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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 hydraulic
circuit that is susceptible to these drawbacks. The hydraulic circuit includes a fluid 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 fluid 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 fluid
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 into the

formation.
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The present invention features a thrust absorber interposed between a thrusting means and an

anchoring means. Normally, the thrusting means and the anchoring means cooperate to axially
30  displace a tube. In a preferred embodiment, the thrust absorber includes an enclosure that is fixed to
the anchoring means and a retainer connecting to the thrusting means. Disposed within the enclosure
is a biasing member that is configured to absorb thrust energy when a predetermined condition
oécurs. Particularly, the thrusting means can encounter an overthrust condition when the thrusting
means imparts a thrust force to the tube, but the tube is not substantially axially displaced. When an
35  overthrust condition occurs, the biasing member is compressed by the tube, and thereby absorbs the

2



WO 03/ 050375 PCT/ US02/ 34728 thrust that otherw se would have been inparted
to the tube. Al so, by absorbing the thrust, the pressure increase is

subst ant iwblog/os@dliced. The reduction in pressure increasePCFdsopsiehe
tractor advancenent rate increase so that the tractor rate is nodul at ed
and nrk&sthithehedyisé emuliohiaee deabimgpartedtr thaaner Alsof by a@oﬁu'mg twthostethgssenbl y

havi ng nore than, o t hrusti.n a.thrust absorb rovi ded
for SRS fROFPateHis &E‘?ﬁtmﬂﬁb&eﬂg&dm P T BE SRR pesedh ."v@a‘“"?
enbodigiBRbmerk e fnbebisetsoaks Fhd@ictor aglél isthatuiitddyandanakes g@ system nebird §tablent
conflfl%m}atl ons that restrict the speed of novenent of the r&g{ﬂr uarst? gbsor bers.
The tHvrthermores f5 Griptipm hetceassapily paying mprg dhany eredbrugingameans 495 o ad

roqﬁ f%?rap&g@ggécﬂﬁcﬁmmeé{n@ athird alternative enbodi nent, the

rust absorber additionally conprises a second 10 biasing nenber di sposed
W| thin t henerictt ewlseeondriiemalevs earbiogiments thedland pbsopieasaddiiont rOPPHETP ct s

nmove f t Hﬁ 4 R8I Arhd hukiect i on
opposi erec{ COPP%!F&{&HE% ?ﬁqendgﬁ orvvarlttﬁl reggtglfg% tgl;u&p%e trgctor The second
bi asiabgorbmmelespahhmstrmﬂ onde thdmctdxmhgiaﬂ\ acrabss thembsarheristelaxedt r oke to be

abeor ber . et ik peiee SPhoBherto R Bl TEbleD Bl e AR SORRRE: Yk, o' Sha

3dv angiagesmwhbe %S@B@bhﬁﬂtﬂ ﬂfe(bncl@Mﬁé CBﬂ’&w\Yaﬂyl, dieasemndtlimm mémber restrictievi ces.
The various characteri stl cs des

bo e, ot her  f re
w1 Bt oAb e SvGIEs (O i BRI B Olctiof SppcHie S A Bee
foll %eﬂ&dcts&%d &R ctdesGhd Rid@N 106 séchﬁi ﬁaﬁigeﬁaé@ﬂer@nb@ﬂmmr&fﬂae%ngtm

invention, and by referring to the acconpanyin dr awi ngs. BR| EF
DESCRhe TG ok borealivedds mreventingosset deelsi lP élléesferm%’ﬁnsw Oéfhet Stor esent
i nvenélgrg reference will now be nmade to the acconpanying draw ngs,
V\/nerel n: firl gure 1 is a schematic diagramof a prior art hydraulic circuit
t1r5at i ncl ubegraert imvenitm, comprisad a cowbioation o fraturdsiand adyarteges athich epgbleit or dance

referred e fa bottom
hoI e ‘é‘?gfgﬁﬁl"?mé% R‘é"t%r%}’ét ?lndegfg%orj%g%%e()%\smaﬁ&te?%&g *1 ger&rj%) Qéé%%vgl frent
di sposiet feftus, \Mﬂl be hradidy, apEmgntrtetHrb@e skﬂleaur:tftm)aﬁ upcen'cadmmlhe fallewingfdetailedr act or
i ncorporatin orvvar thrust c roll structed accordance with
the pYessdtiprgt F o bqﬁii“@ﬂ’rtseog;% C e 108’r ?)r’sdnb g%%’lt ViteR 8 3% ract or
i ncor gawaling an aft thrust controller 30 constructed in accordance with

the preferred enbodi nent; LIgaure 4A | s CrQSs- ﬁﬁﬁg onal view of a forward
t¥rust control | er constBRIEF SWE@W@%H@@D% Re preferred enbodi nent;

Figure 4B jig AnGE gét%ﬂéquégdr%ﬂaill olVih€ WreQnt BReroh, I‘éﬂfdﬂ% wiPRSW B¢ lnéde 6 @RSt 1 uct ed
in accordance wth the preferred enbodi nent;
accompanying drawings, wherem

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;
25 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 fractor incorporating an aft thrust controller
30 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;
. TFigure 4B is a cross-sectional view of an aft thrust controller constructed in accordance with

the preferred embodiment;



WO 03/ 050375 PCT/ US02/ 34728 Figure 5A is a top-half cross-sectional view
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oper at i onsReferhing inifially to Figpee R4a botipmdwale asserblyd BHAN 0 infbpyn éiﬁPOS@f‘b"?lit"}‘Fruough BHA

20, Pofe 3§it{n§ne%tinbai %onﬁg)cion 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

I~

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 auxiliary 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 bottom 28 (uphole).

The various devices and mechanisms of BHA 20 may be energized using high pressure

drilling fluid (i.e., “mud”) 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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4 WD 03/ 050375 PCT/ US02/ 34728 through nozzles (not shown). The drilling
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have been <created by the cutting action of bit 30 against well bottom 28.
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36 W nud ‘mot or 34. Second end portion 58 may link tractor 36 with
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t el escopi ca reci roca es wWthin trdctor thrusters
80, 100 aTuberSGaitaeérmtsdhémrgmhenedbyﬁsp'eultandeﬁtthuu@‘s 86,0100 ¢ bit 30.t Tlee 50 in a

d bed I 60.. h t
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which are a part of borehole retention assenblies 62. Borehole retention
38. Flowbore 54 provides a channel for conveying drilling fluid through tractor 36 to bit 30. Tube

medial portion 52 telescopically reciprocates within tractor 36 as forward and aft thrusters 80, 100

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 assembly 100 downhole towards well
bottom 28 (j.e., direction “D”). Forward anchor 60 includes borehole retention assemblies 62 and a
housing 64. The tractor 36 valve circuitry directs high pressure drilling fluid into and out of
actuation assemblies which are a part of borehole retention assemblies 62. Borehole retention

35  assemblies 62 may include wedge members that extend radially or expandable bladder-like grippers.
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35 assenblies 62 may include wedge nenbers that extend radially or
expandabl e bl adder-Ilike grippers. 5 WO 03/050375 PCT/ US02/ 34728 The
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its  GHnAkSndhiRiim ﬁﬂﬁﬁﬁ@sran&%ew%esta ng bk B@eTC (ier Hlbépﬁﬁ%{;? sppl et es
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assembly directs drilling fluid into reset section 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 136. Housing 132 includes first end 138, a back shoulder 140 forming 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
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annul ar area 142 with tube 50, and a cavity 144. The cavity 144 is not
seal ed and although it initially 35 preferably contains a high tenperature
grease, fwoidd®ssoeh as annular drilling fluids may enter Plog/US62/5428
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It can be seen that a resghent connection Is est th&xec? between forward borehole retention

ﬁ_‘

assembly 62 and cylinder member 82. Under normal operating conditions, this connection has a first

state wherein a substantially solid connection 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 forms an
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by aft thruster 100. Simlar to the construction of forward controller 130,
aft thrust controller 160 includes a housing 162, a retainer 164, and at
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Fi 2
(Fig. seqzlentla]ly 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 retention 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



valve circuitry injects hydraulic fluid into power section 86 of forward
thruster 80. Under normal conditions, the hydraulic pressure in power
section 8WOwsnkws7Rgai nst piston head 90 to drive piston ReadSoD3«nkl
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hydraul i c pressure in r..section.86 is absqrbe j . Thus, it
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t r ansFRussit e e seon thaythagxgess thaeshovhiohsis airBable te hedprease i hydraulic pressure,

that would have normally been transmitted to bit 30 via tube 50 has been redirected into spring 136.
It will be appreciated that spring 136 maintains a 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 not moving thruster 80.



menber 92 to cylinder 82. This thrust is delivered through the generally
non- conpressed hydraulic fluid in chanber 86 to piston head 90 and
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10 Preferably, springs 136 and 166 incorporate a certain |evel of
pre- @bﬁ@%@gﬁ%ﬁu‘tﬁé@%ﬁlgﬁ@es‘ﬁql@eves 146, 174 and thrusters 80, 100 downhol e

1(51 direct %@elg?ﬂy,-g sABE26Q@THS ﬁﬁ:@fp@fﬁté 8 chtagf Ryakfre- &mq:u%oh@hamrgem ze any
ype of ay or’'a novenent of retainers 134, 164 within th

res psieemes' &46, h%mdrﬂg}ssteﬂ R0.5108 dewelp ineiepion %WQP@CPOB’PE?\W%IS &9 % Y ed
amunt Oﬁ fom ARLEE gnéf% ¢ gﬁa e ﬁﬁﬁl‘ %%venicentq{f‘l%réj W4, D&t PRk eireBPEaive Ng

cond 94 refre 166 are sized to have the 15 capacity
t o ahewidys. ai‘hﬂlmdﬂcdniipmssxbn wycaam p:revuj%m &mited amoynt joh Serapression g dpseSPARE

unus aII w. drillin forma faBatse r torque
to r %[qsgn prppgmofnial 8 8‘&}%"8}3“%%} %e Pt r‘&@%{ﬁ’%}g r%e%é g%&ﬁs% Hgk@ig)@( cessi ve
gsou lepa@lfty @ra8gorb 8 Bechahrukid&abBe gaefamdrm ngtmmwwhaeﬁngluu%leﬂﬁﬂo‘a WdlliBB, t hrust

controllers 130, 160 constr ed in acco atlve
enbodrmahen g4 fprmaignheregess H%giﬂ‘?&f’l AR Eoﬁo?{?gﬁe i ﬁrtmognterefi fb?' E])gt%r()%k g’?‘l&gl

di sc e abel v afifullof g Brdeiniabd sco_embodi ment _conpri ses the same

el ements and operates in tig‘le same nanner as t%@ eferred enbodi.men

di scussed Refneg nopie Higwes SAamdet abrgeopaisti litnto0 copstysied érb?*ﬁc?rcﬁlﬁrfcg rs 130,
160, hrgl\’\e i ’alt@rggc Vte ' e%@é%nfz QP hbw DelcAFMHBBE N&VithMik exBdptibh ©€ SheShteridl60

| ocate t he co ["ars of the forward and aft thrust cqontroll er
pet aidirensedBAow, ibeAfirst adtespem ¢m@d}m6rltampmsé%thi&%neaﬁﬁmi¢?a@r‘é’e’faltqsluéawvm th oil

or other fluid. n i sdmbst
cont PHPFé?aémifsﬁ 6‘9 O\Anrg&%lil/%?rent Sggeldt \L}\%gg p%g?ﬂ?ﬂ{seggdrﬁgé g%b 100 and t he

bor ehghg doatreldrd cm) asselmwdvers aB@itiondly @LpeSEt halaboenshovith eréficen 51@ 60

assenblies, 6 ase, the e t e is no
oS T bl ITGLIhE AP R SBrRE GRS AREKCA NEte

bor ehgdgcifvelye tak @8s RIAS8ANYYarb ZillBOWith agef otherghugyl. rigopmaem insreasedloggrg spri ng
136, acting on back _shaoul der 40 of hou5| 132 (%ﬁrélet ?3’ L8 918& oI e

28t erfeiosh thesthaiyb ppirgbers 4400 038los) payemeng %‘f/eqnetpg PR3 confiectton to
”“ U nofQetc IR e 95 EoncRsk BipRRObRnic SRlitdins EAadbisy (62 (0 move

er as sprin de-conpresses. Further, with boreho ention
gnp on the b%rehol% however therergj no external force across thrust controllers 13% 'ig(} E

—

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
connected to thruster 100, causes thruster 100 and borehole retention assembly 72 to move apatt as

35  spring 166 de-compresses. Thrusters 80, 100 and borehole retention assemblies 62, 72 thus move

|
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assenbly 72 no | onger engagi ng borehole wall 26, spring 166, acting on
first shoul der 168 of housing 162 connected to borehole retention assenbly
72 and orwoaBlosn37176 of retainer 164 connected to thrust@CTAG/3428SeS
thruster 100 and borehole retention assenbly 72 to nove apart as 35 spring
166 Ciﬁ-a@wfaﬁness\eﬁl thd dgrets stered iBGhe ddMgansb, os e itk erifietfitd, G0 asstinithd es 62,
72 thus m)ve 3/ 050375 % US 2/2 728 .in %cg@r ance ﬁgllrth the force
st or SROYERCphef BPPI‘ﬁ ¢ JeigItion @gse ¥ deauiing, the ghyid ey tough dhe

novengiHceP 514, o borRhalRed 61® Hs0ARe eRBict B vérent 66 thit Hoedhler dertgtiéhe fluid
to pass througgg the orifices 510, 560. The orifices 510, 560 t her eby

r est rassamblisy 62T wilb nethdam meriasighe ﬂi‘ré%t@ﬁtgloo K00 sybensivey the Dogeholezstention  not
slsam %eﬂgl%%? b?ﬁél%‘f’ﬁ%‘gé@ ethe%gl(gh&'genever t he borehole retention 5

asse It grip on the borehole. Referring nowto

Fi gur es Gmﬁmngmwtm&gmeﬁ bAced 6B1the oBE0esi 0,060 limeellatABI8, 17Grepnesipectt i vel y
or 1104 i Cun B ot R BRI tliea PBR BFRELREUE ST seBC R O ¢
510 igamkeh@ariner w&ﬁt hhlesrtﬁptmﬂaﬁ mﬁdeeﬂomi&hwfdrbvaﬂl thmst clnmoﬂerbBOOvvﬂlf alse 560 in
aft thruster,_copfr.ol 160. The fi . sitions, .one maxi num
10" 1| et oGO B ot RS- GRS S0 MY R ERG PBY SRR H ow
tiy ougly irbdghC&ifed 310 Snd ﬂﬁmmrzﬁﬂnﬁmmwwem@u@ﬁe Fléw ebid atfwprsessed to
absorb energy and then is_mnimzed when, spring 136 is, bejng. (g@/%orrpressed

af t ermpgmiasdvdep spang 1360s Rewe spmpresd dp sbinghessedrldhen & Rappizebyherryi g j s
done s%ﬁn%h% dem&?f{]gedéec:o?aﬁ)f&gseh%&Sﬁ&éholéﬁteﬁﬁy@%sémy b AGbYagSOo AN waRI NSt

t he bi t he novenent of ruster controller 130
and i26 '8ls fis dopetso ﬂabsybmvudh@l thirgsteyd30 mayeh Bpiastet3byovmegarst thect 310. The

orif '(?L&mg]&llm%é ealﬁ&gmteﬁ dtﬂ ‘al}ﬁ ép &)'nﬁ@ﬁerflb@%cp fs hf)ﬂlg'nto z;l;lggrb%ddf fs%f%t 510 can

be biase ways an remaln thint of the first
als erhmtpeneﬂbgrﬁmﬂlfweﬁm One vvay isto have a spri ng b| ased piston 710 with

a hole 720t . A sprin Qads. 1 i,St ead 740

agai nst a E Ofﬁ?gg @?g’lqsﬁ { t?l Mg?‘?ipg%u%letfh ?gfroe %‘rbs? b?aﬁe&]

Ejhl' OU@be@DW@ys?&ﬁ 460 rdntirt h&hihhhdlﬁilmc&ﬂthé atst eltenmﬁ ambddﬂi&entFI@nedNefyl 0w : n the
irection 770 at,_ i.ncreases, the t controller cavit ol une

caus Ve RSPHNG i”é‘?f*dﬁé%%fl %‘fﬁ)""fﬂé Q’é’}ﬁ ?i%ti@“g]é&t& PRI aé&aljg “%/%é%%?ﬁ‘goﬁé%h hol e

i nsi dgiseAAUAIRID abalst aldboide 150UBatfib W tRRkiMod HetRstaMNidhees ik thib@dtehol20

through its center axis. This is shown in Figure 6A. Fluid flow in the

R0 ecTG0om fh@@r@%&@ntrﬁ!\lﬁi palieed4§.| Blwid flavdnghe Grictipnd/Gtet pigtriss byttt the
head of wbiG BVR} %4 Yxf"g?lﬁfglrg é%{l§§ 'tﬁ% gﬁfb‘h' Gd 5360 to RO e s@?ﬁr&? ahiadtafe head

740 away fromthe shou reby increasing the flow area. This is

S hovmthrcmgh Fﬁplgunsdeﬁmoulﬁef B0 i 'Hgs albowst ool rtersughathe sonal} Bolet ROubrouglv s r ol | er s
130, 16 const ucte |n a d c ment
w1 S ORGPl Bl Tl bR, B P AR Rk R TP
t he sthemigh osifites Hafuskes agaihadhaiznatl of dreristee 40 dnd téaing seﬁagrﬁm sncgmg thper at es

41 30 e sane, ranner a5 U1.RL 96 5% IR IPRL rdlosusSh AORKGn e
Figure 6B.

Referring now to Figures 7A and 7B, thrust controllers 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 aft borehole retention assemblies (not shown)
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controllers 130, 160, however, also conprise a danpener with orifices 510,
560 simlar to those discussed above in the first alternative enbodi nent.
The secomaoaBsmrnati ve enbodi ment thrust controllers 130pCcIAGozsiieg i onal |y
conprise collar seals 610, 660 on the forward and aft retaining collars

148, ¢ld& 1ﬂu'ic?ﬁ&§%rb1¥g%l tNe orifit@s 90,1580 Thé Secodd’ ﬁteﬁfaﬁvé&ﬂisECbmllerhéBO 60 ement
between the 35 forward and aft thrusters 80Q, 163@ géyeég@#or agd af t
bor ehlsd gomptissnidusing seate b, 668 oprife cSEMNpOriians 8‘”\9@ Ps685/ 34728
for Cfiush usinedlsd. ﬂ Oy fsh &@Hcgflﬂéé Bl%fe i o682 A0 the28PtiesTheE, SPT aRthedlbd &7 Mt i ve

thru ntrol 'ers 1 SO conpri se housing seal s 6t5 665 on the
ext ebutmﬂe pavitinomest GEide tl%lﬁordiolet P Porforably. hadavfies 14&40&%3 Agstllsd Wilha Thys,

e enb d| nmen 1 o the

oo staraeain RS R RE briREgs FRile iR ! 187 ity T GuReaelnty Laa,
172 ap@addifidrRby Bbriprisa f&wbi;tki{rﬂwlfﬂ daskdl m)ldmle lroohpgi;gtglanﬁemsa@@r €70gpesaesein bot h
fluids wth | ow viscosi r ers
conplelﬂé’égefléliz\%t‘ﬂ P&’HH’“%IP% EWG{‘}IE g3 P4 p’?zlg'?o‘?e ggjé% qgéf% | ocat ed

Z)ﬁ{o’ihe g6l @bmls&d B?Eérh%@&@fms m@;aeadec@ﬁpehmmadumoamo beowsinngs 64,

spectively. These I stons 620, 670 are biased b 56r?6§ 675

I ocaﬁl@cbmnpen@m@rﬁm 620, ég(}?{l‘iﬁ@ forsard gErihramReRTior £1A @Bﬁﬂg‘ﬁg?& Ji st ons
$§o 184% %@Q?S%? g{?ﬁd\éﬁrﬁoa@‘i’o %Fe scRRARARS BbrRbenSeit dedls BAOUbAL1690,685, 10685. 10

e corrpe or c ers 620, 670 are sealed with conpensat |'s 640,
645, pﬁ@@nt tﬁ%ﬂb‘m mtpﬂ@wemperfsatm ehvitieo Q. 48 Bﬁ@n@d%éﬁé@ﬁ B]IStOB%.&OP %Z N530,
680. Ret ?r}gr 0{1%59' n pistons 620, 670 in the enlarged di aneter
portlt%% png seéal s 615, 665, collar seals 610, 660, and

conpensat Olrheslﬁablﬁg 6o, 6164665, 6681 se895]0, f660mnd|oomemsstys seateso4th 61 16%he
thrust contr r cavities 144 e Y me in
cavi t&ésf OfEéP?OST SySheEpaY N Mé n&?ﬁ%t Cav{%gs \%4? %ﬁ% g% ncskgsgﬁtsy&é? A

8V eNBRimdfn dabkids M144) 37 ednaisSsoddFhatlcobstada ks a threstapt eeslsme,emowmeh‘eoii/ol unmes
on either side of the collars 148, 176 hat h”@qe E@ Nf)%errelﬂa{ PS

r et alrﬁfﬁwglgcc@ilﬂlar1§8 14 changes therpipssutesn ghevolpenes op & §10F e gy b1 &F

cavi ttbﬁ%lﬁtfefls éb§ oL r&lindpt sk ahs) 17ae TH¢ eu@badsaeleoﬂmﬂmesmﬁmen 550
qui ckl'y enoug al ance the chanﬁfs in volune an pres thher

si de onaf/ltleh 1344c eom mngt ablego stalfigize thepugh thecpidicespd 05 GHig eenalfg Sol ume
¢ ha”%ﬁ e it vo‘i "?%ﬁ‘ds}?rés% %hseﬁtﬂﬁ%xé?o%heﬁc%ﬁaﬁcmy 6.1 Do 3RO MHe hﬁxﬁﬁaﬂca ef changes

er-side of the collars , 76. So as to not hinder
rnD)Venm% Mum&ehmeq)ﬂrcsmmensamrsmsim 6200 67 diusti to rrcecust far| he cBIESs it e, t he

conpensat or cavities 8%0818%824%3;}'8“%%?&%(}’{%&&B‘c?ven’?é?x‘(bf&@%%&be&%ﬁ' de the

housi B9 © TLS}QP(?B erring now to Figures 8A and 8B,
f or wagiglomneboab 1o whi uSiﬁmﬁ@pﬁeEmd &fes:oﬂn’ﬂ&;saﬂ)ﬁeawt% 63Q 680 commudiciata vadidbe dance

with athird alternative e nt, wi ow-be described. Wth the
excep‘tﬁVBﬁmé?ntPWél Frﬁ’(eélPFS&}gng %h?)%'{ c%? Qyﬂe third alternative enbodi ment

conpri ses RAe §3Nkow @ SRS SAndncDrw Abefard Nind haft stans mﬂuﬁe‘rs ds0s A60
preferred enbodinent di scussed above. The third, al tﬁ W%‘t{a
Gt r estobtectediigGrecadmce e Bid alipragive fliamentyw o P8 Sslc ?dar S Those

di Scugf‘c 1on g a&n&lhcﬁscfu%sreé theBly. FRCARE aftbrhRlVE ahdb¥&nRAbashpiRey the sdhe t hird
alter na rust controllers 130 ,
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  configurations without leaving the spirit of the third alternative embodiment.
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30 160 additionally conprise secondary biasing elenents 810, 860. The first
secondary biasing elenent 810 is located in the forward thrust controller
cavity 14Wolasmen retai ner collar 148 and the end 65 of peousonsu788t. The
second secondary biasing element 860 is |located in the aft thrust

control | erywEeiMhé Hactor 36 RhyERNin therevorkd difeclidbUpstdoiliy naf theBoehiolh22isi ng
162. These secondary biasing elenents 810 86% gre preferas?a%/’ﬂdlg |ngs t hat
have fluidialeee woberasiscctipn 88 ehihe iterir ghamben 84 pifthe forwg tiuyster fhe| eavi ng
the §%8{ e% %é@)@\‘%%' hdn@! GBERat 1oL oL TROH MRRier 108 1MMARALASOBIS added

PCT/ en the tractor 36 is noving in the reverse direction U,
or cowlung mMases pfestutreoribe Eiwind apg aftithryter Nigpusrhl, 119, mewingdhet aabibef8e 88 of

the igqte %gﬂ e?crﬁﬁrlr})efhl 84 Alioh BBV AhdR &%56 g\;t%?%@ fot ?901@ 8 tle I:)Ql@t 6ﬁ)@§1€ct

sécti‘on he T nterior chanber ruster
i ncr easied. asms sseddalimeert thotube0 pitcathe boxphaﬁs 3r &s with inketifhpthwéard 59 o gfet

thruste p n 110, novin and the ction U
Thi < toRpR ol el A o B e e ddRorae e o THEe HrtE
Oppﬁswdﬂe in ﬂﬁtdppﬁhtamwt;@n g% 2idsd dlsduﬁé‘eﬁraboxtd”tﬁattowaﬁe eﬁﬁmﬂhmsﬂl;dbﬁdmmt eWbthe 22. As
with inserting the tube into the t i ncur.s
oppos‘lpﬁﬁslff&)ﬁoﬁcg@%@elt‘i be 2 gadng, the “?S‘FO‘{ah@’C hé"?"éer%hg@)eﬁ‘?g? ‘f%r k in

hie opRRRLER sdi { (ﬁ)%é&,% aﬁpoﬁltwﬁfec%rﬁ%&ﬂ@ WY EndehdertBFBBloadiaibnOovigret hr ust
condition. Wth 05|ng orces on the tube 50 during the_ renpyval cycles
oI

of emmmﬂwsﬁlbfr 590n‘f01hﬂ) hpde £3r wetg when the e&ﬁl}entsrﬁfﬁgl%p@ logded BOhenpve in
oppos I ww] o KIS | e

novi ng %ﬁgjy b?%}ngg! F q“}tle%@?%o %e 22. by \éﬁk&%%f&‘gﬁgq@ﬁ%ﬁg%de not

pr el ahelefl thysteh00 memsrfat&rey abyiap giony thel %lnhq\lslgg Téh el Hisomaeraent mrqmte theB0 noves

closer to.th for 4 d t t t her
away q‘atc%’ﬁr?’éhﬁo%frfa Wgﬁstﬂﬁgﬁi]i&g&hf@ﬂlﬁotvh}éu%%ﬁt% &Iﬁ)l?eeé\}%ﬁ?) 1%5‘6&9691 f Pact or 6 from
rigal itgiusgrst§oe 160 bhd the hoisinge B4} Heudder Lomtl.e Wit the kecoddrey basing wments 8161 ween
the 15 thrusters 8 100 and the hoysin 4. 74 under | oa

secortPr §PviEveEs ?f@n g’?&ﬁ’ﬁ?ﬁ lémvmgé%gw rﬁ‘%ﬁ&%&f"’“"&ﬁ%ﬁ"@ﬁﬁo trg e\%or‘;g@i ‘
NoVi NG hidsit dTehd 18YEH SBhS N RE: kidke®Ts r6aiFed b t@idtor 86 niohembn et bo?ﬁamolermst of
the l'ength of the thruster strokes is realized |Hs?tractor 36 nmovenent out

of t - bidvissih dpasuscathe sepprdary; basine chuaents HE, 0dsEa 1y HREPIAG T BBREY 810,
8;50 r RAUES, blte trﬁlnffﬂal ﬁlﬁ&hﬁ Of Rvembits YR the MiRE LkdMRs Rt no%tsL%Vﬁl anount

novenents so e thruster strokes are not significant 20 reduced.
e sedwadalfe b@casdanbgblednwmlﬁn@ltaals@mdé@m@é tattl spiing 1afe ©Protegy the thegbasehode pr ot ect
t he bo oI e hown) from high inpact |oads. It
shoul eonuaﬁ érrlbg glatsglﬁwﬁ)si?%gm rese a(crm):ﬁns\s/entl on may be adapted to nearly
any arranmestenid b udésritomls thafl thé quephntt veioesmay benedaptedote hesslybewn

descri bed as appli.e ractor . havi.n t ter
Feachigecay SBEVGS A uten AT b RrY BB Hied ol EhiAGH!
ar r anmﬁigﬁ{vo trhadterh, Mg pretes teabhivesang BehisimteRimplEudtdeigcouslyapplexdng a BHA
hoIe , downhole f orward, ndémi3 reter nmer, e yng(i rg})ll fy the
cu%}“éainé?m%lf thah ancludes 9y AeHBBISIENt BT temﬁsr entPhp N ese

ter Mgl Ydnet atUSthsShdRih ab sl theddioulin bNthe REeshstembdan@he dnlle
required ‘movenment or orientation with respect to the present invention.
present invention. These terms, and other such similar terms, are not intended to denote any require

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
embodiments 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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Whi |l e preferred enbodi nents of this invention have been shown and

descri bed, 30 nodifications thereof can be nade by one skilled in the art
wi t hout owpasbsesgsfromthe spirit or teaching of this inpremttison347ihe
enbodi nents described herein are exenplary only and are not Ilimting. Many
vari ations and nodifications of tgOBAIMStem and apparatus are possible and
are within the scope of the invention. Accordingly, the scope of

pr ot eVBAINS EHNHMEP i ted to the enmbodiments described herein, but is onl y
limted by the clains that follow, the scope of which 35 shall include all
equi val ents of the subject matter of the clains. 13 WO 03/ 050375

PCT/ Us02/ 34 aisparatspdispesed\Reiaveen ¢ stafipnavemember apd agpovapls apearbss ths mgwbly

beat ad | .and a novabl e menber, the novable 5 nenber

d?i ﬁ%&n@er?hﬁm?%@%%?@@%ﬁgg a first nenber adapted for connection to the
st ati onary menmbefist merserr edepteddoirennestiaptodhe figionaymeadei;on to t he novabl e
menber; a bi asi ng nenber, engagi sald.first a .menbers and havi ng
an actuated po%%f?’bnm%nﬁb rg%p%ﬁ%%tcga egt Orbt(())?lletrfl%%‘;tﬁ%%%s%glr’d bi asi ng nmenber
bei ng noved to shiasingnkembdretgipog daidfirstigdnsetdnd nmbais| aad haeingen adieitedy unabl e
to drive the shaft and allow ng the novable nenber to nove with respect to
the stati offSHORARS ‘Fl.a"tﬁe.‘te‘%?%“gﬁ’par atus of claim 1 wherein said first and
sgcond nmenbers @i®biaking eleBHEOBERY mEBRE Y BT NMctuakd pdsitidh @papEay Albowsblof cl ai m
2 wherein said tel escoping nenbers forma housing for the biasing  nmenber.
4. The apparabydesr weble fa drivgn@e ehaft 4 dloy ﬁgl%@ﬁﬂo@e ¢ 19 W t hat i s
conpr essed,j ctst@itl%stsf%{adf?ﬁl%ﬂbapg tion. 5. The apparatus of claim1l wherein
sai d stationary, novable, and second nenbers forma 20 common bore for
recei %i ng Thee apazdtus, ofbclaithd whereinasaid fistt anflajepant mprabas ke ins tlesconiag v
rrenbegn Qeegl%rﬁgs novabl e and further including a danpener between said first
and s2& nenbers danpeni ng novenent of said first and second nenbers as
sk d hi asi Tige appatass oficlvies? tvbersii sdiduelascbpiag estmbers ifdrimonhouging Tirdhapipsingat us of
claim1l l\4\/nerei n the second nenber includes an orifice for allowng fluid

25 f19{°8: The apparatus of claim7 wherein said orifice allows greater
flow &s sarkk dpastus of dEmiewher&in yaAS biasigmembel il aeing diae th compsased iaeidiat ed
position than when said biasing nmenber noves from said actuated to said

unact ¥4 BRSEPLi on.

5. The apparatus of claim 1 wherein said stationary, movable, and second members form a
20  common bore for receiving the shaft.

6. The apparatus of claim 1 where the stationary member becomes movable and further

including a dampener between said first and second members dampening movement of said first

and second members as said biasing member moves to said unactuated position.

7. The apparatus of claim 1 wherein the second member includes an orifice for allowing fluid
25  flow.
8. The apparatus of claim 7 wherein said orifice allows greater flow as said biasing member

moves from said unactuated to said actuated position than when said biasing member moves from
said actuated to said unactuated position.

9. The apparatus of claim 8 wherein the orifice is biased to allow more fluid flow through the

30  orifice in one direction than another.

10. The apparatus of claim 6 wherein said first and second members form a piston and cylinder,
said piston dividing said cylinder into at least two chambers, said orifice being disposed in said
piston restricting flow between said chambers as said piston moves within said cylinder.

11. The apparatus of claim 10 wherein said biasing member is disposed in one chamber and

35  further including a spring disposed in the other chamber.
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9. The apparatus of claim8 wherein the orifice is biased to allow nore
fluid flow through the 30 orifice in one direction than another. 10. The
appar at uswofo3pb@rsn 6 wherein said first and second nenber ®Cirarse?/a47p$ st on
and cylinder, said piston dividing said cylinder into at |east two

chamer s, T38iagpRhtul bESaikel (ghetempeRiasadiiy Hamber iptispoed tresie dhatmbegarkd ow

bet ween sai d chanbers as said piston noves wthin said cylinder. 11. The
apparferthes inskading i pagsye Givancasaion Biepbey dosrd iRdhsotler $em@Fs hosed i n one
chanhgr a a?galfaﬁg LR airh C W HEEROME R dfdTscdbrRPRSAbrE Mo sedlbe kaifyanber .
14 03/ 0583 PCT/ US02/ 34728 12. The apparatus of claim 10 wherein said
bi asihogsimgethb biasing netimbpoanddhd secondemerpberfatheningludgs antorifice rasistinggilyg lawpr essur e
cenpensat.i on nber disposed in the other chanmber. 13. The apparatus of
c?ai rltgs"\%é?a&rgﬁcaf/’%é first and second nenbers forma sealed cavity housing
t he hdasi Mhenppdrstus afitthihe fisrtteo pemprisirper compendatr systenl indeslingrengagefieste
resistin luid flow 5 i.nto said sealed cavity..14. The a r of claim
|57 ittt bexStag PRt iRt Dy BF st ot tf hes DA n BB L ©) B
housitRgfiii@preARYENBRY pdriibnG® te@aviat thaths Witk Eentthecompessan bysain dddehsecand menber
such that the fluid pressure in the portion of the cavity that is between
t he dowpRencearays esspatidincadiiint-he second nenber remains essentially constant.

%@ 155, Theranpasahyst QhimCl4aliBrdif M @aPlflaton By EAMRERNIA! Déonftdabdipishal udes a
conpensator prston 1n sealing engagenent with the housjn a conpensat or

spr i rig s¢aling ergagemenh withithehopsing, € AHRISAPLIPIING ISINERECHITEL W‘I’%t%% CAPPEALY

nmenber., a POL.: r I i E o b QRVYRRmenQUt ST de
the. gt B B PRl el dnd B IOIeE 3l R B R bt R et o

cyl i naesideahlsthtivmaryshembeo st a/comgpehetor caBtygtweEh eheapppaersaios cxdinder agid hed
farther, con*%)r{?i %i ng a secondary biasing nenber engaging the stationary
menbeFHSREY 4585k cond nenber, the secondary bi asi ng member bei ng conpressed
ugon 16 he THRVahhatReThEin Befuffetumaipriinga sicondaryt biesisdh afembeanehgagieg éimt | ng t he
novabl e, menber to nove wth resptgct toi@?fg stati onarbﬁ. menber . %7. An
apparsitigaary gremberanghe fesonsy BerabeL; B secpudannbipgng PrPPY PR SOBBEEEO IR i t h a
bit, meBhotMIPHemblbeiR e RdrivERIDSA 0l pRI6HAE etndJablepiaeitick 0 @Bveyst e

a thrust nenber for driving the bit into the borehole; a thrust control
menbevithaweatfo dirstadivpramernetied t o the anchor nmenber and another end

attached tp.t : t t il 2 RdNele @ith CWMbR

rel atilqi\?e rr%\l/ea%ganr%ﬁégt&\t/vgen t élea%g %ggnrres%tgrﬁ fogﬁﬂlt relljst rrgnber. 18. gThe
Afpara@mpsisiof: cl ai m 17 wherein the thrust control nenber includes a biasing
menber

an anchor member for anchoring the propulsion system;
a thrust member for driving the bit into the borehole;
a thrust control member having one end attached to the anchor member and another
end attached to the thrust member;
25 the thrust control member allowing relative movement between the anchor member
and thrust member.
18. The apparatus of claim 17 wherein the thrust control member includes a biasing member

engaging the ends and capablé of compression.

19. The apparatus of claim 18 wherein the biasing member includes at least one Belleville
30  spring.
20. The apparatus of claim 17 wherein the anchor member expands into engagement with a

wall of the borehole to anchor the propulsion system.

21. The apparatus of claim 17 wherein the thrust member includes a cylinder member attached

to the thrust control member and a piston member attached to a shaft.
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engagi ng the ends and capabl e of conpression. 19. The apparatus of claim 18
wherei n the biasing nmenber includes at | east one Belleville 30 spring. 20.
The apparwbDws/08f37&] ai m 17 wherein the anchor nenber expan®€Tiusvz34gngagemnent
with a wall of the borehole to anchor the propul sion system 21. The

appar a2us Afthabtadontrdller irer iittont Iude hdzemiblly (BEIN)duving ah antder, a thipktenaielr a menber
attached . tq the thrust. control .nenbe nd a. piston negber attached to a
hat 0% g BB BTG A S dhe 5B¢ Ad Ripe GBI B FePYREIS bot t om
hol e @maRiERwheld BEfrufiaVd BEblefo BsIARIthe RAbS, MeliBlusTcomttiiePcoripiiPg: t he thruster
configured to axially displace the tube and bei ng susceptible to an

overthrust con#i enckiyughaying e openingieading to y phamber, syd gnelpiuscxedie theibe, the
t hy ust congnrcﬁ&l;er conprising: an enclosure having an opening |eading to a
chanmber, said enclosure fixed to the 5 anchor; a retainer reciprocally

di sposed wi t hi na sdiepr edeipndselly dispasetl widliaisaid chavebher, sgjd setdinerdraviegd fughend ect i ng
out of sai 2] O I . i A t ruster; and a

bi asi ng Wﬁg@%&@ﬁéﬁg@%ﬁ%@%@%@%@?@h@?’g‘%@%ﬁ tgﬁ‘gltsegr%énenber absor bi ng
at | east a por#bwsinginetiber dskociegdd geln eaid teandyy saidiadidy member absorbing atin

overthrust, condition. 10 23. Th hrust controller of clai m.22 wherein said
D a6 mo- releEen Dol OF e BufCesafrfed thyhE G e ¥ bpePinft Gl ol by e
t1y ust®Er dulid tehst ntoNE of blalns 02 G@Bbid da0biasdda meMBertabsoulsd subQaitialy b bf of
claim 22 wherein sai &)i@gsi ng. menber jncludes a first state wherein

bi asi g reshBeneraiedbytheipyier drimedoverlust cordifiets- conpr essi on, sai d bi asi ng

memrbesy bei fige thhsB@nfolldr bf QhimSiadRerdh bdig blahfg MfYatiRdudl 8 BkAGER Wikt ube. 15
25. The thrust controller of claim22 wherein said biasing nmenber provides

a t hrlbigsing wemher hagls@redgigrmiingyl lgvel of ereepmpsessien rigidtbiasmg m@nberheing i spsd
contrgld s%e%\iﬂ%&h@iﬂ%&&.dg@ﬁ&%kﬁbtﬁﬁéd bi asi ng nenber conprises at |east one

spring, and erein saird retainer further conprises a seating surface
ahapt 24 t oTheethsisveongallat of grinnZswhereid said bodsingmendeaprmyvides sthivdt tophé mbs on

sai d éet ai ner . 20t27' .tJ n a bottom hol e assenbly having a first and second
t hr ustEFME 8 Oy Frhryst ditione ong anchor, and a tube, the thrusters configured
to axia@l | yTkH gphsteentidiier blibleinnnd wierdia ssidSiaiig De@bdrocontpris@Variedst vas

condi tion en the thrusters are unable to di spl ace the tube, .a thrust
cont rW&rmé’@ﬁ%"}%&? taimgr L{COMBFSFS @ SEHLE S © ‘izé’f?éit%feé?ﬁvwat‘ SERES f i r st

t hr Usfira cofiad retafnidoSdhaidts nghsesdhes 25 including a first encl osure being
fixed to the first ancho said first enclosure having an opening | eadi ng
¢

t¥ a Thambhira bejtam hgk.aﬁ@;_blyminge%ﬁw aehiqcgndithaisisseatin t syoend anchery st
ggicljo | ;gtuﬁgzggil%gfshﬁ?szé‘é BordighRl HhehChisf1Re RY thhe MdSteifd duRERILESE B9 out of
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
25 including a first enclosure being fixed to the first anchor, said first enclosure having an
opening leading to a 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 associated with
said first retainer, said first biasing member absorbing at least a portion of the thrust
30 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 chamber, a second retainer reciprocally disposed
within said second enclosure chamber, said second retainer having a first end projecting out

35 ~ of said second enclosure opening and connecting with the second thruster, and a second
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openi ng and connecting with the first thruster, and a first biasing nenber
associated with said first retainer, said first biasing nenber absorbing
at | east wopossileh of the thrust 30 generated by the fir®CTiusoust7es duri ng
an overthrust condition; and a second thrust absorber associated with the

second t hrplsdigd menitedl S@cnrd whi uatd sadoadribrinet, naldidécond ebistontndac| osur e
being fixed to the second anchgr, said secaon encl osur e, havi ng. an _openi ng
| eadi ng toabéorgﬁ’&nﬁelre?Sté‘ E;‘EE%HPF}& Erge’?eé@?‘ﬁpﬁég‘f e é%a%gdd‘gwgt #n said
second enclRsrfust GRGNBEr, said second retainer having a first end :
projecting out 35 of said second encl osure opening and connecting with the

secor$-t hr Tt drust gomtrodlerseiccdrin 2718hepngeidoBtas! Peond ipiesmepbers BPs) ng
meyTh e@bﬁ%ﬁﬁ@if l@tileoq M Tl gérgraﬁaﬁ%%{'ﬁg rf?ﬁ A &Econd Fulst& S GEPctRIeRS igndRITDEr

absorbing at” I'east a portion of rust generated by the“Second thruster
dur i ngyegthrustoeaditibmust condi ti on. 28. The thrust controller of claim?27

wherein sald first and second,bi asi r Kb . i y all
P e e e e
dur i nrsestate ovledréih rsaiit fispadi fecanl bia8ng Heebiehir st acpnidetoinhiaed dfvelcbapmy 27

wherein said firs nd.second Di.asi ng. nenbers |ncl ude first. state
wher eFHRESHA ﬁa'ldsf'%’ S%?f”@é’&%ﬂﬁr B?lﬁ% F‘r?%ld%ﬁnoqgart% Wh’é?/%‘e g"sb ﬁ’&‘s&eé EPRFRIEC | evel
of( Pr @be, GRIAREEY 1kingSAbEbd bbish iDbAS FiRY stiRIgle thebdignd hrstr displatstthst at e

while the first thruster displaces the 10 tube, said second biasing nenber
bei ngtub® said first state while the second thruster displaces the tube.

30. THe thips éﬁPE&ﬁx‘ahé&ff cRim 8% @Jh@?egisai’&"ﬁﬂl’s@iﬂa s8@nf blabihg Incibers R&RMa bI asi ng

menbers provi a thrust to the tube while the first and second thrusters
r es pettistieltye tabewhite tha fist @dtsheond thresiersitespeshvelBare imyeovertirysicordtian: ol | er of
cl ai 7 rein.sa LT 1:88] r o ri se at
I eas'[% I(zjne\,\}glger ﬁlr%St nggpl%gfé%aﬁ[?ggﬁgfe%}gss% dgﬁjép%gg%%%@? Sgt?%iglregl%grgc%a?urt her
cHfiTpr ¢®epriss @aaldastgoreusptiag ead adepieshid dirst @oéisvw@nd astainas ehdbalirthonenypisé ng and

[ .retajni i t .l i idfirst d d
ot o et SPhEtoReRen iy Rooy S bR aBP BrE aRe SR it LR BRE SRS
condi Eﬂrmg.o'hBaidﬁ@@bﬁ@d’éb(ﬁ]ﬁh&aiﬁ&&,&é@b(yﬁ%BM) having a thruster configured to
i

axi al | spl ace a tube, the thruster bein usceptible 0 vert hrust
20 cotdi t i rinsthehior H@WOHP&%QYCWSE?%S‘}@W“%& pi&GsR g‘?}% a%sﬁ‘@{’%%g% ?‘ﬁ@ngret hod

conpr  shifider RERAARI NG afiblly @i@?ﬁce Ande! theQbnkr biiBs klkEeptibledBNBs Av@thriy the
thruster during an overthrust condition. 33. The nethod of claim 32 wherein

s¥bst eanditignwhen e tonsterigunahleje displasechatube thymethed comprsingrabsabinggLlsished. 34.
25 35 PR B bl Bl B o R R U Tng the b acing
menbeB3.t o Bhwmethopé clam ddwhersincubsiintially hié of e tuts gerseateddbisipe duwsterrie t ube.
absorbed. ,
34. The method of claim 32 wherein the thrust is absorbed by a biasing mex_nber.
25 35, The method of claim 32 further comprising configuring the biasing member to have a pre-
compression when the thruster can displace the tube. '
36. The method of claim 35 further comprising configuring the biasing member to provide a
thrust to the tube while the thruster is in an overthrust condition.
37. The method of claim 32 wherein the thrust is absorbed by at least one spring.
30 38. A well tool comprising:
a tube;
an anchor having anchoﬁng 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
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36. The nethod of claim 35 further conprising configuring the biasing
menber to provide a thrust to the tube while the thruster is in an
overt hr uswomsnsisrs on. 37. The nethod of claim 32 wherein tplog/iSaz/suses i s
absorbed by at |east one spring. 30 38. A well tool conprising: a tube; an
anchor havihrigteaappitss iartpustgangd fidve B gaidithgster does abtodubstavedally dapthés sisd er
associ at ed '_tapl sai d anchor, said thruster having thrusting nmeans for

axi ally dispracrng said tube, said thruster having an overthrust condition
dﬁri ng whi ch Zaa dlgusl%ﬂﬂﬂll&;igt@@ﬁé’eﬂaaeﬂ%g@ﬁﬂ%ﬁ%?&l&ibsaldhhﬂﬁ_ feﬁrsaiagpzh&clﬂﬁr a -
thrust to said tube put said thryster does not substantia li spl ace sai
tube; and lﬁ%?mﬂ@gmmw or; g dngleskinga ghanNRsE e EneT Jiseorst WAt wid d

thruster, SahBes@Rkr@lanf havag 3 ge&&mesﬁﬁgﬁf&%&%@ SERGE A8 FRELI Ng
chanmber, a retainer disposed within Sai 5 chanber, said retainer having a

central pa¥sugséed orsajdetbrister vgid seniolen Herthen dncpding & biagingl meohreessedated sai d

t hruster, i ol £ Ol 1L I i L ask: L ated

Wt sal o Tob SiEOKRG, Ty ABhnc AL EE Besbh BSLRPpPREREL BB00ELET O 1
t hrust gen@rthe Buustdyyutibgant dyertiguss comitidnng an overt hrust condition. 39. The

t hrusty co 0, i 8 rein _sai.d.biasi er. absorb

subst%ghti gf IFeyMﬁ%{ cog‘ﬁmﬁ%g)ff agm ? wﬁgli%mgsgl fe %ﬁ“uégtfnﬁl'g‘}g%ﬁg&)?%rsﬁggﬁm ?111 R an

oMer t the thetst gamditdd torthe thbustel theink lan osdrtheentsnditioar of cl ai m 38 wherein said

bi asi er incl S f.irgt state.pherein ai.d_bj asi.ng nenher  has

pre- d‘g? eme%mﬁte‘i?&ﬁglgef Og‘flﬂl-négﬁiﬁl?eé% PHhO1aH1E ertlﬁlﬁhﬁ;?f a@bﬁgﬁtﬁtﬁ MOt ¢l ai m
38 whaidbissiahembir &gl ;16 doembesd 16REbiyde sompe@and state wherein said

bi asizﬁg menber provides a thrust to the tube while the thruster is in an
over thr ust They#irysh Gertiallghof olpim I avhersin,said bigsing snember grcludesp ieed ek ei n

sai d Phdsih REid BB mEAPR P& aRs Al thiuSeR thO Rfbe wWillle! Y thél%@ 1%&?5\%@%3%

retainer_further conprises a seating surface adapted to recelve sal
slpsri ngsditighd a col lar retaining said springs on said retainer. 18

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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