; 9:; <=>e3epddeDi j >p6PpTp) S*1 2 DOMHOLE TRACTOR' 16 March 2004 2 3 This
invention relates generally to downhole. tools, and nore 4 particularly to
"a downhol e tractor for propelling working 5strings and wirelines in a

wel | bore. 7 Subterranean operations in petroleumwel|l involve the 8
copveyance .of pipe, coiled tubing and wireline supported 9 tools from.the
surface into wel | bores and vice versa:; In 10 vertical wel | sio Maghi2Q0¢hose

wel'ls having only a few degrees 11 of deV|at|on the axial thrust necessary
to convey pipe or 12 coiled tubing strings, or mnreline tools, is supplied
by 13 gravity. In these situations; the dowward thrust applied to 14 . the
string is equal to the weight of the drill string, mnus 15 any buoyancy
force due to fluid downhole: :For pipe strings 15 in relatively deep wells,
this downward axial thrust-:can be 17 quite form dabl e, ﬂmmmﬂmmﬂmmmfceeding
500 tons. Although the 18 weight of a conventi onal coiI i ng
will be . 19 significantly less than a conparably sized dri kssigk ke string,
20 additional axial downward thrust is routinely applied to 21 coiled
tubing strings by a coiled tubing injector positioned 22 surface.
16 March 2004 1 The retrieval of pipe and coiled tubing aﬂ%ﬂﬂﬂgﬂmmmmm
wreline 2 assenblies in vertical and slightly deviated
acconpl i shed by applying upward axial thrust to the pipe 4 st'f¥®y, coiled
tubing string or wireline assenbly as the case S may be. In coiled tubing
operations, this is routinely 6 acconplished by reversing the direction of
travel of the 7 coiled tubing injector. In pipe strings, the pipe string is
8 pul hed (g mbes"erhceore by platform mounted machinery. In 9 wreline
operations, though, the wireline conveyed tool or '
2

This invention relates generally to downhole tools, and more
particularly to aldownhole tractor for propelling working

‘strings and wirelines in a wellbore.

3
4
5
6
7 - Subterranean operatlons in petroleum wells involve the

8 conveyance of pipe, coiled tublng and w1re11ne supported

9  tools from the surface into well bores and vice versa.. In
0

1
11 of deviation, the axial thrust necessary to convey pipe or

vertical wells, ahd in those wells having only a few degrees

12  coiled tubing strings, or wireline tools, is supplied by
i :13 gravity ' In‘these'situations; the downward thrust applied to
‘.. 14 the. strlng is. equal to the weight of the drill strlng, minus
z'lls‘ any buoyancy force due to fluid downhole For - p;pe strings
16. in relatively deep wells, this downwaxrd axial thrustJCan be
17 quite formidable, sometimes exceeding 500 tons. Altﬁough the
18 weight of a conventional coiled tubing string will bew
19 significantly less than a comparably sized drill pipe string,
20 additional axial downward thrust is routinely appliea to

21 coiled tubing strings by a coiled tubing injector positioned

22 at the surface.

23



10 tool assenbly is pulled fromthe well bore by retrieving the 11 wreline
or a cable that often is lowered into the well with 12 the wireline
assenbly. . 13 14 The situation is nore conplex in highly deviated and 15
horizontal wells. In these types of wells, gravity can 16 sonetines be

relied upon to convey pipe and coiled. tubing 17 strings; and wireline
assenblies into deviated, sections, 18 , depending on fact or sl6Merch2004he

inclination of the well, the . 19 weight of the string and the nagnitude of
buoyant 1f ories 28 ntevaly oh phpesaningoifiefeviehing sbsingsvi &0l wistdl e

i tuati , th [ W L dr ' .th | f 2 l.I b t
Son pofnt ARATW RS cHnETEhent SRt Ry et ARt pA T TvER 10T Ao el |
At this3poidhaordte; ShEk NGy Wbb1¢4ngotipWRYe GoWWRS thivst heb wHehguitpd he

i nput of additional 25 downward axral thrust. In pipe strings, additional
downwar € 2&ttime: comlede Wpphgedtrbngherpivier st Fiq g syenbas ash the foase

27 i ti d h ing .th deyj.at, -
nor | Zonbal TS ROn: LK Ei o CR1 U8 PREGSCATIET 1y B1S 2b° CBRVBREIatal pi pe
string ¢s SWdbripledshéd rﬂjy_ﬁé*@é‘féiﬁ%nthaodﬁﬁi\é@tsi&f soverardlt brughemay be

applied without 31 inelastically deformng or fracturing any of the pipe 32
sections. cc3lEgl Nukin@ o actpe. r efat PEBEy shimingsut@re dParet &g iasd ikl |

t hi cknegse f | ' ever [ t
sur f aces s Rl Y hPo PR or? e o ik et ndE ey 2n
string ot lvditte ok ogegrdthisodspi tigouGopet ker fwdore 15 rsei ppdnedyddwmieaild otrhr ust
is possible, and is ysually inparted 6 to the I l.ed tybin tring via,the
coi | ed*q u_bltﬁ’g’li rﬁse?ﬁ‘@?‘l.y B Bizgﬂ‘f—é g&m EHeal""_ﬁ P fbiénggEﬁst"ngathe
wirelipe i tgelh sirge 307 Idddle MalieofPeAPRLY iTRG/dRMVEL ot BRESHel® @ith
wreline 10 assenbly. O her neasures nust be applied to deploy such 11
downhdl2 atshenbiiimes ine Hisgdmblevi at ed and horizontal wells. 13 Retrieval
of pi &esand coil ed tubing strings, and wireline '

14 The situation is more complex in highly deviated and
15 horizontal wells. In these types of wells, gravity can
16 éometimeé'be relied upon to convey pipe and_coiled,tubing
17 strings, and wi:eline assemblies into deviated_sections,
18 depending on factors such as the inclination of thg well, the
19 iﬁeight of the string and the.maghitude of buoyént forces
' 20 acting on the.string. However, in most deviated well
21 situations, the string will drag against the walls of.the
22 well bore at some point below. the commencément of the
23 deviated portidn of the well. At thiS‘poinﬁ, thé string will
24 not move downward further without the input of additional
25 downward axial thrust. In pipe strings, additional downward
26  thrust may be applied to the pipe string by means of surface
27 equipment in order to advance the string through the.deviated
- 28 - or horizontal section.  -The compressive load capacity of
29 conventicnal pipe string is such that fairly significant
30 levels of downward thrust may be applied without

31 inelastically deforming or fracturing any of the pipe

32 sections.




14 ~ assenblies is also nore conplex in deviated and horizontal 15
wells.During retrieval, the string or wwreline assenbly may 16 bind agai nst
the inner walls of the well bore until the 17 string is conpletely clear of
t he devi ated section. As a 18 consequence, an upward force exceeding the
wei ght of the' 19 string or wireline assenbly nust commonly be applied
during, 20 retrieval while the string or wireline assenbly i slaMatdh200he 21
devi at ed section. The capacity of the string or wireline 22 assenbly to
wi t hst anpd e qvernul | C y eghhhre h
a devi at ed W&al* Sec ;,%enl'fsgrﬁéa?%6?1;193%0)3??3%%%%% %?at ﬁglpeﬁg:ilegﬁggrstgn@gﬁ?of
the string «iMid ehidithd pohasenbeyerEoventtisoral pheeasbuntgefcanrfadtsnel y
wi t hst and 26 fagé%y si gni ficant tensike | oads., Thus, thgir retriexal is 27
| argel y3a fEMRRAIGE SoTHEFOWERTREE phifast SHatiorAPRbIRCedC28 FEEMEE a
machi neyy. .l i j e i bl i a

pr obl en%ti gg}cgnlr%ﬂé%tq{%h’grﬁ%%%%g?t?Btg}ém%%%wt?%s%%i?gnsi :Sgﬁleoggg @ggﬁ be
quite |%m teethplpad iduwrawadyd 3dhiost wi sepiose idslsenbands i s| fisthdlyensplated
limt of a coiled 16 March 2004 1 tubin sé{in Oi a@rekine assen%Eg is
exceedetl, ACRE PR IS AL OBeP EEIBA Nay BES ot 1688 FH4Rar iy RECOL -
wel | bore. 3 4 Downhol e propul sion machines, often referred to as 5
"tractors", have been used for several. years to facilitate the conveyance
of wiredinasasdemskidd echrarosan retdht bpprecigited suvinglénei aAgseldt 8sa

wel | bore. t. conventional 8 tractors.can graquped.] WO

gr oups,? naﬁ’glba',;tg(lﬁo\kﬁ?r]éjcﬁ viHe eTP% lx&?aﬁf&?&%%%ﬁ%%é%e%?i tg)ngﬁk\%ﬁiglej ed 10
pover egh t r aals@n®160NSicHhe&f med sibpéarmhsusbeg appll e oo depkoflspoher ed
wheel s that project fromthe housing and are designed 1% to en agg tEg

i nner Mal | Scymhole essamplins ity BIgBp¥ncRIHEted avd PREIEQEEAMaYSHeS to
pr opel iruatractor and any portions of 14 pipe or tubing or wireline tools
connect’ed thereto. 15 Designers have devel oped several 'different types of
wheel &b 16Retadernldesi gnipe ok empledi hybéhngetstxihgs, pandreirehdses 17

and some .enpl oyi ng -hydraul_ical | ower ed wheel s, In conkr ast
converitd on&F 5@1”‘5‘301%&!53 1% f&i%%l_‘?%}"%oﬁ%?‘@? 51 *&. %fgv:h%%%i ngné n%gﬁi zontal
reci pracat ,89 16, a}"’D%E:i hanisiaddn 2Rer ByhmC @it ywenghgne asdesbigngages

the inner walls of the Z1 casing, string or open hole, as the case may be;

to préel 2inthegeimstothdnmsr pertlensfofhsi welbt PaBenghbtlwFrbeline 23
tools ””g%tr?.g ther ebto13s Sapventdonak phecked dd@eaokscpigsentagestain
S. g &)ne |§>a vant'ag

short ¢ n ) € comon to many. conventional designs is
the 2744 ackonkegednadanay iupysavkerf ancpuexteetiiacpropal sébaht whketse 28 In

Y, SYentLenal s i S B Gl D B R AP I ARy
20 retrieval while the string or wireline assembly is within the
21 ‘fdeviated section. - The capacity of the string or wireline
22 .‘assembly to-withstand_the~ovérpull necessary to‘movg'such
23 assemblies upward through a deviated well section is largely
24 a function of the tensile strength of_the string or wireline
25 assembly. Conventional pipe strings can routinely withstand
26 .faifly’significént tensile loads. Thus, their retrieval is
27 1arge1y a function of the power output of platform mounted
28 retrieval machinery. Coiled tubing strings and wireline
29 éssemblies are moxre problematic in that their capacity to
30 withstand tensile loads can be quite limited, particularly

31 for wireline assemblies. If the tensile limit of a coiled



30 one or a plurality of nmechanical |inkages. These |inkages 31 typically
consi st of sonme formof conplex shaft and U-joint 32 arrangenent with or

wi t hout gearing, or a chain drive of sone 5 16 March 2004 1 type. The
difficulty with such designs is that power .failure 2 in the single drive
notor results in |l oss of power to all of 3 the drive wheels. Another

di sadvant age of such conventional 4 desigrfs is the sheer conpléehatoh 2004t he
mechani cal |inkages 5 between the drive wheels and the conmon power notor.

Such. § | iehgg}a% QUi el o I WACPEDOhat essewdrlat icoepererdany Feteostly gears
and shafts an r chain sprockets_that re.quicge 8 relatively Ci@%%ﬁ

t ol er agcesfishdangeonar et Ba¥ b6t REEUATED 87 (HGRT (HiT Ui Rol e.
Anot her. di sadvantage common to 10 sone conventional tractor designs is the
inabi | Pty to provide 11 axial nmovenent in both directions: It is often

desirafl e pgyuhadie FhsHuls pbapebcaisies,ngpiremirefldrredppara®us axially in
13 both directions not only for insertion and retrieval ur pﬁ (?fl}éa?lét
al so f&r dowrhotezaf uhiakantbeaPpyses I SSEHR L Y5 T ouyi % operations

routinely require sever j Qfs Sk e PO Ad QGibd EdeehlYi, NY
tool ré& at Fg F(S’I{Vr?g%ocﬁge cﬁ%l‘?%ggg%%o%st 0 data acquisition. Such fine
tuni ng-of the1pesithiimd &fings Lagg mgwedd hasteati WOt F9RVEREECRBLe can

be 19 extrenely difficult if the_propul sion _appar S J | m 20 a
si ngl e &di r BEBFSHOTH IFRRE .1%?5692’\/\/19%0%6@ ldfcgc’pu%é‘%lo%*?%o%%'s %eei?he
di sadvant agﬁai%fedz-%ﬂeeélatéﬂé | ¥ 8l0Wrisr av elo S eashwaatt iorel iwheseledky

| ongi t ddi n nmovenment s downhol e. The relatively slow travel s(geeds of 25
craw an typewprenlltsiart syst eaBsiista ofatutdb a0 P LY i Fug gr more

by- product of the reciprocating f ’ + égﬁgxgﬁaegrgﬁagsg 8ed
tract itén nEﬁH?F?dof‘ﬁ%ﬁ%? a‘%‘?geg%g%ﬁgt %ﬁ% r%'(zl’i1 procating type ofg
movengnt alsoetaadeachd OLglepad sard [tk ycamirgiersr big tée @PeRngole.
downhole. Slow i'nsertion 30 and retriev%] ften transl ates An%@opkggﬁg of
oper aflisng e8sthel3rFsn ndE BPer RCOPTOPE & &I A e present

i nvention i:s directed {0, QVer couLAG A HRAUi dhredtied effi@sétoof the one
nor e thBngréb0|ng é%%adgantages. ~
15 Designefs have developed several different types of wheeled
16 = tractor designs, some employingfelectrically powe;edeheels
17 ~and some employing hydraulically powered wheels. In
18 contrést; conventional-crawlers,tyPLCally cons%st qf a
18 ‘ﬁousing and.a reciprocating craﬁler mechanism that
20 rhythmically engages and disengages the inner walls of the
21 éasing, string or open hole, as the case may be, to prbpel
22‘ the ﬁractor‘and any portions of pipe or tubing or wireline
23 tools connected thereto.

24 v |
25 Conventional wheeled tractors present certain shortcomings.

26 One disadvantage common to many conventional designs is the
27 lack of redundancy in power output to the propulsion. wheels.
28 In many conventional designs, 2 single power motor is encased
29 within a tubular housing and coupled to multiple wheels by

30 one or a plurality of mechanical linkages. These linkages

31 typically consist of some form of complex shaft and U-joint

32 arrangement with or without gearing, or a chain drive of some



3 4 Afirst aspect of the present invention provides a downhole 5 tractor
in accordance with claim1. Preferred features of this aspect of the
downzhol e tractor are provided in the 7 clains which are dependent upon
claiml1l. 8 9 A second aspect of the present .invention provides a downhole
10 tractor in accordance with claim29. Preferred features of 11 this '
aspect of the downhole tractor are provided in the 12 clai ns WhMaicha1084
dependent upon claim?29. 13 : . . . 14 In accordance with another aspect

of the presg E.inpﬁggi&%ﬁf 4P Oyt Al eubhagiay; d T Oul yled I BCl; a
housi ng and?g 15 first e%lz asgear(‘}rgfﬂy cgupl eﬁl&:’ﬁgfoﬂum nglg%ﬁéatr ?%lliq'&se
oper ablz 1Int bher aisiglte dmaye f mototheehulisisngni Naeed igBtpaieectboal 1The 18

. first. wheel assenbly h a first elegtric notor and .a first 19 wheel
coupl o0 { EPReTFAE HITRAT| ¢ FRTORST ATERONERHRSES P SURR GrRRVenE 1658 ed
to the gfougkaggand jiss tq&er@@é@rteémﬁitekieg%@ & MG dH AR 4418 NpMRLagsi n a
second direction that is 22 opposite to the first direction. The setond

wheel &ssepbtyegd e drxeomndhetbstand tbeoccamdra psesondnattee! cBuphed to
rovi ded .for selective

the 24 second electric notar. Means are 25 o
trans! £ 1y THESPR SOGHIPSRG o RET S S s SRYFTeY CORERT SriPS e aaRyOF om
the hoysi NgeaZd andd sHa A WANGE Wi InagpiBekerEPeHa tOfrdfi8) Ji esent

i nvention, a 29 wheel assenbly for a downhole tractor is provided that 30

i nclud8s arekretvely wdwsre thritetrices hib, oudsrrater cpeysited Boatthlyeahdb,
o 20 Y ERUBL AT P D dheslnd e B UESRZ0L EdRRL e (o,
t he wheel .sdiné ncanvenddres Wit it higs Bhgpech sot hehé npaganty v eftb0RNded
5'.dofghmé§§£f3$85ehidgwﬁﬁ‘ﬁﬁiﬁrgﬁréégiégg? aIgogzig gzgjéisirable te
12 Dbe able to propel a string or wireline apparatus axially in
13  both directions not only for insertion and retrieval purposes
14 but also for downhole édjustment}purpéses; ﬁor example,
15 logging operations rouﬁinely reguire several adjustments of
16 the position of the logging tool relative to the bore hole
17 prior to data acquisition. Such fine tuningiof the position
18 ©of the logging-ﬁool~relative to the bore hole can be vi
19 extremely‘difficﬁlt if the propulsion apparatus is limited to
20 a single‘direétion.of travel. - o
21 } , |
22 Crawler type propulsion tOOls have the disadvantages of
23 relatiﬁely slow travel speed and sometimes jerky longitudinal
24 movements downhole. The relatively slow travel speeds of
| 25 crawler type propulsion systems is a natural, though
26 undesirable, by-product of the reciprocating type of movement
27 associated with the traction members of such devices. That
28 © very reciprocating type of movement also can lead to abrupt
29 and jerky movements of the string.dOthole. Slow insértion

30 and retrieval often translates into higher operating costs

31 for the operator.

32



6° first wheel assenbly coupled to the housing that is operable to
translate away fromthe housing in a first direction. The 8 first wheel
assenbly has a first electric notor, a first 9 wheel, and a first reduction
gear assenbly coupl ed between 10 the first electric notor and the first
wheel . A second wheel 11 assenbly is coupled the housing and is operable to
12 translate away fromthe housing in a second direction that!§qMaichk2004
opposite to the fist direction. The second &heel assenbly 14 has a second
el ectric mator, a second wheel, and a second 15 reduction gear assenbly
coupl ed, ibetweenptbechecondenteshrie #6 renterd ans dherseming wheeteducihgid
ram is coupled to the 27 first and second wheel assenblies for sel ectively
transl ati2ng aret BELEFESt 0An8heceBAdTRREePIadd¥ni TSP LR r 81 3R VR AIF DM

19 the -housing: R first controller is provided , for controlling 20 the
flow of Current to the first and second el ectric notors. 16 March 2004 7A

1 I n anoyhera agpest , abpece oS pm@vpﬁedeatmwemmmtpzyomdea 2 dowrkubke

tractor, conprising: 3 a hub; 4 a mheel r ot at abl e relfilve g t he hub; and
S a not oF dufsmwmmhaﬁwﬁ@a%% WhaRoFeRAM ve t FEETOTEERohERA4RT VRF t he

wheel relaling §opdhecpully ¢n8 48ARGLLOCE atRect o ldigfol sapONI¢ha wheel

assenbly for oletractor, npri si ng hub; 11 an electric

nmot or canri efladddiwhibe aund amlemehudupgnlmam a','tor and a rotor
rotatable relative to the stator; 13 a wheel rotatable relative to the hub;

and 14 a8reduction gear assenbly drivingly coupling the rotor 15 to the

wheel . 1§ 1% Uiedi aobpdoands AT pAd¥antadayent: idie gpsmmégnavwddm}?ole
beconme apparent upon reading the f ? l ow ng detailed 1 descrlgtlon and upon
ref erente t axdvtalr aim ngscordawie with QlalL'mGZ% i Preiereedt featvawofo

OXeTP 21y, o0 Nl 22 8F AU LM BELetoL" A YL LA iR
. 12 claims whlch are dependent upon claim 29.

13 , .- ‘
14 In accordance with another aspect of the present invention, a

15 downhole tractor is provided that includes a housing and a

16  first wheel assembly coupled to the housing that is operable
17 to translate away from the hou31ng in a first dlrectlon The.
18.~f1rst wheel assembly has a flrst electric motor and .a first
19 wheel coupled to the first electric motor. A second wheel

20 ‘assembly is coupled to the housing and is operable to

21 translate away from the hou51ng in a second direction that is
22 opposite to the first direction. The second wheel assembly
23 has a second electric motor and a second wheel coupled to the
24 second electric motor. Means are provided for selectively

25 translating the first and second wheel assemblies toward and

26 away from the housing.

27
28 In accordance with another aspect of the present invention, a

29 wheel assembly for a downhole tractor is provided that
30 includes an electric motor that has a hub, a stator coupled

31 to the hub, and a rotor coupled to the hub. A wheel is




24 FIG 2 is a cross-sectional view of the coupling sub of 25 the downhol e
tractor in accordance with the present 26 invention; 8 . 16 March 2004 1
FIG 3 is a magnified cross-sectional view of a portion 2 of the coupling
sub depicted in FIG 2 in accordance 3 with the present igyNRwH foogs 4 FIG 4
is a cross-sectional view of one of the wheel 5 nodules of the downhol e
tractor in accordance with the 6 - present invention; 7 FIG 5 is a nore
detail ed cross-sectional view of one of 8 the wheel nodules in accordance
with the present 9 invention; 30 FIG 67is a cross-sectional view like FIG
5 depicting 11 the depl oynent of the wheel nodule in accordance with 12 the
present dowshed ono 8BeFibrot iand Pivsdutalon ewnf K98 HEmPhEsWE%%%f%§
assenbl i es of the wheel nodule of FIG 5 in accordance 15 th 't he "present

i nventi SRTWeRN e BoFeraagdosdissedig®hal view of FIG 7 taken at 17
sect4on. 8-8 in accordance with the present invention; 18) FIG 9 is an
expl’oded view of a portion of the wheel 19 nodule depicted in FIG 7 in
accar danee atddrddrecdrwsent adrhrveridgdtc 28 ¢F ' C gctional
view of FIG 5 taken at 22 sectlonl()é§§|né£cgg$a é%§an £$ﬁgnEF8§énF

i nvént| 6ewniply Graqtes af pxpvided pirtoriatlvdes of lomesdhigt b.lﬁdZé wheel

- oduyl es c n n acc nce th the .25 present 1nvention; 26
FI G% 12f?‘§@at é‘glg%ésl s%c?e?%ﬁ%\ TPER S%a MG % PoRsing pt?ia*'se%ﬁl@ﬁelablé i n

accqr dagee twidrs Idwe RIWwSPNErbRAveRkl %us%.&ilﬁq a3 £ii%-A MRgNI &:gcg | on

portion of the cross 29 sectional viewinFI G 10 in. accor mntﬂ Fhe
preSent £3gsthrhaalomssamipl s has asfirstosslectrionalotdrew of ff+& 10 taken

at 32 SRR Lhd4 A1 ACEORAANER: Mh Ble LSS DA O e veen

10 ‘the flrst electric motor and the first wheel A second wheel

111 'assembly is coupled to the hou51ng and is operable to |

12 translate'away from the housing in a second direction that is

13, opposite to the first direction. .The second:wheel assembly

14 vhas a second electric motor, a second wheel, and a second .

15 reduction gear assembly coupled between . the .8econd electric

16 ‘motor and the second wheel. ‘A fluid ram is coupled to the
17 first and second wheel assemblies for selectlvely translating

18 the first and second wheel assemblles toward and away from

13 the hou31ng A flrst controller is prov;ded for controlling

20 the flow of current to the first and second electric motors.



g 16 March 2004 1FIG 15 is a cross-sectional view like FIG 14 show ng2the
relative rotation of various conponents of the notor3for the wheel assenbly
in accordance with the presentdinvention;5FIG 16 is a cross-sectional view
of a portion of analternate exenplary enbodi ment of a wheghzsseoty v
i n7accordance with the present invention;8FIG 17 is a cross-sectional view
of a portion of 9anot her alternate exenplary enbodi nent of a
wheel 10" assenbly in accordance with the7Aresent invention;11FIGS. 18 and 19
are cross-sectional views of thel2electrical power sub depicted in FIG |
in accordancel3w th the present invention; 14FI G 20 is a cross-sectional
vi ew off Fl n ec 2 rda t
i nvent |10nI%6|9I]r%&géfﬁ|%§%é%§os¥s:h§ggt floszncai#c\glklf%%v&&eng%%e . Aﬁbé%}&n at igsectl on
21 - 21 £n dovohddsc e nadtion, hequeesientng nvention; . 18. FIG 22 is a
cross-sectional view of the [ ower end of 19 ~the electrical power sub
depicted in FIGS 8 and |19 in20accordance with the present invention;
J21FI G . 23 i § &Y%VYoss-sectional view of FIG 22 taken at22section 23-23
in accardance W ihelle rRIteIeIN] d MENd Of5 235 Gie Xup i safgdmagni fied
cross-sectional view of a24hydraulic coupling depicted in.FIG 4 in
accor dadnce wi t B25{0&OFr eSdpPosedentWighizeFItds: 2Bilandend a(PEeratlve to
Cross-gecti ona f hydr.3l ep |ct inFIG 1 in
accordgnce28mn%ﬁ¥t%§%n%é%§ﬂ%&%ﬁ%En |0385%§¥§g é%gé&% sh%QCtlonal Vi ew
depi ct 7ng an30a|ternate exenpl ary enbodi nent of the hydraullc power 31sub in
accordance mﬁtht§re present invention; 10 16 March 2004 1 FIG 27Bis a
cross- SectRoRErP FIPGIQ  BhAreaken PaOvAdat 13 oWheel- 2AS e lac iR dance
wth the Qé@ﬁﬁege3thE%BEIO@O Hié%n 8 is a schematic of the hydraulic
systemfor the 5 downhole trac in accordance wi th the present invention;
and 7 FIG 29 is a bl ock dlagran1of the el ectronic conponents 8 of the
downhdfe tractérhph,accordance with the present 9 invention. 10 11 Turning

now t @, the draw.n nd articular to re | sho an
exenp?ary embodt n%%@é%rﬁg d&ﬁﬁ6|SaFFéEFoW1fgﬁfb‘EBEpFB *%ﬁ HPLRg,
coi | edi2t ubi ng azsaadoaoanan anedeiot kbthdainw ataduwld bcczfec:rlél stheopel | bore
14 may_be a cased well, 15 a working string or an open hole, and is of such

| engt B3t hat 162V P§1sﬁ@ﬁﬂtﬁbéﬁeﬁe1?ﬁéV@oﬁﬁhGM@ et 3ndo i ncl udes a 17
t ubul a§ housing t S Qup] sub
1.8 1is connectedkggh?%goku ng 1§gg§gPhp th %élgg% éd %hee?o ul es
or subs 19a; 1®8b, thécwh&@d, 19e and 20 19f are coupled to the coupling sub
18. E@gh of the wheel 21 subs 19a, 19b, 19c, 19d, 19e and 19f includes two
power 22 wheel assenblies for propelling the downhole tractor 10. The 23
i 11 ust7 ategl epbpdbiRgt 288 bbﬁegomk}ah%atgé%%(fr t%% 'ﬁﬁ)éﬂ%a@@%tlv&e' ve wheel
assenblles Ni ne of the wheel assenblieS are 25 designate respectively,
20a; h@)b eDeme 23EPapeRt ngn 7egding 20k 40d 120indTides@idi®rs are not

vi st bl 8L ELG ods oA 81 uB8n! DErUbERLARRCIRY 831G, N9 i si bl e are

p05|t|oned

20

21 FIG. 1 is a schematic view of an exemplary embodiment
22 of a downhole tractor in accordance with the present

23 invention;

24 FIG. 2 is a cross-sectional view of the coupling sub of
25 the downhole tractor in accordance with the present

26 invention;



28 respectively, between the wheel assenblies 20g and 20c, and 29 the wheel
assenbl ies 20h and 20e. The third is positioned to 30 the right of the
wheel assenbly 20i. Hereinafter, reference 31 to the collective wheel
assenbl i es 20a-20i shoul d be 11 16 March 2004 1 understood to include the
ot her three wheel assenblies which 2 are not visible, unless stated
otherwise. 3 4 As described nore fully befow, the wheel assentfMasch2Zif4
20b, 5 20c, 20d, 20e, 20f, 20g, 20h and 20i are selectively 6 projectable
from tthe housi pgGL6 014 hatmabaiddethatmoss astoridnald vaewnafi gapentdrdrous
si zes of well bores 14. The y\heelﬁghgfsenbli(gs.ZOgI 222,.2Cb, 20d,_ _20e, and
20f transl ate ©F &RtE CPBHRHeS SREFEEF B hELEa d@héﬁ&°ﬁ%ﬁ5ﬁ? The
wheel 10" assephli.e 20Qi, 300 4 hree assenblies that are not 11

vi si bl"e translg?éj%2F§$?eég$%thgkﬂ6usiﬁgb16 in a plane, 12 approximately
normalsg to the pligne o©fisoyenrat sefsadiel okl vigwasEeabki of 2be whelel 20e

20d, 20e, and 20f. Electrical and 14 Q¥draulic power subg@?la an% Z%EFgre
provi ded to defogarles @f cele| é&l"““i’rﬂjl YV aat Pt pBweFcPs Cotld “forti%ns
of the 16 tractq..1Q.. T .~end of the downhole tractor 10 is 17 -~
couplgh to ano%ﬁ%F%%E%ﬁE§V%§¥§§ﬁvch may be another downhole . 18 tool; such
as a shifting Fad. = i9ggingreodetad Jeatkeross-gecoinprlt ypevoridonehafe
tool, or another segne of .drill .pipe. 20 or bi I f £l d with at

| east & our wheé&f*€a jARdu ﬁ@h%ﬁsﬁQﬁ9€é% é%é%%??eéﬂiogfefkbs 20i , -and
the cenpani on agsHdodo the 24 assenbly 20i that is not visible, the
downhol e tractor 10 25 wll be self-centering. However_: propHIsLon,n%y be
providded 26 wi FBGonIE s OpHos BrEeF thicivs offt 2 skhbei ELC - scRERICEARD7
assenhl i es 20c_and : i §#C BRI e y; Qe d

coupﬁﬁng a cenF@ﬁlﬁ%ﬁiﬁﬁééégtéftﬁzﬁ%ou5|Hgt%%gu 0 %ﬁegggfggﬁﬂggmggighd
cont mal si gnal ghieo prsbditonithenddwrhol e 31 tractor 10 are transmitted via
a downhol e conductor_ or 32 wireline_24 that is run %hf§u9h thg coil ed

tubi A§ 12 downFiéle 7 15 1B REFERTIGI4 VE D TheMouRhol 8%t WEEESr 10. The
W rehigne 24 isa%%%g@ﬁt%t&f 2 BeS WHeRGE/i 1| o5 yBt € B6ihhakcbpakudes an
AC power supply and a backup battery supply 30 connected to an

15 : with the present invention; -
16" : FIG,.B is a cross-sectional view of FIG. 7 taken at
17 ' section 8-8 in aécordance.with the present invention;
is8. - FIG. 9 is an exploded view of a portion of the wheel
19' modu1e~aepictéd in FIG. 7 in accordance with the present
- 20 ‘invention;
21 FIG. 10 is a cfoss—sectional view of FIG. 5 taken at
22 - : section 10-10-in accordance with the presént invention;
_ 23' &FIG; 11 is an exploded piétorial view of one of the
24 wheel modules depicted in FIG. S‘in_accordance with the
25 present invention;
26 FIG. 12 is a cross-sectional view of FIG. 10 taken at
27 séction 12-12 in accordance with the present invention;
28 FIG. 13 is a magnification of a portion of the cross-
29 . sectional view in FIG. 10 in. accordance with the present
30 invention;
31 FIG. 14 is a cross-sectional view of FIG. 10 taken at

32 section 14-14 in accordance with the present invention;



4 uni nterruptabl e power supply 32. The output of the 5 uninterruptable
power - supply 32 is connected to a DC power 6 supply 34 which converts the
AC current to DC. A controller 7 36 is provided to performa variety of
control and data 8 acquisition functions, such as controlling the power
supply 9 to the downhole tractor 10, deploying and retracting the. 10
wheel assenblies 20a-20i, and retrieving and displayi ng data l6Mapih2{0ded
by various sensors in the downhole tractor 10. The 12 controller 36 is
connected. to t nid ey Lupt p : u 32.and trapscel 38.
Not e tﬁét t he ogﬁﬁﬁkéﬂ%fi%49 %%%%st%E%F%§%§§é98%¥w3£éﬁgn%f?hefgtggé%gﬁg
suppl y 234 are 1%hecarwiext edet aothe iwnr elfi va2idbws acamsonamntng 0Hdehd89motdr

Accordi_ngly, the transceiver_38 is signed to feed signals 17 fromthe
Contr ol or 36 | BC0 (HE afhErInaesR N SFc@RREIAnaS Vibche, PFRRERYe,

signal g transm tted fiqumt he downhole 19 tractor 10. The simultaneous
transm ssion of DC power and 20 el ectronic control signals between the
controll er 36 afd&.hé&lisloanhubestsactapnigld ivsigosst b et omyhofisenof an
appropri ate 22 datal/ power transm ssion, pr.otocol. providi ng for sinmultaneous
23 trafsm ssi on2df <ﬁ&§eaﬁﬁEBBEEIVhﬁﬁhgﬂlE%ﬁﬁr T gissembin 2Ranpl e
of a syitable ppelec@arce ther BENETpresefi@dMBRISM 45 networ k architecture
supplied by PES, Inc. of The Wodl ands, 26 Texas, USA. 27 The detail ed
struct 8re of thEISeupl? fgf sbcrgsandecheonpdevizyy mfid eadaiomyobe

under stood by r i_n i 9 an .. The s 18 .and wheel
nDduIe519a are §58§§ﬁ§?§ﬁk|%f8§€éF%%é?%§%%¥e§§$§§%Wﬁf%rﬁ#)%r%RF shown in
severab 31 | ongakudmbahl Virbrakeor&gnte onathvtBes préserd irsrddt@en;2 and 32
4. This convention for illustrating other l.engthy sections 13 16 March
2004 lof the tFaEEor 1§o<‘WF|1%ea¥%|¢’6%ﬂ-ﬁ@f=gilﬁﬂaﬁhéf%@siq¥g the of 2 the

~downhppe tract Oéléetg%%rialﬂ ‘wépnéﬁﬁté%aiceeaume@ﬁ. 3 'tiaablék%r%%%@t S
joined together, preferably by threaded 4 | nterconnections. An upper
sectid® 40 of thethotbenprissdms. Snventpper tubul ar portion 42 threadedly

attached to an §.intermedi ate tubul ar section .44 at 46_to provide a housing
7 fo?:{1 v coi | ed ‘Eﬁﬁéﬁr ng{)cd‘ﬁplal n%rgt%s’t%%cf?]c%lﬁ?lgc?%ef”hgfd%\ﬁ%fhoﬁg §a§iﬁﬁ<§’cta(ﬁ' 10
to thescoiled tebtngor220Hp0 UppPeicdotibfte Swpeht kbR $2ekBalkUdeSedition;
internal bore 50 that is dinmensioned 10~ to.receive the end of the coiled

t ubi NP 12. FIG. 21 is a cross-sectional view of FIG. 18 taken at
17  section 21-21 in-accordance with the present invention;
18 . FIG. 22 is a cross-sectional view of the lower end of
19 . the electrical power sub depicted in FIGS. 18 ahdi19bin
20 . accordanée_with the‘pfesent inVention; o
.21 FIG. 23 is a chss-seétional_view of FIG. 22 taken at
22 _éection-23?23 in accordance with the present invention}.
23 - 'FiG.,24bis,a magnifiéd cross-sectional view of a -
24 : hydraulic‘coupling depicted in FIG. 4 in accoidanée with

25 ~ the present invention; | |
26 - FIGS. 25 and 26 are cross-sectional views of the
27 hydraulic power sub depicted in FIG. 1 in accordance
28 with the present invention;
29 _FIG. 27A is a cross-sectional view depicting an
30 | alternate exemplary embodiment of the hydraulic power

31 sub in accordance with the present invention;



12 The internediate section 44 includes a collet 52 that has an 13 annul ar
lower rim54 and a plurality of longitudinally . 14 projecting fingers 56
that .project upward fromthe rim54 and 15 bear agai nst the exterior of
the coiled tubing 12. The rim 16 54 is seated on an upwardly facing annul ar
shoul der SS of the 17 internmedi ate section 44, and is internally threaded "
at 60 and 18 coupled to the intermedi ate &ction 44 at 62. Twtd March 2a6de .
. 19 shear pins 64 beneath the threads 60 prevent the collect 52 20 from
uni nt ent i onal | yFIGos@WEhg.s FhecTossitseet heralt wéewr iof FIR@1 2Ta thken at

i nter iate section 44 | ed by Orings 65, The 22 fingers 56 are
advanF::‘geousl y 88&%&8&1 jo%'}eﬁ%tﬁ?i%?c%%ﬂgﬁg WaER ?ih(,?ntprs%?%th and

fl exure to enablgvehe ifdmgers 56 to 24 be noveabl e when squeezed agai nst
the exterior of the coiled 25 tubing 12, and to withstand the anti ci pated

| oads. “Exenpl ar§I186 Rt disi & sSehmnaidec 4320tk | bydsavdlic isydrest , fandthike |

27 materials. T e . the physical en enent , pbetween the 28 fingers 56
and th?tubi ng gﬁg’%ﬁg%néﬁaﬁf" e aaccecsm%?g?ﬂ% ‘Qﬁggi ﬁ%&?rﬁ@%d t he
tubi ng6l2 may-benpeaviedad wridh structures 30 that -engage and resist axial.

movenment. For exanple, sonme of 31 all of the fingers 56 nmay be provided
with at/ | east ohEG-aRd 32 adPdmcigcd@ssan oH| kel ¢lecstronddi @dmpimemtdl y

proj ectki ng 14 .46 r ' 1 S . hat. .are,desi gned to
securer engageo%hté ggi”é?%re (g’g%t gpli&?{e%&%%?%gc ZW\%ﬁg‘n% e T % 56
are 3 Brought iimeetntgbh.physical engagenment with the coiled tubing 4 12. 5
6 To..,.pr-event the : fingers 56 fromcollapsing the tubing 1'2 , a 7

tubul &P menber 68 is positi oned between the tubing 12 and the 8 fingers 56.
Ti ne f owermenek it wt u er r iil tp_apskncreased

di aneter porti oné)YIgé,’ tﬁgrgﬁe Lfg%gg?g?\i'ngﬁngﬁm%/é‘?gérngoag%ﬁ'arl’

shoul 8§8r 7herghelHushhown ladi apemplacy ehbodimdrar aendedosfhbieditrarsicned

be, 42 sl i ved, witbi he |. d_76 h il 13 tubi
12 g0t Thait 4 RS aEa R ARREhORF, CoRG B AP LA L HOUY dBP=38Sono6L Ll S0

an upwar dlay deaciatg=dinned Bsoser face TBelhedfiddie umpaia@nEe0f £88ed well,’

i nt e(rjf%di ate section 44, The tubular 16 nmenber 68 provides a relatively

ri gi -2yl it hetietd ' 01 7aphPRANi Bodesi gned io,ohrewent lengtbokhed

t ubi ngs 12 ifer QB Ehoudd |15HGEH OF Bhbesy gl ' - Lgggrs 56 are
19 engagedl agai nstothe coiled tu ?n‘g&@ﬁ"gg E%Q@F% ggﬂ%‘%gf‘fé\%%rg 56 are
brought | Fududecutwystiyng cé 2Raenjagenkdivided thecextarious ofubbse cail ed
t ubi 12 ne 23 . qr re longitudinally aced .annul ar nmenbers_80. The
24 annbl aFRETBESS B0 db TR SPRCTHY | BRgF BRAFHBERY Shirceds oAt {oF

rel atison byxappligrald twhedfl amsilbBes SPACLEBs8Z0aThe o6 anyul arg reMpeL s 8@
are gdvant ageousl y.conposed of a shape27 nenory material that deforns In

resp&itse t8ra2psr Fremlac .t°28:?§iCFﬁHRﬂsi,n§u%%baé3ten§@!Cét wie dtarmwe ol
CXPOBLE YEntess, BRI ALY HERILEE DR
trangit i onheelpesatmibd iksr fichatpyupdlldinartivat @wahol¥heractor 10. The
23 illustrated embodiment of ‘the downhole tractor 10 includes
24 twelve wheel a_ssemb’l.iesr. Nine of the wheel assemblies are
25 designated, tespectively, 20a, 20b, 20c, 20d, 20e, 20f, 20g,
26 20h and 20i. Three others are ﬁot visible ih FIG. 1. Two of
27 the wheel assemblies that are not visible are positioned,
28 respectively, between the wheel assemblies 20g and 20c, and
29 the wheel assemblies 20h and 20e. The third is po‘sitionéd to
30 the right of the wheel assembly 20i. Hereinafter, reference

31 to the collective wheel assemblies 20a-20i should be



16 March 2004 1 the material has changed di nensions, the deformation is
fixed 2 and the shape remains stable. 3 4 During fabrication, the annul ar
menbers 80 are initially 5 fabricated with a pernmanent shape correspondi ng
to an inner dianeter that is smaller than the outer dianeter of the 7
collet fingers 56 when the collet fingers 56 are in secure 8 physical
engagerment with the coiled tubing 12. The,9 fabrication procebsMardho4t he
shape-nmenory material to be 10 advantageously deforned into a tenporary

shape with an. inner 11 dianeter t reat.er tha f
The 12" bol IGICTTTgerd 56 SRELHER RS E3AFed OB ho 1o hng Soe Tkt T v h5cR
sl i ppedyi nto-Paghd | PNshBi ¥eennt Best vhukay BIHeFwHSeand the 14. fingers 56.
16 The annul ar nenbers 80 naythen be heated in situ; that is, 17 after they

have be2n installed over the fingers 5f and after 18 the coi l ed tubing 12
has been inserted | sition r by
a resi s‘?angséS nbggh%?rﬁoflégiyghﬁlohéat Z{c? L{T'llg%gi Qgﬁ |ntllr1gedélj§£|(§1§ gfﬁb

fluid igtodge Zpgoupbéno2dB, opoki, keometabl@daoyp@ﬁehganeﬁg:.tvhga_}annul ar 22
menmbers -80 above the hase transition tenperature; the 23 annul ar. nenbers

80 aut ofrat mm:ne,cwm nf-mféktlilﬁtbo’elﬁéi’l@ '162@%&%heﬁbesﬁ§y@§mlt%eﬁ=%§rtor
tightly .é$92|n he. flqg g QSsE%%Q ? éﬁfgg§éga 2€N0agRIMEA o
ri

the exté i H555%9%0|I 'ng I's way, the coiled "t |ng | 2
is 27 S@cura@setneon@slmgrm@lbatzoaecmdr; 4z4>eb,y a’aduz@ﬁrairaﬁ&lmrq)otrmm:sd

that, unlike conventional nethods such as threade menber s._and/ or
aX|aIIy9nD ixem Wiy dRousiRg ntt  $BbfBEt SERe3f9 |Hb569er He Wheel

resul tyof r%%%%tﬁ%@fﬁg@pm 3301 0r shANghJHY | ANSerAS S 065 aESG ik thse

downho e envi ronnent ' 16 March 2004 1 The nunber, size, and
spaci nifl ofvitshidlenrmnramserdberel 80ive 2ol ah@elfwlasmtbﬁ 33 éesiﬂgﬁme

i L TR A A
of 0r1§0rr%s'ée|n&>$18ﬁs pood ) aowf tbe,toodhedoportdrohs20f . thEl“eldtg:ercsa]SEBnd
' 14 hydraullc power subs 2la and 21b are prov1ded to dellver
15 electrical and hydraulic power to various portions of the
16 tractor 10. The lower end of the downhole tractor 10 is
- 17 coupled to another member 22, which may be ahother-doﬁnhole
- 18 tool, such as a shifting tool, a logging tool, a packer, or
19 6ther’type of downhole tool, or another segment of d:iil pipe
20° or tubing. ' o o
S21 ' | | |
22 1f flttEd with at least. four wheel: assemblles, such és'the
23 assemblles 20a, 20b, 20i, and the companion assembly to the
24 assembly 20i that is not visible, the downhole tractor 10
25 will be self-centering. Howevér+ propulsion may be provided
26 with only two oppositely disposed assemblies, such asfﬁhe
27 assemblies 20c¢ and 20d4. In this case, centering may be
28 ensured by coupling a centering tocl 23 to the housihg 16.
s | :
30 Electrical power and control signals to and from the downhole
31 tractor 10 are transmitted via a_downhole conductor or .

32 wireline 24 that is run through the coiled tubing 12 downhole



"6 Exenplary materials for the annular nenbers 8o include a 7 nickel
titanium all oy manufactured under the trade nanmes 8 nitinol, tinel,or |ike
materials. 9 10~ The aforenenti oned coupling 48 has been described in .the
11 context of engagenent with coiled tubing. However, the 12 skilled
artisan will appreciate that the coupling may be 13 secured to a w de
variety of menber, such as, for exanple, aZ24 downhol e tool, b Marai2D0di pe
or |ike nenbers. Indeed, a well 15 known pin or box connection may be
substi tut eddf whe Ridvithebeptiragedd 10 .t herleyent raltiheeaded £ auiptdd ¥y i o
desired. 18, The secfion 44_includes a |ongitudinal bore 84 to permt a 19
wor ki ng? f | & &urffaér%)rﬁ@%m% hEYEEE™ RE ddrdedingbrAgsian dheaEpainmly

t hr oughy t he od I L d i ' [ f the wireline
24 info a ey o Brc B batDsieh bl B ConpBRE R Be 11 d purped
t hr ought t hendeitleedu2d dhbé ngokrt suppdanes 2 he hpEsbogphe, oEndhei nilarly
desirabhle 24 to prevent. the influx of fluid fromthe wellbore 14 (See FIG
25 1) iht oUPASEESHMRAEP 1§ RPYRT 18UPRLSLAR niF yCORRRCFBANE 26 P& Wmeslext he

i ntermedi a 2t kan 44 : IS| : : ~SEectLop~40 LS j

Wi th g%:)ai sfppt ong t%%gﬁéﬂg%gggdtgg %R??é\%g%@@ et a cBhEA9e,

| ongi t Udi nakl gsspacetdded imgsp@bfare 289 vensidtipnefl dehveed thd dxteari or of

the coil ed tubiing, 12 a 30 the inner, dianeter of_1he section 40. An
annul af neﬁ58P18gt§?rb S 5B§Ft?5%éﬁ”ﬁ%¥%ki&P$hEh€>PPW6§ SYPPaNd

anothern 44 $8eMabGRR2AM ch 20w at o cre.@@glcggmg ag?&iiéefséﬁﬁgwgge g hz

| owermost O-ring 2 90 and abuts the upper “en the finger
The wilfel i Weeebnpssenblg®s 2 Gomktt eandt Hetsrlewiong eamdt digplsying data

oot aas OTHIBRCPYo AR The CIRERL B7 B0 SRR cH EELohet A  oFFhe

24. Algl eeventiifOllerpBeviidedtdriadctied Stbhehmlini duninkpotaile t pewapper end
102 o§3the'con ector 9 86 and the Jower _end 104 of .the outernost insulation

jacket>10 VfPRHE W r8PFné SFamgreiYekva 8100 N dlifdsdehorout matereal | |

-capabhg’ ofpdieh nghbegtasbieikreThes dsti@i L8d S %Ielé;y%%i$|'% %}éa i ne

connector86 nmay be understood by referring now which is
a hi ghby mepnécedstot tbsawiviedwrsf 24 hvigda commdgicomaie e connect or

86. 1 Sqproy i at lar__15 hausing.,l10.that i.s_s red.to.the

ot er har AC P 0B PrabB Ve 300 s b0 FesiBnb it e b s orp hos,
and opti orfdny,tHe edftibdlak B6ChHas ewbe WheeURPer 2R0MEHDRrMe KRB dOUSI NG
105 18 is threadedly coupled' ; at 110 to a tubular- section 112 that 19
proj et s dt§r drRChA¥eafiigpRdsdItr 3RSThEtEAndram ShsuIdrwnimdel14 upon

“whi chy ¢ he t8l-gavs- 109, i sTilaga%%uﬂ%é&y@rtggﬂgﬁéggéggqh%g%gi;{%&%_ﬂé

seat ed agai nst an upwardly facing annul ar : ,
i nt erddi glecdersiriion @8ntTbe wigakilise BRIt w8eni sheeconedold erh& 6c ameaty €6

oY iz ondliudunall v spageds 24 AR T PRES A% LELGs W S priate
22 data/power transmission protocol providing for simultaneous
23 transmission of power.and daﬁa‘through.é single conductor.
24 An example of'a‘suitablevprétocol is the SEGNET ™ segmented
25 network‘architecture sﬁpplied by PES, Inc. of The Woodlands,
26 - Texas, USA. |
27 The detailed structure of the coupling sub 18 and the wheel
28 module 19a may be understood by referring now to FIGS 2, 3
29 and 4. The sub 18 and wheel module 19a are of substantial
30 lehgth necessitating that they be shown in several

31 longitudinally broken sectional views, vis-a-vis FIGS. 2 and

32 4. This convention for illustrating other lengthy sections



25 nenbers 80 depicted in FIG 2, are advantageously conposed of 26 a

heat - sensitive shape-nenory material that is deformable in 27 situ froma
tenporary shape with an inner dianmeter |arger 28 than the outer dianeter of
the wire rope 118 of the wireline 29 24 to a permnent shape that has an
inner dianeter smaller 30 than the outer dianmeter of the wire rope 118. At

| east one 31 of the annular nenbers 116 is3 positioned above t heMandh2004 32
section 112 to shoul der thereon to prevent downward thrust on 18 16 March
2004 1 the wireline 24 fr damagi r Qf t i ENgg21840fT0
preventt th@yaﬁﬁﬁl éFaﬁEﬁﬁeﬁrsB H‘g%’frﬂc}e?n %%%!5?%% th}%g%?}q%ong%?:fwolr&ghof The
wireline 24neagbgmdbielrddidd tahignerdl teeonsizt § sof nsenusdebebfieen
the wire rope 118 and the 5 inner_insulating slegve 6 af tgg w Lel,i ne 24
proxi mat e thbusaansecmenteniiarinied 6 CIThRSE| cBFE LI qEPé F58sed of 7
nmetallic materials,_ _such_as cay staLnlkess 45t 8€s8nbi k€. hAs
with the ai‘-BF@ﬁEﬁWSﬁg—'g‘O gsi'l egl‘]fﬁg?é]%r c%%%?#%% fl%) gefsrsltol\?é\h 1itln FI Gé 2., the
connectsor 8§ G@F@&ait&%uda&m;gamﬂldmbiz ifrphyeiddal adrieceedntowiBh t he
wi.reline 24 that is not prone to 11 |ooseni ng gs a result .ﬁf g%@ggﬁ
forces6 | nintermesdatens b lagy AeTmer £6 &Epafalt® HTPHERE Fhé°TRarvi dual
reinforcing 13 wr f i rel i e t WRE e chacknar dovohdie
faciIipéteggrc8n$8§§F§hgygzégﬂé%%éﬁ%ﬁgl?Egﬁﬁgghgﬁ?in1is 15 elimnated As a
resul t g t herpetent @l tiomte actilrédgtwiping dRgni MbeaMPReiebREREAF t he
reinforcing wires is elimnated. 18 : The, | r ngg . ‘

wirelife 2ROFS1STY fgpadtofe qﬁa%ﬁripﬁiﬁ?%gebff%Mgﬁg??ﬁg?i%ﬁe§£W?%§ﬁ?g?an
sl eevg 4126, el aw }Q‘é 1D erfME ahdesdel 84l tarimeexymse the individual.
conduétor Wras 21 122 of the wireline 24. .The nunber of .individual
conduattors 22 1.25 of the wireline 24. will depend upon the type of

wireline 23 involved. J.n.the i rate ISTBNtao T Ne: Web et hae Bés24n
"cont aiffs sgyﬁnlpﬁﬁﬁmﬁﬁiﬁt%xﬁﬁﬂﬂﬁgﬁs£%ZgP8gga%sg?h-é%cket type connector
128 i 9 3p0shhihoned owiede Hine 5247 dwdisa nglitalticycofndangbredenebhduct ors

125. -The. connector 28 128 includes a nunber of termnals 13, coupled,t he
“ends @% 29prhaecHdNg é&ag%oﬁﬁ:tﬁ?%t 1BECISRE Pé’?”ﬁir% rci‘&oéﬁéyygé %f‘ n,gngo |

sockéé, or, anot har ;type 9fe caBCidPNosUEhabkeifled mailhgg 312w t the heimype
of co r?ect or, e.g., pin or socket. A conpliant 32 hoot Z32 ; ‘rougg -t?e h 3
“term n@ s $a0iand eias eddvanteayemyA 51y 152 ¢EnEh PSR UER SReBrPEEed® oftathe

Conplﬁ%nt\fhﬁék%k %g@élég%gfgﬂrghfmgﬁalfgfinternally threaded‘a?.Go and
- 18 . coupled to the intermediate section 44 at 62. ~Two or more . .

19 shear pins 64 beneath the threads'so prevent the collét 52

20 from unintentionally loosgning. The joint between thé.rim 54
21 ahd the intérmediate seétionz44‘is sealed by O-rings 65. "The
22 firigers 56 are édvéntagéously"¢ompbsed,offa materiél with
23 sufficient strength and flexuré“tovenablé-the fingers 56 to
24 Dbe moveable when sqﬁeeéedﬁagainst.thé'exterior ofvthé‘qoiled

'~ 25 - tubing 12, ahd.to withstand the anticipatedcloads. E§emplary
26  materials include 4140 alloy steel, ihconel, and likef
27 materials. To enhance the physical engagement between the
28 fingers 56 and the tubing 12, the mating surfaces of the
29 fingers 56 and the tubing 12 may be provided with structures

30 that engage and resist axial movement. FOIX example{ some of
31 - all of the fingers 56 may be provided with at least one, and
32 advantageously, a plurality of radially inwardly projecting



2 such as natural or nitrile rubbers, or like materials. The 3 nunber of

termnals 130 will usually match the nunber of 4 individual conductors 125
in the wireline 24, but need not 5 dependi ng upon the electrical
requi renents of the downhole -6 ~ --tracto-r 10: Each termnal 130 is

connected to an el ongated conductor 134 that spans the length of the
connector 128. 8 The conductors 134 are pd€itioned within .a tuMarcr2004
section 9 136 that is shoul dered agai nst an upwardly facing annul ar 10
surface 13Beobeirize dmteeaei abe t3et iae IMesidwelood E82urellleabbprediyer
t he tubul ar-section 136 and retained thereon by 12:. a_rim 140 fornmed on

the extleri BXLEFiHe YectRBnC236SCTHIRNS yhpeti@Rdtor £RBIBESE S838TiEs

nol ded ;or S € S5 o] | i gggg upul gr I 4

IS sec&redg%gggﬁg. ous?%gg?g ?ggﬁgfgﬁréPet §%$%%5 %ggatgﬁd%§§;8& kdﬂ%ﬁg
t ubul ar setei.on 143 16, is seated on the tubular section 141. The

tubul ar-section 17 143 .provides additional support for the wireline 24 in
the 3.8 event there is sl i ppage by the annul ar nmenbers 116: 20 The

ext eri @r- ofpt Bge%ﬁle-céz%: BOnbareX R ed-dif ddwe y9Ekha0eRd ElBigy 8, prevent
working flurd tromcorrupting -the 22 connector 86 and the conductors 125,
variou§ O-tuhgdar Zehivot | €8t iseppsidasinpthttmtvidlen the pubiptgoh2daatl the

various poipnts 24 hefwe t he i nner outer_.surfaces_ of the housing 105
and 25%t hek?ﬂﬁgfcss%ré'acgﬂb? fﬂ‘@eirnteﬁ&oq é’tfg tgéect?"glﬁfé%,r Qﬁﬁg?ﬁeégG out er
surfaces ofrhhA8itubHACSesh i ORErbhded 30 il koo PR2iohi 195 d¥Erake

provided to hold the split shell section 143 28 together. 29 An el ectri cal

pat hwd9 . féefinhagdl éRerumrardig srcing camvdaorsi3vbieray4be B¢ apPtshed

by separ-at e. t Qres i.$ Lon i o0 - - \qduj 52 in the
it or b oFLEREEHE S5 e ARl B8N eRe 20 MRS et tar d for
a shorg &1 9d4blphreralfoy wilthtiantheaaidwerermdves obl tlgeetyiledard t he

outer_dianeter 2 of the tractar 10. .The conduits) 152 extends to the bottom
3 of the tYeP1asg, lgpéﬁni%?h ?a??‘éius’shég’é‘itﬁg rg%tct?%“r?é FOFPHIFE way, :

‘and i 84 N0t ROYBEErY S, bitud '@iée_ahgum;raﬁgr £2 Sirepl drhi Yo f sid aisé T i on, - -
a conductor 150 is not always 6.:. shown in fhe conduit 152:.. However, the
ski | 1 28 aref stirewkbper &5 «of atbet Aatermedd afid Iseatimfitd4y Bentubulapre
8 conyct grg 2l kB HIevSHEL LS eaRively rigid cylindrical member . :

i7 which is designed-to:pr¢vent the coiled tubing 12 from

'18_ ‘crimping §r otherwise cpllapsing-when the fingers 56 are

19 engaged against the coiled.tubing 12.

20 |

21. The collet fingers 56 are brought into secure physical

22 engagement withvthé_exteriorvof the coiled tubing 12 by one

23  or more longitudinally spaced annular members 80. The

24 | annular members 80 are retained in longitudinally spaced-

25 apart telatioﬁ by a»plufality of annular spacers 82. The

26 annular members 80 are advantageously composed of a shape-

27 memory material that deforms in response to a particulaxr

28 stimulus, such as temperature chaﬁge or exposure to water,

29 for example. A thermally sensitive shape-memory material

30 undergoes dimensional changes when heated above the phase

31 transition temperature for that particular material. When



9 10" Referring again to FIG 2, the internediate section 98 is 11 joined
to the internedi ate section 44 by an internediate 12 section 156 that is
threadedly attached to the internediate 13 section 44 at 158. The
internedi ate section 98 includes a 14 section of expanded di aneter 160 that
.defines an upwardly 15 facing annul ar shoul der 162 agai nst which the | ower
end 164 16 of the internmediate section 1565may abut. An upper laandhai0047
-shoul der 169 of the section 1S6 is positioned proximate the 18 ..section

. The i di i 8_1I I ! 9.1 i i
156 by Ta SEIR DoF Eanatog har cRgagea: D0t She of i AT Tt Qhie® 16850
t he i nger neglat@es elaid H8na2ds TOeaBPeN collar 166 may be rotated to

establish a fixed gap 22 between the opposing annul ar shoul ders 164 and
162. TRe 23 overall joint between the internediate section 156, the 24

agai not || VAL Sk B0 7 BRIPS OFC | SHOTEDA RATEY D @0 pecbd By T Toey 170,

172, apd 1lfdbribetid miidlasa apsehéRert S€AbDOEJcHMTESNdiARy & d el innéxt he
differing cross 28 sectional areas of the annul ar shoul der 164 and the

annul af 29dspvetasr thed ishesmrlier chpanl tRFeSVEEE AHAMSFTh The

i nternedi a ti il he.i éngg : i 156
to regi n %ﬁl%ﬁ%kggﬁé:ﬁsg;ggéen%%&s\%%ﬁ ?ﬁgfig ?rjit r?rtredi at :'!ngaegitjrll z%éﬁ?QPri or
to inssal Iphyehcel theegmEnent M6l tarche 2004184 tudbdincarl2l.66 Bl connection
bet ween the sections 44, 156, a 2 98,. access to the conductor, wires 150
Wi t hi nSt het RBRUGREL 982 DY IRBSH A HLAIE e B R SR e ANETSE Yo AL SHFL Rt %1 ng

now t go4 Féc@@an@a%@@ué’lyt Rt # SERE AR B €2 SEEhbORa Is%a%%cu\riecdu ain i48nér
Lower end to a tubular housing 186 of the wheel nodule 19a by an .

i nt er biddi adbameberathesctiisrsdeatemderpiipe corrgr digmeremthefiid® nodul e
19a i in tyrn ecured its l.ower d t ct.rj cal ction
218 bh2an S P heRTAPR TR MA O e T EA ohir da, RErd s L Fy BT eaEEH)
tubul 88 sesliwped 194ta0 payud 2 arekviden stha coblaes Hembeyd eB0&rat eche
identigal in-11 structure 'and function to the internedi ate section 156 and

fingers 56.

15 .
.16 The aﬁnular,members 80 may. then be heated in situ, that is,

17x after they have been installed over the fingers 56 andfafter
18 the coiled tubing 12 has been inserted in position. _Tﬂg'in.
| 19 situ heating may be performed by a resistance heater, a hot
20 air'gun, heated blocks, by introducing a hot. fluid int& the
 21 coupling 48 or like methods. - Upon heating'the annular
22 members 80 above the phase transition temperature, the
23 annular'membersvBO‘automatiéally deform back into their
24'~‘permanentjshépes, thereby_tightly squeezing_the fingers 56
25 into'secure physica1 engagement with the exterior of the
26 .coiled tubing 12. In this way, the coiled ﬁubing-lz is
27 secured to the intermediate section 44 by structural . °
28 components that, unlike conventional methods such as tbreaded
29  members and/or axially moving wedges, are not subject to
30 loosening over time as a result of repeatéd jarring and

31 torsional motions associated with the downhole environment.

32



12 the spin .collar 166 descxi bed above: In |ike manner,,pairs 13 of
Orings 210 , 212 , 214 , 216', 218 and 22 0 are provided to 14 aid in
sealing the joints. The wheel nodule 19a is of such 15 length that,it is
shown broken with the wheel assenblies 20a 16 and 20b .shown in phantom -
However, the detailed structure 17 and function of the wheel assenblies 20a
and ;2-Qb will be 18 detailed in subsequeﬁ? figures.; To enabl@®Mahsh 2¥ of ;
, 19 conductors 150 to be quickly connected and/or disconnected 20 froma
conpl i nknt athe seimipér contlmet orsd( Apecinguwn din tHies agjul ar2memberige §brison

f th i 52 | he wheel dul e .19 22 tor, 222 1] .
boot 1350 CORARG® THESRE Bor APRAPR S Eamet e e B e PG S Ty
posi ti oped 4 thidu1de Rémbevsi By 4861 cCedplieentayr v2 quhgkodi gepnaeeld with

capability.for 25 hydraulic fluid supply is provided by a hydraulic
coupl i n§ 26 Zhgiosiatmakari nerbher hbastnghageidstiare eipt i ngt Y22 L) s am same

fluid icat i th ' dyi T 39 fdh
condui T 236 gV dheet EbSensPr B8R Bk U e RLb el e
the ar rangenRip 1S eWma tak1 ABY Pri théOahyailauy ineribetrsl 80pphyliuder equired

above he wheel "assenbly 31 20a. The detailed structure of the hydraulic
coupl i N winicked gl tianinmralbeyi ReRufacspreicgrrdeTHeh@nht retevipameiSe in

FI G g Zn%%i Ifﬂ]é%%?#l %5 i?ﬁae&ﬁgg§ﬁglqu hydraul i ¢ connecti ons
u a and thee

bet ween” t he "whéeel™ 2 Hodul e ectrical power sub 2la may include
3 pluragities of the connectors 222 and the couplings 224 4 _

circunferentially spaced. The incoyporation of nultiple 5 connectjons and
coupl i¥ys FRf %%%1%$30%u?%$ﬂ9548 g‘@ﬁ/\@&?%é&?%ﬁbﬁg Jf‘Fle'L Fact or
10: 7 B The pres@nGE féngfig‘erw@ﬁ@lwﬁ@ﬁ_eaahhga %Qz%i%?i 2Qoweqet | egha 9

reroute of the electricdl and hydraulic conduits 152 and 226, 10 and the
cent r a2 boskid4 eich atd sereevi b RPRreghaththats the aewrdl g Heal bPenovi ng.

the c uits 152 and 226 .much_cl oser - 0 | ame W ON D f
Lhe holi nGREBE e d b v ibE WA TESY 188 (LOBbAE ST ASTHE fhPye) ¢
porti Qs oHowhBolé corily teilfP-hd 26 op Lhkewhesibersiul eIhdeed) | b well
usual |y be_ 15, fornmed b gun-drilliqg t he epds %gﬁthe hogiiE%F186 bel ow t he
16 sectd pnk’EQWnaﬁdnalS’EviQ%ec%Eﬁ‘F%_I?O‘B?Ya § &S oS 7AW it Png to the
|0ng|h§ﬂ'ﬂé§%§;§h ,8d shpl8% ArGHE diNgh¥eadd8 RlddSiectGUh 664 Id&dYred. .

desi gnat ed are used to prevent 19 | eakage from portions of the
| ongi tl¥di nal hol es above the 20 bends 228 , and 230 and bel ow t he bends 232

and 234. 22 The det.ail structure a t 1,0 f.th e_19a 23.
Ty dBunatre, SETIE SherridEs, § e enraRhaY Sl WP a1

FI GS. 1% angobkafhg ENQSS $aciridmaltad evisrohyk the 2bidlens weinid arl tyi be
showmn in FIG 4, but with the wheel 26 assenblies 20 and 20b expanded to
reveaR Ot heP#s§eRushpEghy £hm SR it ForcoPTt A8 IEHRAAEHM9a will be

| Uosaad aggh 0 b bl it Tl g0 Aibedininl ok 1 1G0T The
posi t Rans désiwmabheFt6. prevertthevaddplng efll podi plopeds tdbweugh Ihelc@ibedand
T D 1oe! SSL1NE1YoUPB) BLRGL0 S0as, Lhe WLl o532 249, e b1
24 to prevent the influx of fluid from the wellbore 14 (See FIG.
25 1) into the downhole tractor 10. Accordingly, the joint
26 beﬁween the intermediate section 44 and the housing upper
27 section 40 is provided with a pair of longitudinally spaced
28 O-rings 88. Similarly, longiﬁudinally spaced O-rings 90 are
29 posiﬁioned between the exterior of the coiled tubing 12 and
30 the inner diameter of the section 40. An annular member or

31 spacer 92 is positioned between the O-rings 90, and another



linitially to FIG 5, the wheel assenblies 20a and 20b are 2 positioned in
a slot 246 forned in the housing 186 and are 3 coupled to the housing 186
by a pivot arm 248 that is 4 pivotally coupled to the housing 1S6 by a pin
250. The pin 5 2S0 is provided with a bore 252 through which electrical 6
conductors and hydraulic fluid may be run to provide power 7 and ’
cool ant\lubrication to the wheel assenbliges 20a and 20b. 8 Ref@Marchy20dw
alsoto FIG 7,. whichis a pictorial view of 9 'the mheel assenbly 20a and

a portlon of .1 piV rm,248, e = incl udes a_.hub
2550 1400, SLpbbe PhUaLeRr 024, L, S, ubopl canssitiye 20a, LogLugen B b
pivot armd4g@ 248 abu2§2ta1adulp§aer10rerfﬁié YQQI@SGthentﬂlrId‘&@CBGIi on shown in
13 FIGS. S and 7 by a .leaf spring 266 that is secured at one end 14 to the

pi vot drm 248 and is perforned so that its other end 15 bears against the

naw ng it wor 1% it B En BB C e B {heer bRl Fr 0%k RO HEE B B g
wheel 870 ifwérmedZ8teokatabby S@cuwiedt tis} hﬁnhuhﬁﬁ4 casupslesgrtbegheor e

fully 19 bel ow.  The wheel assenbly 20b includes a simlar-hub-274 and 20
arm 278 t rﬂd’tt?%m%ii%f—ﬁl F§CEdRRAeéted tI8 HéP%?"v’o?nQr I‘HfzzFé“eatC?Iln?%'QOEnésl S

normal by i ased, ?e{ihEODE’ﬁét ’wggeig%g] N Fl}@ eQ ez% f@vi@gctizg’ﬁat

that is coupled he prvot arm at one 2 bear agal ns
t he. upper iurtlaeemallyhehituhkaome278 e uypeheeudhemze@dzﬁheﬂmmmneaherhub
ed 25 i ncludes two tine onl of whi ch

1278 i s al f
B B s i et caP B a0 ThE i CUCSERERY SeBulat Tkl dbike
290 29/pt h@ds ighsupstanihal by .i depkl edledva tf@ow@sel:o%%%s%fd tde yheste28a1

assenbly 20a.. 30 The connection between the hub arnms 258 and 278 arid the
pi vot1B1 mapabibeief fheimsrheptushramkd i TR Gieteiand grrmasuse iaf atie

8
ChosSIEr MR U ELG, Lt RSB PRS00y 20 ek 1 S e
arm 258 expl cdpz. a3pywiichn iseaphyghlyr ma2dd £ T6é pextﬁho&aar R 1248 cb:S .the.

“provided with opposed shafts 294 and 298 in which 4 rgspec ve bares 302
and 36 aFe™F6 | &8di ngh€ oS ARREREPR B5 s‘i%tp%'gliiﬁ t WeEf ottt 318,

The simt 308 disPalds oa‘h& 6is passaga chahd umteéﬂéalatzlae SRNGidh g e
pivot arm 248 to the 7 bore 252 in the pivot pin 250, and is shown in

phantlém i & @asz$>f 2P@oSal s?heahespirﬁe@ 186 ard 2588 ar angr optdehadilh 9

a3z, PRALE R AGEERale PReSRdAI2 LR 100 1RE: oS RERRl G ®

- shaf us 318samdzr%%21aﬂgr d:ldmﬂ&h@@ﬂ 120sueh o haibtbersbattsor9412nd 288 are
slldably received in the _. 13 bodes 310 and 314 whil e the shafts 318 and 322
are <P daEF?JPEtrsed-ﬁ'-?"(Péﬂﬂlyh b B e§n3HE’W§|¥di@06faqh%9pP98Hlﬁ§ shonider 15

_betwegn the,ti LBes A AN OGS AL L NEohi Yal RIS afgelhUle ] knteded by
i nner and outef O-rings 326, 3f0, 334 and 338.

-21 - ‘the housing 105 is seated against an. upwardly fac1ng annular .
227 shoulder 115 of the. 1ntermedlate sectlon 98. ‘The w1re11ne 24
23 jls secured to the. connector 86 by six longltudlnally spaced
24  annular members llethat, like the aforementloned annular
25 members 80 depicted in FIG. 2, are advantageously compqsed of
26 a heat-sensitive shape-memory material;that is deformaﬁievin
27- situ from a temporary shape with an iﬁner.diameter larﬁer

28. than the outer diameter of the wire rope 118 of the wifeline
2% 24 to a'permanent shapé that has an inner diameter smaller

330 than.the outer diameter of the wire‘tope 118. At least one

31 of the annular members 116 is positionéd above the tubular

32  section 112 to shoulder thereon to prevent downward thrust on



.18 The routing of electrical conductors and hydraulic fluid to 19 the
wheel assenblies 20a and 20b may be further understood by 20 referring now
to FIGS. 7 and 8, and to FIG 10, which is a 21 cross-sectional view of
FIG 5 taken at section 10-10. FIG: 22 10 shows various conduits 342, 346,
350, 354 and 152 in the 23 housing 186. The conduits 342 and 346 are '
reroutes of the 24 main tool bore 84 showw8n.FIGS. 2 and 4. Ihdawbdiit s
350 25 and 354 are reroutes of the hydraulic conduit 226 shown in 26 FIG 4
and a conpaUoOn, LrAduLE bhatt s dhayifgbtiel D okieat el iiewhdhel xahiiuet s
152 are simlarly rerouted. Conductors 28 150 and _hydrauli¢ flujd be

t apped Brorddany BP.praveny Ehed@REIbED, MeBREFR] 131:% LERR (AATMEIE t e bor e

252 in the 30 pivot pin:.250. . i 5, Fl ; t and
31 then‘gr uﬁ?ﬁ‘%}ﬁ?‘ﬁ’égsf’gt %%58%55%0%% %fe?gg}aggge%%q%f t eﬁﬁé%a%gG
Mar ch 204 gh shad t 52318sands322 eabétvoen tchrduiitre3G@per i11&crndtthe he 2

arms 258 and 278 (though not visible in the arm278).. 3 4 Referring again
to FIGS 5 iqme®,innelahéBl £96aH7 i 645208 5DEnY1E6L 18% <elRY €

movabl egout, gf 44 mrﬁ%@g?ggg&a% Lhaind Ligcvbeshs 40 Bl ifbdgaa core into

contact w t of" the welTbore 14 to propel the downhol e
tract or7l 0.met sl e€xhepeiranland sneth axs | oarbovemensties. ndramd detedls 0 | thel

ram 364 positioned in a cylinder_ 370 formed i.n th ousiing 10 186.. A
connect 8 ng kide 374AFsWeblipkbg Féqw¢%m§§ﬁdaF°6ﬁ§gl%ua‘?%‘gan?ﬁﬁ ng 48

connectgd gl d hgfgend t @Yo+ 85 MB24BaihRalhe R sraannestigblen th
t he pi v%t Zslrhn%@ﬁsfﬁ?ovgdeg wth a 13 sl ot 37§lso that ,the pin :

connectdon pdnesicrl éengdgementherith ptvet warsl2ag 24t &bed IFhOQY IRTRG BY0

i led with a 15 cylinder head 382 ' ded| . t
oyl § et 1 LoobAPIRg LanReteniin ot G vARoLEaFoRRER Tt HIAEh ) 'Y
sides 890 angn3%emént heocykbagert 3 Ehdarbendnthkuiddis icomiuniciaticreing h

respective hydraulic conduits 350 and 354 19 (vi.sible in FI 10): The
condui13 330 %eR] BB4theadirsldngy I RPRLYREr 886/ 05 gaéﬁfd“’ap?%nﬁq o be

described hel aw.. h ' ' LEERbupt he oWeiddith fdmliik i S
hydr au%gc %ﬁﬁcﬁgl%%h% éﬁ%gg%hgégﬁlfﬁéggggghgﬁdbggb arge moved lf_r on%l t he
retract®d 23 ipasidied. i NnAEl 6 resultt heclatpatedtpssi €ran furuEing I8F 24

deli'vering pressurized fluid.to.the left_si ft ylqisnder.. 370,

. As t heS r arhisBy #ﬁ%%t fﬁr“BﬁaﬁeFﬁ'@%ﬁkl‘%dﬁ?lg%f%ggggt H'ég%s\zlo SCaérlr%_ 3% tl:gsé)'

pi votegyin the direction of the arrows 27 398, causing the wheel assenblies
-20a and 20b to . 28 sinultaneously pivot in opgosi,te di rections a\%a% f.rom
the 2918 hoa‘é‘imdcﬂm'm@)é'faeﬁﬁﬂn@fuﬁéw (FeCehiRR df afdt SFTIPRS% el B HE e

14, ong,or hoth ofg tggdﬁﬁg's 1958810185 20208001 2006 63 bARAP il 0

contact™ wi tA~the T nner of the wellbore 32 The pivotal
conneco onarpfulishe memise2581a6d t27 &xtposdethe individual conductor wires

21 = 122 of thevwiteline 24.‘ The number of individual conductors
22 125 of the wifeline 24 will depend upon the_type~ofvwireline
23 :involved._ In-thé'illustrated embodiment, the wireline 24

24 contains seven ihdividua1 conductors 125.

25 .

26 A pin-socket type connector 128 is positioned inside the
27 housing 110 to connect to the conductors 125. The connector
28 128 includes a number of terminals 130 coupled to the ends of
29 the individual conductors 125. The terminals 130 may be pin,
30 socket, or another type of connection suitable for mating

31 with the type of connector, e.g., pin or socket. A compliant

32 boot 132 shrouds the terminals 130 and is advantageously



2 6 16 March 2004 1 pivot arm 248 as well|l as the |eaf springs 266 and 286
enable 2 the wheel assenblies 20a and 20b to absorb a significant 3 anount
of jarring force due to irregularities in the wellbore 4 14 and ot her
forces that may be inparted to the wheel 5 assenblies 20a and 20b. 7To
retract the wheels assenblies20aand 20b front he8extended position shown in
FIG 6tothe retractedposition9shown in Fl 5, pressurized fl 16 Narch2004

i sdelivered tothe right10,side 394 of the cylinder 370 andfluid is dunped

fromthellleft side 390, .of the cylinder 37Qtotranslate thepivot arnl2348
in the=di r%%‘PPBﬁeglpﬁgﬁ é?’%iﬁ%ﬁiﬁoﬁée%@‘: MG prte b rargehent 8 lof

cyl i nders $18nagd kit dRVnPerddeCouBLedd 0 dNe) Py Gha Bl 268 { Orpe
enhance the level of 16 available force that nay be applied to he pivot arm
248. | A 17Mumberhef \rammdiriaohs 2ROt Weld lr apuadd yoyld tler tlae rangeeend £( not 18

shown) | i ke the,r,am 364 d cylinder 370 bhe coupled to . 19 the pivot
)é prld}‘%ﬁﬁf‘guﬂ]re %#”2'3!81%? f‘ﬂetgfﬁlgé’ll.rédrg%s?e%lli)ﬂ?dbe%‘é Pfgét

arm 24
addi ti gnalgd & gaenERuIRR %@féi@Peé@ﬂ@lZ%eah\igten@r{Es%?f &?@Cﬁﬁéf%ﬁahéc ram

364-cylinder 270 22 arrangenent may be replaced by an electrical notor 400
23 coufpl-edtractdr plvot Each MS8rmihal nb3 or ig0eonnemtestitecr?4elongated
sche icall by, t he er. 400, may, have a rotati shaft 25 conpected to
t he gg?lneg?%dgu¥58r3}3%it iy vﬁﬁ%ﬁ’@e’g e ?nﬁﬁb 2 k}g’%a FIRETE Fotfewith a
shaft goupiad ¢endiheteernecl ng-d gso2it Sddea ML LOAR oy 1 @iy e d¥0f gghown
in the drawi ngs, the 28 wheel assenblies 20a and 20b nay be decoupl ed and

29 i ndRperdnttBRbi ¥6t shrpléaradpIdinse AOUBPHETISY, i3 Evewulerwi | ed
t ' | _as I . d ferrjing |

Lo P C¥xndls IS8 gRISHID e didiia e SEchigs, Sl The BY A1 19"
10 aridl 11 slEip@ed loverather tialular? st osledl pecand aletwiewdtHdieahasy)

assegg%% 20a., Taf's gescription of the structyure and function of the wheel
4 assehbl § 204" 49 Qrfnﬂju?lnr'eﬁ‘tl’i?/ee’_fﬁemr%ro?ﬁe]:hﬁhéélct!%O&séé"r?b! i dhe
20b- 208 . Thedwher§4oE0pELSHSR 188l i1ng nﬁ”&‘l'l%ééé ér49%ﬁeamsé0%%du9&é}?§:o a

‘togethet by a-plurality of shrink rings 7 that are snugly secure
arourdd a FPaid igedbl bubvdar slesyaredii fdtrbrist Aecuired tor tbe s it

mat| g hahyes 403,80, 402,434 RO QRADer Nen,Lbg.halyes 403, And
16 is'seated on -the tubular section 141. ' 'The tubular section
17 143 provides additional suppoft4for_the wireline 24 in the
18  event there is slippage by the annular members 116, '
20 - The exteriQr of the connector 86 is éxposed to the Working
21 '-flﬁid. _To_prevent;warking flﬁid from corrupting the
22 ' connector 86 and the'cénductors i25,jvariousu0-rings,.
23 .collectivelyldesignated'144, are positioned at,varioué‘points
,24.1 between.the'inner and outér surfaces,of‘the housing 105 and
25 the:inner:sufféce of the intermediate section 98,,andfthe'
26 outer‘éurfaces of the tubular sections 112, 136 and 142. O-
27 rings 146 are'pro#ided tovhoid the split shell section-143
28 together. _ '
- 29 An éle¢trica1 pathway from the lower end 148 of the connector
30 86vmay‘bé established'by separate conductors 150 positioned

31 in one or more conduits 152 in the intermediate section 98.

32 The conduit(s) 152 extends linearly downward for a short



10 joined. The hub 254 has a central bore 414 in which a rotor 11 418 and a
centralized mandrel 422 of the wheel 270 are 12 rotatably nounted,. As best
seen in FIG 11, the internal 13 bore 414 of the hub 254 is circular in
cross-section.,and is 14 provided with sets 424 .of gear teeth, one each in
each . half 15 402a ; and 402b: The function of, the sets. of gear teeth. 424
16 will be described in nore detail belowgThe wheel 2 7.0 171 & Masihs2(40f
mat i ng hal ves 426a and 426b joi ned Loge her in 18 the bore 414 by a

houl dey b
R B S s | SR A LD L A
by the z edus:ed:h%l ‘difafmﬁbﬂl’ld) ubutrhe sBhBngtHent |1(5r1?s dxftadnds et p ot hedbbegeiher

by 22 the shoul der: bolt 430., Referring again o FIG . 10, hydraulic 23
fluid ahd éfedid &0k ohRlucEBRBNERSt LR sVBF e PUSr SQURITRET DANF nR bOPRe

b Y SPR R 3Ad dDe DD, 2ad N £01 5880 110 I (1R PASS A0 3P0 ShoY

in FIG 7. ererring nowa ch 1's aTross-sectional 28
vi ew ofs Fl @1nikﬂ:\1c&k;@ﬂ of skThsonat2ed?, at henﬁulctb&ﬂ 18| ios eso? %a Bwayat or

434, which, together with the rotor 418, nakes U%QBO t%gl C%ectrlc not or 436
to dri Ve tF&CRedR £1° FEIHEF ngoRow BAWEVES t &hE Gk R siSarvaid

consi sts of fdes A Pldy aldty of evenly
spaced 7ZI ot ﬁﬁ?lﬁ% 1"‘%ggﬁ\/la %Pé §§ %%ﬁ%ﬁégggf ot ﬁglrvvl se cctté/out of the
internd cioccounioscerxt 5D tihereoé . cénémat ¢0s) WLAAi.ng 446 is dispersed in the

slots 442 a 3 For sinplicity of illustration, only very small portion of 4
the stator w ndi ng 446 is depicted in FIG 12. The nunber 5 size and

spaci ng of gt rshie) gs LA S er G asy | henduiheerakbdl 2¢@ Iseaibgamei o wire

for the stator win 446 is largely 7 a matter of design discretion. The
det ai 1ldd stipdeedr éomt elrrfcﬁmedaetmgfe%@%déﬁsba'oenbynlt@mer@raﬁg now

to FI 1 n 1

t hat Ss% pr%\?“lcgLL 2 gsggﬁ%tleér ﬁgll%ei %I aréé?hé%%{% ?rlll(ymhlrﬁ%fn@# ura

of penBaneskecragnheka b 1458, arﬁueilmnmniedil’éreerragneuom% almzlmieas rmd | n
the sl ot 14 454 by mterfereqncie and by a . hrlnk ri.ng.452 that is s ped 15

over tife oSEEE1ARaRE &F¥RGdgdh S 5 that AsEdres &M FRYRIC
centrals bosssc&ﬁé Lhneueh wWhsh dde i@‘@%&l@@ftWHﬂcytﬁ%Z l@wéﬂ‘%rﬂi‘eﬁé:l 270

is rotatably poSitioned. The rotor 418 W s operable to rotate relative
1o tﬁé hubf26heahdtegmeidd atd - sﬁ@’eiom'/ﬂfﬁ Tha ¥ abu‘accoﬁwl [B:2itze aan-‘dLﬁJér

bal | bear i n%gtﬂgngEngd# 03| t edlsbéati’@(ﬁoéfﬂ@l%{'g rﬁﬁ%%} X eftr%ﬁéces

476 and 21° e rotor € set’s gear
hub 224. .| Beatiohi 89, | Ther mﬁﬂdrrﬂmrauegsdc&ﬁxmdsa%sateu@aepbwd itdreed

bet ween the inwardly faci ng .annul ar -surfaces 492 i and _496- of the rotor
418 ahd mAPRETORLHAFE $OCRLTy LA 7P Sk ok ber 5086 E50 5P 2

o 8Pl e 42SerandoBichugiat s Wi A erflesousce chaliben s
of sn@p The spin collar 166 may be rotated to establish a fixed gap
| 22  between the opposing annular shoulders 164 and 162. The
- 23 overall joint between the intermediate section 156,>the‘
24 intermediateisection o8, and'the‘ihtermediate section'44'is
25 sealed against fluid leakage by pairs of longitudinally
26 spaced O-rings 170, 172, and 174. The joint has a self-
27 sealing function. 2s a result of the differing cross-
28 sectional areas of the annular shoulder 164 and the annular
29 shoulder 169, the differential pressure acting on the
30 intermediate section 156 will tend to urge the intermediate
31 section 156 to remain in physical engagement with the

32 intermediate section 44. Prior to installation of the spin



28 rings 508 and 512 that are seated in annular slots formed in 29 the
outer dianeter of the rotor 418. The inner ball bearings 30 484 and 488 are
prevented from significant axial novenent 31 relative to the rotor 418 by
oppositely facing annul ar 32 shoul ders 516 and 520 forned in the rotor 418
and the mating 16 March 2004 29 1 hal ves 426a and 426b (nunbered only for
hal f 426b) of the 2 wheel 270. For reasonsto be described i ndkd MakcholOgw,
the3 outer annul ar surfaces476 and 480, aft t her espective inner4 and outer
rings of theouter ball bearings468 and 472 are 5 provided with an

el liptiral coldss Se@ iond candéer vonbbatween ¢he RectieR? 4484 ARE .t ked

t 41'8 is 8 intended to f th -ph b : 9
2l Chouh AR, ACTRE eyl ST IR Ba Foflor S HID, T0°bEPRESH ot R 2

three p.hasﬁxéxofbet ha s talBudidil a@6e88Pbbeheddy. | i moféthr shat Aosmicicchi ng

positioned i h another portion of the 12, downhole tractor 10 to he .
. descridedFiGSe fuldnd Hel dvihe TntiSrredbhbet BeCHIQS Tt oFEEHEEd| Aty ittH

| trol t 14 i t.chi f th ' f
ot or | 1 498WeTa S (O deiS TR drous e 2 EE, o i) WIS RoRIAETR 58 Hyhe
attachegd tgnt herhuhe2Bb @t isudesi goediba sersaridian pasit i onlldrokoone or

more permanent. magnets 528 coupled to the rotor 1,8 418 19 20 The detail ed
struct it e Bhet WaeglealoRIE Sa bies uniler 5E58d BECHTEG dlerit Rgl ARF 676 &8

10, 1l 13, which j.s. i fi il edyvi f 0or 1§ AG 10
soner aly BBeL TR P e L o 8 Y B g A A
24. ana 426btabrt hoevesl 27bimatelEatnpasdl y Tiveojtettulayr aveat 2ong 3 9% ns

536 and 540 that transition to annular fl at surfggfs 544 %$ . and1548. The
extredd radnfd 806 Radnihieh Gt R W% 2P Pa2B? £56h 3F% ITWTLER WiPh
rounded tractian, sur Laces 3% Al B56:R8 {NHakrAaidasd gnas 1ons1Bet Bhn

engage the inner surfaces of 29 the well bore 14. Labyrinth seals 560 and
564 arl® prokedepis0 dedtlwerrl éhalaanyipeduaborees I tlhke rMaRRnefr. shPfafes

o7 o0 0 b I T L LR T8 B 0 phselaze0ed
14 aid in sealing the joints. The wheel module 19a is of such
15 - length that it is shoWnubrbken:with_the wheel assemblies 20a
16' and 2Qb.shown in phantom.- However, thevdetailed structufe‘

17  and function of the wheel assembliesfzoavands20b wiil be
18 - detdiled in subsequent7figﬁresg .To enable the,sét,§£, '
19 conductors 150 to be gquickly connected and/or_disconhected
20 .from a complimentary setidf conductors (not shown iﬁEFIG; 4) .
21 in‘the,portion of the conduit 152 in the wheel module 19a, a
22-1conﬁector 222 like.thevbodt 132)'conduct¢: 134 ahd'terminal

| 23 128 érfahgementvshownlin_FIG. 3. 1is poSitioned.within‘the
24 housing 186; _ComplemEntary quick'disconnéCt.capability.for
25'thdraulic fluid_supply isiprovided by a hydraulic coupling
26 224 positioned in the housing 186. The coupling-224;is in
27 fluid communicaﬁion with a hydraulic conduit 226. The
28 portion of the conduit 226 above the wheel assemblies 20a and
29 20b is not active in the arrangement shown, but may be if
30 hydraulic‘fluid supply is-required above the wheel assembly
31 20a. The detailed structure of the hydraulic coupling will
32 be illustrated in a later figure. Though not visible in FIG.



30 16 March 2004 1 and 572 that are positioned in a pocket formed between
the 2 traction surfaces 552 and 556 and outwardly facing annular 3

shoul ders formed in the hub 254. 4 5 The transm ssion of torque fromthe
rotor 418 to the wheel 6 - 270 nmay be understood by referring nowto

FIGS 10; 11 arid 7 13. A reduction gear assenbly consisting of reduction
gears 8 576 and 580 is positioned in thesbore 414 of the hub DSNlarch 2104
structure of the reduction gears 576 and 5%0 aré 10 substantially identical

and be best seen.n Fl 1 iC §n9 uctio r
580. e gédg i8§%ﬁ%ﬁ%§:§%§B%Y%%§ngi g?e 6%%§$$é% %gﬁgégg ghgtgsgggided_
at oneg engodadlw tbar espeaiiy cesetsrotadxRyweat geaar21aeinhyS584cande586 and
14 terminate at the other in annular rins 588 and 592. The 15 external gear

t eet h H84Panyadds igee afedihe@ORBERESH SWI2AR taRA 18N nEeRRALNGEaf2teet h 424
f the, hub. i 7 fully . he. i nR,.588 |
302 ok hetGoinREraTRAEIIGE dBafed! e MO Hbor b SR M A LB =200 B

t he wheel cdfne2¥Qoby 3d douphisgEIfagntbebled s varpofier potrtkit 20
bet ween the annular rins 588 and 592 and the annular flat 21 surfaces 544

and 548 tPaRYREnsSEGtdPET Iofm Fhe EEAGECFor D2 gears 576 and 580 to

t hewheel 270. The reduction gears 576 23 and 580 are advantageously
conposed of a relatively flexible 24 netallic material that is capabl e of
f | exurge i Theeppensacko o5 tivy eneael obhsskebdlild 9td @ml and 028b seeqibnebakl

bearings 468 26 and 472 and the, rofor 418. Resistance to . fatjgue failyre
and 27 coFfHerbR Sget si inﬁ%%e??éegy %%ﬂ?r%ﬁﬁéﬁ?%ﬁ.i%%a?§82é5576
and 580. EXenphar ¥ehRian Mcrd Nl ude, ther wexdplmodll®y1 99, orrsigi pkess
steel, or the like. 31 The detailed novenents of the reduction gears 576

and 380 aaccerplhehedt by FLe/¥ng athe ecPBAE shiF 2 RPGes2 b amuell 739608 by
12 to the outer diameter (“0.D.”) of the housing 186 and back

13 wvia the bends 228, 230, 232 apd 234. The portions of the

14 conduits 152 and 226 in the wheel‘moduleH19a'will usually be
15 formed by gun-drilling the ends of the housing 186 below the
16 section 194 and above the sectioh‘206, and then cross-

17 drilling to the longitudinally drilled holes. Accordingly,
18 plugé,-cbllectively designated 236, are used to prevent.

19 - leakage from portioné of the 1dngitudina1 holes above the

20 bends 228 and 230 and below the bends 232 and 234.

21 , ‘ '

22  The detailed structure and function of the wheel module 1Sa
23  may be understoocd by referring now to FIGS. 5, 6, 7, 8, 9, 10
24 and 11. FIGS. 5 and 6 are cross-sectional views like the

25 cross-sectional view shown in FIG. 4, but with the wheel

26 assemblies 20a and 20b expanded to reveal their structure.
27 The description of the wheel module 19%a will be illustrative
28 of the other wheel modules 19b-19f depicted in FIG. 1. The
29 wheel assemblies 20a and 20b are moveable from the retracted
30 positions shown in FIG. 5 to the deployed positions shown in
31 FIG. 6, and may be selectively deployed to engage the walls
32 240 of the wellbore 14 to propel the tractor 10. Referring



16 March 2004 31 1 referring nowto FIGS. 10, 14 and 15. FIGS. 14 and 15
are 2 cross-sectional views of FIG 10 taken at section-14-14 at 3 two
different instants during rotor 418 rotation. FIG 14 4 depicts the rotor
418 at an initial position relative to the 5 hub 254 and FIG 15 depicts
the rotor 418 after one quarter w6 of a clockw se rotation: As '
not ed"above, the rotor 418 and 7 the ball_bearing rings (now tekaghtdd 604
and 608) have an 8 elliptical cross-sectioh. The nmgjor elliptical axis for
the 9 rotaor 418 and the ball bearing ri n?s 604 arid 608 is 10 designated
612. As alfdddiallef EmeFEFLi pti clie cvhresl seesevnties 8Pat ked G0dr a8 and

the ball rs i 604 , he_conmpl iant character of the
reducfél ongg%elfrt%&]% Qliﬂggt g%%al%%gt %tﬁh%ggo}fﬁlpﬁeﬁggm G Syear
576 ermjagectind e tontehi@ahogsangt edte) h24da opivde ApR 224 ikMak-wq sopposite

zones 15 61.6 and 620 across the major elliptical axis 612: AS the 16 rotor
418 i € r oPaVeFHrlam P hedi EPoRhenbars ingrI k86 4y a2 1P15udB0er Tlen tim t he

posi tigon o : sihe_z : f _en enent

bet WEES(I’)I t%ggggtse nﬁlic‘aéeect}ﬁ”%%ﬁ o gtlgfe%é‘il f?zfe%ﬁ%% &Sggg §38g§%acéﬁe

i ntergal teethc4dtsofaridienpdibadbdc2 Inaidtmaynibd tile ﬂaj'gfoeiaépbbc:@& axi s
612. wever,, thg" ?\J]t reduction lg-ear 576 itself actually rotates in the
di recti on®39 GPFGEFS Y PPHIRA L PRCEPoF IS Whnedk iaFs ool hesr 8Par andg20b.The
23 cognt ege FoL-2l heNdou s be ;undgy; ' L0g; - 90 24 kwo
cooperating teet h%62£(1-J and%gé%gia?ﬁe ﬁdbqgg}lrg%% ga/zépég%gg%t?gaat S%th 632
on thé redbetvbaelgesseataly 262 shdwa pox2ddd Gf Ithe tihevbeeahmb6248and 628

and e tooth 632.are en e 7 with the rotor 418 in the, position shown.
Hovve%gr., t\-(‘:% nwgﬁglzgslsggr%ﬁ 2143 ST PGLEEES 2 t%? tUEF FBRHPYRAEE shown
in" 29 FlvatH5ant hent esteh B4 and $28c08100e bk e28db d @i Phi n;gw& 30-game

position while the tooth 632 on the reduction gear 576 31 has transl ated
throtigh #%%edt 2hRgl ench ishareouan by chéekmidsdng? dihee @it iaheskamanininof
counigr-difestiongl grotatiqQn dhe 3.2 arch . 2004 1 reduction gear .
576 in r'esponseg)t %hcai 2i % I %‘ r'lg/aoj% E%’ ’c‘ﬂ)bjr'\ggf 2tl15 geggar%otlc?r %mlq_%gf%é?x?‘%ne% :
t he Tunberc arite spzecof athe 2g@araril t ket he#24rnadt e kulat2%4 anstide &gt h

584 ‘reduction gear 4 576. In an ex | ary epbodi nent, the hub 254 is
provided* Wﬁ-@ﬁgb’éﬁ}: tBet fowsF a‘?wrfggere UEEPORYGe AT APE s Fhvikidel .
6 "fEs t harnNisg gearat €8the38theriidh’ hwiﬁ? BhbaRgagENDe %g lﬁrefed.uct_fr%‘

gear 576 will rotate approxi mately two tee 88 for every

revet it | yestl FRsembdy 308. ingludes wayrohavisgewherddt whatatiso of
appr{Qxi I anjbolq': - Si 10 .obt aj ned for. th eel 270.. Ot her
redt}?t(i g%%?a%‘l 08 n%/é%ér%% g%t_g#gr{?e‘éub% ‘;v%é y?%gé?ﬁgrfﬁﬁgg&o§earfd‘1§1yzes of
t he Icoopbedibwng IThé¢ eehdell24ssetbl4 2ol ihel di@sehessmafl arhaporne 44k and

the 13 gear 526. 14 15 Several 'yariations of _the gearing arrangement
bt Aon BRE 305 GHAT 418 DIKATRLIN GRS B9 BRIPLYEs A SRS el

270217 apezpessl bl ndPha BXpMBGseld) ddechd P&IO Nonl LhERh 3hed1c. 5 by
122 _ga“leaf‘springfzssﬁthat.is»doupled to‘thé‘pivcﬁ érm 24é‘atwone‘
23"‘end and bears againstzthe.upper”surface of .the hub arm 278 at
24 the 6ther‘ehd aé‘éhown. fThe hub arm 278 ‘is also a forked
25 member that.inCludes‘two'tinés, only of which is visibie and
26 designated 288. The wheel assembly 20b includes a wheel 290
27 = that is substantially identical to the wheel 270 of;the wheel
28 assembly 20a. -

29 |
30 The connection between the hub arms 258 and 278 and the pivot
31 arm 248 is further illustrated in FIGS. 8 and 9. FIG; 8 is a

32 cross-sectional view of FIG. 7 taken at section 8-8, and



18 enbodi nent, the rotor 418 provides the torque input,the hub 1,9 254 is
fi xed and the reduction gears 576 and 580 serve as the 20 output to
transmit torque to the. wheel 270. That conbination 21 results in rotation
of -the reduction gears 576 and 580 and -22 the wheel 270 in a direction
opposite to the direction of 23 rotation of the rotor 41,8. However, in an
alternate 24 exenplary embodi ment, the rgjor 418 nmay serve aslé Near¢hQ0o4
25" with the equivalent of the aforenentioned i'nternal gear teeth 26 424 on

the hyb 2 db f int | t h 27 c led to th
whoel T naP et B YRSl fiputfon ROEAPhEE | Hiui s hi 368 O& Rd ve
enbod2menhubag e zmﬁeéﬁﬁp@ﬂeBYa%g%/r ehart ikhg ?ﬂ%@ al:ﬁlrgiztilgz ‘gg%lggﬁii%%

sectignal view of a 30 portion of the alternate exenplary enb t and is
simldr 33TPn24dopes BRAVIEHPOsYibhi appesedt shiaditst @ 3heand evs glephcived g 32

FIG A3. i S .l i enbedipent, the hub, .now,, 16 March 2004 33 1

desi g%\at eidgﬁé%&li\éé z%éagleﬁé s:%/(g% i %ﬂ§r§ nafﬁog%g‘ dSahF O 4834CeRERAEL ve

r ot at 5onasloBYemBNti rheiHeasti e 4800848 NOWrRde3ignatses ii.lﬁﬁaf‘@dokh? hub
a

254" is provided Eé.a'ball.4_bearing 636 positioned betweerm an annular
shoul fler BRABSELS Fdat 1o Aen tivel henghhubir thikopidert Gvirn {24 Bretioi ghitie

hub 254 ri;ng 5. nprovides r in venent of ,the wheel " 7 270
rel a’?? vﬁ%réhggﬁué%gié p?lh‘gOdr %Hét?%éu' ggﬁg?lﬁoﬁ/?‘gw@eéingﬁﬁaéﬁﬁ%l? i's
flip-81 oFBESEr 6m Bhendr i7ent atlion thelepk et ednidn2EbGark0 prand de Ry Hvh ded

mﬁthégn -1 ke ggt of 1Q folds 648 at one end that termnate i-n an annul ar
rim652 PPIRSt Jb8arBdagditnd® aish viehaf s f 2&Bngndl 3R2anmel domwed ace 12

656 1§t g g es84 i f al e! agged _1 bil it
for fl exﬁéo%)hgﬁgsr gg%ctaiﬁgn Bié%dr ggggt\%ﬁg’e%%%d;ﬁogggagggs 35% é?#?‘ne #lé%gt h
of tHe g&areg631lPhendbpldannty thed sipaites Ihe. andt Bppabrecdd meend 1H668 . of
t he f4£ductjgn a enga a_cooperating set of internal gear teeth
664.?%sh%%%%ﬁ*gsaﬁnégﬁ'ﬁﬁﬁgﬁgrzﬁgnﬁgF?'. 3R Pakdaby¥nErariyed rigulthe
dossB 8 epid®n3aodapaoyidewhiine LA SRl 3fanct Oﬂégi%ilsgglggﬁbﬁ%{ ]

u ' it he

internal .gear teeth 4:24 formed in the bore 414 of the
f or édoi n§SAgi8ed al Bt BRDBAFRENBO2TIRAG G0 41Fhe pPdopingi dednmist h an

annyglsar pRARRle 67t LS,gecurad. therets . a pair_of snap rings 682.
A bal| bearinéﬂgééh?s@g%%%I§%§3g%§sF%?oﬁ%ﬁpﬁégﬂg%ﬂv? e§5&t%?§o?g§h e of
t helénnuserleshiley LdtieB7andndutbe ORtrdhiger 30f6,t B8 0 eduwd | HR3088E 576
proignate the 25 gear teeth 660 thereof. Both the annular nenbers 674 and

678726 and the ball bearing rings 688 and 692 are provided with an 27
el 1 ipti caheChoAf SfloPeDEct BEChYPEOHBREELSE dhd M dranlic fluid to

1s the4whee1iassemblies 20a and 20b may be further understood by
20 referring now to FIGS. 7 and 8, and to FIG. 10, which is a
21 :cross—segtional view of FIG. S taken at section 10-10. FIG.
22 10 shows various conduits 342, 346, 350, 354 and 152 in the
23 housing 186. 'The conduits 342 and 346 are reroutes of'ﬁhe
24 main tool bore 84 shown in FIGS. 2 and 4. The conduits 350
25 and 354 are reroutes of the hYdraulic conduit 226 shown in
- 26 FIG. 4 and a companion conduit that was not visible in that
27 wview. The conduits 152 are similarly rerouted. Conductors
28 150 and hydraulic fluid may be tapped from any of the
29 conduits 350, 354 and 152 and run into the bore 252 in the
30 pivot pin 250. As shown in FIGS. 7 and 8, conductors 150 and
31 then run from the slot 308 into the bores 324 and 325 of the



28 foregoing illustrated enbodi mrent. When the rotor 418 is 29 rotated, the
teeth 660 of the reduction gear 576' are brought 30 into engagenent at
zones across the major elliptical axis of 31 the annul ar nmenbers 674 and
678 and the ball bearing rings 32 688 and 692 in a nmanor |ike that

descri bed above in 3 4 16 March 2004 1 conjunction with FIGS. 14 and 15.
However, since the 2 reduction gear 576 'g fixed, the rotor HKiBlarchi200dhe
wheel 3 270 rotate in the sane directions'™4 5 tn the foregoing illustrated
enbodi ment, the rotor 418 is 6 pqgsitioned insjde the hgbei?4 Wi, th th%1
stator 434 PafEsontd Fn32ReaRdbint2 BuCORAWIHha 69 9 heledt dpterghe

However , the, 8 a%é?”ﬂﬁ&%‘%a mi‘¥hBﬁgE' h?tf Larned e HG tdd %T%Jnu%'é?t.es a9
sectional view o he upper portion of an alternate 10 enbodi nent
i ncorpogating this flip-flopped arrangenent. FIG 11 17 is a sectional view

f aiml cti FIG _1 1 | t.h h ly th ti f
Che whet| RSERBI IO 189s1D HesF4NSrof 205 G HHA ULRTal ABSPRDLAFS 202
enbodi mgnt , 5 ctlhf’oﬂr4a§éa&@igcﬂ%’g’e@‘?singf}ﬁbﬁg B of SLREAENCROSIEI @B HAYL t he

hub, 15 now desi gnated 254". wever, the rotor,, now designated 16. 418";
i s rot asabl yhpogheebaed7ar audd28hemgyatomed 3ittambntagt wotht §beywalls

ted by | ind bal | ' 6 18 700, . 704 708.. Th
Fotor ada" 140 ok vhe eI ERTE; th BOTBRRRIa S, SR hanERRC R ASs,  now
desi gnaged fH8" exdds 20n0har rhakhcbean ReSremtthtants 7Hdori8eteby Bedlyid

position by a . 27. pair of shrink rings 712 and 716. The rotor 418" and
the 22 Pespeami V&4 rpagit foned7n a7eglander337H fovanedt &R BBEr hRYS AT 700

and 704 .ar ain, p ' Wt naell Lpti sechi of .t he type
Gescr 530 bt o enibfEeith Poll =T AR ERoIRd 9% e SEah Be0ny e
reduct ian gerd sandopifesognatedd536" i26 antheaB®End ccenghgepaveet aafn 248.
internal gear teeth fornmed,in the 27 tracgtion surface 748 ofﬁﬁge wheel,, now

desi gnafed DID"PHR 98npeStiPBelitBobhe RIVET Fict i%‘hgvﬁf hPEPYLded WALH,igh
the 291§”bqgi£€ﬂ$7é:éHSEﬁéeeéhéanthoﬁﬁedﬂybﬂcaégs4ﬁ§E Biaw des 3@ i nput

torque and the wheel 270" receives the output torque 31 while the reduction
gears 5%6" pirndoBsarmr248i nosehesonafhe Sylimdentdio 418" saadedhwikied 270"

rotatelgn tgy-fgggr head 382 that. is threadedly attached to the cylinder
16 370 and sealed with an O-ring seal 386. The left and right
V i7 sides 390 and 394 of the cylinder 370 are in fluid f
+18- ~communication witharespedtiVe hydraulic coﬁduits 350 and 354
19 (visible in FIG. 10). The conduits 350 and.354_1ead-to é
20 hydraulic reservoir and pump to be described below. In the
21 | illustrated embodiment, the working fluid‘is_hydraulic fluid.
22 Thé_wheel assemblies 20a and}ZOb_are'moved.from.the retracted
23 poSition in FIG. 5 to the extended positicn,in FIG. 6 by
24 delivering préssuiiZed fluidfto-the 1eft-side 390'offthe
25 cylinder.37b.‘-As the ram 364imoveé thréugh the cylinder 370,
26 the pivot arm 348 is pivoted in the direction of the arrows
27 398, causing the wheel assemblies 20a and 20b to
28 simultaneously pivot in opposite directions away from the
29 housinglles. Depending upon the inner diameter of the well
30 bore 14, one or both of the wheel assemblies 20a and 20b may
31 bcome into contact with the inner walls 240 of the wellbore

‘32  14. The pivotal connections of the arms 258 and 278 to the



16 March 2004 35 1 direction. The position and speed of the rotor 418" may
2 again be determ ned by a Hall effect sensor, now designated 3 524" and a
correspondi ng set of permanent magnets 528" 4 nmounted on the rotor 418". 5
. The structure of the electrical power sub 2la nay be 7 understood by
referring nowto FIGS. 4, 18, 19, 20; 21 and 8 22. As shown in FIGS, 4 and
18, the electrical power sub .21a 9 has @4 ubul ar housing. 75 Maah 2004

t hreadedl y engaged to the 10 wheel nodule |19a at the threaded connection

753 with th ubar | .c8e; BRysRG-i1Rds Ness aadaibpd @rehasket
12 7S z%thg?véétégﬁslzla‘gnéﬁcyl nal %%fr% I'S thr%gdle y secured to 13 he

housi ng 758hat whB61. aEzenkdiids a20a 7&6d 26b tealadrbasl he 19igrd F5C@ML 0- ri ngs
760. Electrical and hydraulic_connections 15 bet en.éhe wheel as“s,ee{@i)grwa
and thé el 8FPHREaPTpIRET 1deh fiRFce 29ueafR bFG\ﬁgd’\é‘teFlB’y HR BF T € €

el ectri,cal 460 c 7 64 ek | 6. 4 HeSt d 68he Wih&dn may. be
subst an iaﬁ%yaﬂge%ﬁ%ﬁ @%8 to tlghrég%gﬁﬁgc?grlz 2 .and hydraulic coupling 224
shown .3 n, aBsémbleé. 20a2 eahrd 20B.21. The structure of the electrical power
sub_2la may be 22 understood by referring now to FIGS 18;. 19, 20,. 21 and
22, 23%nd initiall.y to FIG 18. The housing 752 incl udes several 24

| ongi t udi nall yespacedraRARned BSUsEedbaneker 03 UNdMBOE 72rom5t HF6, and 780
separated by sets. of annular flanges 784, 788 25 and 792, each hayi ngea
h is

shock #bsoelicrgdefaposidrian rskeprobn B¥CAsbhést tHrarretrefiesd BRSihh
a cross:sectional _vi of. 2 k t4 01 L0-280, e
di anet et sé’%‘Pf"Bn%nzgﬂﬁTZ sdnga%%é%%gzégog?gggi v%mesf hd%%‘?ﬁ%?yt‘%%%oﬂggﬁé
cross 139 sechieonsst @prums deybis@ete370f anbofjatietl Spadespéd hdwhtBe
magnets 800 for casing collar |ocation m ge positionfd. A‘bh 3 6 1@ Mar ch
2004 BRlasi®ftcsirsr 3%&£%rt 2%i FY 4L BRI §7 049 FHFt7oRe arBNA" 29 e
section, 776,3ndpl RAMC el ok t p%ﬁﬂoé@téhEOW%%&etaerS $o¢, Primary

o the

el ectrical "power is supplie downhol e tractor 5 10 via the wireline
conduct®r 24 shown in FIG 2. This 6 includes the electrical power

?ﬁgffiﬁ%%tggﬂgggg% %E§A¥E¥%e££gngﬁ”8%11%8é¥@”§35’£ﬁ8rféﬁst?§4 may be
15 coupled to the pivot. arm 248 to enhance the level of
16'.avéilébleiforce that may be applied to the pivot arm 248. 1In
17 another variatioﬁ, ano;her-ram and-éylinder arrangement (not
18 shown) like ;he ram 364 and cylinder 370 may be coupled.to '
19 - the pivot arm 248 proximate the hub arm 278 of the wheel.
20 assembiy 20b so that additional torque ﬁay be applied to the
21 pivot arm 248. 1Thevhydraulic ram 364-cy1inder>270‘
22 arrangement:may-be.replaced by an electrical_motbf.4oo
23 = coupled to the pivot arm 248. The motor 400, represented
24 schematically by the member 400, may have a rotatixig .Shaft
25 connected to the connecting rod 374 via a-Worm gear, or may'
26 'bé a linear motor with a shaft coupled to the connecting rod
27 374. Optionally, although not shown in the drawings, the
28 wheel assemblies 20a and 20b may be decoupled and
29 independently pivotally coupled to the housing 186.
30 | |
31 The detailed structure of the wheel assembly 20a may be

32 understood by referring now to FIGS. 7, 10, 11, and 12 and



8 tractor 10. It is desirable to incorporate an onboard power 9 supply to
ensure that power is consistently supplied to the 10 control circuitry for
t he wheel assenblies 20a-20i even under 11 rapidly changing current flow
.conditions. In this regard, a 12 power supply 808 in the form'of a
plurality of peripherally 13 spaced capacitors 812 is positioned inside the
housing 752. 14 As better seen in FIG 21, which is a cross- skcMamsha00¢i ew
of 15 FIG 18 taken at section 21-21, the4dapacitors 812 are 16 connected
to a conductor in one of the conduits 152 via a 17 connection that is not

vi si bl & i niBi€65ally ao FULGS n 7,181addndi an .t o REpacit ars,a therobhllpat

e.ries_may be.used. FIG 19 2~1 also_il|ustrates how several hydraulic ‘
condui s 2§§p?8§e Bt tViFe ?FaEL&rVﬁ?éi) ¥ 1473 t oTPRe whee

.21 nodul eged@rapt Abrs Vi Hd H Ricdurd3aRef efyddtd dPVe £ Ocfid GndQi the

el ectrical power sub 2la 24 includes printed circuit boards 816,, 820, 824,
82,8, 832 amdepblyg3@Oposiitlilorzrl ihluatratsvenmi drhes patdesr . wee¢eken t he

housi ng 26_752 and the housing j.acket 754:. The sp ted by 27
(anges s4po2andiaes 2AF LR LPEE hulr ans Wartt I T T 55 kv e?
absor bisng 4bpasafd8aodle a4l &dfetB29 Hi24 PRBa1d% B3Pr andr B3R FByghe

fabricated from pol ycarbonate plastic, 30 polyimde, ceramc materials, or
ot her dui t4Bfethypesref smsbsrecneedi prouncamd unatlerthalaf Mhktons 410

conpongnt s . 7 16 r 2004 DL et neGt | Qf _the boar 816

520, o34, Woningd ko MR TY T ERCHARR e M e PRV AGRE P e
shown en Ri@Eb22hatheocheusions: tibdr i shenovhdethalivids a0 a ethit ego b aaes er
portion 852 thaé proxidﬁf an annul ar chanber 6 856 between the exterior of
the i Afer mbATRER - sedProB W T hPFs 73 2C8RE *Pe RoRteeAldr 16t WinkCh a2 keet s 4.
The annul ag1 ghanher BaftROMIARS fPUHLD 23550 GRL IR V2 TSt rain
gauges 9 860, ,864, and 868 for neasuring tensile, conpressive, 1

t or si dRal , rahdtdbhdi mgustesi -.ns Ah, et t saenodinl FIGrhd 111 Wiecint&mabut puts

of thegstralp_gauges 860, 86 868 are 12 caqnnected to aqne of_the;
boar 4851 S0 Be 55" B, Bl A 1856 L TR TN SRR - om i b
are npgnt gdrovnidbé wedhceetkd diaet afefor teeth§5dmen@aire MPtedtly hged | Y
connected to the 15 interior surface of the internmedi ate-.section jacket

754. 18 FUeFRI#BRe?02Re- gdbGe S WH 1 0B 40L- &hE S665a0E, dearidiqshAdYy, 17
that e ght oL hersi oo e S e el T ha s St oy 19 e AR e
864, ahd :SuBsighssofsmatdogpllisshess B2 e8 physkesbl yjodmededtagartde in
et T8 T ife PESEL OB RO B9 st et Kol 8043801 VR b Wiy ol Wi
19 - fastening techniques may be used in addition to or in lieu of
20  a bolt connection. The mandrel 422 is definea by the red&ced
21 diameter tubular'mating portions thatiére joined together by
22 -the'shoulder bcit”430w~ Referring.again‘to~FIGL 10, hYdraulic
- 23 ‘fluid.and eleétticai conductors .(not visible) are introduced
' 24 into the'hub'via'opehings 432 in the hub.254vwhich.lead'to ”
25 the passage 360 shown in FIG. 7.
PPEI
27 Refetring now also to FIG. 12, which ié a cross-sectional
28 view of FIG. 10 taken at section 12-12, the hub 254 encloses
29 a stator‘434, which, together with the roﬁor‘418, mékes up
30 the electric motor 436 to drive the wheel 270. Referring now
31 also to FIG. 12, the stator 434vconsists of a cylindrical

32 core 438 that includes a plurality of evenly spaced slots 442



-22 nanely at the threaded connection 753 shown in. FIG 4. At 23 the | ower
term nus of the housing 752 shown in FIG 22, the 24 housing 752 is not
threadedl y engaged with the wheel nodule 25 19b.. Rather, a sliding joint
at 872 is established and 26 seal ed agai nst fluid intrusion by a pair of
0-ring seal s876 27 and 880. Accordingly, axial and torsional |oads are: 28
transmtted directly through the housing 282 and | oads 29 -appl kerdhi2Q0de

j acket 754 by wel | bore pressure or other 30 causes are not transmtted

directly to the strain 860
pressurd dEEGRd onTt ﬁg%§gwﬁﬁﬁefm&| arreter %&é%o%lgﬁ\é@%%mﬁfﬁgde

.therefore @ﬁ£§§§ﬁry A 3t8tds Manaind0@46l i dispensed hin preessietEn4tize
bore 84 sott e pressure 2 effects may be electronlcagiy su trgcteg out
of the straior as:gap@ecsn:gnalfs 114U§t|‘—’taqls°1'tires‘i’flﬂaﬁbﬂée’f% BB abi BT 61 8ENnSeE the

tenperature an ressu .Of t u figt hgo contlhét ndAbarThese
7 par anﬁter@‘%r%@?‘g@rvgll 0 i gfdtoﬁéﬁlc%tn%#t:%%niqof the 8 hydraulic

fluid, S\g&éewgﬁalg@a@ﬁn@1dﬂﬂﬁﬂﬁﬂéﬂpﬁBﬂﬂ42ﬁﬁE @eb@cesdthglyumaer of
tenperature/ pressure sensor 884 is positioned 10 in a ﬁhﬁnbfﬁs 1@81Q?§é¥§1
by the Bousioml§5andngaMee Joafcliféirellf%4th?m%t%h‘aroylf’ ghd

tenperature/pressure eldidesn T2 el ectrical outputs that are
routed: 't o DIEFOFSFhE board’éﬁg%@ 13 820, 824, 828; 832 or 836 shown in

FIG 19g The other end of 14 the sensor 884 is coupled to a substantially
seal ed chanber 15 892. A conpensating i st 6,18 dispasednhBrkheddhanper
16 892: 9TheTheadBERides SERUFHYLE Pid ﬁ?@%&?oﬁiﬁfﬂh§tﬁ§v§9HCngUIt %gg
vi a thﬁgporgegeggl Jﬁih oq,ﬂacrg)egl@gaz Bd 1heapiision 18h89Goape ¢dAf icgumsEds &

that t pressure o er si'de of the 19 pi ston 8;6 I,s. essential |ly.equal .
Thus, the peEsaucyldndriecl) menber i thathelsoRBAVEASSs WiiER 2Be $FES r%%}

Fenssd DR AR S, S Ay uciseaasty B8 pumintRcomagtined | n
226. 13 458 are disposed. The magnets 458 . are retalned in the slot
| 14 454 by 1nterference and by a shrink rlng 462 ‘that is sllpped
15 over the outer diameter of the: magnets 458. The rotor 418
16 “includes a central bore 464 through which the mandrel portion
17 = 422 0of the wheel 270 is rotatably p051tloned The rotor. 418
18 -is operable to rotate relative to the hub 254 and to the
'19f wheel 270. This is accompllshed by outer ball bearings 468
26 and 472 p051t10ned between the outer annular surfaces 476 and
Zi '480 of the rotor 418 and the sets of gear teeth 424 on the
© 22" "hub" 254.' In addition, innex ball bearings 484" and 488 are -
":23 posztloned between the 1nwardly fac1ng annular surfaces 492
-24, and 496 of the ‘rotor 418 and matlng outwardly fac1ng annular
25 surfaces 500 and 504 of the mating halves 426a and 426b of
26 the wheel 270.  The outer ball bearlngs 468 and 472 are
27 prevented from sliding off of the rotor 418 by pairs.of snap
- 28 rings 508 and 512 that are seated in annular slots formed in
29 the outer diameter of the rotor 418. The inner ball bearings
30 484 and 488 are prevented from significant axial movement
31 relative to the rotor 418 by-oppositely facing annular

32 shoulders 516 and 520 formed in the rotor 418 and the mating



25 The piston 896 serves primarily as a structure to prevent the 26 influx
of debris fromthe chanber 892 which m ght otherwi se 27 contam nate and
damage the sensor 884. It is anticipated 28 that heat fromthe fluid in the
conduit 226 will transfer to 29 the fluid in the chanmber 892 and thus to
the 30 tenperature/pressure sensor 884. There will be sonme tine lag 31
between a change in pressure and tenperatg e in the fluid in B2Maivh 2004dui t
226 and the sensing of those changes by t 39 16 March 2004 1 sensor

884. This tine lag is due primarily to frictional 2 forces_resis
nmovenment ohalirespiégisen andl 426 héniymperesy oBlys K4 aﬁ‘%]dfvﬁ%ﬁb)c Hé}-t&g?\sf er

of heat fromthe fluid._in the 4 candui it fini get 811 he tHRMTDER
892. Tl?e tyg€§ o 78 serfs sr%%?%ge %t tgeg?%sestc%legﬁn&rature ajr'ld pressure gre
6 largely guieht anrRil hesderr dtesr etisormnd i &n exehpthe yréZspedoiverhonerhe
tenperature?pressure sensor 884 incorporat gFg thernnégﬁpleel'gf el enent
such agt anaR@Dousied xingaief othgugetEra FornSRn ga?gﬁ% attfe and
pressure. 10 Referying .now al$9.:i0.:El MigLdrisna sectional view of 11
FI G 225.ta1?59‘,’é'fieéé"f]lg:olﬂ %-ég?lgg&icﬁ%ona °> tenper at ur e/ pressure sensors
904 ang 908 -may-be positioned in 13 the . housing 752 to , sense-the- Co
tenperature and pressure of the 14 working fluid.,in the bore,8 d the
fluid i'h tBaewsomdsmationsobekhe Lafor Tad End orhe ﬁgaﬁd4gé8f$mybe
substantiall | i t 9ohNg =5 NS Hr BB halde Theudrl 8skedeshovetyre of
t he var ou%n%eéggﬁfﬁ%gcgﬁéf%nas tg_lg conneé% t he hydraulic,conduits of
adj oi nigg seehicwth oin the A6torameyr aflEare BsemderBeWed BYiEehéRrdi ng now

to FIG. 24, 21 which is a detajled cr -Sect.i i gw; of i 6,22
Coupl iRy Tbecuseth The FHares BhESen S Gl on faEe1g' gheempyfeAdL! By
housi ng 91 2hhat dasc@ &bvisénkaagigdsditiaindibrin difo@Meexpentiing of the

t heret'hrough and is dinensioned at _its_upper, end 25 apd.Lower.end tgo_thread
,i nt 0 1 acdcomdokespractot tReER 18 ARFLI RS _g’éﬁaﬁ\ggﬁgf’}ﬁned‘}?n t he

o Sl 4 off LS S o) erpmpann sl w1
sur f acey 93gwiltkHiitke dAsthenpowee dhedibe aramiors rhepggesiathe motor
- .15 436;'a'Hail;effect sensor . 524 is positioned in or otherﬁise
Hlié -[aﬁtééhéd ﬁo‘the_hﬁb;254wand'is'deSigned tdwsenSe the position
17 - 6f one or mbre permanent magnets:528_coupled to the.rot§:
18  418.
19 E o o _

20 The detailed structure of the wheel 270 may be understood by
,21  .réfefring'néw to FIGS. 10, 11} .and 13, which is a magnified
22 ‘detéiléd)view 9f theﬁP@ftibn-of FIG. 10 gengrally o |
- 23 ‘.circumScribed by the dashea oval_532; The mating halves 426a

_'24]';and-426b of the whéél 270'ingiudé.inwardly projecting annular
.25 ' rims 536 and S40vthaﬁ'transitibn'to annular flat surfaces 544
26 - and 548. The extreme radii of the mating halves 426a aqg
27 - 426b are provided withfrounded traction surfaces 552 and 556

- 28 that are designed_tovsméothly engage the inner surfaces;of
29 the well bore 14. Labyrinth seais 560 and 564 are provided
30 betwéén the mating surfacés of the traction surfaces 552 and
31 556 and the stationary hub 254. Rotation of the wheel 270
32 rélative to the hub 254 is facilitated by ball bearings 568



30 poppet 936 that is spring biased toward a chanfered surface 31 942. The
coupling 768 includes a mandrel 946 that is 32 slidably positioned in the
bore 916. The nandrel 946 4 0 16 March 2004 1 includesa | ongitudinal bore
948extending froma first tip2 952 to asecond tip 956to conveyfluid from
the first check3 valve 920to the 'secondcheck valve 924. The first g' 9524
i ncl udesone or nore openings 960and the tiyp, 956 i ncludes ab 38b4@§% h ng
openi ng oropeni ngs964 to permt fluid to6 ‘enter andexit-the bore948.

Thefirst tip 952_includes an 7 qutwardly projectjn nnul ar nber 968 t hat
128 | ohgl t BBRNATRy CoRkosd o PORLHERARI G2 drotkRC, FRTUsS bBTHRED & hmen
the annyl ar pEEbeHA9GR FheddeED aam NSie LAy b@@t’w&?él?f £40 ihbe eheclaval ve
920, as shown in FIG 24, the portion of the 11 mandrel 946 di'stal to the

annul ar 3nenbkpud@erper deeoesl imttdie JRuk RE4/al ve body 976 and unseats
t he- poppet 928 as shown. The 13 mandrel 946 is upwardly biased in the
di recti &n indicated by 14 the arrow 980-by a biasing nenber 984 positioned

i nsi de the $RhQuanRehi3%3 o0 JF dordiee MK elnd4botovasdst ke ehecknedve 16

920. The biasing nenber 984 may be a coiled spring or other 17 type of
spri ng. 6Fi r 27 0amays deonaideaiss o8B iy | 1k fr io1g ewngo 18I68al 3 Oar & Jprasid ded

bet ween_t he, _exterior, of .the housing-9 1 i I rior
surface’of the h U§FH§Cf§€na#§%ﬁ;§%§F@§%¥ré?ﬁ%f%??ﬁ?”@Ergggégk Fheears
housi ngg7525t¢ BphaAvVEsD .1is?2boditdiandd cid |thel Hooen bypassi nhet hekb@t 948 in
the mandrel 22 946, and to prevent contam nation of hydraulic fluid by 23
wor ki ng®f | uFae §5rpﬁtﬁﬁ@r§¢i6ﬁﬁtﬁﬁ??ﬁﬁﬂ?ﬁﬂﬂ%@%%uﬁ?ﬁnén¢6§8PsaFﬁéerted into
one 26,@r, _her It i i o] conn d;q427 i.€:
the ot ng B8 SRt AL e P A R e PP st =88 3R R S e

br ought 1t ogehlieh ahowise ornliiye ddhed warhnsct ororge@r 7580 . FoTheheeducpdse geans s
illustratio it i.s sunmed 30 t,hat the .hydraulic coupli.ng 768 is first
insert%g'i ngg-ot ﬁé‘dsf%%nla&renéza‘ipé'b@q?ﬁ)dg‘? ’ r?%(’zitu%‘%ﬁv@r?ﬁédgﬁe@ \95’19\/eer§§4.
Wien thg 32weeHUPkeRpelll vieS ser@! abtyhdhegéheckedahv8s924nd B84 ighd

4. 16 March.2004 1:956 of the mandrel 946 projects into the check valve
924 bul42 deezmasetepet the sFhet Uneannglar ¥hes| hf8rasdi 8Pe -sedh®n 3

N Ry Lol e S iy
secti ons 18fnaptnadi2gese heetdht2ogef heie hile 284ubardésaenbed f6&e
_ shoujdggs aESEEithE%wYa'&%eb%%£é§§%_£{§%Hﬁﬂ??énd.592 are held snugly
. 18 against the annular‘flat'surfaces 544 and 548 of the wheel
19 270 by shrink rings 596 and 600. This interference fit
.20 between the annular rims 588 and 592 and the annulér flat
21 'éurfaces:544 and 548'trénsmits torque from the reduction
22 géars 576 and 580 to the wheel 270. The reduction gears 576
23 and 580 are advahtageousiy’éomposed of a relatively flexible
24",metailic material that is capable of flexure in response to
25 movement of the elliptical cross-section ball bearings 468
26 and 472 and the rotor 418. Resistance to fatigue failure and
27 corrosion are desirable properties for the reduction. gears
28 576 and 580. Exemplary materials include, for example, alloy
29 or stainless steel, or the like. '
30 | o
31 The detailed movements of the reduction gears 576 and 580 and

32 the rotor 418 relative to the hub 254 may be understood by



9 928 is unseated, opening the check valve 920, and the mandrel 10 946 is
noved | ongitudinally dowmmward as a result of the 11 engagenent between he
annul ar nenber 968 and the val ve body 12 976. The bi asi ng nenber 984
maintains the tip 952. mcontact 13" with,the poppet 928 to maintain the
poppet 928 in an open 14 position while the mandrel .946 is noved downwar d.
,fit the 15 sanme tinme,. the tip 956gis. engagi ng : and unseat i nt Mash@dodet
16 936 in the check valve 924: Wen the threaded connection at T7 753 is
fully tightened, the poppets 928 -and f36 are helding 18 open, positions
respectd veFRLIBYrimg Mgy WS FEFY Iob akdl andr éfai nEé%Sn diferppdslfi ane: by
t he di mensj Iff-erence t he. NQLN. v e, joLnpt
nakeupggingﬁggfgff&%éﬁﬁggﬁzgﬁ§§6%%32%%’Q&gag%§853%2 %ﬁ%“%%??ﬁgpb%ﬁ égsures
that 223 - the ddfdealer4d maheas sandlici s esotiorgiten rpappeiomherride 23

joint a 755 IS brokgg# 25 The h draulic‘cpu$ling 768- provi des: t he
advant &geotSP26L 8 IQQRP§ﬁ4%#2ﬁﬁcﬁqu%ﬂ% phcPopetion AAladIVe ocrRetheng

27 two gendgy,gf 2g4h>é%rdatﬂdﬂc,c. cw%’fgi,%{gar@&é{ fBeogOE%i faf%%gp &{@.géaéegr
mai ntai ni ng the up and downstream cheek val ves 924 in an 29 open®position
dur i ng énor géil aopépakwiee rOmwtamd. t \As n@feduahbuen aheopetgatdn@yahar

hydr aul_j c ui ow is .31 desirab)e so.that sudden_cl osure of qne or the
o%/her (jf tgéeSga@gl g@?‘rg’f’@ Fri T Jz{éo“é destgpabedafofn &4Rt P YR edBure

4 2 16 ghar g1 2004 ch1s e daddia rhanbeie 2255 0¢ shogkeliead ngis AyPi gRd.
In 2 this way, a potentially damagi ng water hamrer situation I's 3 prevented
whi ch i ghtobehefwss endartlige badidli dier wiqd st bngst ABE andodéndrts in the
oo %0 ARE EhEe st 4 sl JY LALLM SR AL T bl
21b i adl udes shéubokar kassiarg e WaEll Désrihyeniadky coanrert eaabd 0 4H8
| ower _.end of the eel nodule 10 19f at the threaded connection 1000. The
| ower énd BkFetﬁ‘émE 1Rt ChRFaAteTI &f ithe fgﬁ%@u%téﬁng?‘éé“l ’Iséf_r‘s'l(?élﬁ and
Cand 200 1 rorre g R e I e e P
fl ui dlBet werterhalwpeelr medthe 429f ofndthehéhub 254 in two opposite zones
.;5‘ élﬁ-énd 620_a¢réss:theumaj§r elliptical:axié‘Glz; As the’
16  rotor 418 is rotated from tﬁe;pbsition‘Shdwn.inéFIG;:14,ya
17:jquartér-turn to the position éhownvin'FIG. 15, the ZOnesﬁsls
- 18 . and 620 of engagement between the external-teeth_584nof'ﬁhe
- 19 reducticn geaf 576 éndﬂthe intérﬁa1.£eeth 424 of theghub@és4 '
20 rotate with the major elliptical axis 612. .However, the -
21 'reduction<gear“576 itself:éé;ﬁéllygrotafesyin the;direction
22-LC@Pdsitevtokthé_directidn_dfbfotétion:of the:rotdr:4;8: The
23 ¢ounterarotational movemént may be-und¢#s£ood”by focusing on
‘24  _twoﬁcooperating'teeth‘624fands628"onfthe?hﬁb,254 and a
.25 ~_cooperating't00th 632 6n_the feduétidn gear‘576. " As shown in
26 FIG. 14, the teeth 624 and 628 and the toothf632‘are‘engaged
27 with the rotor 418 in the position shown. However, when the
28 ‘rotor 418 is rotated a quarter turn clockwise-as»shown in
29 FIG. 15, the teeth 624 and 628 on the hub 254 remain in the
30 same pdsition while the tooth 632 on the reduction’gear‘576
31 "has translated through a small angle in the counterclockwise

32 direction. The amount of counter-directional rotation of the



"15 hydraulic power sub 2:1b is provided by one or nore hydraulic 16
couplings 1012 and el ectrical connectors 1016 which nmay be 17 identical to
t he connectors and couplings 764 and 768 shown . 18 in FIG 4. Pressurized
hydraulic fluid is supplied to-the 19 conduit 226 and any other simlar
conduits that are 20 positioned in the tractor 10, but not necessarily
visible in 21: FIG 25, by a hydraulic pusp 1020 that is posila Masdh 2G0¢hi n
a 22 subtantially sealed chanber 1024 in the housing 996. The 23 hydraulic

1Q24 fl 4 2 h
P endr at EackBrgeR G 1 bt | BsPhhoetce® AVEIAULL Cpifaratobs o 2Epkn®
chanmbery 1024+ 8kl k126 irOrAEIdes SrRverf athbangebefr hyddasite 6f utlde pgesent . |

that feeds 27 into an inlet 1036 of the punp 1020. The reseryoir,K 1028 is 28
pressure céﬁﬁéhsé?édqa/QFQM@#QHP?@46nQngh§:ﬁﬁ??@ §6ﬁ4°§ %%??%BHeGePH

the resgrvgbgorlg%glr eLh%M@ ShbSR% MBA30 hdengh 258 9@6&%&@&8 is

tied to we Ssure 1 passage that is not visible.
reserv@r %Q28 Ns g&b&swa:rsmmmndsahedredmmm geaheS pé e'SSLuPEOVhéﬁéI n

above a 16 March 2004 43 1 presel ected I so that in the event of a
fluid feal wathaMNr-gr gear aFﬁd%frl{) R8far FOERt g‘ﬁr% BTRENPEIeRor S¥Fuid will 3

leak ouf OEeHQEtEE@C% arlG &5 £pd Eat%éeép@réi%téﬁy%me@thl saki ng

into the tractor Is i1s desirable to avoi d contam nati on of the
i nterned mmoklageny ﬂdﬁitrexmkmtsomoofThbﬂ(ﬁ@#oénﬂléf t e ®jd®awRy¥e punp

1.020 is coupl 7 an electric_potor_ 1048 . To.ke h of
hydraul% c FPEF %ﬂr\cﬁ'é‘%s%ar%?r ap?ﬁﬁgiﬁ}%taeﬁ¥d?gér?3n%}z%é ga%@&b is
provi degl Wbbhainéli Hd# AlHd Wwiede 30Rg00I dogbisintrddvat ves, ravibechayebg 12
deS|gnated 1052: Each of the sol enoid actuated_ valves 1052 13 is consists

of ‘a St enebEainB4 FOUPEY IS athenBERPeEEy & H5B1288 @5 RIS COPREY F5ATEs
1052 5% 1 1 LEUHO 4COMIHY GHd Ubtt LRel BEaml?eiiS Wb ¥OLhe 10S8-Y1 1B2A] ehe

Cross passages 1 nunber n0|d actuat ed val ves

appr o3 at getar st7ise downhol e 17 tractor 10 wi || depend upon the nunber of
wheel assenblles 18 incorporated into the tractor 10, and on the- nunberfof
wheel 2419 assenblies to be depl oyed si nul taneously. For .exanple; '"in 20

the iljigist gaiaeda8nhediimitoddCOF PEhat HBg riivey \ée.r.‘nt\Bﬁgémaﬂ.t apeewbeheshe
2.0a-20i, two solenoid actuated valves 1052 will - be 22 required for_each

wheel s sebEpr éﬁ@ it é‘.l’gg)mgcgj.pcif.h@n gears 576 and 580 and the wheel 270
17 are p0551b1e .For example, in the fore901ng 1llustrated

18 xembodlment the rotor: 418 prov1des the ‘torque input, the hub
19 254 is fixed and the reduction gears 576 and 580 serve as the

20  output to transmit torque to"tl.ie, wheel 270. lThat combination

21 - fésults in rotation of the reduction gears 576 and 580 and
- 22 the wheel 270 in a direction opposite to the direction of

_23.vrotatlon of the rotor»418, However, in an alternate_‘

24 exemplary embodiment, the rotor 418 may serve as the input
25 with the equivalent of the aforementioned internal gear teeth
26 ° 424 on the hub 254 replaced by a set of internal gear teeth

27 coupled to the wheel that rotate in the same direction as the

28 input. This alternative embodiment may be understood by

29 referring-ﬁow to FIG. 16, which is a sectional view of a

30 portion of the alternate exemplary embodiment and is similar

31 in scope, but opposite in orientation to the view depicted in

32 FIG. 13. In this illustrative embodiment, the hub, now



23 depl oynent and one to control the retraction of the given 24 wheel
assenbly. Accordingly, the hydraulic power sub 21b may 25 contain eight
addi tional sol enoid actuated valves of the type 26 shown and desi gnated
1052 but which are not visible in FIG 27 25. An initial charge of
hydraulic fluid may be delivered to 28 the chanber 1024 via a fill port
1064 that is sealed with a 29 plug 1068. 30 31 The | ower end b Mahsh 200dsi ng
996 is attached to a pin type 32 connect 0731072 -whi ch i ncl udes a t hr eaded
pin type connection 4 4 16 March 2004 1 for connection to a mating box
connectior @esighawed Bisd ’2 cionreyd on ecaleqmﬂrl}d@s’ldamQ}Fﬁ/%ﬁ dike oﬁ%‘é@%d

reduced di aneter_3_portion that def nesvan (ﬁ eéﬁi oul der
1074 42tha@3ﬁbut§e§ﬁ§HWﬁM§°5§%f a1 ha ﬁF@ e sec |on ousin 996.

The CO@,”ec%gggHSE\%%emtshe diyerhendusf 215|ae fl@-i’iﬂﬁfﬁ%d Gyl BAEL pi n
connector by a spin collar 1076 and 7 exterlor t ubul ar sectjon

1080 aad abehreagedi’:(somm‘qmneﬁ- DetwesToRn RERYLRE HRRM HART Yo 4R set i HRe

d sh t f t
Ty 1076 HEELET 81A nET et T oT 0o Hhiian & € gL i At CHe capEct f ons
Ref errigng bagk .t 0aFkGardh td&sféﬁwwﬂﬁewo&bMﬂlﬂgLmdbémemnmﬁflﬂhehehealn o

bore 84 is rerouted around the hydraulic punp 1020 13 and nptor 1048 in a
nanner7suca7asrehathﬁmMP|ﬁh¢4ﬁ§b1%5ﬁn 14Th§xﬁﬁ4Hﬁ§¥QﬂlQﬁﬁﬁ't%%wmhee

asserrbl 2 angB{ellﬁ‘gvé/fa do,urrpl&gf:g%go%%g,%)%dt MO d NG f ikt S BEARI N 1S

rout ed bac mail rf bor An al ternate exenpl ary enbodi nent
of the gpovgepsubedownl FIiesiYhatand 2456, plxm]nbiadm@eﬂstm&tﬂ/lkeféﬁtmé now
to FIGS. 20 27A and 27H. FIG Zéh? a_sec Taonal . V|em/I|k l§56§€d 21

FIG 28 i§ohder 648 St AR br CRFEITAA (KT R gl s’écf B- 27B.

The pr ‘?LV' Stﬁﬁtaﬂgaﬁfsf SR o seteneidds Fd0N? it sehwelayebyrfacking

hydrau urd to the various 24 wheel nodul es 19a- 19f may,K be as_ descri bed
above 12nd s§B6wnfi mh2s MG 2%%" . HoWeeeh - Lﬁkqfﬁ@ﬂ@ﬁﬂﬁﬁﬁrﬁ#@Vlﬂ?dFﬁhPPEe@IU|d

IS 26 _pressuri eI| y .an 7
coupl 98 oCHPRR P67 Fodt TTENER R Sinaa Y AP B ege vadr
the OiQ Ognahghﬁﬁt%m&r%&eﬂ@eh n@fothﬁ)@ea:s Qns’ppsthemﬂayi savangannul ar

space 1088 in the housing 996 and 30 consists_ of ator 1089 and an
annul &5 r 0BRCE690 Thet ARAFABL PBIFt FERD | 1669 RF 11R€ STREBFEI88055 e end

1091 QT thSn&ngra cooperatlng set of. 1nterna1 gear teeth 664 fashioned
17 -in an annular member 670 that has a generally c1rcular cross—
18  section and prov1des the same:.general functlonallty as the

gl9.‘1nternal gear teeth 424 formed in the bore 414 of the hub 254
20 in the foreg01ng 1llustrated embodlment . .The rotor‘418' is
21r prov1ded with an annular member 674 that is secured thereto
.22 by a pair of snap rings 682 A ball bearlng 684 is- snugly
- 23 .p051tloned between the exterlor surface. of the annular member
| 24° 674 and the 1nterlor of the reduction gear 576’ prox1mate the
'25 gear teeth 660 thereof. Both the annular members 674 and 678
26 and the bail'bearing rings 688 and 692 are provided with an
27 elliptical cross- -section of the type depicted in the - -
28 foreg01ng illustrated embodlment.. When the rotor 418’ is
29 rotated[ the teeth 660 of the reduction gear 576’ are brought
30 into engagement at zones across the‘major.elliptical axis of
31 the annular members 674 and 678 and the ball bearing rings

32 688 and 692 in a manor like that described above in



32 7.090 has a reduced dianeter and a set of external gear teeth | 6 March
2004 45 1 1092; bestseen in FIG 27B. Thepunp 1087is provided with2 a pinion
gear 1093 thatis engaged with anddriven by the3 gear teethl092 of therotor
109Q The punpl087 is tied to4 an annul artank 1094 bypassages, one of which
is shown in5 phant om anddesi gnat edl 095. Thet ank~1094i s pressure 6 w '
conpensated~li-ke the tank |10' 28 depictedsihri FTG 25, ~al bei t 16/Mairch2084
annul ar piston 1096 biased with a spring 1097. [f 8 desired, several punps
like the p 108 . pRY spage rzoun Lrc of the
housi ng‘L 99%%&&%%%%%%@15%?%%%0 8;% %&86. ' %?%nbo%%%f%%i m nat es
for the neegductildn rgsgut 876heignifaxed,kichg fdatak fAxey baid de whédlThe
hydraul ic system for the downhol e.tractor. 10 nmay be 14 understood by
referrihig AoW KPFAES. 18 the gamerdirer&ioMs 15 is an overal | schematic
represgntation of the hydraulic 16 , systemfor the downhole tractor 10. As
shown in FTG 28; the 17. inlet and discharge of the punp 1020 are cl eansed
by fila&s Ia tHOEarsgding. iyPuessatedr egloatimegnty,altles Adifeh a1l8 1188 ar e

19 tied to the discharge of the punp.1020 hy.r. ective so]enoid .20.val ves ..
1112 ot 1PEG ARG cEatF e EGA] SiPng SlalES PR SFFOR P A RS SPA0B6E o
presel ect ed RNV B 5eSHtP 8RBRELENN 22 HAPYHAIY 4103 SeliRGldV¥ELY the

determ ne. the maximum operating 23 pressure for the hydraulic system For
exanpl & t herasigemext 1May heyfhipe faoppedt. off IZD0Q Dsillustratesabve a

lim of, 25 3000 psi. By energjzing one or-the other of the sqlenoid 26

val ves glllfet‘f(r)“f%%l, Y‘ﬁ%ws?gt#éﬁ?pgg?sar 8°F:;°ﬁ1°f‘ A asletiq%}a 2000 . psi
or 30Q® psSembBE et enDheb¥ab¥eEihdlehard £1116 fAlppdd NorfEldemehesedrand
are designed to enable selective access 29 to the pressure requl ating '
val ved11047a/@® ﬁo%ectmnfnhnﬁéﬁwsefo:ﬁ151|a-é§§up@rﬁmtawmgas/aﬁs&ﬁés, 18uch as

the vgloves ' . i t t 1S | %Bq er of
desi 92'232 glilggl?)et on%h&i&ge 1‘?%%’:0%85‘0_%%111%% ?ﬁ% ?ﬁeésezauraggregu gf Fﬁ%&’ :
val ved 31104eaigrkit(sl 2@ati g Lidltuberatpdessine thdgulemtsytimeser votheor tank
1028, ich is 4 represented sch iycal l, roxi mat e .various of t.he '
Comporont S5 s i AL AT SR PTGl 5 5 RES L B LT ot $8S Hubs
vari o4 Spaeksdesiithaca@sseges. Heldiae, hydeawbtord,| wdl iqssidieadedr act or
10. To enable the punp 1020 and the notor 1048 to_8 start under a no-Ioad
condi tifon, 4&8& s dilst eetRE¥PLY heoglikponedoagonad: tbe t5Fatatorddd " yardosed

sol enqi-d Vv S,t ) ksghat t ank. ! e yat ed ust
ol erart LRschAL Uipdt dhecbasines! grintclZRatien dpteodist |
is .121&ct uaveqd. to4ersaid €768 ui dTdel rocord4lBémisheagpuiap iG] itesd MBichraul at e
w thoyt, | oad. After the punp 1020 and nptor_1048 14 are u d, runpi ng, the
S0l endPd VETHEELIRY (o SRATERPAC (IISnRFEcHPY CrRSaREAt 30 1 5 TRed 1o
the pamp dbseka gRIANGdSr g Pyodadawrbh arbl ewtaasidd GirPpokhdd a8 a
protection against 17 pressure sglkes. The transducer 1120 is designed to
sense2l pair of shrink rings 712 and 716. . The rotor 418" and the
| 22:"respeétivearings 720, 724, 728 and 732 of the outer bearings

23 700 and 704 ate‘again_provided with an,elliptical‘crossf :

:24 section of the type described above to enable external gear

25 ' teeth 736 and 740 of the reduction gears;_now designated 576"

26 and 580” to engage a set of internal gear teeth formed in the

27 traction surface 748 of the wheel, now designated 270" as

28 described above in conjunction with FIG. 16. As with the

29 embodiment illustrated in FIG. 16, the rotor 418" provides

30 input torque and the wheel 270" receives the output torque

31 while the reduction gears 576" and 580" remain stationary.

32 The rotor 418’ and the wheel 270" rot'ate in the same



18 the pressure delivered fromthe punp 1020. Simlar: flow 19
restrictors are provided for the other transducers to be 20 descri bed
bel ow, but are not shown for sinplicity of 21 illustration. 23 The
di scharge of the punp 1020 is also tied to a plurality of 24 solenoid
val ves, which are collectively designated 1052 in 2S FIG 25 and FIG 28.
As noted above in the description 26 related to FIG 25, therk MamhcHiohy
will be two sol enoid 27 valves 1052 for eath wheel nodul e 19a, 19b etc., or
grouping 28 of nodules. FIG 28 illustrates the hydraulic connection 29
bet ween 1t wodafretdte osol erfthied ped Mebon 0824 appe eBeoicEhigt MRF It 89" IBAY and

cyl i nder, 370 arrange t-that is nmechanjca LLn t he ul e
19a, repr esBACeF ?%n%ﬁr&ﬁrf : Sbﬁﬁea ggajrffnéggggkbgg%esg%'t ﬁ—leé%t%ge\€§%}é?€§gof
sol enoi & vakyas HOBR Anbrrébpordi Mixebt 2604pdrinhaehtr empanit yesnbeel
nmodul es 19b...19f are depicted 2 schematically and in phantom The

fol | owi Hg deecrited om d¢thed ndtor ot Hbi d val ves 1052 coupl ed to the
actuatigg ram 364 and 4 cylinder 370 arrangenment will be illustrative of
the other 5 pairs of solenoid valves |1052. The sol enoid val ves 1052 are

nor mal | ¥ ci agRd gMrifrtdd BS thedel @cpilioal opewatredubhada Hayl bes | 132 and
1134) The pilot operated check valve 1132 is_8 coupled tqo a deglog
hydraul ilc | bnclers®achdy IR F1ng 0Py 9ot REGS; d&, 396 -of* The? Ryl #hd@R9370.

Aretragg lione 1 ' ; t Ht P} 0 hack Melwe ddB42and
foeds 1R 0237 B8 i JPURLES, ?héﬂgy??hd{é%‘es%y&%\h%n The o0l anord 1052
12 coupleed hasd ke mitplleyr haesii@8752 thetgisetihrehdediatlenagagediBolthe

Che T ambaou el @i 197 $hethanEr I8 RPAncorRE SRRt Tl i Sabirs
openedy;y’ engblhiGf Iddt fdiomdde 1Phei EB{J.S&h?.e7§§4h@fs_ thec bl agefatRet! ow
out of the cylinder 17 370.'. The pressure of the fluid in the deploy |ine
1138 i §21; 8 75dnddrathyext andmskirei tudigal b asduds &hgreadedl vafeserefelols
to the i ne 1138, add e ancumub at okfie (585 nENQENY SBRY Desealed with -
14 = pairs of O-rings 760._‘Electrical.and.hydraulicvcbnneétions
.15 between'the-whéelfassembly_lQa andothe‘electricallpower sub
16 . 21a are provided by one or more electrical qoﬁnéétors 764 and
17 hydrauiic-COuplings‘768, which may:befsubstantially;idéﬁtical1-
18 to the connectér 222 and hydraulic coupling 224 shown iﬁ:FIG._
19 4. | | | B |
20 o |
21A_‘The'sﬁrﬁcture of the electrical_poWer sub 21a_m§y]bé'~
22 _undérstéod'by refe#ring now to FIGS 18, 19,'20,:21vand 22,
23 wandfihitiéily.torFIG;'ls.v Thethusihg'752 includesfééveral
24 ‘,longitudiﬁélly épaced-apart%réduCed;diameter sections 772,
‘25 776, and 780 Sepafated by.sets of annular flanges 784, 788
26 and 792, each having a»shock‘absorbingvelastdméric ring5796.
‘27 'As best seen in FIG. 20, which is a cross-sectional Vieﬁ of
28 FIG. 18 taken at section 20-20, the reduced diameter seétions
29 772 and 780 are provided with generally po1yQona1.crosé-j
30 sections to provide a series of elongated spaces in which

31 magnets 800 for casing collar location may be positioned. A



20 positioned relative to the other solenoid halves 1052. 21 22 In the
event that electrical power is lost to the downhole 23 tractor 10; it is
desirable for the various wheel assenblies 24 20.a-20i to automatically
retract into the housing 16-of the 25 tool 10. To enable pressure trapped
in the deploy and 26 retract lines 1138 and 1142 to vent in the event-of
power 27 loss, the lines 1138 and 114n arg tied,to a main retldMatah 284t ank
line 1150 by a pair of check valves T154,and 1158. "The 29 return to tank

line 1150 js_tied_. | | | enoi d 1162, which is, in tugn,
ted 18 ¢ e ipeet Paponarare s Fld ASeRERLY, Hgl d R mek SRR Anbien,
enabl i pg fiwe dsSc PoASSUECahA HRRudtiRse Iy 3Boapledl4d thO Ry ddte dmek

val ves 48 16 March 2004 1 1154 and 1158 and dunmp to tank 1028, enabling
t he whéel 2 assenblies 20a-20i to retract manually via tool weight. 3

Optiongl |y h ] , 3 e, Spri ,.ased ,to retract
to ai dgi n %%ua r%?géféﬂlg%ﬁ BBR’%nélaian p&%%%grg ugih% éoa%gojel]%?tsofi ed
to thesdi scharpe vhefwibelpnep cbodhdtest reanshowm ke F@ erpi derpkh2. The 8
pressure reduci ng valve 1166 is set at the maxi num desi.red 9. operating

pressufe fERCIYRES OFRROPHCFRIIERLI POV REFESEBTYr &F RS ither iwhesk a
backup~pr | sll at bRg Vi i € I [ ves 1112
and 1176 TEfiied R A pEdallg Rl o A e B S0 PL R (i 1026
to the8l13 wifacthmr g0 of TheipudesiG2adlie wmabtheotpokapee ssuredoare piver
vented_ to all of the various lines and conduits on the inlet 15 sides of

the soPend?PRA R G2885S TRt PPYETests aHPRS1 5T 8B taV0i SRR itartthe

pressupe dddwrentdarenioriyhese vad Qiredy AsH88HARE L AUWHIZE (Whaln Mber
occur_as a result of pressure 18 build-up in the. tank 1028 due to hig
pr essht es. rapicbihtehangingi auEgentofd ow condinéongter @ tdiiscaiegard.ora t he

down e Mo y 22 undersio y. r hQQ. q.F .15

18, 2@ anggc%gé.loﬂk%?g aggi %aagggog%gg‘?gﬁ#)aam 18%%%9'?:3’{]%\%;&5#}0&%% and
24 shbds spEaqd idapalcstbesadile iiseworefi tpowesd ahdsddet tile Housineuitsay.
commop to the downhdl e tractor 10, _and rfore 26 specific circuitry coupled
to thetuwhdd RRESHI PR 288 BRE 27200 R F 121 FRESSoREREIomag) viiew of
connegs ed fg | h aNbesH da28s88¥8bnS YRR 808hé s@%gb%ok%) g12Maeh is, in
turn, coupled to 29 an onboard controller 1174: The controller 1174 maybe a
30 mEf oprassmasiedrtotherongpetotr im egrated the cgpnduitsaids2livia a

o P IR e oyl BRI Bahd L 1OCLS Gy 35 vse. The
-.18 ' addition to capacitors, thermal.batteriésfmay be used. FIG.
19 21 also illﬁstrates how several hydraulic conduits 226 run

20 throughout the tractor 10 to suppl? fiuid to the wheel

.21 moduleé-lsad19f shown in FIG. 1.
23 Referfing now to FIG. 19, the e1ectrica1,pQwer sub 21a'

24 vinclu‘des printed circuit boards 816_, | 820; 824, 828, 832 and
25 836 positioned in various annular spaces.between.thevhousing
26 = 752 and the housing jacket 754. The'spaces are. separated by
27 flanges 840, 842 and 844 which are provided with compliant

- 28 shock absorbing rings 848. The boards 816, 820, 824, 828,
29 832 and 836 may be fabricated from polycarbonate plastic,

30 pblyimide, ceramic materials, or other suitabie types of

31 substrate/circuit board materials. The components and



16 March 2004 49 1 1178, which stretches throughout the majority of the

| ength 2 of the downhole tractor 10. The various sol enoids 1052 3 provi ded
to control the flow of hydraulic fluid to and from4 the various wheel
assenbl i es 20a-20i are connected to the 5 controller 1174 via the |nternal
bus 1178. The various 6 --transducers for sensing the pressure in
the"nultitude of " 7 fluid conduits in the tractor 10 are conkelaed 2004t he
8 controller 1174 and are collectively deéﬁgnated 3180 in FIG 9 29 for
simplicity of illustration. 11 The wheel assenblies 20a and 20b are

provi ded wiitit eresyewdtviond obnthel beegdsl 8216nd82086824hi 8R8peBRar mra

variety_ off l.ectronic fu ctions _for each o wheel assenblies 20a
or 14 29b. 8@51W£l%é§ FHCED ?Poﬁpbﬂgﬁﬁ. %ﬁﬁll%§§°80ntrol the 15 fl ow
‘of . cyrrent: to, and thus the speed and on/off functions 16 of, the

notors 436. In additjon, the controllers. 1182 and 17 1186=handl e the solid
state ght eAtSr isgug:em gt tBIEw 28h baewdevstigrg heSphasepranddednwish a

t he. for verse rotatio t 6.l e
cont r o1 or SR FIRTE S DoPERER Sz ity e LeRE am, BNk Sherlls
t enper ag ur @ s¥eedtweedl  tHd 98xa8eibi04f aspecihveknegoupkedetg ibhe honisdirfy
436: The 22 tenperature sensors 1190 and 1194 t her nocoupl es or _other 23

types of téﬁ@eQQQHQh%eﬁ%@?%lorw@ﬁoﬂhﬁxﬁﬁFk%taVéé 24That appRdeEd chpmaate
Con ot 374 B P 0cT R [ShLbr bt staitesdlta don
vafletysofBEWncmaxu;amdtmeadﬁmmhcbaSunﬂngwtéﬁ51Ean Eempxesph@e t he
contraoller 1174 ma na|nta|n 30 the r tat nal _speeds of
the not%r s tR¥EIGNLLT: P’E‘i&ug}g P93f géé‘é?ﬁolq’%s g@atfﬁfz hfa E‘Fese’l ected
:ﬁggealingrfghle%ﬂgﬁﬁal?@%{]ﬁuéae%s tOle 18- 0581436 BBY, besqontahal le®d e
12 connected to one of the boards 816, 820, 824, 828, 832 or -
.-13 836. The'gauges 860, 864, and 868 are mounted on the reduced
gi4wwd1ameter portion 852 and are not physically. connected to the
15 h;nterlor surface of the 1ntermed1ate sectlon jacket 754
16 ”Furthermore, the .gauges 860 1864; and 868 are. addltlonally
17 1solated from. stralns subjected to the 1ntermed1ate sectlon
le_ jacket 754 that mlght otherw1se contamlnate the readlngs of
19 the gauges .860, .864, and 868. " Thls is accompllshed by f
20 phy91cally connectlng the 1ntermed1ate section housmng 752 to
2Lf~the hou51ng 186 of the wheel module 19a only at one end
a~22*enamely at the. threaded connectlon 753 shown in FIG. 4. At”
23 'the lower termlnus of the hous;ng 752 shown in FIG. 22, the
24 houslng 752 is not threadedly engaged with ‘the wheel moddle
25t 19b. Rather, a sliding jOlnt at 872 is established and .
26 ~sealed against fluid intrusion by a pair of O-ring seals 876
27 and 880. Accordlngly,,axlal and torsional loads are - '
28 transmitted directly through the housing 752 and loads
29 applied'to the jacket 754 by wellbore pressure or other
.30' causes are not transmitted directly to the strain gauges 860,

31 864, and 868. The working fluid pressure does act on the

32 inner diameter of the housing 752. It is therefore necessary




1 unified application of thrust is applied by the downhole 2 tractor 10. 3
4 The .arrangenent of the various internal electronic conponents 5 for the

tool 10 is largely a nmatter of design discretion. 6 The various controllers
1174, -e1182; 1186, -as-well- as- the 7 simlar controllers (not shown) for

each of the wheel 8 assenblies 20b-20i may be incorporated into the various
9 boards 816, 820, 824, 828, 832 or 836 shgwn in FIG 19 or Z0 Masd@dde in
the tractor 10. 12The operation of t he downhol et ractor 10 nay be under st ood

byl3referring now toFIGS. 1, 5,6, 28 and 29. The_tract 1 d
into thé weWU@@lél'F—@éfnd:%\ﬁéTreﬁ%J%%ﬁd? tB° Fﬁe?goﬁéogt%a% g%t ?gr%%%ghtg

nanel y %he gg){gﬁtgum&v fgée) Ak thel ooy r ghiberaktéd. Someodr thkl sherain

transduCers nergi zed at anypoint afterinsertion into the

wel | borg 14gé8géosegwdkssen3|ng of pressure conditions during,. insertion
Assune for the purpose of the remainder of the illustration, 20 that it is
desired4to deploy and turn on wheel assenblies 20a 21. and 20b of the wheel

modul e L9a. %? ad 4 pBEM o fEOmBhe 23 senkaceheonenperatuse wmde
onboard con%ro er 1174 23 directing-the depl oynent %@%.actl tion.,of the
wheel  madul pradstee. dﬂmﬂn%tlh};/dlt“&l‘él%\ﬁeﬁluééséﬁblﬁh@sC u&lrrdz b WiteSe in

25 the retracted 05|t|ons _ | i ¢ I C punp
1020 and noP8Faq§ §?ﬁnﬁ§8¥+ ?%gf£%g¥ %%Eif%@dégﬁggh?fgtgﬁ% opens

the sof tg st akrgpharoigh dd2s 89cwaBl cdvasningh@ferwr gawdﬂ.gﬂge@sf@rs'l@%cﬂam d

1162. The controller 29 1174 then activates the pu 10? %%&Qﬁ%

1048 t 0 SheghaceBddnadl at? okeBPERHHFEEI PESFEE S E?PST% p0|ln e VArT ous

31 depagy sgl.enoi g %TéQ 22§08 &Q?§ﬁe&hﬁ9|tﬁﬁdwdﬁ%ﬂﬂélmszﬂﬂﬂdnﬁﬁb jEcketthis
el Thodule e

case are opened. JuSt prior to 51 16 March 2004 f
activatiing gse.of oree. etedl ofnehe sehpaTRiLYS/REeSRITE SeREor &4 NGlpdes

sol enoid 1128 is cl osed and one t he P r r | & i éyggd 112
or 11183 s EAEFEFIGRY PUEPUES4E ﬁ?gngecE’%g&t)épcgr% |C%%J;#éses?%r?&%‘or th §1é

systemy 3V\he'az§he g2 4depd pyedgsol posde18hdvins ienerIp zad . f IThed dtihme exmioof
e

the 6 " side 390 of the cylinder 370. propelli the ' ram 364 "
14 = the sensox BBZ is coupledptopa- (%tantla ly seéﬁeé cﬁgﬁber

15  8%2. A compensatlng piston 896 is disposed in the chamber
16  892. - The chamber 892 is in fluld communlcatlon with the'
17 -condu1t.226-v;a the.port 900. The chamber 892 and the plston
18. 896 are configured so that the pressure on elther.s;de of the
19‘ iplston 896 is essentlally equal. Thus, the pressure of the
20 fluld in the conduit 226 will be readlly sensed by the sensor
21 884. Several such sensors 884 may be p051tloned in the
22 ,tfactor 10 to sense the condltlons in the various condults
”23 226,
26 |
25 . The piston 896 serves primarily as a structure to prevent‘the.
26 . influx of debris from the chamber 832 which might otherwise
27 contaminate and damage the sensor 884. It is anticipated
28 that heat from the fluid in the conduit 226 will transfer to
29 the fluid in the chamber 892 and thus to the
30 temperature/pressure sensor 884. There will be some time lag
31 between a change in pressure and temperature in the fluid in

32 the conduit 226 and the sensing of those changes by the




7 right and causing the pivot arm 248 to rotate clockwise from8 the
position shown in FIG 5 to the position shown in FIG 6 9 to deploy the
wheel assenblies 20a and 20b: When the pressure 10 delivered to the side
390 of the cylinder 370 reaches the 11 presel ected system operating .
pressure set by one of the 12 sol enoid valves 1112 or 1116, as sensed by
the transducers 13 1120 and 1146, the cog%roller 1174 may deattMamhe200ke 14
sol enoid 1052: coupled to the .side 390.715 16-At the tine the wheel
assenblies 20a and 2Cb are deployed, a 17 conmg nt fron1£he

nd may be
contrdl | ese3®athrififgh tﬁ@isztlEec%ﬁgréﬁlQPelffémﬁézingﬁs e b B

contrqllers 1182 and 8 t l¢a t wheel t t hggwhee
assentfl i e 250 %%Sdi%%lbgg ﬁ?&éﬁﬁﬁgt h\g th‘Sr g{i isng paa}?ne%ftsﬂéoft ﬁg rmmtgors_

436, 2 suglsRsidesmerathir eher praasdecuoieheadr fadrs Wbt af Hedd bynt hbe22'

motor controllers 1182 and 1186 and.rel ayed to.the traolJer_23 11 and,

in turdh, condwsRIackecbier bLPreH 38, t%ﬁe cmeﬁﬁ%htr E e'f’gﬁiS%%and

1186 y he _confli deki n ki@ Maren Phesedees egruwol t age
q?o &8 %n)éq&ﬁﬁg%§8d €é6¥@ﬁs@ @eﬁ%e@%t&f@ €53 éedr

| evel ors and sense t current draw of the nptors 436.in
response t@naElly 27 apptéedofodebegnhédlssr2T0 cand 200, am| e¥eHBLAVEl y, the

28 current flow may be netered to _requlate rpmof_t % pr 31
The cdﬁtr@W@Qdﬁmﬁﬁtna§hﬁetﬁWBSFﬁﬁHE%9ﬁ5%ﬁﬁWﬁ%n%Fé %r?%%% %?ggﬁégggtéﬁéels
270 angl 290 'éﬂb&@uﬁigsgkﬁgt gdemange sadmhals tdre RTH, 2add dhstha2@od 1

vari ous wheels of the tractor 10 rotate at roughly the_sane 2 sgeed. The

controd | egaligel tsanpdnabrefoys sensdng dEFPAY .¥$i§P@ﬁﬂ¥eﬁﬁuE rrent or
Lemel gture {rom e, pLeselscted el s 4 iRGHA 90 TASEESORaL O1deR

wheelt&ss 5-assentl y "20a, "and take corrective action
wher e pecessar yo2 6 ERenexampeetich Lhe23corddild sondl74 senses that the 7

o Moo I RS & FURG AP T REVESNERBROES PP Ath 20 Loty aoBoRRRRE Eb e -
i vHual S d TR R 3. SPE LT Sontrol o he Wheel aosonby 208 My be
per f ar4red vsrlatyg of 1a2dt he wheeboass &folanss tion-Dbpids thEh_?r Hé#i?’oif@ 14
| 15 (See -FIG. 1) . The senéors 904 and 908 may be substantially
;16 “identical to the senéora884.. ' -
S17 T ) |
18 -The‘détailed structure of the variquS’hydraulic couplingé to
19 :cbnneét the.hydraulic:conduits of adjoining sections-of_éhe'
26 tractor 10 may'be understbodrby referring now to FIG. 24f
‘_ 21 which5is.é_deﬁailed cross—séctional:view'of'theghYdraulic1
'v221'~¢ouplihg 768'shéwn in3FIG;.4L, The'coup1ing'768f“inéludesra
b_[23 '.tubular'hoﬁsing'912‘that has a,first longitudihal bore2916
24 extehding-therethrOUgh and is dimensioned atrits“upper end
25 and‘lower end to thread into place over respective:checkﬁ,
26.-‘va1ve51920 and 924 positioned in the conduit 226. :The first‘
27 .check valve 920 includes a longitudinally mOVable poppeti928
28 that is spring biased against an upwardly facing chamferéd
29 surface 932, In like fashion, thé check valve 924 includes a
30 .poppet 936 that is spring biased toward’a‘chamfered surface
31 942. The coupling 768 includes a mandrel 946 that is
32 slidably positioned in the bore 916. The mandrel 946



13 14 To retract the wheel assenblies 20a and 20b of the wheel 15 nodul e
19a, the foregoing process is reversed in-part. A 16 command to retract the
wheel "assenblies 20a and 2Cb is 17 relayed fromthe: controller 36 to the
controller 1174. |If 18 the deploy sol enoid 1052 connected to the side 390
of the 19 cylinder 370 has not al ready been turned off) the controller 20
1174 turns that solenoid 1052 off and opeps the sol enoi d 10521 @Marchéct ed
to the retract side or side 394 of the cylinder 22 370 The f|OM/Of

pressurized fluid into the side 39éﬁpropel§ 23 th :é$4 to eft and
causes 1t helpprdsdes @ 24maisysdingl ¢ onit h?xﬁﬁﬁ l?f t&Ppack

1o the el 6as! 8¢ 25 RAAd A MR 14, Ebhbey fl%KdT*ﬁ&KI&ﬁ@dfﬁfétsaﬁew I

appreC|ate at” the ol e tractor 28 10 of the present invention

provi das svgmlvfe cant td etiebidddgn@ Tleeck cupabiel i -i n TheopelFehgtbr 8FRnes
or ot her rs, in 30 downhol e enviyonne . d, whil he tailed 31
descri it | oﬁnﬁiéldﬁ@er?nc%é’rcm’%(to%?manﬂfr g% ngr\%dt%ﬁ\éh tl%zg%%i f‘%gf}lﬁﬁlsn&
the trac %Q R RIgEthaM dh ¥pesihae 962 Iolhpddnch 20@4dltal one,

with threa ed pi pe and awreline, or witha coiled 2 tubing or_threaded
pi pe arsd pemmercmnﬂjca}mt dtteerbaerno 48 3 wifhél |fﬁ<¥5tri¥elﬁla?5%u§n%1ééﬁs an

assenblles 20a- 20j.. are 4 inde ende d and separably
5 cont rol | QHFé?’ar;err}'V|Rﬁq§’§qt&F1 ni%%l\n %861810;4:1,%] t % 6' event that

one of g hel%%&'td&ﬁ%ﬁ%é@ﬁde@d 2@ﬁoﬁ0théaehsa dovnhe ecleadc gpabbngo that
synchroni zation of the rotating speeds of the 8 wheels assenblje 20a 20i .

The i nGor pohgni éiﬁlﬁofaltfmiam e %r99§%dﬁbﬁ>}léﬁle@%?ara§%3rﬁ%t FRewRegys976 of
assentlq s pdatlicy g @héﬁ&w $5i el gmﬂ&rga&%ﬁhew th@e
- conp ex S

necessity O joint and other types o gearing
arrangﬂnenﬁ&ndﬁ@damﬂeadmdnakwtommheeannayabemmmhtnw96&epnejectsanhégs

COHPOQ%PtS ga va Jé“% 3% 5% |£E éhéé& t%e poppet 928 as shown. The
13 mandrel 946 is upwardly biased in the direction 1nd1cated by
14 .the arrow 980 by a biasing member 984 positioned inside the
15 . housing 912 to bias the mandrel 946 toward ‘the check valve
l6 d920. The b1a51ng member 984 may be ‘a coiled spring or other
17 type of sprlng Flrst and second sets 988 and 992 of O-ring
.18 v‘seals are provided between the. exterlor of the housing 512 |
19 - and the matlng interior surface of the housing 186 and the
20 : matlng interior surface of the housmng 752 to prevent
21 hydraulic fluid fromvbypa551ng the bore 948 in the mandrel
22 ‘f946, and to prevent contemination-of hydraulic fluid by
23. 'working fluid. | |
25 In operation; the hydraulic coupling 768 is inserted into one

| 26 or,the other of the intermediate.sectionsrto be connected,
27 i.e., the housing 186 or the housing 752, and the sections
28 186 and 752 are-brought together at the threaded connection
29 - 753. For the purpose of this illustration, it is assumed
30 that the hydraulic:coupling 768 is first inserted into the
31 intermediate housing 752 above the check valve 924. When the

32 coupling 768 is secured above the check valve 924, the tip



14 Multiple wheel assenblies may be grouped into a single sub. 16 Wile the
I nvention maybe susceptible to various 17 nodifications: and alternative
fornms, specific enbodinents 18 , have been shown by way of exanple in the
drawi ngs and have 19. been described in detail herein. However, it should
be. 20, understood that the invention is not intended to be limted 21 to
the particular forns disclosed. Rather, the invention is 22 t} Maudr20¢|
nodi fications, equival ents and al ternativés 23 falling within the spirit
and scope of the invention as 24 defined by the foll ow ng appended cl ai ns.
16 March 200% 3f rhg mamsivel 946 Apdoimiesise intzztoihe cbepki yedge 92a but

oper abl B { AT ey (AYERE RBGGI ndleE 5 YRFat AoCATPACRF B seahdon

first wheelhcassierplisaavd ngl Bopedsbvereleet dsupDigg 08d anki £ak WheRhae
coupled to the first 9 electric notor; 10 a second wheel assenbly couple

to t he housigestd on aei TP ob®rabPBtenet, &es hirnawahef sentibeshadsi agpd n

a 12 segond G nectd hat is opposite to the first 13 direction, the
second wheel assgﬁﬁﬁ%%%ﬁmn ng a second 14 electric notor and a second wheel

coupledto the second 15 electric notor; and 16 neans for selectively
first and second 17 wheel assenblies toward and away from

translating th

the hou in%ﬁs fglez.seﬂ%‘elq{tﬁ/wﬁrﬁﬁ PRt adPdr 25 brauaht Hwpeeehari hehei ponudad

19 secand WagRlerass@MYHAS A s P Y £6RURI8M, hopging, 21.3.

The downhol e tractar of clain12?é%%%%%#sF%§ QEESC%Sb%$§1%g6pi§§%a§P§pet

coupl ed® t 0'°28e lisougisegt adhe dpemingntheecbrdk23rathes| 9268 seshlli ERebfbAdrel
24. 4. . Th ownhol e tractor of claim3, wherein

| t t . Di t )
SouPl b { b euag 1B fbell Torihetin iV N0 R L G s etult Lo EoEBeey 26 (o
the pinot anfagdhefit Peewt@mhie 41a61at fbnBledl Mds YHET€LO @%‘E@e%o&g}e
a .

28 wheel assenblies conprises a reduction gear assenbly 29 coupled to
gi ven ¥ ecfrfc mbb6r PaRFingimAsPehedd4 malptREreh OOt Es 952 in contact

13'? with, the poppeg“szaltO'maintain‘the poppet 928 in an open
14 position Whilemﬁhe:mandrel 946 is»moved.ddwnward.‘uAt the
15 xsame.time,-the3tip»956;isyengaging;and unseating the. poppet
16 ,936'in'theiché¢k'valve'924l; When~theuthrééded connection at
17 753 is.fully tightenéd,.the poppets 928 and 936 are heldfin
18 . -open positions?respectively by the tips 952 aﬁd 956 - and i
19 retained in open positionSrby:the‘dimensional.differencei
20 between the mandrel length and the joint makeup distanceé
21 . between the poppets 928;and,936a ;The-spriﬁg 984 ensﬁres that
22 i'the mandre1,946~mqv€s énd cioséé”é3giveﬁfp5bpef.Whenﬁthe _
23 'joiht at 753 is broken;VJ"" e .
248 B R R |
25 - The hydrauliC‘cqupling 768.proﬁide32the advantageoﬁs
26 capability of providing a structure for quickly.connectiﬁg
27 two ends of a hydraulic conduit, namely the conduit 226,%and
28 for maintaining the up and downstream check valves 924 iﬁ an
29 - open position.during normal'operations. The ability-to |
30 _maintain an open pathway‘for hydraulic fluid flow is
31 - desirable so that suddén closure of one or the other of the

32 wvalves 920 or 924 as a result of an unanticipated pressure



1 6. The downhol e tractor of claim1, wherein each of the 2 first and
second electric notors conprises a hub having 3 an internal bore, a stator
coupled to the hub, a rotor 4 positioned in the hub, and a reduction gear
coupling the S rotor to a given wheel. 6 7. The downhole tractor of claim
6, wherein the wheel 7 conprises a mandrel having a portion positioned in
the 8 hub and a first rimand a second rigppositioned in 9 spiebthrapiod
rel ati on outside the hub. 10 8. The downhol e tractor of claim®6, wherein

the h h 11 .set_,of it I t t ; 35 "1
el Iei p?i caﬁgggggs-%gct[k?eonér\?ﬁ rgg ﬁ%}%g;ore ﬁtog:ikl c%%%%g,rligﬁgonl?%é r%&ucti on

gear conprihes wah},exd Bexeyt ialliycdambgicidp wandmammeaets itfuexian nhs
teeth, the elliptical 15 cross-section of the rotor causing first and

second 316 poevestedivhirh Seigbl SFherWAISe SATRID EHGHGES (15346 19% anbher

fourth porg] f : f.Laternal teeth at two 18 opposite zones
across4t he&ég' %rn%é'ﬁtgl]gtl?géa}?@a%#g&'w 9. The downhol e tractor of claim8,

whereim the set of 20 internal teeth conprises N teeth, the set of external
21 teeth conprises N2 teeth, and raqtation o e rotor in 22 a first

_ t
di r ect ifon EhEs 68T R oHF BRCEHESE Péx i ee_r‘2’§W Ris[E ey idd iR Ba¥ohE
di rect ixon Qﬂ%gstt%gd)_géa%o%ﬁ?%gg_gg ?‘:OIQNGQH eraRd ). adhexglownfigl e tractor

of claim1, eéreln ea rst and second el ectric notors
conpri Ses hydeborl i27 gowemngsan Raberdnall uderse a & Hubl poshoussireal 996 t bkats

internal bore,.a statar coupled . tao the _hub, and a 29 rgductign ar_ .
coupl i rfg thE FBF&E‘C%&BVQ? rﬁeﬁ/ﬁ?g Fto ttf’@ r%é’rwcﬁ%'ﬁtii %%d‘%f V%h%ggo%%%?‘g
tractqrg of 1 glFaigi khe Wrereidedheonheel ibas 12 op setTied 1ower natd geprcheet h,
the rotor has an 3 elliptical cross-section with a major elliptical axis, 4

and t B r edheelomashre cotdprisedugdens axispie GAliRr i1ef4 PrdifweNlay a set

of externa v t iIpLic I --%%Qiti d d&d SRUSI
fi rstrl(?nd %8%%2‘%’@’7 16%?% ﬁ#nstp%% ?kggsgte 0'1E J'extera‘r%{aﬁ\%t eex'?ﬁ to € IE;age tglg?d 8
and f awr t handr RicansirfFIde 4et Qhiick disaionrestth G ¢ lwctrioppbspoeer oand

across the major efliptical axis. 10.12. . The do ol e actor_.of claim1l,
wher eilt th%yélé'la’j’&flclléjlilﬁtirlﬁ%FWFE& h@o’ﬁ’ﬁﬁ%‘eé“‘%@}{meeet#‘gﬁfé&s@e of external
12 . heet hhoamRi1SES dbwed 69bB. 2880 i0bHovaed BheornoteF mdrd hpdfansic

direction causes rotation. of the flexible. 14 cyl'indrical cup in a second
di r ectlifon cpppiimgs dLA}ke amd' el pesrigitde COMGIEC R 9 310 ¥ ovhicRih HBRY PRact or -
of clgi.m 1, r.ej_n . the neans_ far elecsi 4 shalingsthegfi and
sec’ongmeéﬁ%lz:sag'er%? ige%ea't%%%gécéé ava\'/a(fa{l;(}lt fc\rbglrﬁ%%ﬂeﬁﬂotés% n%}g%:oﬂ%?i%}éé&g 19
hydr aulsi ¢ fanFaeupled trrdédwuhbdrednpydrdiutlbie filnstd ahsl 20pmsieiosd dtahelké
assenblies. 21 14. The downhole tractor,_af claiml13, conprising a hydraulic
22 1 di%d pHRPMRE reker _'ra%sPFg’ﬁﬁeﬁﬁnﬂlfﬁe qﬁﬂéf%’bsf@?atzfg ppl yi ng
pressyi zegoBY@rdHd s frt UKk t erbBeckydnaultg bt HBceLSadfly Mibs dovehohe
tractor of”claim1, wherein:the nmeans for 26 selectjvely translating the
first 2dnd E&Gen@Swhdnyt ‘@ hydxsenbiice pumpnaioR Caridiadnals fpesd tirnedusifain a

COTEr LS BRa i e MO ol ERRRUE S0ate sl I ate kgl 20

t he segondhyiealldass @iy .10206ikbiah 2004 cbmmunication with a- '
24 hydraﬁlic reéervoir 1028 that is separated longitudinally.
25 from the pump 1020 by a bulkhead 1032. The chamber 1024 will
26  v-'normally have a charge -éf hydraulic f£luid present. that feéds
27 into an inlet 1036 of the pump.l.ozo. The reservoir 1028 is
28 pressure compensated by a piston 1040 and a spring 1044
29 positioned in the reservoir 1028. The backside or spring
30 side of the chamber 1028 is tied to wellboré pressure by a
31 passage that is not visible. The reservoir 1028 is pressure

32 compensated to maintain the pressure therein above a



16. The downhole tractor of claim1, wherein the neans for 2 selectively
translating the first and second wheel 3 assenblies toward and-away from

t he housi ng conprises a 4 powered worm gear coupled to the housing and the
first 5 and second wheel assenblies. 6 17. The downhol e tractor of claim1,
conprising a first 7 controller electrically connected to the first
electric 8 motor and a second controller electrically connect BdMach2(Ode
second electric notor for controlling the‘%%pply.of 10 el ectrical current
to the first and second electric 11 notors . 12 18. The downhol e tractor of
claim 11, cbrpepspeFead pael 190 stuppt yinntha ementd ofner dllvdd femal.

control Ling-the supply 14 of curyent.to the first.and_second nt.r ol |
15 19. The géﬁgﬁgge%ﬁwﬁxg)r%ﬁc%i%ﬁn}ﬁ%?t%SHpﬁps%HS nggﬁFFH %@q&§;W{xfer
for conrol leay bhe BPPNe ofrLaisentot onshead7othinke eeQBlr ErcRl thel8 20.

The downhol e tractor of claim 19) wherein the fourth 19 controller
conpri sés a2EBHPBEeH §FBTIRG olileP dthgriotmetQy 10eveThisoisydesiraids to

assenbl y fo . 4o | e & : i 8109, . ri tor ving a
b, o 5t o aYCLELSRET ARG of NORE BMGrnRE RBLELREY oF B LY,
wheel ceupl 2d.t oThee lrostar erahb2-t ke riegficanbiicgpamnpasseobliy econplled to -
between_the rotor and 26 the wheel. 27 22. The wheel assenbly of claim 21,
wherein7theaFo?ﬁ?cﬁ£§QMWQR??rﬂ%ﬁ%al bore and an elliptical cross-section
wth a g 16 March 2004 58 1 major elliptical axis, the hub is positioned in
the 2 internal bore, the wheel has a set of internal gear 3 teeth, and the
reducti 8n gBarregupriteeshe filow Bk Wydyauhilci fathiduprbavihg xesetrvafir

external .teeth, t 5.elliptical_cross-sectjon,of the, rotor .causing first
and 6 géconﬁag%fthﬁsQ¥A§4h}¥ﬂnp9ﬁe¥»ﬁé§réébtéﬁtﬂr?glgﬁGa&ét% fhird and
fourt hyiportpDasaDitihe Seioldndid efdlata®tPalv8st Weo DPRESH,R170NES acr 0SS
the major elliptical axis. 9 23. The_ wheel assenbly of claim 22, wherein

the set2of 4VF19MRBFRE UABAh FAR% idfeshe teeienoideagbuabpdexpdieal 10E2
teeth £onprjsesohe?steeids %l;&#ﬁé(ﬁgqég 1 gg {Q&O{Eo' 8 Lhefil LaShe 10

di rection causes rotation o ‘ rndrrcal-"cup in-a SedOnf -
directién cipusicof .thet alved irI082 dis dot i DiuidSc@dmudbeanteal waskhernddey of

| ai , Wherein the h 16 f _internal h he r
e antBl | I AEEo17 PAk 2EE eReTR W P TR DROBROPRL LOAP o TRE BHALERe 18

' reducgi onpogesl SABRE e&@cfé&x}amﬁscmmréﬁﬁqupaé@ BBy RHeageiint1e
external teeth, the elliptical .cross20 section of the rotor causing first
and setdnd PRIGTSRsLO1 Wil 1t Kepsmd afpax ttdre arumbeex ot owbagigesehmbd igsd

(our <32 PUILONG AL ol9, 8, O AU A6 L dlod 0L OPRRRLLE, €3 GAeS,
whereiX9t hessminfies to be deployed simultaneously. For example, in
20 the illustrated' embodiment incorporating tweive wheel ’
21 assemblies 20a-20i, two solenoid actuated valves 1052 will be
22 required for each wheel-a‘ssemb]‘.y, one to control the
23  deployment and one ﬁo control the retraction of the given -
24 wheel assembly. Ac¢ordingly; the hydraulic power-sub 21b may
25 contain eight additional solenoid actuated valves of the type
26 shown and designated 1052 but which are not wvisible in FiG.
27 25. An initial charge of hydraulic fluid may be delivered to
28 the chamber 1024‘via a fill port 1064 that is sealed with a
29 plug 1068.
30 |
31 The lower end of the housing 996 is attached to a pin type

32 connector 1072 which includes a threaded pin type connection



25 internal teeth conprises N teeth, the set of external 26 teeth conprises
N-2 teeth, and rotation of the rotor in 27 a first direction causes
rotation of the flexible 28 cylindrical cup in a second direction opposite
to the 29 first direction. 16 March 2004 59 1 26. The wheel assenbly of
claim?21l, conprising a first 2 controller electrically connected to the
electric notor 3 for controlling the flowmof electrical curreltMaidr2iod. 4
27. The wheel assenbly of claim 21, conprising a power 5 supply and a

second .cont.rol | er u r t he st
cont roIJl er. tf 9f anFh('rt vﬁ?r(ge‘{é)assrﬁ%%{L ?o%l glgkn% fgt eé%{]ns% V\/nefgl\'kB
conpri ses eomnaditelr ey Noircpades oaanpnpwardﬁgd disgdesd :hmdiuaad difimester

rimand a second rim positioned in 10 sga ed-apart relatjon outshge t he
hub. 18 20POKTASHIGIAE (GHEIRIS FORPPYSFRGY L204 HoTHALA SAORLASE ARIA

assembly cayaledyhg 4 NehdoHs)L0 ahd BT Ble1inRRaR £l 4dE0SLAI BoRlaN 9 4

fromthe housing 1n a dlrectlon the first wheel assenbly havi
first 1% elbeat.r |']1hemnmne<ati‘om sheeeh, thadlaweir snd emttlctm@nhdaﬁsgegr 996

assenbly coupl ed between the first ?|6Ctrlﬁ tor 18 and t % é

19 a se%on& nghddle RiFerEPRT et 1o PAE REUSNG aﬁﬁj“?)eci’?gf § ﬁaﬁln

transl afe %}ﬁ@%ﬂf&m‘&h]@umy%@&wnalésgoaﬁd% dHeddad ddidhebtioRPAS te
st di

to the fir rection, the 22 second wheel assenbly having a second
el ectri& mioed, of thectyprl m‘eiouahﬂ deserdbed anttshowyebr B5Senbly 24

I b h 6
??3Pde§%n$%§§§Fé%5 %ﬁﬁég 1r<$ and sec%gét%ﬂ a%ngﬁg?se ﬁ?@%@%@kloné m%y

sel ectiogrel ypet Ras] aid rlglﬁ}hethie rstaapdr 280seeonthorisat tasskndt i membewar d and
away fromthe 29 housin and 16 March 2004 60 1 a flrstéfontroller f
controidi- n@-etfﬁérf#r%ﬁNlQﬁc P eﬁzﬁGZ 2% t hBer Flop &fd WIdeine et et i EB FBPS

3 30. e t n c
wheel l-ags]se(rljfg’l | es 13} ekg%lc%%%o{ y coup ggdt %@8&2@5 tk%sl’lt%%ﬂ%m ﬁpl’ﬁg gggnplhol e

tract a3 of acldaimot3; TOAPrisiagnanpeyosuahmad pihast shgwr oupl BEGL 010hén
housi g, the Lirst 2nd s850nh8 Wisel 2388MBhLeS el NG EPMp! et Bubie P vot
15 motor 1048, the working fluid again is»routed back to the
16 main bore 84. - |
17 '
18 . An alternate exemplary embodiment of the power sub, now
19 1designated 21b’, may be understood by referring now to FIGS.
20 27A and 27B. FIG. 27A is.a sectional view like FIG. 25 and
21 fIG;v27B is a cross-sectionai view of FIG. 27A taken at
22 section 27B-27B. The provision and arrangement of.solenoids
23 1052 for selectively routing hydraulic fluid to the various
24 wheel modules 19a-19f may be as described above and shown in
25 FIG. 25. However, in this embodiment, hydraulic fluid is
26 préssurized and delivered by an annularly-shaped motor 1086
27 coupled to a pump 1087 positioned in a chamber in the housing
28 996 near the 0.D. of the housing 996. The motor 1086 is
29 positioned in an annular space 1088 in the housing 996 and
30 consists of a stator 1089 and an annular rotor 1090 rotatably

31 positioned inside the stator 1089. One end 1091 of the rotor

32 1090 has a reduced diameter and a set of external gear teeth



9 32. The downhol e tractor of claim 31, wherein each of the 10 first and
second wheel assenblies is pivotally coupled 11 ' to the pivot arm 12 33.
The downhol e tractor of claim 29, wherein each of the 13 first and second
electric notors conprises a hub having 14 an internal bore, a stator
coupled to the hub, and a 15 rotor positioned in the hub, the 6gi ven ‘
reducti on gear 16 assenbly coupling the rg%ﬁr to a gi ven wheel6 Marh3)04The
downhol e tractor of claim 33, wherein the eel 18 conprises a mandre
having a portion positioned in the 19 hub and a first rimand a second rim

posi ti éned! PR220 besdc &psapam Fl& atd Ba- out3E deUMRelR8B. 1B Provikdedowihbl e
tract oanfgl g%%é?’] }@F;é%rre'%'b%h%klé@ J{C?f%ﬁ&%?%% 1 chNLRRNAL- 198 tl:%gt{'héhe

r ot or s a tical Cross-se amgj or el l'Tptical “axr's,24and
t he reductgeargearttnrisesd ftlexiddtsoryloneri cah@5pupphawian i seied to

of external teeth, the elliptical 26cross-section of %he rotor, cauysing first
and sefon®@RpBRFUdRE SRtkhe WS4 Rt BARTHIFT ccPRet 8L eHPAGE 4F rRROYWAGiNar ch

2004 63 1 and bW LhPYddiintdd Heoset Bhei PhRENRboLEEEN fle dd0r-e

opposi te i%ﬁeg acr oss ?Lelﬁgézr eﬁpﬁétical %xis. 36. The dgaﬁﬁé%%rtractor
of cl abm 3&ompkeasaited Haksetthef thnlntki2él depichedoipr FE€s 195 eatlbeite set
of external .5 teeth conprises N2 te ,and.rotation of .the rotor ip.6 a
lrat i ot Fbn SBa doet o Fusnrion (7 B E5r%I € cheg) PRI G | nih
secondgdi r@skk PRIOPRRNIYR 1 Pulnlpes & fikd S&héilogsw.@rﬁﬁ' 205879s83%wnl A vahobgcea
tractor of claim 29, wherein each of the 10 first and second electric

not or sScomp¥evnd sheocgrcumiersnge of i pherkensboged96 ARG powarekddyin
the 12 . nal : st r ' t he., d e L on_gear
COUp|I£Plg %%érg‘?gr%%[ g'oe?%gi vzltrll'l(?L (eégwécig“%gt le‘lagg%ﬁ%gl ggﬁlgc or o%ac{'l%i m
37, vhereiretbatehedle hadinl workieig dfluid eflwl Yeae Bgeth, the rotor has an
16 el]liptical cross-section with a major elliptical axis, 17 and the
reduct?on gear. conprises a flexible cylindrical 18 cup having a set of

exterpgl teehhpyhbaudlild Rt FDL1a5S - &S et Oe Of rABE O QY @ dg first
and second’ 20 portions of "the set of external teeth to engage third 21 and
f our t h4 porundarsspothbyseelferrimemer tedkICAt Pwo222a0gpd@si.t e Elfhes28

ccr 055t DT Pl el e 20k die, doupnoke hrkltg gl i m 30

whereTh t inte teet h "Conpri ses ¥ ext erna

25 tepéh, coyptemeso 2Heedonhaled rtpdticn 1. t hRsrshowni An?&FIG fi28) the
direction causes rqtation of the flexible 27 cylindrical cup in a second
di r ect7 on ppBti a8t disgdarger Afsthf R P20 are Vet 8RTSESY By &l Weershe

IR e o R i i ke - W R g e g A
rain.1® tied to the discharge of the pump 1020 by respective solenoid
20 wvalves 1112 and 1116. The pressure regulating valves 116%
21 and 1108 are set at preselected maximum values to enable the
22 operator to selectively determine the maximum operating
'23 pressure fdr the hydréulid_system. For example, thé-valve
24 1104 may have a limit of 2000 psi and the vaive.aklimit_of
25 3000 psi. By energizing one‘or-thé other of the solenoid -
26 valves 1112 or 1116, the system pressure limit may be sétiat
27 2000 psi or 3000 psi. The solenoid vaives 1112 and lllsghre
28 normally closed, and are designed to enable selective ac¢éss
29 to the preséure regulating valves 1104 and 1108. The number
30 of pressure regulating valves, such as the valves 1104 and

31 1108, supplied for the system is largely a matter of design

32 discretion.



4 41. The downhol e tractor of claim40, wherein the fluid is 5 hydraulic
fluid.. 6 42. The downhol e tractor of claim29, conprising a second
7controller electrically connected tothe first electric8notor and the first
controller, anda thirdcontroller9electrically connected to the

secondel ectricnotor andl0Othe first controller for controlling thesupply

of 11current fromthe first controllerto tghefirst. andl2 ' secknMartheX)0di c
notors. 13 43. The downhol e tractor of claim 29, conprising a power 14
supplylpositioned .in the housing for supplying current 15 to the first and
second™el ectric notors. 16 44. The downhol e tractor of claim43, conprising

a fourth Ilfheopteskhee tegutamrting hidlgrddel 50pphyidofl 10@ rerd ¢ Ded heo 18he
first controller. 19 45. The downhol e tractor of claim 44, wherein the
f ourt h320 REREPErEcFeEBhBFPSe FoFEDIRIK T peaiki 8R88 at"hrBunts 21 | evel

22 46. A c ISl Ng: : USL DG 24 I Ve
cartied by teepEntackehenE TN bt el 9h0dpve It HHd eonbdiLiies
surfacg exigrte sbReekoic26ft FaQlri2&k. stThet teemhatiamik”a refetabie@ fpheti on
operative 27 to engage the surface; and _ 16 March 2004 63 1 a nptor

di sposfd WRFIAUEhEPRGRHt #PPc PFGSEIRE dRf S1BPePUPFFAS fohd 37 thea7. -
The downh t of rgl al Wﬁﬁi | [ 4 ' S a
wheel 22f?%?%%E§ﬁe9§bta?gb?gggﬂgbrt|oﬁhgﬂ%hggggggggrg%%{gﬁgﬁggﬁggﬁﬁggﬁﬁth

t he suBf acstast 48nddheadnonhoild tocastioriwi, cthenddéchiaeras rof Hehenpwnpi s an

7 electric or. 8.49. Thedownhol e.tractor of claimg wherein; edrive
S ruet i o 1R s bifR RO 1 F e Rerbl B YRR e et e
wheel 1 gssedbiynd+g88. dbedanrhaloe g ratirora®fust 89 Jwaes giri dhecSoddrt s

anl2el ectric nmotor. 13 51. The downhol e tractor of claim50 wherein: 14 the
wheel 1assewd| 9fi hoeuresp 1828 @S tHivd MA-Qr whedp  asdecistlanadd i3 hab

or Laa ECSRLAIE HHabhgr 200 P IR Bk A B AR W DT
- 13 circulate without 1oéd. "After the pump 1020 and motor 1048 -
14 . are up'aﬁa ruﬁning; the solenoid valve 1128 is shut off. A
15 "preSSure transducer 1120 is tied to the pump discharge and is
16 provided with a flow restrictor 1124 as a protection against
17 ,pressure“spikes. The_transducer 1120 is designed to sense
. 18 the pressure delivered from the pump 1020. Similar.flow
19 restrictors are provided for the other transducers to be
20  described below, but are not shown for simplicity of |
21 illuétration. | |
22 v :
23 The discharge of the pump 1020 is also tied to a plurality of
24 solenoid valves, which are collectively designatéd 1052 in
25 FIG. 25 and FIG. 28. As noted above in the description
26 related to FIG. 25, there typically will be two solenoid
27  valves 1052 for each wheel module 19a, 18b etc., or grouping
.28 of modules. FIG. 28 illustrates the hydraulic connection
29 Dbetween two of the solenoid valves 1052 and the actuating ram
30 364 and cylinder 370 arrangement that is mechanically linked
31 to the wheel module 19a, represented schematically. The

32 1linkages between the other pairs of solenoid wvalves 1052 and



20 a stator held stationary relative to the hub, 2'1 a rotor rotatable
relative to the hub and stator and 22 drivingly coupled to the wheel. 23
52. The downhol e tractor of claim51 wherein the rotor is 24 positioned
within the stator. 25 53. The downhole tractor of claimb51 wherein the
rotor is 26 drivingly coupled to the wheel by a reduction gear 27
structure. 16 March 2004 64 1 54. A domghole tractor, conpriGsMagh 2004
housi ng; 3 a wheel assenbly carried by thé housing and being 4 useable to
propel it along a surface, the wheel assenbly 5 including_a wheel rotatable
rel ati ve tdhetig mmaﬁgtu@dﬂl@eelnmpéuleﬁséc%éd w2 hi areheenrhebrdassenbl y

and driyin Qu e £ | W
54mhere¥ %ﬁé%ﬂ%@ C%aggéﬁ%?y }g“??%hg abﬁ%?§mardaﬁ@kﬁgﬁ&é%&?%ﬁ&ﬁtﬁ
t helOhogsi kel Hofl.enbiel dwm\h@éelbsactompﬂ.@ldaltm Saher aher.zatlng ram 364 and

conpr|5|n912translat|on apparatusforselﬁc i vel translatlng t hel3wheel
assenbl § t %ﬁ%ﬁf’éﬁﬁ& FFARBEMEBGs ARGl PR SALYRErabiMRoPE FR&cPHREET

claimse whaligld e Niagsdoyasseabhyshs Pintd asdyereyll od148st hgshouseng.

16 58. Si%e ST act or cla n1 mhereln the nmotor is an 17 electric
mot ot " 48 &&rmm m&s’e&m%h26u59ut§hemmrplloacpperetedl agherk4

wh t he wheel b d hyb .on wh he, whee| _i 3]
SUppor {30, EHTame DA bl or TEedPaIRtRRTRF Aol RESREo 60e Tha2 o

downhol g t ragtAleOft &R dRSPoPhayAFAUL RS alierd riL3gDERELI BekEdesluid to
| 9 the side.390pof'the cylinder 370. A retract line 1142 is
10 coupled to the output of the check valve 1134 and feeds fluid
‘11  to the side 394 of the cylinder 370. When the solenoid 1052
12 coupled to the deploy line 1138 isﬂenergized the check valve
13 1132 opens enabllng fluid to flow into the 31de 390 of the
14».cy11nder and move thezram.364 to.the right. At the same
15  time, the pllot valve 1134 is~opened"enabllng fluid from the
iS'Vrlght 51de 394 of thegcyllnder to flow out. of the cyllnder
17 370. .The_pressure ofethe flu1d in the deploy llne 1138 1s
18 seneed by a-transducer 1146. . :An accumulator 1148 may be: ‘tied
.19 to the line 1138 _and 1like accumulators (not shown) may be
| 20 p051tloned relatlve to the other solen01d valves 1052.
22 In the event that electrlcal power 1s lost to the downhole
‘v23: tractor 10, ‘it is de51rab1e for the varlous wheel assemblles
- 24 20a 201 to automatlcally retract into the housing - 16 of the
25 tool 10 To .enable pressure trapped in the deploy and |
26 ‘retract lines 1138 and 1142 to vent -in the event of power
27 loss, the llnes.1138 and 1142 are tied to a main return to
28 - tank line 1150 by a pair of check valves 1154 and ‘1158. _The
29 return to tank line 1150'is tied to a normally-open‘solenoid
30 1162,hwhich,is,ginﬂturn, tied to tank 1028. If power is
31 lost, the solenoid valve 1162 will open, enabling fluid

32 pressure in the lines 1138 and 1142 to open the check valves



a stator anchored to the hub, and a rotor rotatable relative to the stator
and drivingly coupled to the wheel. 16 March 2004 65 1 61. The downhol e
tractor of claim60 wherein the rotor is 2 drivingly coupled to the wheel
by a reduction gear 3 structure. 4 62. The downhole tractor of claim®60
wherein the rotor is 5 disposed wwthin the stator. 6 63. The downhol e
tractor of claim 54 wherein the wheel i 4§ directly and dri vilégWgrch 2004
engageable with the surface. 8 64. A wheel assenbly for a downhole tractor,

conprisingis9 aniuhl;sk snhaheehpr ebatahkeloeBat ievetldncheeulvhesid 11 a
not or di sposed within the hub and operative tQ_.12 rotatiqnall.y.drive the
mheel2reIassemb&GQﬁugQRKQ0l3t95re¢ﬁécﬁh@§9u§géﬁﬂﬂﬁ?(ﬁoé%z¥%h wher ei n

t he tor . 66 h
wher ofn tABESPRENE TR RgRTRbE ghofnd o Rkl SN SRUCER lping & m 05

reduchi onpiZsgertAysaipdyr 48 61d Themwheel assemsiticef. claim 65 wherein
the el ectric 19 motor includes: 20 a stator anchored to the hub, and 21 a
rotor5rotatable relative to the stator and drivingly 22 coupled to the

e g 2R e b et ind o rolotemcaige
conpri7si nge 2hea gumy 1020 upstream from the solenoids 1052. The
8 pressure reducing valve 1166 is set at the maximum desired
9 operating pressure for the solenoid valves 1052, and is '
10 provided primarily as a backup pressure régulating device in
11 the event the solenoid ﬁalves 1112 and 1116 fail,or'otherwise
12 lose power. A check valve 1170 ties tank 1028 to the
13 dlscharge of the pump 1020 to enable tank pressure to be
14 'vented to all of the varlous lines and condults on the inlet
15 sides of the solen01d.va1ves 1052. This is desirable to
16 avoid significant préséureudifferentials in those wvarious
17 'lineé"and conduits that may occur as a result of pressure
18 “build-up in the tank 1028 due to high preséuresrencountered
19 in wellbore 14. |
20 |
2i The internal circuitry for the downhole tractor 10 may be
22 - understood by referring now fo,FIGS. 1, 5, 18, 28 and 29.
23 FIG. 29 is a block diagram of-thé internal circuitry and
24 shows a simplified schematic view of power and control
25 circuitry common to the downhole tractor 10, and more
26 specific circuitry coupled to the wheel assemblies 20a and
27 20b. The wireline conductor 24 is connected to the onboard
28 power_supply 808 (see FiG. 18), which is, in turn, coupled to
29 an onboard controller 1174. The controller.1174 may be a
30 microprocessor or other type of integrated circuit. In an
31  illustrative embodiment, a Microchip brand model 16C74 may be

32 used. The controller 1174 is connected to an internal bus



16 March 2004 ~6 1 an electric notor carried wthin the hub and including a
.2 stator and a rotor rotatable relative to the stator; 3 a wheel rotatable
relative to the hub; and 4 a reduction gear assenbly drivingly coupling the
rotor Sto the wheel. 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
25 26 27 28 29 70. The wheel assenbly of claim69 wherein: the rotor has an
i nternal bore and an elliptical crosssection with a major elllifgMarchl208%i s,
the hub is positioned in the internal bor® the wheel has a set of interna
gear teeth, and the reduction gear assenbly conprises a flexible

cylinddi cakllZ8p hdiigly stxetchds esheeonghotbethe tmhgogliltiyptdfcdlhe length
cross-sectign _of the rotor causin | rst..and_second portions, of set of
ext er nél tggtﬁgFoiéﬂﬁﬂﬁi%kﬁ$%F%. 1 UrtﬁﬁﬁoVFF&ﬁgsquﬁ$ Qﬁﬁscﬁ6$%ternm
teeth at t%@o@@_@l@% it ZEMeSr LI5S £ 16w N8f OhyakrbuRiicCE1 W Lo Ehd Theomheel
assenbly of claim 70 wherein: the set of internal teeth conprises N teeth,
the set? of thet ¥pFdlousathesbmyseydel hep 2earROiander sommentast theth®tor in

a first di ' [ o} exi.hl l'i ndkic cup in a
secondtsdi ré@ﬁ%ﬁ’a&%%giﬁﬁe‘f ?‘%)la% h%p? i%%tt{g@d?%ﬁécépgnilgé' Tﬁrge\/ﬁea + a%éerrbl y of
cl ai m @9 wheansduddes ity eendimptitiod préssnpk gaachkeaillt fiiRig adpr has- - -
an elliptical cross-section with a major elliptical axis, and the reduction
gear cdnpriigidacordyiie &y thritragtetripl fagrRgcansected &a &hital teeth,

8  controller 1174 and are collectively designated»llso in FIG.
9 29 for simplicity of illustration. '
10 |
11 The wheel asseﬁblies 20a and 20b are provided with respective
‘12::,controllers,1182 and‘1186j.which-perform‘a'variety of.
13 ‘.elect;dnic functions for each of the wheel assemblies 20a ox
14  20b. “qu.example,,ﬁhevéontroller571182 énd-llBG'cqntrcl the
‘ 15 . flow.of éurrent.ﬁo;;and thus,the~speed-ahd,on/¢ff.functions
as  Qf,¢thé'mbtqrsq436,_‘Infaddition, Ehe‘contrdllers@1182'and
‘C;7i 1186-handle the:solid'state,gateftriggefing to“switéh\between
18 g-the-phaseSTaﬁdwbontrol-the,forward and reverseﬁrotaﬁion of
_}19 _ the.hotors‘436. In:additidn, the_controlléts;acquire:data on
20 ‘thé temperétures_of'the_motqrs 436 via temperature ‘sensors
:21;zfiiQQaand51194jréspéctiveiy_coupled to the motbrs 436§fvThe
22 température‘seﬁSOrsfllso andfllsé-méj thérmoéoupiés'or'other
23 types of temperatiure sensors. MMétOr s§eed is also
24  interpreted by the controllers 1182 and 1186.
. : R _ |
. 26 ‘The main controller 1174 receives data from the motor
27 controllers 1182 and 1186 and is operable to cdntroi.a
28 variety of functions on the downhole tractor 10. For
- 29 example, the controller'1174 maYlbé programmed to maintain
30 the rotational.speeds of the motors 436 of all the wheel
31 assemblies 20a-20i within a preselected range. In this way,

32 the speeds of the motors 436 may be controlled so that a more



16 March 2004 67 1 the elliptical cross-section of the rotor causing first
2 and second portions of the set of external teeth to 3 engage third and
fourth portions of the set of internal 4 teeth at -two opposite zones across
the major elliptical 5 axis. 6. 73. The wheel assenbly of claim 72 wherein:
7 the set of internal teeth conprises N teeth, the set of external teeth
conprises N-2 teeth,- and 9 rotation of tdoe rotor in a first ki Mawhi2d04
causes 10 rotation of the flexible cylindrical cup in a second 11 direction
opposi ye 1.t ke hi ¢ ﬂaa%qtdrprbf IdhAfst The ubegli eds s5ine dowhiabe69
further conprising first controller electrically connected to the

el ectrizc léraoton fidr. controlllng the flow of electrical current 15
thereto. 16~ 75. The wheel assenbly of claim74 further conprising a 17
power sSupply and a second controller for controlling the 18 supply of
currenfy toghhey a%(%;é?&q{tr Jf &he Larfoud henvheelalasgeii dorfc Céehpof8nts
wher ei n the wheel conprises a mandrel having a portion positioned in the
21 hubBandfaerfithet tdah dfd is secwgrlly | an Pasteromdd dasizn bpant

relatlono side_t.he hub. .. A..-AS. Al. SYA Yr,
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maintain a preselecte voltage level to the motors 43 and

26 sense the current draw of the motors 436 in response to"”; load
27 applied to the wheels 270 and 290. Alternatively, the -

28 current flow may be metered to regulate rpm of the motors

29 43¢,

30

31 The controller 1174 may be programmed to maintain the rpms of

32 the wheels 270 and 290 within a preselected range so that the
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4 operating ranges for a given wheel assembly, such as the
assembly 20a, and take corrective action where necessary.

For eXamplé, i1f the controller 1174 senses tHat 'the = ~
temperature operating temperature of the wheel assembly 20a

is exceeding a maximum normal range, the controller 1174 can

w © 99 o6 !

send a command to the motor controller 1182 to turn off the
10 motor'43§. This type of individualized rpm and on-off

11 control for the wheel assembly 20a may be performed on any of
12+ the wheel assemblies 20a-20i of the tractor 10.

14 'Tolrétrgct the wheel assemblies 20a and 20b of the wheel

15 module 19a,'the foregoing process is reversed in-part. A

16 command to retract the wheel assemblies'zoa_and.ZOb is

17 relayed'from_the controller 36 to the controller 1174. If
18 the deploy-solenoid 1052 connected to the side 390‘of,thé

19 cylinder'370.has not already been turned off, the controller
20 1174 turns that solencid 1052 off and opens the solenoid 1052
21, - connectedvto_thé.retract side or side 394 of the cylinder
22 370. The flow of pressurized fluid into the side 394 propels
23 the ram 364 to the left aﬁd_causes the pivot arm 248 to pivot
24  from thevpdéitién'shown in FIG. 6~ba¢k_to the retracted

25 position shown in FIG. 5.

26 |

27 The skilled artisan will appreciate that the downhole tractor
28 10 of the present invention provides significant flexibility
29 and capability in propelling wirelines or othér members in

30 downhole environments. Indeed, while the detailed

31 description has been the context of a wireline within a.

32 coiled tubing, the tractor 10 may be employed with wireline
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alone, with threaded pipe and a wireline, or with a coiled
tubing or threaded pipe and power conductor other than a
wireline. The various wheel assemblies 20a-20i are
independently electrically powered and separably

controllable, providing for significant redundancy in the

* event that one of the wheel assemblies 20a-201 fails downhole

and enabling synchronization of the rotating speeds of the

wheels assemblies 20a-20i. The incorporation of the flexible

reduction gears into the wheels assemblies 20a-20i enables
the transmission of high torque without the-necessity of

complex shaft, U-joint and other types of-géaring

'-arrangements “‘Separate subs or modules may be used or the
' varlous components may be 1ntegrated 1nto a single sub.

‘Multlple wheel assemblles may be grouped 1nto a 31ngle sub.

.Whlle the 1nventlon may be susceptlble to varlous

modlflcatlons~and alternatlve forms, spec1f1c embodlments

. have been shown by way of example. in the drawings and have

been described in detail herein. However, it should be .
understood that the 1nventlon is not 1ntended to be llmlted
to the partlcular forms dlsclosed Rather, the invention is
to cover all modlflcatlons, equlvalents ‘and alternatives

falling Wlthln the spirit and scope of the 1nventlon as

"defined by the follow1ng appended clalms
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28 wheel assemblies comprises a reduction gear assembly

29 coupled to a given electric motor and a given wheel.
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11 set of internal gear teeth, the zrotor has a an
12 elliptical‘cross—section with a major elliptical'axis,
13 and the reduction gear comprises a flexible cylindrical
14 cup having a set of external teeth, the elliptical
15 cross-section of the rotor causing first and second
16 portions of the set of external teeth to engége third
17 and fourth portions of the set of internal teeth at two
18 opposite zones across the major ellibtical axis.

19 9. The downhoie tractor of claim 8, wherein the set of
20 internal teeth comprises N teeth, the set of external
21 teeth comprises N-2 teeth, and rotation of the rotor in
22 a first direction causes rotation of the flexible
23 cylindrical cup in a second direction opposite to the
24 _ first direction.

25 10. The downhole tractor of claim 1, wherein each of the

26 first and second electric motors comprises a rotor
27 having an internal bore, a hub positioned in the
28 internal bore, a stator coupled to the hub, and a

29 reduction gear coupling the rotor to a given wheel.
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and the reduction gear comprises a flexible cylindrical
cup having a set of external teeth, the elliptical
cross-section of the rotor causing first and second
portions of the set of external teeth to engage third
and fourth portions of the set of internal teeth at two

opposite zones across the major elliptical axis.

The downhole tractor of claim 11, wherein the set of
internal teeth comprises N teeth, the set of external
teeth comprises N-2 teeth, and rotation of the<rotor in
a first direction causes rotation of the flexible
cylindrical cup in a second direction opposite to the

first direction.

The downhole tractor of claim 1, wherein the means for
selectively translating the first and second wheel
assemblies toward and éway from the housing comprises a
hydraulic ram coupled to the housing and the first and

second wheel assemblies.

The downhole tractor of claim 13, comprising a hydraulic
fluid pump and reservoir positioned in the housing for
supplying pressurized hydraulic fluid to the hydraulic

ram.

The downhole tractor of claim 1, wherein the means for
selectively translating the first and second wheel
assemblies toward and away from the housing comprises a
first hydraulic ram coupled to the housing and the first
wheel assembly, and a second hydraulic ram coupled to

the housing and the second wheel assembly.

& () -
& ()-Y

0%4.0%



%40% & ()-Y )?*~99d0% & ()-Y %40% & ()-Y %40% & ()-Y 6uYINA410109%40%
& ()-Y %0% & ()-Y )?*~md0% & ()-Y %0% & ()-Y %40% & ()-Y

6: FGHI Jy] ANA4101094.0% & ()-Y %40% & ()-Y )?*~9d0% & ()-Y %40% & ()-Y
%0% & ()-Y JKLMNOgFNA41010 0g&LO%CY&' ()-t%0% & ()-Y \&hntemaqss & ()-Y
% 0% & ()-Y %0% & ()-Y 7qQ [: NA41010 g&I0K#& ()-t g&10% & () -t
9&10% && () -t g&LOW & ()-t g&LOYM&ESL (-zz-t( 9&10% ' & () -t QOvU410 s*10% & ()- 2
S*1099$& ()-2 $10% & ()- 10% & ()- 109409%40% g&109%84& ()-t50f|[: vU410
s*10%8& ()-2 =s*10%9B& ()-2 4s*1098& ()-2 Zs* 10%AY&AL ()-2 s*109%&& () - 2(
s*10%9%&' () -2f E| 0bU410 YL 10% & ()-100&10q&10q& s* 10%g&& () -2 s* 10%R& () - 2
@+ 1098& -( ) e doWpvRE] ) L DFIFPE: PB4 10 2 I8y} 1096E&1N) -Hhy ) nesrs; Epr)

oot & ) S LEsatiny (-PATDIRON & T v) 0oRsAE ) TEoT B0sRTEL ) - (
'y) BOYCYER' Eece@bilSeR |t hEN &afd - Aw#F0¥¢8m( Jrhe IBHOMES (domPBPisds; 510;"

2%40% "' & () - 9409%#&' ()-7L] eEVUS10 |
@ %- K (éé%égid worm(%ear]coupled to the housing and the first

5 and second wheel assemblies.

6 17. The downhole tractor of claim 1, comprising a first
7 controller electrically connected to the first electric
8 motor and a second controller electrically connected to
9 the second electric motor for controlling the supply of
10 electrical current to the first and second electric
11 motors.

12 18. The downhole tractor of claim 17, comprising a power
13 supply and a third controller for controlling the supply

14 of current to the first and second controllers.

15 19. The downhole tractor of claim 18, comprising a fourth
16 controller for controlling the supply of current to the

17 third controller. .

18 20. The downhole tractor of claim 19, wherein the fourth
19 controller comprises a computer positioned at ground

20 level.

21 21. A wheel assembly for a downhole tractor, comprising:

22 an electric motor having a hub, a stator coupled to the
23 hub, and a rotor coupled to the hub;

24 a wheel coupled to the rotor; and

25 a reduction gear assembly coupled between the rotor and
26 the wheel.

27 22. The wheel assembly of claim 21, wherein the rotor has an

28 internal bore and an elliptical cross-section with a
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internal bore, the wheel has a set of internal gear
teeth, and the reduction gear comprises a flexible
cylindrical cup having a set of external teeth, the
elliptical cross-section of the rotor causing first and
second portions of the set of external teeth to engage
third and fourth portions of the set of internal teeth t

two opposite zones across the major elliptical axis.

The wheel ~assembly of claim 22, wherein the set of
internal teeth comprises N teeth, the set of external
teeth comprises N-2 teeth, and rotation of the rotor in
a first direction causes rotation of the flexible
cyiindrical cup in a second direction opposite to the

first direction.

The wheel assembly of claim 21, wherein the hub has a
set of internal gear teeth, the rotor has an elliptical
crdss—section with a major elliptical axis, and the
reduction gear comprises a flexible cylindrical cup
having a set of external teeth, the elliptical cross-
section of the rotor causing first and second portions
of the set of external teeth to engage third and fourth
portions of the set of internal teeth at two opposite

zones across the major elliptical axis.

The downhole tractor of claim 24, wherein the set of
internal teeth comprises N teeth, the set of external
teeth comprises N-2 teeth, and rotation of the rotor in
a first direction causes <rotation of the flexible
cylindrical cup in a second direction opposite to the

first direction.
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10 spaced-apart relation outside the hub.

.11 29. A downhole tractor, comprising:

12 a housing;

13 a first wheel assembly coupled to the housing and being
14 operable to translate away from the housing in a first
15 direction, the first wheel assembly having a first
16 electric motor, a first wheel, and a first reduction"
17 gear assembly coupled between the first electric motor
18 and the first wheel;

19 a second wheel assembly coupled to the housing and being
20 operable to translate away from the housing in a second
21 directicn that is opposite to the first direction, the
22 second wheel assembly having a second electric motor, a
23 second wheel, and a second reduction gear assembly
24 coupled between the second electric motor and the second
25 wheel;

26 a fluid ram coupled to the first and second wheel
27 assemblies for selectively translating the first and
28 second wheel assemblies toward and away from the

29 housing; and
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11 ~ to the pivot arm.

12 33. The downhole tractor of claim 29, wherein each of the

13 first and second electric motors comprises a hub having
14 an internal bore, a stator coupled to the hub, and a
15 | roﬁor positioned in the hub, the given reduction gear
16 assembly coupling the rotor to a given wheel.

17 34. The downhole tractor of c¢laim 33, wherein the wheel

18 comprises a mandrel having a portion positioned in the
19 hub and a first rim and a second rim positioned in
20 spaced-apart relation outside the hub.

21 35. The downhole tractor of claim 33, wherein the hub has a

22 set of internal gear teeth, the rotor has a an
23 elliptical cross-section with a major elliptical axis,
24 and the reduction gear comprises a flexible cylindrical
25 cup having a set of external teeth, the elliptical
26 cross-section of the rotor causing first and second

27 portions of the set of external teeth to engage third
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14 38. The downhole tractor of claim 37, wherein the wheel has

15 a set of internal gear teeth, the rotor has an
16 elliptical cross-section with a major elliptical axis,
17 and the reduction gear. comprises a flexible cylindrical
18 cup having a set of external teeth, the elliptical
19 cross-section of the rotor causing first and second
20 portions of the set of external teeth to engage third
21 and fourth portions of the set of internal teeth at two
22 opposite zones across the major elliptical axis.

23 39. The downhole tractor of claim 38, wherein the set of

24 internal teeth comprises N teeth, the set of external
25 teeth comprises N-2 teeth, and rotation of the rotor in
26 a first direction causes zrotation of the flexible
27 cylindrical cup in a second direction opposite to the
28 first direction.
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7 controller electrically connected to the first electric
8 motor and the first controller, and a third controller
9 electrically connected to the second electric motor and
10 the first controller for controlling the supply of
11 current from the first controller to the first. and
12 - " second electric motors.

13 43. The downhole tractor of claim 29, comprising a power
14 supply positioned'in the housing for supplying current

15 to the first and second electric motors.

16 44. The downhole tractor of claim 43, comprising a fourth
17 controller for controlling the supply of current to the

18 first controller.

19 45. The downhole tractor of claim 44, wherein the fourth
20 controller comprises a computer positioned at ground

21 level.

22 46. A downhole tractor, comprising:

23 a housing;

24 a drive structure carried by the housing and operative
25 to propel the housing along a surface exterior thereto,
26 the drive structure having a rotatable portion operative

27 to engage the surface; and
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the motor is disposed within the wheel assembly.

11 50. .The downhole tractor of claim 49 wherein the motor is an

12 electric motor.

13 S1. The downhole tractor of claim 50 wherein:

14 the wheel assembly includes:

15 a hub, and

16 a wheel associated with the hub for rotation relative
17 thereto, and

18 the electric motor disposed within the wheel assembly
19 includes:

20 a stator held stationary relative to the hub,

21 a rotor rotatable relative to the hub and stator and
22 drivingly coupled to the wheel.

23 52. The downhole tractor of claim 51 wherein the rotor is

24 positioned within the stator.

25 53. The downhole tractor of claim 51 wherein the rotor is
26 drivingly coupled to the wheel by a reduction gear

27 structure.
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1 54. A downhole tractor, comprising:
2 a housing;
3 a wheel assembly carried by the housing and being
4 vuseable to propel it along a surface, the wheel assembly
5 including a wheel rotatable relative to the housing; and
6 a motor disposed within the wheel assembly and drivingly
7 coupled to the wheel.

55. The downhole tractor of claim 54 wherein the wheel
9 assembly is translatable toward and away from the
10 housing.

11 56. The downhole tractor of claim 55 further comprlslng
12 translation apparatus for selectlvely translating the

13 wheel assembly toward and away from the housing.

14 57. The downhole tractor of claim 56 wherein the wheel

15 assembly is pivotélly coupled to the housing.

16 58. The downhole tractor of claim 54 wherein the motor is an

17 electric motor.

18 59. The downhole tractor of claim 54 wherein:

19 the wheel assembly includes a hub on which the wheel is
20 rotatably supported, and
21 the electric motor is disposed within the hub.

22 60. The downhole tractor of claim 59 wherein the electric

23 motor includes:
24 a stator anchored to the hub, and
25 a rotor rotatable relative to the stator and drivingly

26 coupled to the wheel.
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"109c & §) - Thaowtkel assembly of. claim 65 wherein the electric
16 motor is drivingly coupled to the wheel by a reduction

17 " gear assembly.

18 67. The wheel assembly of claim 65 wherein the electric

19 motor includes:

20 a stator anchored to the hub, and

21 a rotor rotatable relative to the stator and drivingly
22 coupled to the wheel.

23 68. The wheel assembly of claim 67 wherein the rotator is

24 disposed within the stator.

25 69. A wheel assembly for a downhole tractor, comprising:

26 a hub;
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Y cgupllng the rotor

7 the rotor has an internal bore and an elliptical cross-
8 sectinn with a major elliptical axis,

9 - the hub is positioned in the internal bore,

10 the wheel has a set of internal gear teeth, and the
11 reduction gear assembly comprises a flexible cylindrical

12 ' cup having a set of external teeth,

13 ' the elliptical cross-section of the rotor causing first
14 and second portions of the set of external teeth to
15 engage third and fourth portions of the set of internal
16 . teeth at two opposite zones across the major elliptical

17 axis.

18 71. The wheel assembly of claim 70 wherein:

19 the set of internal teeth comprises N teeth,

20 the set of external teeth comprises N-2 teeth, and

21 rotation of the rotor in a first direction causes
22 rotation of the flexible cylindrical cup in a second
23 direction opposite to the first direction.

24 72. The wheel assembly of claim 69 wherein:

25 the hub has a set of internal gear teeth,
26 the rotor has an elliptical cross-section with a major
27 elliptical axis, and

. 28 the reduction gear comprises a flexible cylindrical cup

29 having a set of external teeth,
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the elliptical cross-section of the rotor causing first
and second portions of the set of external teeth to
engage third and fourth portions of the set of internal
teeth at two opposite zones across the major elliptical

axis,

The wheel assembly of claim 72 wherein:

the set of internal teeth comprises N teeth,

the set of external teeth comprises N-2 teeth, and
rotation of the rotor in a first direction causes
rotation of the flexible cylindrical cup in a second

direction opposite to the first direction.

The wheel ésse&bly of claim 69 further comprising a
first controller electrically connected to the electric
motor for controlling the flow of electrical current

thereto.

The wheel assembly of claim 74 further comprising a
power supply and a second controller for controlling the

supply of current to the first controller.

The wheel assembly of <claim 69 wherein the wheel
comprises a mandrel having a portion positioned in the
hub and a first rim and a second rim positioned in

spaced-apart relation outside the hub.




