬁeﬁi&ﬁ%ﬁ&%ﬂﬁﬁ@a@n with a well
tool adapted to forma well bore in 20 an subterranean formation It should

be &% cgrollgry iy 190 mauptsd on pash prd of Wadtersiér iThstar 3¢ ﬁéﬁ%%ﬁfo is merely

one di Qrifthg PP Rk TRin ously
pptl:olgg% Re]gfgﬁlﬁﬁﬁrgé&hlﬁﬁf:ﬂ?a I tﬁ%@iﬁ tﬁl@%aréyg%ttonglqﬁtol e assﬁgngl y (BHA) 20

i s wsamgpzas'@u thst dexeloped b %mm@w byrp fervast st coprdlar the wel |
1or Bo%gdgl?z}ﬁtﬁgst%odﬁ%hér 18@19@&&%«, Ylabto R &9%%9&on&uf€ﬁ%ig?gd&i£ﬁo§mj or exenpl ary

BHA"s are di scuss S. plication Seri al 981, filed 25 May
20, and@dRr whed mealgmisygprp diggsted iy United $tates Pajerg Nop 6,05:106 PulsriThmsteon Ser i al

Nu 7 ﬂ@&b& [ nsi onal
St g%r | ngl%@\‘/‘; glf %c%%? uggﬂpﬁrﬁﬁd yg'%)tﬁfg{)era%of?ljaa?% grp S%Eer%%“‘ﬁ&ﬁ &F%Fsgrrlécrg for all
purqé@sh@loseBmUa@drﬁ&@tes iPaichtiNde 3.480437, 40, hexebnsmpmmchhermbmfereacmd nmot or 34,
a t t try systens
foEi il AR0S ) Gl Bt sinfoc A bERR B8 T B SO 1Y Oy
lizorﬁmtmréﬁnce movenent of BHA 30 20, or any of its conponents, in di rection
"D' is i . EE@ 0.1 oxar I tom 28
( domhol‘@e;e?e%%gﬂg'eﬁn%ﬁc?%(@)?ﬁ%ﬁ%? any o 6|%t %& co %ﬁ%’r]]dfl\% florl“%p(%:h rection "U'
i s thiusitie}ichad ad aft Hiewsiet lé)O,mH\désmsad orod mbtdeel ﬁl()ceamaayba‘ 500 fihese cdmppotrtom 28
(uphol e he vial. ) 20. may be energi zed
usi ‘rﬁ%e‘ﬁ) Bsméhl%}lr%gsglﬁ fiﬁm Sggie hte'{] o@n%agto)' %ﬂ%ﬂvﬁ %cm the surface
t hr(nolgﬂm\m)tandl mahatedmpmgr{dﬁrsh@wnll mm\yalve&ﬁmﬁqqemﬂtasma&ed pipingwiltbd | i ng fluid
26 r\é\ﬁerrecp {o gerallty rJ‘te)lcllrclu.l herem’aﬁer hRPaHrg rc]:11-c|:?’11"_!t'63} cza(n? be %po%a%e&% at bl t 304
tractor 36 to deliver a thrust force to bit 30 and/or propel BHA 20 through well bore 22 (Fig. 2).
Tube 50 transmits the thrust generated by forward and aft thrusters 80, 100 to bit 30. Tube
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

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.




5 June 2006 WD 03/050375 PCT/ US02/ 34728 t hrough nozzles (not shown). The
drilling fluid returns uphole through the annulus 25 fornédung 20081 | bore
wal | 26 and unbilical 40 and carries with it the cuttings of earth and rock

t hat ha&ﬁmﬁ gﬂﬁﬂs created by the cutting action of bit 30 against well bottom
28. Dril @ d purrped downhole is nornally under VEHPSPEYMREpressure.

Thi s hi. e sanve ted into ener 0, 5 conponents,
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mec hagagsMeholeR@ﬂlaﬁr |Bm@hale\f¢ta1ﬁon'-‘as@mbaa 62, disShyagd BbrehBle wall @6 §hbSth§ hown a

pref%rred ran !lﬁ @{%\ﬁr and aft thrust controllers 130, 160

nmount ed”on & to Uctoorin 8 ginyiler mupen gianekr 8  convert the

hyd reagagdsdmﬁh(ﬂss/u]ﬂ es Oii:uld Afethflkted 100 lﬂﬁgesf tum 8o HeévirRold tdwardd Sell Bakokggce for urging

l%lt ﬁ% a a| ns bktﬂ& om 28 (F| The thrust devel oped by tractor 36
EBRLE B‘\;ﬁ aff e Fﬁt%maétembbesﬂ%mdarba"sma T4ft t hrust

cont r ol |Ej’rwﬁtﬁﬂ1rus-féi180(§&ieﬁteh 8 thefstirlg f8:88 Bt 13fbs bltRO AYRANYR agARE hOkell rcui try (not

sho ot h rel nechani sns _are di scussed United States Patent
\Gm%tz“&)% g: ﬁ@tﬁéﬁyhmme@%atmnheﬁ@wc%mmt ed herein by

ref szarmﬂ\@rassadnblywmﬁ ]iﬁ@?h%be%ﬁ@tﬁ%ﬂ@%&ﬁ@eﬂyeshd@aﬁﬂ gbscl osed in
Uni t ed Sta es Patent 80 437 al so hereb}é ncor por at ed herei n by

r ef t‘t?'s pgd Wﬁb‘%@g 4 erdriGh g intsrienye e?fhpndraefa@reethe will be

mades t Oloﬁdﬂ@m&ﬁﬂidﬂ@t weoeﬁ@dwﬁmewm@ Bnd43 of Je?hﬁde@ﬁ&%er 8510 sbhl Sa&HIP! ary tractor
rraﬁ i nclude a. forward anchor , an aft anchor 70, a forward thruster

beg 4 Fistop hpadi0ds fined gnto fybe mﬂ‘i’%@@@@d 53 anddis pesitioned|witsin chassheer t ube 50.
The%toQﬁHMﬁﬁEe‘i 84 #iSa BERE gscgacketaﬁa ngesalsgéﬁom;@sn%&ﬁheqéi %d t,va%agnt luid that is

directed. through tractor 36 valve circuitr and associ at ed

pi pFiFRse ("’HB‘F P4 H‘F’Hé"\?ﬂﬂ% aﬁleﬂéﬁﬁtaﬁﬂfcme@sw]ﬁtw 19i Cpflmdgrvm Il be 20
r ef ek cAPSVETRS RiveVeiBitry BhiMs & st kdivy Aﬁf"%ﬁé "s?;{uh%& re-(?é rcu! try can
él lver at JS% or ce

be progranmed to cause tractor 36 to o bit 30
13 ndpmeunis of dallings nidiptorthe prwgh sepkian) S6nfor & ﬁzgly(cmiltgwlledeyate of wben@enty ansnits t he

thr %En ﬂﬁ&?ﬁeﬁ& 90l coMip1LQ Rk Ske 37, d@% s oAb A4S gﬁf 83, the val %seﬁn%})ﬁ:&ctég 0. Tube 50

i ncl udes a nedial portion 52 an ITst an ons 56, 58 and
Wi tﬂrllhngtﬂ%tder@etsmnoe&&tememgonmed%twmghon@atmmemd second end portions

56, 58 igehnde: s6n nents in the
bott om hol e assenb%%&% For e F%a{&fgeszlfh por‘% %ﬁ{ﬁf&g ‘r%rgi i nk
t r abation 28 & amrﬂlyrﬂmsammeew forﬂgddm@teeﬁﬂl Mﬂlrustml(lﬂanhﬂgs dayhnidet ractor 36

t vi des for conveyi ng
28 Ty bt el % PR el TLRMRELGootio iy, (8 BB, o5
teI @ﬁm@qymmbblyloiiemm@a& ‘é@lwahddmabng mheﬁ@;rcsaﬁdamefnbmmdaa;aﬂelaft thrusters

et ok e oAl S ol R 10 o AT B PO st o7

as smmﬁteyl 120s rseeanteil b)na& 9ndr165 dtcyhuﬂcmmﬂmr ¥R o ealdsttdior cl%ﬁlbmm ePift@r war d t hruster
80 MEHTI0 fubiRFs AR Shidt e bRk Shoflon 35 SRTR! YostOSad B Ghdhe: PR ESS Vel !
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 section 108 to urge piston head 110 back to its original

D

S-U-tD

=

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 136, Housing 132 includes first end 138, a back shoulder 140 fezming an
© anoular arca 142 with fube 50, and a cavity 144, The cavity 144 s not sealed and although it inifially
35  preferably contains a high temperature grease, ﬂuids such as annular drilling fluids may enter the
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bottom 28 (i.e., direction "D'). Forward anchor 60 includes borehol e
retention assenblies 62 and a housing 64. The tractor 3635&nhe@086rcuitry
directs high pressure drilling fluid into and out of actuation assenblies
whi ch are a art of borehole retention assenblies 62. Borehole retention 35
assenbl Y83 ﬁhy include wedge nenbers t hat extend Fgﬁpﬁppﬁnﬁr expandabl e

bl add J 03/,050375, PCTI US02/,34728 Th
i n?ﬁ‘aﬁ%{ug{‘“ﬁﬁ“ %{oHﬂng uns(l, R fovad paenhopsng 4 (8gny) | ese62 to

g;tmdﬁd_ aia.fﬂneatdgd aﬁﬁeclu&{lﬁﬁ%erzmﬁﬁes mteqh@nt yvah Rletaﬁl& 1380faadis ahi thewieson asstehrrbl i es
i'sengage bor eho] e en e .va ci,rc ar ges e
driforw%%msfaw? £R5ing Hi%amea?“zsdud%a ﬁeeg??(ﬁ%a&fi ﬁéhﬁfe‘?é qlé@tﬂeanchor

engagR SRR 0L Witk holtingRaafyti4d A USdteH cyhfer BEGES Sedae14bas dovvnhol e
towards_wel| bottom 28. 5 Like forward a wg@gor 0 afli%?%aggee 70 incl udes
Dor el & ok mepher havng,pfirstend 143 agd g sepo Yhruster 80
genﬁsaﬁr@sént@ant&ﬁfeyma&msﬁ%ﬁ% %ﬁédtﬁ%&??fprﬁk%@%ﬂ?%hﬂb%fﬁéﬁéw the wel |
bottom 28. Forward t ster 8 ncl udes cyl i nder manbeg 82, .a piston head

90, eXiEngy %@H&béh?@ﬁﬂ@frmaééz airhaclpshoulfey d40pad dvaiesped welosen gmber 949F i nder nenber
82 Bihd®HAdRr aﬂcbphﬁg?slafonssiléed@mq& Bbsdd R Ereed BacR BEbuldsr RI0RAd bdtbr Shaped menber

having a forward end 83, an interior chanber 84, and an aft end 10 85.
Cl ok¥r e nenber 92 is received within forward end 83 of cylinder menber 82

14 0 seal Wwhl&Gafiic mﬂppﬁeﬂl onBisﬁhﬁ&ab@ﬁpbo%Qr éeéuoﬁlsmcbeg@wchhﬁoe medi al

portion 52 and 1Is &omtlone within chanber 84 to divide chanber 84 into a

powatiached &a pigen Bad Qhanayes witlin thiester 3%n0381def|341%1!b§h3%@$@ doetaded s its stroke
W tﬁhﬁ:&%@ﬂ&%? vAfrRRH t&oﬁh&]ﬁﬂ?fo Afrhin€ BicRRry 30 Hibe B0 RAcGEsSRimisf S St Toke next

to cy orwar 83. The valve circul Initiates a stroke by
i nj @msﬁem@ dhould the bit Bheftaclsd do wbe ¥ hepamechtallsd mmfi:lstqiprqmmqq@ fluid into

t he ed a:@ﬁ%dt&%&%ofvﬂﬁ stﬁxg il faﬁ:}a}q(:ﬁ&)éﬁa&ﬁ' &g, tﬁlﬁtsﬁ R} sRpARGRENt . Wien

pIS conpletes I'ts str ., reaches forward end 83, the
IS/aI meveamtein@ﬂoyn eficessive gnoudtaf VT ditgotfondrag fores foony eoschple sell 26 oS0t 0 ur ge pi st on

¢ r DN BEpSR00 btoflc) dlh Be BBy Bt v Al b o B REST B 26 i
g e nmo‘ad ihy dt&c&ozsamaﬂmmr from it B6.r Aaeydinden membes r82 govesaplative by foseaed 100 i ncl udes
vaI ehoa{g;g; ng‘% %ég% Sk“:t%e Rhé Eh(a% th@éﬁs I}aél?shoﬁnlg%l)ﬂﬁ g&‘g%’g};pur r oﬂﬂ%% a‘ﬁgdf ?ZZIO;I ated
sli Meeabnkglotﬁdhd%&doﬁl]dnwﬁmr menber 102 is a barrel - shaped nenber having
2001 B 8 08T B BRSSP O 0o
i nt gy fooward: thamees0. 19ping P36is dmposbédxdut]s]a@vmmﬁrm& 1schompm$sb@/agaimstd9aclu be nedi al
20 5 7 05 RS oo T GO g e 11
| t Ssprifig codktant \of thh inatetifilfodneg the doring>dhe siumberydfisprites, aad the eliachet®O& thend conpl et es
'ts %Lgrso wi[ﬂ%e tapgrgcla%e\t/iltﬁart] g;?nrngs, such as Belleville springs, are a relatively reliable and
25  inexpensive biasing mechanism capable of absorbing 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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forward end 103. The val ve assenbly initiates a stroke by directing
drilling fluid into the power section 106. Wen pi st on h&aling 200has
conpleted its stroke, i.e., reached forward end 103, the valve assenbly
directs drilliqg fluid into reset section 108 to urge Qiston head 110 back
to its OAGA 30 position. Referring now to Fi gur E&STAR2B4BE4A  forward

t hrust, control | 130 contr.ol.s. t.he thrust ener at.ed, by, forward thruster
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gener al l{ﬂoa t ubul ar nenber having a first end 143 and a second end 145
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tube 5 ' _ : e bit 30 attached to tube 50
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bor &hd0.e Asweylinde Grchert 19 g1086s, relaieda af enchirF0ovellirddd oaGlepis 176 dlgler can nove,
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ho er 0 ring 136  between back shoul der 140 and
2 or FfeR b e S S35 Sof

ahsorbs the ener gy associated with an undesired
i ncr easedt icim b eeet It 8 trestleuiebanpeetion is established between aft borehole retention
assembly 72 and cylinder member 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

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




by forward thruster 80. Spring 136 is di sposed about sleeve 146 and is
conpressed agai nst back shoulder 140 by collar 148. The &alaek0§6 of spring
136 to absorb energy depends, in part, on the spring constant of the

mat er i aI form ng the spring, the number of springs, and the diameter of the
springsWOABOWPT be appreciated that springs, such aSCBEF2EHFIe springs,

are a relatively reliable and 25 i ne e S chagi.sm capabl e of
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bet ween ?bersmathst%wéw@reaw@teémmthﬁﬁw?/ s ienber 82.
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|ston head 110 can no _| onger
P force of spring 136, then cylinder 829reta1ner 134 and collar 148 will be displaced uphole in

_ .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 o bit 30 by tube 50 is that which is stored in spring 136, and not moving thruster 80.




the hydraulic pressure will cause cylinder nenber 102 to nove in a
direction generally away from bit 30. As cylinder nenber 510Be200@s
relative to aft anchor 70, collar 176 on sleeve 174 slides towards first
shoul der 168 and conpresses spring 166 between first shoul der 168 and
col | ar WP ng 166 is formed in substantially thBCHEMESRAner as spring
136 of forward controller 20 130 and will not be discussed in further
detail.Aﬂwmm@wﬂﬂ@)Q@@ﬁS@hﬁﬁﬁﬁmﬂb§W?%@ﬁﬁm@@ﬁﬁ%@FW%%“ng@%f b shed bet ween
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15Wic b@?@?&%@ﬁm&ﬂchﬁéﬁ%ﬁ_ﬁ%@@hem,MMm' bsw?cwyef wwershaly sloint dillimge cgncl Es: on
of the first step, begi Wi ctuating.aft an . ng borehol e
retf@'maﬁl@rf’rz%’@%ﬁi?t P??g'i"gﬁﬁlﬁbéﬁﬁw %&P‘&%Eﬁe&’g\ﬁaﬁn@%g% blz ﬁ)e&%@éfg ane tine, the
v algyte i6 bl Gdsbivy/anionit@Edisg folct belubs30 power section 106 of aft thruster 100.
Wth aft anchor 7Q_engaged he hydraul i sure jin. ection 106
drives PelstEs nﬁ‘@ﬁ’cﬁ&‘ﬁ%gr?&a S%Dtﬁ‘i’f@yé’f”gﬁﬂlﬁﬁg%a?%@s GERRRHS ]él%?ér&%?c%ect ion "D."
OnGRmA BlsORMichBat dbBdifeAmliR o JehRsdibéd KWitiitiehsxteptiahafitbe matefid, hydraul i c

flurd is directed into reset_section, 13€ to reset &igstor} he?h% 110 within

20c h aissessed belowa fhg fipshaltemativ gpBpdimert omprises e BP SREFY FYCRATOR Rssenbl y 72 of

af oAl Ghier 49 teGrdkiredi hdbERGR discaReddonhOTie A6 dlteRbtiveTintodiaktter , t he
operation repeats in substantially the sa steps, Int [hejl pg@f erred
e nilereist rpewtrollers JA0.r 160, horwever.swsiditiqpally omprse aa‘g’%@&‘fcé 3’1%{5%0?5 & encount er s
. located in the collars 148, 176 of the forward and aft thrust comfroller 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-éompresses. Thrusters 80, 100 and borehole retention assemblies 62, 72 thus move
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difficulty in nmoving downhole in direction "D." This can happen when
attenpting to drill through a particularly slow drillingsflneatdé®dn or
formati on that causes an increase in the torque required to turn the dril

bit 30 or. when there is an excessive anount of drag force on tube 50. In
ei ther ¥AMAPBn, the 15 nud notor may unintentional PYTERGABEr | y

|nstantaneous“¥ rajse the upstreamdifferentia gressag . descri bed
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'S y spring 1 hus, 1t cah be seen that the excess thrust,
whi mhxinized whei $ptingbiods being mnrw@qdéagbsoxbmnnm n@mherclspmewwﬂ@fhent hat woul d
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thry |1 148
covieE e e SRS R he Ml QY 10 ma B bl &3Pl BRT 0 80 200" L

lihrbughmﬂbpﬁmnaﬂmﬁﬂhber 92 to cylinder 82. This thrust is delivered through
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t hryust 80. J 2006 20375 PCTI US02( 3479 t troll 160
opelite oo kel TRy W 22 BRAR SRR A IR0 B 050"
thepﬁhﬂhﬁdﬁhahgmmhem&ﬂkrgﬂpmmMQmkeﬂmﬁmmHEWBMEmmnﬁmdnmmﬂmm@hhdedlrectlon "D
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SeC&dn&Gllel:QﬁmyThe ifrosene laause:sf they)istoncteﬁd 14Pto agesi amdre rsmly gdaimsinthe 164 to 5

uphol e. i ctj_on t ene b tal 164 .causes coll ar
176 ‘t?gggﬂfﬂl’é@&dl?bﬁ?frjéf? T?éé” ﬁ“&%‘ﬁﬂ& el B8 720 A s 166, As
bef @her atif e TP id MAewnl BOFigeEGAN SFhﬁ@ IﬂIﬁWQﬁ R diirediion 1780 hat 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 generated by the hydraulic pressure in power section 106 is reduced.
The hydraulic pressure is reduced either due to bit dril Bb-Joh¢ 208fere t he

rate the hole is drilled is faster than tractor rate of advancenent or due
to the end of the stroke. 10 Preferably, springs 136 and 166 incorporate a
cert ai NPTt pre-conpression that urges sleevesPEWESZBYR8 and thrusters
80, 100 downhole in direction D. This pre-conpression isgﬁrﬁ%erably enough
t o forcesi fivid Bovatimough he odficep Fy 560 Thgisegpn A contplls B0s 19934 164 wi t hin

theyd, c%:%?ﬁs%q}ohéi%sseglg) ¥54, 485 on 1Y SctdPbLpGRAP 665 $66 Bf TR YorMafioan@ratvi de a [imted
armount ot conpr &ssion o6f the spring ~from WRB during normal operating
cortoidings 164, 74Pr Biug nalilieythe prpfeiredgambpdigient; the caities 444 dd2 815 Sl e 15 capacity

Lo Ahae rc)bl}vig)'%%u\)g\?dﬁ%h%e et 22 PRROSNEE Bivifls L4, 102 LANARS wabar e an

I 1T ng ormation of formation'that requires higher torque
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amoynt . of. ag._for BRhe L ' 8&atedfivand 5B, thrust
con]t%ﬁgﬁcﬁé?n%iyl%&pnﬁ?ge g@naép %gﬁgeg in ggéd&l{égsaaﬁgg{%% ?E’g%‘mfi ? st alternative
e nmhetiigee miamstet portians/ob éiechadeofi fordrd wdtaft honeivgs 6éept respeciivelyt nBetfat erial 20
di scyss ow, . 1 fir I i ‘3{598 | 4 ' edphe same
el 3991 %26 %IS glia%e%igg i r‘%@% ?1% é?#g&%\rf]lﬁ%or as %ﬂ%ﬁ%ﬁi@gﬁ% (?azvnbodi ment
di shelcag@nsatoppistions BAG 670 amt thaforward and aficcomptyeriorreayity shoulders@3Sciit r ol | ers 130,

160, however, additigna [ ] I kdd 10, 560

19 orcrg%ee"t?mipﬁ’s?tf’fecygﬂée Sa‘% ’ @{%Hg %%do‘?ﬂt goé&’? or mggegls?ﬁg’h%@f B%dﬁ(rsgi Eoscont roll er
r et éveey fidliBAy infbie, compasperctiitie| 630, 68 Retaisritgs feteimpistors628,6d011 | | ed with oi |
orntgth r fluid In.og)eration, i ncreased | oadi ng 25 across the thrust

confes enlarend dIaglT POIHORS. | | os noverment bet ween the thnisters 80, 100 and t he

bor egg: Qheatt%%mgi;gm a?smbdllﬁsgeﬁm 610, 2560, @nt eontriensatoo seals146, §461 &My | oE _
asse i es , rel ease ir rip.on .t or there is no
ext EPniRrm Clgsesyshms within ﬁ’red]t%rflg 88?H°ﬂ8f| “i%?élﬁ"ss 1%%81,79'16% hc(f(%fg(% sﬁ@x anple, with
B ey o 1o s orrer g, top hor ohor
, .acting on ck shoul der 14Q o ouSsi ny or ehol e
r et iEtginng POl 80170 chyoasy e pﬁﬁs%mglﬂﬂ‘ﬁoyfnﬁ%éaﬁi? Sﬁgf’ gﬁggoﬁﬁ%g%’é?nnect ion to
Ehrmia}]ﬁﬁdeé%oveﬁbmﬁt%g&gﬁhg&om late,dl’fﬂogafsd& 'Becatebgﬁﬁ]ﬂlﬁmm m’s@lﬂ)l%/ 6t2_ to nove
ogether as sprin je- conpr esses. er r etention
as seanibips/ 1AL 73 ds I}"b‘%’&é? stahibize dhepy hﬂ&ﬁ%ﬁ%é%ﬂq J egf)“r%g(r%\% aﬁjag(%e?th%cti ng on
Fi 1 Shngeh flolifle ah®fre@ire oh GitRl gk Jfilk DANDE! B, To rilivethohindumtefiti on assenbly
72 and on collar 176 of retainer %4 c&rﬁgect ed tgft ust er Jﬁgo, causes
29 hr e eolmyochangss: Bisr OFpRBIPEPiERE o) §4s#s P arsow ‘1&3@% pafttas 35 spring
166 ﬂ.ﬁﬁ&&{m&&ss%&%fml%m 2185178050 59© @R Hinip kphahdat sBhe piremxapssenbl | es 62,
72 ¥ us nove 10 5 June 2006, WO 03/ 050375 Pgla'/éB%OZ/ 347.2§ iih the
pistons 620, 670 with a similar pressure, the compensator cavities 630, communicate wi
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 altemative 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 clements 810, 860 are preferably springs that have limited movement, but can be othgr

35 éonﬁguraﬁons without leaving the spixit of the third alternative embodiment.
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I n accordance with the force stored in the springs 136, 166. The orifices
510, 560 restrict the novenent of the borehol e retentionbS3deseiddlt es 62, 72
by requiring the fluid to pass through the orifices 510, 560. The orifices
510, 560 thereby restrict novenent so that borehole retention assenblies
62, 72 WPIOPOHEE sl am agai nst the thrusters 80, 100 wWREHEX@B4Rhe borehol e
retention 5 assenblies 62, 72 release their grip on the borehole.
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not oppdsiglforcgsendlt tihe 50 deringrthef emevabdOles Fheactohinfipr®, BOOhe rivirdandd t owar d t he
i nigpl fl siti.on. The.or.fi ' aways and still
1 i o R 100 Pt oo Bl i 2 iR BB compeit phnoey8. 00 U1
havigosingstae itwbg 30i iate abb nirstioler227 1Ty wien shdelbeen®2@e nbir melggded by theent er axis. A
spring,730. |.oads the | st on, head,.740 agai_nst that is the
tr a‘"‘i‘?%q%{i%ﬁmﬂ’ég ‘?’?gd ithe W@f@mﬁuﬁ%ggotlﬁ?vgsu%ﬂs%%lﬂéea%g‘%%%o i fzf%dt hr ust
conthé aft litetisted A0 atoveb4ftheFhwdydfirdnt chey aiftrhotidie TH. r Bldd inovermgiOpreveals thencr eases t he
t hr ust troller cavi 44 .i.n yol u ayses the pj d 740 to seat
nor"éac?éég%reﬁéﬂfgn@? \ﬁl‘]%én oF glfg%mﬁtgi & oﬁ?ﬁs‘lled"seo Y ‘6‘5&1%}9’%%. his all ows
15 | oftusals 80, 100 atid) the thkaingdTed, 174 hadee lodd O Whith ieusgbonildrg biesienelenents@18, This is
sho in Figure 6A. Fluyid flLow in the direction .780 that \mzes flow
t hr S0gPvEYsf %?Eﬂ?fﬁctﬁégﬁ%@ovﬁﬁ%fw?ﬁ%&wgﬁo& 06F0@H%0%P€$%H§% and bi asi ng
SPriNgost 30the eAYth BOhE hfisteBstioke ivalaarid it 38 wayerhenoont biite bireholeder 750,
t hereby increasing the f| ow a[rea. 1&'3% iqﬁ 3559\/1\%6{ n. Fitgure 6 Ref erring
nové% doisiigRreaise thasegopdary prasing pleraenis 8Py 800 Feopse eyl sPHREFAR SN Pifct ed i n
acCQfeARRaRt at¥ninind aB&@0 BmaVhRAD 88 thiethe Matr FRékes Welnbt signifidastdydescri bed.
Wth the exception of the material discussed bel ow, %tlﬂea&%:?gend alternative

20 iyisdicprb nthecserprary biasing plementsalse redtiRe thestotgh spripgp e ariqe sane manner

as &Qﬁﬂfaﬁgﬁﬁﬁﬁﬁoﬁm@gimg}%ﬁﬁugﬁﬁﬁd above. The second alternative thrust
controllers 130, 160, however, al so conprise a (F:I@Pnt]glgner Lth orifices 510,

560 si milt ghouido be Hiadeistood ety e quese ofpeention FRY B 1% Gt FPe enbodi nent .
The,SReaRm: &'d%ﬁée@.aklt%%%lﬁﬁgﬁﬂkeﬂﬁﬂirenﬁélfm been @oWfibeAlak BipHedlid.tradt6 addi tional |y
conprise collar seals 610, 660 on the forward and aft ret ahﬂAng

having two thrusters, the present teachings may be, as an example, advantageously applied to a
~25  arrangement that includes only one thruster. Further, the terms “U”, uphole, “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
| exmbodirments 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. '
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collars 148, 176, respectively. The collars 148, 176 are sealed so that
noverment between the 35 forward and aft thrusters 80, 100 Salude20@5 f or war d
and aft borehole retention assenblies (not shown) 11 5 June 2006 WO

03/ 050375 PCT/ US02/ 34728 forces fluid flow through the orifices 510, 560.
The second alternative thrust control]lers 130, 160 also conprise housing
seal s 615, 665 on the exterior por€L6H§3616, 666 of the forward and aft
housi ngs 64, 74. Thus, unlike the preferred enbodi nent, the cavities 144,
172 are sealed to the outside environment inside the borehol e 26.

Pr ef erlabl y,An ippaniigidispessd baveen 7 Statiprary mkinbet and & moyalde medban Kieandviablied or
hi gh tenperature grease, both fluids with | ow viscosity. Thrust controllers
130, nidifiber ddding b clrdl doynpeiompr i se forward and aft bi ased vol une conpensat or
pi stons 620, 670 located in enlarged dianeter portions of the ends of
forward and aft afastshéngser bdapteddor @mpatioh wethy statldirdemefbat ons 620, 670 are

bi ased by springs 625, 675 |ocated in conpensator cavities 630, 680 between

t he conpensat or a¥esdndmsenthéPadapitd fewdnhdtbion & Wemdvarldmahbercompensat or cavity
shoul ders 635, 685. 10 The conpensator cylinders 620, 670 are sealed with

conpensat o sealSifith mEfir AMingdIA S anB5RVENmefnbblk dnd hlthg B Rkl

conpensator cavities 630, 680. Retainer rings retain pistons 620, 670 in

the enl ar gedstbRRE ArunRAh i PRtRitionNe housing seal s 615, 665, collar seals
610, 660, and conpensator seals 640, 645, 690, 695, form closed systens

W thin the thrust. o] 111 4... .05e s he 15
vol unme i n cavi t?gélg %}%Sf{g %ﬁ?rg%%?%g%dlné P Z%%‘ﬁ?f g(r&]gtlt%’\/\gg(ﬁl glg ?gi?]vsa!t)%nt

vol une, movenent 85 r%%ghgi e%glhpﬁs %4@5.17 'chag@Es Lhe (ge%ggr%hin t he
vol umes on "STt9ve POLg bl o due (g yhajt and allowine the ipovable member 10 fove wlth, ¢
the retainin | lars.148, 176. This is because the fluid in controller
cavities 11%$“§%§5F§mﬁgﬁxﬂﬁqqu stabilize through the orifices 510, 550
qui ckly enough to bal ance the changes in volunme and pressure on either
side of the collars 148, 176. To relieve the hindrance of 20 these vol une
changes, the conpensator pistons 620, 670 adjust to account for the changes
in vétunme b8 awptmes oficdpimol wheeein spidalinst aur second megiherssare dnrigiesaepiiger
novenent of the conpensator pistons 620, 670 with a simlar pressure, the
conpersgagemetavi ti es 630, 680 communicate with the environnent outside the
housi ngs 64, 74 through ports 647, 697. Referring now to Figures 8A and 8B,
forward and aft thrust controllers 130, 160 25 constructed in accordance
wi-th a third alternative enbodi ment will now be described. Wth the

excepBi on Jhetdpparamt ef ickimdl shsrhe daitl akleswopinh enéiberel f@atd e rlvatiny doretioodi ment
conprises the sane elenents and operates in the same manner as the

pr ef ebiaetigadadt.nent di scussed above. The third

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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alternative thrust controllers 130, 160, however, also conprise danpeners
simlar to those discussed above in the first or second alluse ARG ve

enbodi ments. The third alternative thrust controllers 130, 30 160
additionally conprise secondary biasing el enents 810, 860. The first
secondary biasing elenment 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

cont r ot | er Thagprajatusaf clsgpdesdisraimthe sesopd member ipgiudas e odfiep fepglogfinghiidi ng

162. These secondary biasing elenents 810, 860 are preferably springs that
have Iflomited nmoverment, but can be other 35 configurations wthout |eaving
the spirit of the third alternative enbodinment. 12 5 June 2006 WO 03/ 050375
PCT/ US02/ 34728 When the tractor 36 is noving in the reverse direction U, or
com ng out of the borehole 22, fluid volunme in the reset section 88 of the
i nt eri8or clThrappardids affcldiine? wherein rsakd tobifices leiwsQPcatan dlownast sa bidsirgahensteet | on
108 of the interior chanber 104 of the aft thruster 100 is increased. This.
added moves oM spid Ba8Fualdas Said ctdited Pexitfonrinar wheandidaidsinghdistice moPésstaans 90,
110, noving themand the tube 5 50 in the direction U This operation noves
t he t@anaﬁmgybsgﬁuﬁﬁgmﬂggggg&ﬁ 22 in the exact opposite nethod as was
used to insert the tube 50 into the borehole 22. As with inserting the tube
50 into the borehole 22, the tube 50 incurs opposing forces as it noves
out of the borehole 22. These forces work in the opposite direction as

t hosegdi sc aE@Q V: i3 ' osi ng
forceg'on t ggﬂh e é%c ur?ggkt eﬁfgﬁgeggb%%%ﬁgémﬁgﬂggiﬁﬂg ?ﬁgkg? 8 ? 100,
the faorwar. ters 80, 100 nove in opposite directions than

t hey &%ﬁ&%ggﬁggg%ggg%%hégggﬁconditions while noving the tube 50 into the
borehol e 22. Thus, when the elenents are not prel oaded by the secondary

bi asing el enents, the forward thruster 80 noves closer to the forward

housi 64 _and the aft thruster nmoyes further away fromthe, aft

housi ﬁ@ 74 The FRRetofis oL laie © Hr‘ﬁ"\?’é‘ﬁf‘éq%ﬁén teeaRd TFmbsss forg mpision ang Fﬁﬁ’%‘f’rhe full

| ength of . the thruster stroke due to novenent between_ the 15 thrusters 80,
100 afdld pitonfviding gaideylinden injp gk Jeast Swa chywplass. spid osidie heing Jispossd ik &tig| enent s
810, 860, however, when the tractor 36 is noving in the reverse direction
or coRistoy restrictipg flew betyseresnis] drambers apggid pigen mpeesvathin fidsdylinges t hr ust er
strokes is realized in tractor 36 novenent out of the borehole 22. This is
because the secondary biasing el ements 810, 860 reduce the total spring
"rate in upward direction but at m ninmal anmount of novenents so that the

t hrustier stthekgsraasefrtdimdiOgwhdréin agit [bjasia@ nieathee eddispbhal Remo rblanler hbhdisi ng

el ements al so reduce the total spring rate to protect the borehol e

r et enfiirther iadlsdinbh speing d3pdsed othe pther dammbérgh | npact | oads.

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.

15




It should be understood that the present invention nay be adapted to nearly
any arrangenent of devices. Although the present inventidnjunag0d@en
described as applied to a tractor having two thrusters, the present

teachi ngs nmay be, as an exanpl e, advantageously applied to a BHA 25

arran gpentn}hat i ncl udes 3a!¥ one thruster. Further, the terns "U',

uphol e, " D", ° FBRAPHE L cla T CORRIISYIE: 2 SO SY R By Sﬁalf"é CEgAgHIERty t he

di scussi.on of the various enbodi nents of the present invention. These

t er s, Wiihige Bosie T rppveglont ingpordwatipn wily the mevement ehthe secens membar suchyihat
required novenent or orientation with respect to the present invention.

Whi | e the Buid preswreintercposiionaf thefcayihy thatiiyheswieandie dompensstos pystehomd thersgcond
described, 30 nodifications thereof can be nmade by one skilled in the art
wi t hounenghep rmainsgssenaghychstanpi rit or teaching of this invention. The
enbodi nents described herein are exenplary only and are not I|limting. Many
vari ations and nodifications of the system and apparatus are possible and
are wthin the scope of the invention. Accordingly, the scope of

pr ot eciSi on The appdraths off dlaink Towlidign therdbogen®miot systas@tiubad doaihetsator Pidloni S onl y
limted by the clains that follow, the scope of which 35 shall 1nclude al
equi vdh ealifig @fgagdatens wih @R thoiiild, @ Coipenkier spHad Afengssdmentiahe&defiafir M5 1.

An appar atus di sposed between a stationary nenber and a novabl e nmenber, the

oV ablpgstorBHANBE sekfibnbr themhbe) ahd ad GRANG! Bbd%onfminidafibn BRWESY arrdRRbidedtor

connection to the stationary ne r; a second nenber adapted for

e
: _ 4 o nsaid first and
CONNEGisie tﬁé%tétﬂ&ﬁm%%@aﬂﬁea%ﬁ{pags?teog bﬁrgxg BEWEBIHE o g&@&b{ﬁ%ﬁﬁr g%ci St an

second nmenbers and” havi ng an ac sition an n un posi tion;
sai d Q&%&hﬁ%ﬂ@ﬁ er being noved to said actuated position upon the novable
menber bei g unable to drive the shaft and all owi ng the novabl e nenber to
nove with respect to the stationary nenber. 2. The apparatus of claim1l
wherein said first and second nenbers are in tel escopi ng engagenent. 3. The

appar gt.us claim?2 erei,n. sai d tel.escopi ng nenbers forma housi for
e bkes o aRBise ol SRS S DBl SoUBTISRS B RaAEY et HORT B Y ronber
is. a spring that is conpressed in said actuated pagsitioon. 5. The apparatus
of cl a‘iaﬁ?rffbaﬁsm@?rﬁné &ieég&ﬂgﬁf‘a}?a% e SReRRHY drasg ancahen BN omEsssed W a

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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common bore for receiving the shaft. 6. The apparatus of claim1l where the
stationary nenber becones novable and further including & JlaeRéd@r between
said first and second nmenbers danpeni ng novenent of said first and second
menbers as said biasing nenber noves to said unactuated position. 5 June

2006 e apparatus of .claim 1l wherein the second, nenher incl udes orifice
For altfows nerphataaf PobT? Fheshe ot ot Grmbh nolaghs AL TEemoe, | co
all ows greater flow as said biasing nmenber noves fromsaid unactuated to
sai d é@? ?%ﬁmﬁﬁgﬁﬁﬁ%n t han when sai d bi asi ng menber noves from said
actuated to said unactuated position. 9. The apparatus of claim8 wherein
the orifice is biased to allow nore fluid flow through the orifice in one
direction than another. 10. The apparatus of claim®6 wherein said first and
secondSnentidresppapus af plaime df vhetrie fhiei isking mewbérdinglpdas o ledisionti Bejlesidlied
cylinder into at |least two chanbers, said orifice being disposed in said

pi st ospriestricting fl ow between said chanbers as said piston noves within
said cylinder. 11. The apparatus of claim 10 wherein said biasing nmenber is
di sposed in one chanber and further including a spring disposed in the

ot her chanmber. 12. The apparatus of claim 10 wherein said biasing nmenber is
di spoged | mMhenppahasbeelaantl7 vhetinethe aficHot BHefleBePamBShto ngsHFRRASR{th an
menber  di sposed in the other chanber. 13. The apparatus of claim6 wherein
t he fivaSitof ditthosehoNe andhdb®e propalsiBnaysi@al ed cavity housing the biasing
menber and the second nmenber further includes an orifice resisting fluid
flow into said sealed cavity. 15 5 June 2006 14. The apparatus of claim 13
further conprising a conpensator systemin sealing engagenment wth the

housi pg fo ﬁ‘h@%?fﬁ%ﬁts A1 SO0 4 R Mt st H&nﬁ&}lﬁlﬁg@és 9 fcyiiﬁ'(ﬁer Shi menber

such that the urd pressure 1n the portion o e cavity that s between

t he Cgﬂgﬁ@&&hﬂ%ﬂ§%§?ﬁﬂ%ﬁggm§§%ﬁﬁg?ﬁﬂgﬂPﬁﬁﬁ%Eﬁ%%g ‘;Jgaﬁssentially const ant.

15. The apparatus of clalm ern nsator systemincludes a
conpensator piston in sealing engagenent with the housing; a conpensator
spring in engagenent with the conpensator piston and the stationary

menber. an%t1 rt far fluid co ni ca 'o&vggtmeen an envirgnment _outside
the st | oRsiyAshEsReller i kot SBPI A 8 SRR 848 or
cylind?I %pd the statiqnary penber. ) )
- 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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16. The apparatus of claim 3 further conprising a secondary biasing nmenber
‘engagi ng the stationary nenmber and the second nenber, thé& boedidary

bi asi ng nmenber bei ng conpressed upon the novabl e nmenber being unable to
drive the shaft and preventing the novable nenber to nove wth respect to

t he stationary,nenber. . 17..An. apparatus for, .a.downhol e.propul sion system
for ari1 i rigeamiSl Saeudypt iR PR o hiRie BEet B RE s Fo
anchori,ng.the propul.sion system .a thryst. nmenber for driving the bit into
e boYBreit sk FRERIEE Rt fyIRG1e BN AT YL i DHEPTERPe IS P NG DA e
anchor, menber. and another end engaged with the thrust nenber; the thrust
contr&mqﬁﬁﬁ%§g§FFﬂﬁﬂﬁﬂe ﬂ%ﬁ?@%mgﬂﬁ€ﬁﬁﬁﬁdﬁetmeen the anchor nenber and
thrust nmenber. 16 5 June 2006 18. The apparatus of claim 17 wherein the
thrust control nenber includes a biasing nenber capabl e of conpression. 19.
The apparatus of claim 18 wherein the biasing nmenber includes at |east one
Bel | el | e e rthigf contollerof cleiyp 22awhesein fsaid| badsme Iiferabre rpevidestrethaust tiothe nenber
expands into engagenent with a wall of the borehole to anchor the

pr opulteiechiriny an everthast corfligionppar at us of claim 17 wherein the thrust nenber
i ncludes a cylinder nmenber attached to the thrust control nenber and a

pi ston nenber attached to a shaft. 22. A thrust controller for a bottom
hol e assenbly (BHA) having an anchor, a thruster and a tube, the thruster

confi @ér ed Tho thesétadohtrolibr iflceim 1N &hirviacsadlnbiadifd REnHYS CARBEsEY &t ledst e
overthrust condition when the thruster is unable to displace the tube, the

t hr uspii@ tah@ WHRfeirC 04T frbt8inB furfdr SREHIRRS laCsehiis fBf88 a@RREH ROrebQadlisAlg to a
chanber, said enclosure fixed to the anchor; a retainer reciprocally

di SPOSEehWiahinh BolbRhimNe ThE Eprind8blsdi@teRliAgr having a first end projecting
out of said enclosure opening and connecting with the thruster; and a
bi asi ng nmenber associated with said retainer, said biasing nmenber absorbing

at least a portion of the thrust generated by the thruster during an

over et 158kt RSP AMLVSixSRPTM o, LR AR ARER R T

thr UStar(la(i adtlljlﬁc-‘i:, He E:hr}gsté%*\s/%gﬁ Igrulfles to” h} vi:ii%}_glhce 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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17 5 June 2006 24. The thrust controller of claim22 wherein said biasing
menber includes a first state wherein biasing nenber has Salupe&@ed er mi ned

| evel of pre-conpression, said biasing nmenber being in said first state
while the thruster displaces the tube. 25. The thrust controller of claim
22 wherein said_biaS|P nbe ovides a thrust to the tube durin

overt hrust HEORgingiohol i Sored siogie oBeNRe B1dl ORGsting Fh (HersogdPRRRY o d

bi asi ng nmenber conprlses at | east one spring, and wherein said retainer
further corfifiasieond kigsing mgmberrassrcatedawitt sxd serond celpiper, sdifl gecosp b and a
collar retaining said springs on said retainer. 27. In a bottom hole
assenbl y hauemhst absorhing atdeast 3 periam of the flunetgenerated by thegaepnd dssier divisBor |

and a tube, the thrusters configured to axially displace the tube and being
suscept i bl @ntoyerdiust gomtitid ust condition when the thrusters are unable to

di spl ace the tube, a thrust controller conprising: a first thrust absorber
associated with the first thruster, said fast thrust absorber including a
first enclosure being fixed to the first anchor, said first enclosure

havi n@8an Thpahusigoheeltbr g clatm @7 fwhicsdin edid fipe rand decohd biasihg tndenibers absorb
reciprocal l'y disposed within said first enclosure chamber, said first

ret ai Rebstadddllngll af fhelthrustqRbertc@ b thid MGt Mdl scBEndStBhftefs, fe%pecueély‘,l QBHE @nopeni ng
and connecting with the first thruster, and a first b|a5|ng menber
assocCigb@duichiiges d first retainer, sald first biasing nmenber absorbing at
| east 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 encl osure
bei ng 54i xe peni ng
Tead %8 F g e ARG AP ?%S?%S%%?Eﬁ%i. g S

a first

mﬁthl cond | osure ch sal cond r i ner
ena ‘s 5o SBERHY oL Brf A e SAUETREETE AR

SSQQ?%’P@ Sy il 07 %{sb‘i%ond Sl T in <80 T B e, s BB R S5 or bi ng

portion of the t t. generated by the second thruster during

an ovzli‘et"i"} G2 S SE0BH. RO nz%n%r g gt ﬁebﬂetﬁavmleﬂhwce}%@vdmé@é. n said
first and second biasing nmenbers absorb substantially all of the thrust
generﬂ#@ﬁ‘by the first and second thrusters, respectively, during 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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29. The thrust controller of claim27 wherein said first and second bi asi ng
menbers include a first state wherein said first and secéntingi2886 ng
menbers have a pre-deternmi ned | evel of pre- conpression, said first biasing
menber being insaid first state while the first thruster displaces the
t ube, said second bi nber. bei ng said first stat ile the second
t hr us t¥FrPE foaditien “&ﬁ’é%?%%gmeﬁds “ﬁ"‘h’ée Eﬁglf‘cec%‘ﬁtwﬂ Iﬂ}fz’rm@?‘ ‘&?%‘F‘H‘i‘szf}’g wher ei n
said first, and second biasing nenbers provide a thrust to the tube while
the fiParbinggt least o pertionplibe émst pespated by ke (hruster dpringan oypehuphcgaditienndi t i on.
31. The thrust controller of claim27 wherein said first and second bi asi ng
menbers each conprise at | east one spring, and wherein said first and
second retai ners each further conprise seating surfaces adapted to receive
sai d &6 | eddi matwdsyiiclaing 33 mersl dubstantiadly alliof thy thmstgendrated b thedhmstessipr i ng on
said first and second retainers, respectively. 32. A method for controlling
an ovebsdibadst condition in a bottom hol e assenbly (BHA) having a thruster
configured to axially displace a tube, the thruster being susceptible to
the 19 5 June 2006 overthrust condition when the thruster is unable to
di spl ace the tube, the nethod conprising: absorbing at |east a portion of
the tBrust ThenRilRided claim BNFhébiUEd BFustidabRgbabyaMadsidyhishbesondi tion. 33.
The nethod of claim32 wherein substantially all of the thrust generated by
the thruster is absorbed. 34. The nethod of claim32 wherein the thrust is
absorbed by a biasing nenber. 35. The met hod of claim 32 further conprising
configygrin ruster
gyr i nerpk BRI bAfn TRIRGE dofh € cBufRhufing AL Fﬁgtnﬁéﬁla@hmawg kD

can di splace the tube. 36. The ne conprls

confi de a thrust to the tube mhlle t he

t hr us?gﬁbggslédr}?%%tg%{e £Pt’cﬁ§:p1§c tgﬁé 37. The nethod of claim 32 wherein
the thrust is absorbed by at |l east one spring. 38. A well tool conprising:
a tube; an anchor having anchori ng neans for engaging a borehole wall; a
thrus OCI anchor . thru t r havi ng thrusting nmeans
for a8 ar 1S freBisfas e 43 Rthel BEDEpeS RigsiPR oA eL BT ey
condi tion dyri ich said thruster plies a thrust to said tube but

sai d HHPLQ nﬂ)gé\\gﬂlﬁ&etgwgg{gm%qweythmsg%ngg@n sai d tube; and a thrust

controller interposed between said anchor and said thruster, said

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 engaging 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
contrnller 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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control |l er being connected to said anchor and including a chanber, a
retai ner disposed w thin said chanber, said retainer havionlyng28eht r al
passage for receiving said tube and a 5 June 2006 first end connected to
said thruster, said controller further including a biasing nenber

associ ated wi.th,said retainer, said hiasi er. absorbing. at | east a
portion of e ianteted 58 1A dbrdiSh il it SR RORE B ove TR
condi ti on. 39.,T8e_thrust contraller_ of claim 38 wherein said, biasing
menber abs &Sl pEiihsald ggipipers spid dpasingemeRpgiabsybing rdatleast ByPortig etHPeist er
during an overthrust condition. 40. The thrust controller of claim 38
wher ei n saitiusiggrgrafed bethp Erustierduriag an averthust coadiiee wherei n sai d bi asi ng
menber has pre-determ ned | evel of pre-conpression. 41. The thrust
controller of claim38 wherein said biasing nmenber provides a thrust to the
tube while the thruster is in an overthrust condition. 42. The thrust
cont r 8Pl er Tof thohsticont@8envietadmr} Sseieteii fad biagingnmainber absorbs substentillylaBaft one
spring, and wherein said retainer further conprises a seating surface
adapt ée thostr geaaited bg diedhrustpr duninpg aapderhrsd bérlitionet ai ni ng sai d springs on
said retainer. 21

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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