; 9. ; <=>e3epddeDi Bk, p6bpTp&[ 5 | 1 1 "DOWNHOLE TRACTOR" 2 3 This

I nvention relates generally to downhole tools, and nore 4 particularly to a
downhol e tractor for propelling working 5 strings and wirelines in a ‘
wel | bore. 6 7 Subterranean operations in petroleumwells involve the 8
conveyance of pipe, coiled tubing and wireline supported 9 tools fromthe
surface into well bores and vice ver?a In 10 vertical wells, and in those
wel I's having only a few degrees 11 of deviation, the axi ssary
to convey pipe or 12 coiled tubing strings, or wireline amwmﬁwmmgwﬂﬁmglied
by 13 gravity. In these situations, the downward thrust a t he
string is equal to the weight of the drill string, mnus 15 ai$'%loyancy
force due to fluid downhole. For pipe strings 16 in relatively deep wells,
this downward axial thrust can be 17 quite fornidable, 3Mﬁmumm Wﬂm edlng
500 tons. Although the 18 weight of a conventional coile ﬂ MF

will be . 19 significantly less than a conparably sized dril bgghpe strlng,
20 additional axial downward thrust is routinely applied to 21 coiled
tubing strings by a coiled tubing injector positioned 22 at the surface. 23

2 1 The retrieval of pipe and coiled tubing strings, and wireline 2
assenblies in vertical and slightly deviated wells is

" “DOWNHOLE TRACTOR”
This invention relates generally to downhole tools, and more
particularly to a downhole tractor for propelling working

‘strings and wirelines in a wellbore.

Subterranean operations in petroleum wells involve the
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conveyance of pipe, coiled tubing and wireline supported

9 tools from the surface into well bores and vice versa. In
10 vertical wells, and in those wells having only a few degrees
11 of deviation, the axial thrust necessary to-con&ey'pipe or
12 coiled tubing strings, or wireline tools, is supplied by
13 gravity. In these situations, the downward thrust applied to
14 the string is equal to the weight of the drill string, minus
15 any buoyancy force due to fluid downhole. For pipe strings
16 1in relatively deep wells, this downward axial thrust. can be
17 quite formidable, sometimes exceeding 500 tons. Although the
18 weight of a conventional coiled tubing string will be .
19 significantly less than a comparably sized drill pipe string,
20 additional axial downward thrust is routinely applied to
21 coiled tubing strings by a coiled tubing injector positioned
22 at the surface.

23



3 acconplished by applying upward axial thrust to the pipe 4 string, coiled
tubing string or wireline assenbly as the case 5 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 pulled fromthe well bore by platformnmunted machinery. In 9 wireline
operations, though, the wreline conveyegl tool or 10 tool assenbly is
pulled fromthe well bore by retrieving the 11 wireline or a cable that
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13
14 The situation is more complex in highly deviated and
15 horizontal wells. 1In these types of wells, gravity can
16 sometimes be relied upon to convey pipe and coiled tubing
17 strings, and wireline assemblies into deviated sections,
18 depending on factors such as the inclination of the well, the
19 ﬁeight of the string and the magnitude of buoyant 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 commencement of the
23 deviated portion of the well. At this point, the 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 conventional pipe string is such that fairly significant
30 1levels of downward thrust may be applied without
31 inelastically deforming or fracturing any of the pipe

32 sections.



4. tubing string w thout buckling the tubing. Some surface 5 supplied
downward thrust is possible, and is usually inparted 6 to the coiled tubing
string via the coiled tubing injector. 7 8 As the skilled artisan wll
appreciate, a wireline itself is 9 of little value in applying dowward
thrust to a wireline 10 assenbly. O her measures nust be applied to depl oy
such 11 downhol e assenblies in highly dey&ated and horizontal wells. 12 13
Retrieval of pipe and coiled tubing strings, and wireline 14 assenblies is
al so nore conplex in deviated_and horizontal 15 wells. During retrieval,

the stitingle® ¥Rtativiel¥ssdablyonkprlGisnet ek A8 wWadli fhdckpaisisesooft he
wel | bere iLat 17 Skl L I Iy C f evi ction.'
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or wirélireo 26hascehbeg. tChangnsirialy piige the i agsledn tublinignahny ewittdrst and
26 faigly significant tensile loads. Thus, their retrieval is 27 largely a
functi on of the power output of platformnounted 28 retrieval machinery.
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that their capacity to 30 withstand tensile |oads can be quite |imted,
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years %o'facilitate 6 the conveyance of wireline assenblies, and nore
r ecent y, 7 coiled tubing strings into a well bore. Mst conventional 8

tract @8S Ofdk PLaVvHDSEEYpIPRURRH EBLQ M K QHPS Y, afaP neheel
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power ggd Wh§§ﬁ§eq&éhce, an upward force exceeding the weight of the

19 string or wireline assembly must commonly be applied during .

20 retrieval while the string or wireline assembly is within the

21 deviated section. The capacity of the string or wireline

22 assembly to withstand the overpull necessary to move such

23 assemblies upward through a deviated well section ié largely

24 a function of the tensile strength of the string or wireline

25 assembly. Conventional pipe strings can routinely withstand

26 fairly significant tensile loads. Thus, their retrieval is

27 largely a function of the power output of platform mounted

28 retrieval machinery. Coiled tubing strings and wireline

29 assemblies are more 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



18 contrast, conventional crawers typically consist of a 19 housing and a
reci procating craw er nechanismthat 20 rhythm cally engages and di sengages
the inner walls of the 21 casing, string or open hole, as the case may be,
to propel 22 the tractor and any portions of pipe or tubing or wireline 23
tool s connected thereto. 24 25 Conventional wheeled tractors present
certain shortcom ngs. 26 One di sadvant age common to many conventi onal
designs is the 27 | ack of redundancy in power output to the propul sion.
wheel s. 28 .In many_conventi i i ngl dNOEOEokE 1€NCased 29
withi b a tHBHREr Sﬁaﬁgﬁngrar@%lupée %%enrrlg%?i glgegﬁﬁggag by 30 one?or a

pl ur abi t ye péh iREhaResal idrmkeagesbe Thegeitedkagesleart gpecurlybesksi st of
sone formof conplex shaft and U-joint 32 arrangenent with or wthout
geariBg, or a chain drive of sone 5 1 type. The difficulty with such
desigps is_th 0 i bR shigka eeifveredt @b aesults in | oss
of power ﬁ%w%%?l%f \e%rotp{@édlﬁr\?/eﬁﬁgglgs'Aﬁgtgher di sadvant age of _such
convent i ongraédtdesiignhave thees heeedcbopl exveyadf YERE snEfhdRicddit 4a5%ages 5

between the drive wheels and the.conmon_power. notqQr. o I'Eqﬁqges

rout i fel ythaceosyeed SR anEﬁaabEFa??ﬁ%“ﬁ‘tléesdf %'Pdgg%?s% grtleé'J shaf't's and/ or
chai n_spr a4 | £ £n§s’ ¢habl ¥ele1al earel.0l dloatcednverideralt o
operat7e sgmg)(%?%?iy andlrgge\%ll’t%ougsfai | ure downhol e. Anot her di sadvant age

conmo®’ t ot tQcsars cmaly dre | bnabelyagronressiigite ity [EFURSsi MARP-0 provi de
11 axi al novenen

' h directihons. |iyd i 1Ab! be able .
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apparatus axially 1n 13 both directions not
only qfor Fa%ﬁéd)rt@é&éﬁérbcmﬁspumosexmm s o rangb | @r more

adj ust mrent pur poses. For exanple, .15 1qggi ng .operati.ons routinel equl ke
severld agwstnashtwheslacthRE BESISTIn fg%“l %@‘E{)gﬁﬂﬁﬁ‘q o%}&lraeﬁeat%/%srélépgéé he
bore hol e 17 prior_t OisSitd YF +3Cedd 118y | ki Fichepfodt hepgroshdlon 18
of tﬂg I o&& r?gl{‘ff%‘%? @é?g%lﬁeggt guat%'hlteé (t?(;fre hol e clgflg be 19 eg;t re% y. difficult
if the prepul@i@ncappanayubei s tid minagel E100 tradtril ARA ey iRAF oFORT a0k .

21 22 Crawl er type propul sion.toal.s have the di t Age s, 23 rel atively
sl ow %% av&1RSH £ ’é‘l‘l}alg%nﬁﬁ Heds %ooonlg%]t%%#%%&/%g rmverr‘gc%ﬁ s downhol e
The ral at ipgl Y5l AW hiddelevRASHDIsalleraBvd of f ¢yt propes hHrwhgsteds is

a natural, though 26 undesirable, by-product of the ci procatin of
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overioht s B L HE PR e e Tt i eyal of ten’
t r ansi @it escdrid padt ghebnopeatdtimel cosawles f oypifel bperandist 32f a
19 ﬁousing and a reciprocating crawler mechanism that
20 rhythmically engages and disengages the inner walls of the
21 casing, string or open hole, as the case may be, to propel
22. the tractor and any portions of pipe or tubing or wireline
23 tools connected thereto.
24
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, a 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



6. 1 The present invention is directed to overcom ng or reducing 2 the
effects of the one nore of the foregoing di sadvantages. 3 4 A first aspect
of the present invention provides a downhole 5 tractor in accordance with
ctaiml1l. Preferred features of 6 this aspect of the downhole tractor are
provided in the 7 clains which are dependent upon claim1. 8 9 A second
aspect of the present invention provides.a downhole 10 tractor in
accordance with claim29. Preferred featlres of 11 this aspect of the
domnhole tractor _are provided in the 12 clainms which are dependent f
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has a6secbhikebest meupbrely ahucorperahnd Welradommoezﬁnatm s sechHnd
electrjc notor. n provided for selectiv ranslatlng the first
and sgtongeﬁﬁgeﬁkggéém%f?%sa?%éﬁfdcaﬁdn2§p§ qu oﬁ&?ﬁé iy, 27 28 In
accor ganceeMatRvailat helose PeSlePhnt e PhesRidler MLt ed s?r%d’i}?f’} and
assenbly for a downhole tractor is provided that 30 includes an electric

not or & haVikkeoug mﬂ}l%F%t%?@Fh@bﬁpleﬁneihﬁﬁ'FH@Q&ﬂ?nﬁﬂﬁfaﬁqmen %@upled
to tgbl § huBormd \ef@,% Of_ﬂézf%ai ee&ekﬁﬁ agsag rth%nq.r%ﬂﬂ.}"{ﬁ;'tod"

assenbly 1's couple etween the roto the wh rdance
Wi t h ldnot Aed ads peotensgnt hﬂenpbetshndlraumbnsn dt Sgaftdel ddgiacdlolei So
provided t hat ncludes a hfus n 6'."' irst wheel assenh| coupled
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COUphﬁp t905B§A$“55é§5999né5r88€£ﬁ£i9 quulre several adjustments of

16 the position of the logging tool relative to the bore hole

17 prior to data acquisition. Such fine tuning of the position
18 of the logging tool relative to the bore hole can be

19 extremely difficult if the propulsion apparatus is limited to
20 a single.direction of travel.

21

22 Crawler type propulsion tools have the disadvantages of

23 relatively 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 downhole. Slow insertion
30 and retrieval often translates into higher operating costs

31 for the operator.

32



12 translate away fromthe housing in a second direction that is 13
opposite to the first direction. The second wheel assenbly 14 has a second
el ectric notor, a second wheel, and a.second 15.reduction gear assenbly
coupl ed between the second electric 16 notor and the second wheel. A fluid
ramis coupled to the 17 first and second wheel assenblies for selectively
translating 18 the first and second wheel assenblies toward and away from
19 . the housing. Afirst controller is pgovided for controlling 20 the
flow of current to the first and second electric notors. 7A 1 In anot her

aspect, there is proyided el. Y. ayvedounhale i 3d flci

conpri st ng.%@ Rrﬁﬁﬁ,n\% lngﬁ%é:g?’%r ot at%gb e treéé g"g?ve ?o ?ﬁe ut?; and SGJéngrmtor
di sposes Wihii @ fifae il Mntheopeleatriore taf ot fvregalihy disedvare: ages
relative to the hub. 7 8 In another aspect, there is provided a wheel

assenbly for a 9 downhole tractor, conprising: 10 a hub ; 11 an electric
motor carried wthi dd | NEh-Jént 18nShaboh deld & dekMole

rot at abt e ?‘e%&ﬁs\t;e atrgfé%%emfgttglt%oﬁgé%é& a wheel lrgt gt ablle relative to the
hub; ang 14 adtedudli ar@ealamesenitdly araimnyl y Boefermgd Heatotwoes 16ft o
the wheel. 16 17 The,fgéﬂoing and ot her_advantages of thgg%ﬂmention wll 18
becone Gpp&bdet AFRRFT fditly ARG TRFURY af F 8dPTEVd 8t i '€ and upon
reference tQ t. W ' Ifdent2Qx Fhfaid 1S a schematic view of an
exenpl g?y g%&@%ﬁ%@%%é araeggoyv\rn%;éorlle t%%t or in accordance with the
presentg23 invention; 24 FIG 2 is a cross-sectional view of the coupling

sub of 25 the downfiol & JLAUL L OSLANSE bt RS RIARRIL LOoabRBLL oM
10 tractor in accordance with claim 29. Preferred features of
11 this aspect of the downhole tractor are provided in the
12 claims which 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 housing in a first direction. The
18 first whéel assembly has a first 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 housing in a sec?%d 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



8 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 invention;
4 FIG 4 is a cross-sectional view of one of the wheel 5 nodul es of the :
downhol e tractor in accordance with the 6 present invention; 7 FIG 5 1is a
nore detail ed cross-sectional view of one of 8 the wheel nodules in
accordance wth the present 9 invention; 10 FIG 6 is a cross-sectional
view like FI'G 5 depicting 11 the depl oynent of the wheel nodule in
accordance with 12 the present invention; 183 FIG 7 is a pictorial view of
one of the wheel 14 assenblies of the wheel nodule of FIG 5 in accordance
15 with the presgiedi hvethéopordh LGz &d - -sectional view of FIG
7 taken at, 17,sectio -8 in accordance&v?/idt%ﬁactl(f;aerpé%éasren ss’leﬁ“g’éﬁtilén;coqgld%ie

n -
9js an expl ods w\?F@\AFgF BOHoF t3vsh tdfe tMieskheel 19 nodul e depicted in FIG

7 in accordance with the present 20 invention; 21 FIG 10 is a

Cross-sectj . nﬁl view of FI'G 5 taken at 22 section 10-10 in accordance with
the present’ i nfeAfFORIanSe prich Endtheanaeppkoded phet prbkakyi gg{\%%[tjpogg %I
the 24 wheel aeduhéede depistsd i FlG. 5.ip accordance with the prése

i nvention; :26 FIG 12 is a cr olségpgjg(%lfigﬁaphei:e\ivnﬁiufi?@ albovaken atd 27

section 18-12finsacérelamssanitily theppeasest t hBVEALE QA 28.F1G 131is a
magni f i cati "ontﬁftﬂarp&rééeo%ﬂof tfhe crgss 29 secti onal y?ew ih T GPerebils.
accordance wi th the presen 230 HATe REF ofousing,) & a4fizsa dinss-isectiepal
view of FBG . firstakémeei adZemplli BAs14-Afrdd @g\gggg?gc&m th the present
I nventiong v%né'elFl %ndlS i.S_a cross-sectional view Tl ke-']-’—‘fﬁ 3 £ 1186w ng
' : " 2 flrs; reduct;on gear assembly coupled between
) lo.ﬁ_the“f;rSt-electrié motor and the first wheel. A second wheel
' lljf assembly is coupled to the housing and is operable to |
12 translate away from the housing in a second direction thar i
. . : 3 : £ is
13 ©pposite to the first direction. The second wheel assem51 .
- ' o . iy
14g} has a .second electricﬁmctpr, & second wheel, and a SeCOnd"
15 ' reduction gear assembly cdupled_between_thé,seéond electrié
16 -motor and the.secon@ﬂwheel. A fluid fam-is coupled t§ the
- 17 first and second'hheel.assemblies for'selegtiﬁely-tfanslating
-187”=the'fir$t and ‘second wheel. assemblies toward and away from
15 . the hogsing;.-A first controller is provided for controlling

20 the flow of current to the first andg second electric motors



2 the relative rotation of various conmponents of the notor 3 for the wheel
assenbly in accordance with the present 4 invention; 5 FIG 16 is a
cross-sectional view of a portion of an 6 alternate exenplary enbodi nent of
a-wheel assenbly in 7 accordance with the present invention; 8 FIG 17 is a
cross-sectional view of a portion of 9 another alternate exenplary

enbodi nent of a wheel 10 assenbly in accordance with the present invention;
11 FIGS. 18 and 19 are cross-sectional \él ews of the 12 electrical power sub
depicted in FIG 1 in accordance 13 with At he present. invention; 14 FIG 20
is a cross-sectional viewof FIG 18 taken at 15 section 20-20 in

accor dancg Vﬁt%nto*ag ? esent, |nl\:/ent| on; 16 FIG_ 21 is a cross-sectional view
of FIG 1 &hat - 17°SBeFT ontFE91*t %nph%vc,lélteﬂlaﬁ‘cé’k\ﬁetlhaﬁﬁémbiésw a
inventi org 1I®wEhGle2@ractar crespriechgonal view of the lower end of 19 the
el ectrical power sub depicted in FIGS. 18 and 19 in 20 accordance with the
present ifwvention; &l FIG 23 is a cross-sectional view of FIG 22 taken at
22 section 23-23 in accordance with the present invention, 23 FIG 24 is a
magni f i ed* cr oss- seetdhalotaicewl of ral 24i hy dauhicha®upidg depicted in FIG
4 in accoydance t At sent _invention; 26 FIGS, 25 and 26 are
Cross- segl onal %/V: er?/\%tzoof {aﬁSBﬁg ydfHutit 56%er M8Rib Ehi OPegAFAVEI GO 1 in
accordande 28 wi r@tathe:r;arlésredtlvavem\éirﬂfﬁe129e&§wg7ﬁ, iIthed HGHOSS- sect i onal
vi ew depicting an 30 alternate exenplary enbodi ment of the hydraulic power
31 sub in accordance w-th the present invention; 101 FIG 27Bis a
cross-sedt i dnaknutieer oisgddB, Xharieakien @bv2dsgchi QA=Y Bs 28441, a%%or dance
with the prﬁégg% |tnvertl:t|on 4 FIG 28 is a schematic of the hy rau
system f or C oW E t r SRTRF 1§ H'%ccor dance with the present | nvent| on;
and 7 FIG 29 is a block diagramof the electronic conmponents 8 of the
downhol €0 r act ora ittwkaccor dance with the present 9 invention. 10 11 Turni ng

now to tihe draw ngs légylfcnn%%%El%%E%Eeéow1thlnlthe hub and including

12 . a stator and a rotor rotatable relative to the stator;
13 . a wheel rotatable relative to the hub; and

14 a reduction gear assembly drivingly coupling the rotor
15 to the wheel.

16 .

17 The forgoing and other advantages of the invention will
18 become apparent upon reading the following detailed

19 description and upon reference to the drawings in which:

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;



12 there is shown an exenplary enbodi nrent of a downhole tractor 13 10
coupled to a length of coiled tubing 12 and positioned in 14 a devi ated
wel | bore 14. The wellbore 1'4 may be a cased well, |5 a working string or
an open hole, and is of such length that 16 it is shown broken. The
downhol e tractor 10 includes a 17 tubular housing 16 that is subdivi ded
into various subs. A 18 coupling sub 18 g¢s connected to the tubing 12. A
total of 19 six powered wheel nodules or subs 19a, 19b, 19c, 19d, 19e and
20 19f are co d{o;th y ; . Whe 1 19a,
19b,%190, 19d%ﬁ¥§é:%nﬁél fﬁ?ﬁ@bﬁ§%§§#ag%%%ﬁggggFgéa%ggé%Qa§§e%b??%gf?gr
propd | i ng t hefdamdoteupt ingoeul) debiect23d i ih UBIE at 2dianbodogaahcef the
downhol e tractor | 0 includes 24 twel ve wheel assenblies. N ne of the wheel
assenmbl i es ar ¥ JeRE gREEERNEr dIEREXRI Y, 20a, 20b, 20c, 20d, 20e, 20f,
209, £6 200 andOly JArgecPLBel S diod WAlP! St | k! Gr dne TWReO] 27 the
wheel assenblies that are not visible are positioned, 28 respectively, .
bet ween t he whreslulassenbl the 2oyrduwd € 0rracir 20n t hecohdehcaswithl tke 20h
and e. The third.is Positﬂoneq to 30 the right of the wheel assenbly 20i.
Hereihafter, PHETTNCe*BIPTb PRE col | ective wheel assenblies 20a-20i shoul d
be Al 1 underioosl 18 hnmbude ddia Oldercidd £esdPELbnasSETRY 68 ¥hLCHE2
are not visible, unless stated otherwise. 3 4 As described nore fully

bel o8 the whédie agresdl fedudeg, iT0mcEIRICOOU tRokhe2ptesey, 20h and
20i e sel ecti 6_projectable fromthe housing | 6 so that the downhol e
trac?%r 7 10 éﬁ%g%éﬂ}agte various sizes of wellbores 14. The wheel 8
assamml i es 20FIR0bs 28ca 2Pdss2@mctivhaDiviewansliadeFfe. apdd8pieommghe

housing 16 in the sane general plane. The wheel_ 10 assenblies 20g, 20h,
20i ,14nd threéjﬁ%§§%51?¥§eFﬁana sothesl viedple iRaASFardapeeavitle to the

housisng 16 in@q@lﬁg@segg dRpEeXiimi el y normal to the plane of novenent of
t he wheel 13 assenblies 20a, 20b, 20c, 20d, 20e, and 20f. Electrical and 14

hydriul i ¢ powdtIGubg 2&aaapiicRolyisle wrewidbdne ofl| ther whéekl ectrical and
hydraul i c power_ to.various_pertions of the .16 t, Qr 10. The | ower end of
the:%%mnholetﬁ%ﬁﬁ?ﬁfﬁﬁsigflgkgoﬂﬁﬁéitQP§%§ﬁrﬁﬁaﬁt§be% i?,aﬁﬁ?ﬁﬁgﬂﬁ§be
anotier downhelicH 8:he€Opresdfll dnvaerddliddj ng tool, a logging tool, a

packer, or 19 other type of downhole tool, or another segnent of drill pipe
20 o6 tubing. EXP2(§ 1Ft2cBrRREh sachional reipw pEeFEGserbrrken atch as

t he2gassenbl i é¥¥% 20b [ DEEUMMY §§?@ 0; enbly
20i that is n§$3|5| ?e?t.eggoa%EgFi tractorlggggaj %én& 1ﬁU§§€f§§,

sel f1&ent er i ng19we¥ ek § panpekpilodatywiaw prhva dea2tivwhhobntiet wheel

opposd t el ydi sposedass L i suc the27assenblies 20c _and 20d.In this
cas?é centeri E“g"‘ﬁg@e bgggécgﬁgu P g’d ri:b]}?‘co;]up T nagc%ofé?l?%?i Y{btﬁofﬁle BrT9 he
housihg 16. 29 nvention;

21 FIG. 10 is a cross-sectional view of FIG. 5 taken at

22 section 10-10 in accordance with the present invention;
23 FIG. 11 is an exploded pidtorial view of one of the

24 wheel modules depicted in FIG. 5 in accordance with the
25 present invention;

26 FIG. 12 is a cross-sectional view of FIG. 10 taken at
27 section 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;



30 Electrical power and control signals to and fromthe downhole 31 tractor
10 are transmtted via a downhol e conductor or 32 wireline 24 that is run

t hrough the coiled tubing 12 downhole - 12 1 to the downhol e tractor 10.
The wireline 24 is connected to 2 a surface/control system 26 that includes
an AC power supply 3 28 and a backup battery supply 30 connected to an 4
uni nt errupt abl e power supply 32. The outgut 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
contrdl and daFaCGg a&qdissia | e¥rFemReseirnaturheys lisst FéG-i A¢ shewioger
supply 9 to th o] I : | OVi a i eel
assenDl i es 20a$9gi?gg%égfé%?féé%%éﬁ%ﬁ%Fng%?gg?ngggggggﬁgg %%t%?%eﬁgﬁgg
vari ogs sensor §ornthke winyvahohesémialy oin 1Qccdhdahzecanthokher p3@sient
connected to the uninterruptable power 13 supply 32 and a transcei ver 38.
Not e fhat the ®BVBTHLBY 14' both the transceiver 38 and the DC power

suppl % 34 are ﬁ%&;.cq%n%.%ec@ LLob e dbt £LLAE ¢4eVi %faa_sgmegnnggea%& 16
Accordingly, the transceiver 38 is designed to feed signals 17 tfromthe
contréll er 36 aihternasenextmpbapy embbdimentepfaa Wleeharsisemblecdinve

signals transmtted fromthe dowihole 19 tractor |.0. The sinultaneous
transhission oPcﬁer&&ﬂ§£e1%F%oﬁg?é%Y?%ﬂ?E EBRERSECSignal s bet ween t he

contrgller 36 and theg 2k doWIRELS-té@Ei GhalOviiawPeFsiabberthitaugE use of an
appropriate 22 datal/ power transm ssion protocol providing for sinultaneous

23 tr&nsm ssi oanothsanwel teronate sexemplAty acwbagimessnedceowherd An exanpl e

of a.guitable praot i t T gpent et rchitecture
supphﬁed by PE%,ngﬁ‘%%’oflsnrh%gﬁé’g%E‘%%smgﬁ prggag’q"e%%i\ﬁ E‘W?ﬁﬁ&g‘t'ai | ed
strugture of tReGsQuPle rhdubs l8randrésie- vheeioddlmvdelve t¥atimy be
understood by referring now to qug , 3 29 _and 4. The sub 18 and wheel
nmodufté 19a ar e®éfc§ tPAVeR 05t né?ﬁlﬁEﬁgs%PtggﬁhgltHQtaFﬁ@ﬁd%EK§homm in
sevefigl 31 |onghtudiprl Ipr-bsekeniseehtppal views, vis-a-vis FIGS. "2 and 32
4. This convention for illustrating other |engthy sections 13 1 of the
trackér 10 wil FIBe 26 |idweal depesnseqdhionalsvigwl @HofIS.t B8 dakemolas

trac&gr 10 gengg%kh rF%ﬂ?iféSinaécQFEQEEeOLith the present invention;

16 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 eﬁd of
19 the electrical power sub depicted in FIGS. 18 and 19 in
20 accordanée with the present invention;

21 FIG. 23 is a crqss-sectional view of FIG. 22 taken at
22 section 23-23 in accordance with the present invention;
23 FiG. 24 is a magnified cross-sectional view of a

24 hydraulic coupling depicted in FIG. 4 in accordance 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;



3. tubul ar segnents joined together, preferably by threaded 4

i nterconnections. An upper section 40 of the housing 16 has 5 an upper
tubul ar portion 42 threadedly attached to an 6 internedi ate tubular section
44 at 46 to provide a housing 7 for a coiled tubing coupling 48 that
connects the downhole 8 tractor 10 to the coiled tubing 12. The upper
tubular 9 portion 42 includes an internalobore 50 that is di nmensioned 10 to
receive the end of the coiled tubing 12. 11 12 The internedi ate section 44

includes a col Iraic 52 1ihais hascadsd 3s80Puban1! Qel, a lural ity of
| ongi tudi nal Iy .14 projecting f!?\gers 56 t hat glr@oj gg{n%\/\h%@r%‘#w\e&l i m
54 and®. 15 bear®S&ialfst2 1Bre2 Bkt bR | a¢cofdaheecwikhd thebipygeskht The rim 16 54

is seajed on a . facing annul ar shoul der 58 of the 17 internediate
section 44, ang%%%%nally t hreaded at 60 and 18 coupled to the

i nternkdi ate SEWG.ORe4Ata chdi 06 OB €ndOh5hean 1hi he
thread% 60 prevent the collet 52 20 from uni ntgnti o%g'lc{]%lﬁgkggrgﬁo%ht%e
j oi nt Det ween GREMIGheLTacter ihaterrdandeavithetheprbbedrs seal ed by

O rings 65. The 22 dnger are advant ageously conposed of a materi al
with 23 suffici g’nt stlren'gﬁﬁcgnd flexure to enable the fingers 56 to 24 be

moveabl e when §FdGeezZa imyai nstodihel eadnesr 06 f Ok hé heleeitem 125 édﬁgﬂéﬁgeﬂ@% and
to wﬁt&stand th? %pti%%ﬁ%{eq%%oads. Exenplary 26 material s incldde 4
all oy Steel, iREoNdie Hele DRGhA% 1l acCqBdanfgn ¥ thh & hehypsicssint
engagesrent bet weerdtieyk8 fingers 56 and the tubing 12, the mating surfaces

of the 29 fingers 56 and the tubing 12 may be provided with structures 30
thatjéhgage and resist axial novenent. For exanple,, sone of 31 all of the

ol ura ey 3Pt a 28 S id et e " S SRt B RN 5 Cha
The Lipgers 50 ate 3 brongnt no tron bovarear of o8 SRRt R 1 e
tubi g 4 13, 28uBLEf, by SedeME it iaRjerest Sousramn 18] hngsbng itheriading 12,
56, The | over ead 70 Sr TERAY U ar el TRl S 14 R8P Pond F5%8R Medroased
el Hitriee by oy L
to be 1 gh8%heBro£enLa %rd%w&héiel%fgégogeloegncluEZS gnen5|one

17 tubular housing 16 that is subdivided into various subs. A

;8 coupling sub 18 is connected to the tubing 12. A total of

19 six powered wheel modules or subs 1§a, i9b, 19¢c, 19d, 1%e and

20 19f are coupled to the coupling sub 18. Each of the wheel

21 subs 19a, 19b, 19c, 19d, 19e and 19f includes two powered

22 wheel assemblies for propelling the downhole tractor 10. The

23 illustrated embodiment of the downhole tractor 10 includes

24 twelve wheel assemblies. Nine of the wheel assemblies are -

25 designated, respectively, 20a, 20b, 20c, 20d, 20e, 20f, 20g,

26 20h and 20i. Three others are not visible in FIG. 1. Two of

27 the wheel assemblies that are not visible are positioned,

28 respectively, between the wheel assemblies 20g and 20¢, and

29 the wheel assemblies 20h and 20e. The third is positioned to

30 the right of the wheel assembly 20i. Hereinafter, reference

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



12 slidably received within the |lower end 76 of the coiled 13 tubing 12 so
that the end 76 abuts not only the annular 14 shoul der- 74,' but also an
upwardly facing annular surface 78 15 of the upper end of the internediate
section 44. The tubul ar 16 nenber 68 provides a relatively rigid
cylindrical nmenmber. 17 which is designed to prevent the coiled tubing 12
from 18 crinping or otherw se col |l apsing en the fingers 56 are 19 engaged
agai nst the coiled tubing 12. 20 21. Thel&ol | et fingers 56 are brought into

secure_physical 22 engagenent with the exterior of the coiled tubing 12 by
one 23lor yRARr$bagat GEi ARFLYISphbed cahey dhrrevergeBoassraA4 esnnillisgh

nenbers 80,41 setgiaediLn LngLLudinglly anacsgzo. apart relation by a

plural ity of annul ar “Spacérs annul ar nenbers 80 are
advant ageously conposed of a shape27 nenory material that deforns in
response to a gartlcular 28 stinulus, such _as tenperature change or

exposyl”le t75 v@eeF T 15gd; BPréx_gHﬂ)FL& &lOWar (1§ yWRepLi *PSEMBPRASE. Add0r 2 Ob,
materigl 3pyundgggoesodi nppsi oaag,camg%dmﬁy neALe0e20aY s, phase 31
t rial. en 1

transition tenperature for that particular rmate t he

mat eri 8l hasoidebgblledfmemsthashoulse ndefler reat | oma t sthexddwahanieé tthectlape
remai ng stable. 3 4 During fabrication, t a | ar nmepbers 80 are

it ol y E0rGan; paYEHEhA K AL R eRe St LOPSESROR: ng THE dPasiner 6
di anet er thabems1 588! bek,t hoaB,t he'c,0uiey, dicIEtekdObokherdncaldrt tfd RgRY s

56 when the collet fingers 56 are in secure 8 physical engagenment with the
coi | ed®t ubfremibheTheugingbiFcani Shepsemss genevas phaneshap&heendreel

terigl t . | f j_nt . h i th
"ner 101 Farepapi 82000000 £o%e) SRS So4FIREI R cHURAL s
fingels 56vseibhat trhastackedelahivg 12 maie Heowendyl y613nski pRecd nto

positign between the tubul ar penber 68 and the_ 14 fingers 56. 15 16 The
annul &¢ meRPRYSXEBAREY Yt RORTBE KLatd® Pdadig L tHavement 1pfathe whegl have

been hBst ahse8nBYEEst BOAT | Q_@I_ﬁf,s 226 andaf taje 18,1 5e60i | eﬁ;ﬂe]gé@ﬁ%@%% R

‘been inserted I n position. e in 19 sit'u heating nay be performed by a

resi st4nceh@uaul icaphyer26ubisr 2gan ande&1dd tecsevhbgedntoodiediingera hot

fluid, L Lk ds, heat | h | '
ronbelS B0°HRGVAERS BHoBYEFANGEE SE Pdmiat aYtH RO nEoss AR Arer o

80 autenattrattyrdedor nThackowsto enldeiof Zheeddmedl eshapesort hey aky
tightl¥ squeezing t he fingers 56_25 into secure physical engagenent with
er h

the ekteriSPUbteEnEC287ObFEdMEMbSRg 222, WK FthiBaYiahe BREtESH cpvnisiley 12
I's 27;8ecufggh t ostiBe LAt 8r BRYERL @S eTI10N £H4 bygshEuebyial o ?%S:n T Qaents

that, unlike conventional nethods such as threaded™ 29 nmenber _
axi al Ly nootherwerpes ofadewnbrlsulsiosdt, 1o 3ndsensagmensr off mridd gipe

resulEoof 5§p§&5§gglarring and :
- 21
22 If fitted with at least four wheel assemblies, such as the
23 assemblies 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. However, propulsion may be provided
26 with only two oppositely disposed assemblies, such as the
27 assemblies 20c and 20d. 1In this case, centering may. be
28 ensured by coupling a centering tool 23 to the housing 16.
29 |
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



31 torsional notions associated with the downhol e environnment. 32 16 1
The nunber, size, and spacing, of the annular nenbers 80 is 2 largely a
matter of design discretion. Indeed, the plurality 3 of annular nenbers 80
depicted in FIG 2 may be replaced with 4 a single annul ar nmenber that
shrouds the entirety of, or sone 5 |l esser portion of the toothed portions
of the fingers 56. 6 Exenplary material sfor the annul ar nenbers 80 incl ude
a 7 nickel titanium alloy manufactured under the trade nanmes 8 nitinol,

tinel,qor ¢y ks ' e, af or ntioned. coupling 48 has been

described in ?ﬁﬂqﬁﬁﬁéﬁé?%x?réetégg%génen i YhE g +?%d9?ubgn§9npﬁﬁé§érF°the
12 ski3 | ea swifsare fidhtappregbaen RBattHire £LOEPhdSs SRYAbepd3=secl to a
: . P Fﬁ Y

wi de V. rlgty of negggr, such as, for exanple, a 14 downhole tool, o el d
pi pe FRe aMEhi5e RECH e Rt L aTHe PHPES Y ibwcpie ok e@okocannect i on may be

I
substi4 ut g@llifrgrextﬁppt@of@up%gvgg éﬁgggg ;gaﬁ evepl . goélr%g&ggsg g nnection is

desired. 17 18 The section 44 inc ongrtudi €t o permt a
19 worki nynfinfied urtend ¢ tpdwehr sugblyhe Taid ecotnditgdl 2ot @ be gowaassed

through the downhgle tractor 10 and o permt 21 insertion of the wireline
24 in%?) asé‘S’Rﬁéfc{}ér Vé'el.glPtc‘P’%V%%taeE Bi% FErperbere Wer ki Ageentirdl penped

through tBe 4@ i dd bt Hopd: esc i s/ Imlarly
desirable 24 Lo%ﬁﬁ%vent the??n%?%gmoé ?ﬁ%ﬁ#§¥{§§%¢é§%é§}b%ﬁg éig%See FI G
25 1) § nt 8CENd sd&ieiv| Funettens, 18uchces dionfi ol iy | thet p@bebesupphyt he

i nt di ' he housi 27 tion 40 | i ded

w2 parp” SHE Heihith SN0 BEat O DR ST gt rartina the

| ongittudi whek) spaeetblidd msa9P0af eaB mxt'iélrafersiz{ @ﬂw&ﬁf&%&éi&é% of
0 . n

t he iled tuhing 12 and 30 the inner dianeter he section

~annul nBRbeinsE By SERHCEIUD25¢R5PES| dnoitdie awrtenl e her&tdongs0 90, Thad
anot her cdAtrlocaneyl e r‘?é‘@énr?éc&?dfﬁ%‘ tt.'h%”‘?ﬂqﬂﬁ%e"ﬁgﬂ‘ égl}ﬁ%e‘l‘ \?W%‘égfﬁte O-ring

2 90 and abuts the upper ends 96 o e fingers s
connéet or SBBPLY 88nwerd eul titansceiverr 38nd tNown thatteieasinbecsesti on 98

.that1M§, EgthuEHeJ€¥§H§¥£%&€£r§%-and the DC power supply 34 are

15° connected to the wireline 24 via a summing node 39,

16 Accordingly, the transceiver 38 is designed to feed signals
17 -from the controller 36 into the wireline 24 and vice versa,
18 that is, receive signals transmitted from the downhole

15 tractor 10. The simultaneous transmission of DC power and
20 electronic control signals between the controller 36 and.the
21 downhole tractor 10 is possible through use of an appropriate
22 data/power transmission protocol providing for simultaneous
23 transmission of power and data through a single conductor.
24 An example of a suitable protocol is the SEGNET ™ segmented
25 network architecture sﬁpplied by PES, Inc. of The Woodlands,
26 Texas, USA.

27 The detailed'st:ucture 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 length 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



6 internediate section 44. The upper end of the connector 86 7 is coupled
to the wireline 24. A sleeve 100 is provided that 8 is thermally shrunk
over the upper end 102 of the connector 9 86 and the | ower end 104 of the
outernost insulation jacket 30 of the wireline 24. The sleeve 100 is
conposed of a material 11 capable of being heat shrunk. The detail ed
structure of the 12 wireline connector 86 may be understood by referring
now also 13 to FIG 3, which is a highl ylj?mgni-fi ed sectional view of the 14
connector 86. The connector 86 is provided with a tubular 15 housing Z05
that is sefurdk trador riterwelll dve fetlpywrdodaseirs. a %@rh@‘ﬂsb‘fﬂ)og@d&f

h | 06 108, and_opfional |y, 17 addj.t,] Th
Cbper Dor Eith BT ka4 080 18 R T HA A SR ST ot b E B, e
t ubul &g S%ﬁqtﬂrhllé%eéfﬁ@ﬁté% @{@é@cw%uam&dl prasfe sl prbyprardhgedaci ng

annul ar shoul der 14 upon which the sleeve 100 is seated. The | ower end
of 21 4 he ihmesioopri@stienseathd WBREHs Sk IGPnarUIQE f B ngOUAHDE at 6 2bas

houl der 115 of the int di ' . Wi el inE324023n] d
ot heS comfbcleReBEt 1 PORGEPaatRar Ty Soscad 2 SRRuTar RodBers 116

that, }ikedher-ré@£rentionesragagtabn?2isnenbars B9 peprttedai hoBsng2, are
advant ageousl y conposed of 26 a heat-sensitive shal{)e-mermrﬁ terhgtL t hat

i s defdr mdfise & ncorledt yubing aovRApBSa? e SRTEHCSRS| RREr “QMEABL&r

| arger 28 .th e roflagst eLaot uiaghy£. 1 ofge 1dSpet thsunkeel i ne 29
24 to & petrrrr%pn%(%\{J %ﬁg%g %ﬂ%tgﬁggégn innerdei anmeter snal | er SQut han the
outer di ambetiof 4heimbiedespenligtemmnaledmirerko that dmedimaupaPngdnbers

116 is positioned, above the tugukg% 32. egi oLg)llZ {r% shoul der thereon to
prevehf ddvhvERESiNeusheoRnd @ h&EWHE iHEPYHE £ +6m damagi ng the | over
end of,the wireline 2 24. To prevent the annular nenbers 116 from damagi ng

the 3 conductors of the wireline 24, a relatively rigid tubular 4 sleeve
124 i 32i n<Bné eiinbermednathesactaonodd LIS liEs e SOLAREr S2ndbrht PR &Feeve
126 of .the_ wireline 24_proxi pat h I : eeve 124
may bé%on?)%’%‘ég%f E?Wﬁﬁt-ﬁﬂni gﬁ rr% téir ieaal sl,%&[s%lcﬁ{ gg gg?%éﬁ&%r@lds}yaaﬁ%?less steel s
or thea8 |pkejedsingt fihberal seembalt qred et | epwandi figosouwhle ngm&49 agidown
in FFG 2, the connector 86 naintai nsitﬁgug reLigblBe 1(%'gpg)ési cglhe rim '
engagdRentPEREhaBRANEF EPPNEXSRTIRL 9 g FPohet 5P Fo0éeni ngad a
result gof gowahokgataBces ahnupddirdign. fddiend 2ahRqUa ke BRRIU GRS SBakHl eland

bend the i ngi vidual reinforcing 13 wires of the wireline 24 outward and/or
backward tintérmedibkeasecsioonddnt ianthlis ietereatdipthreadechat &8 @ddis

elimnpated. As.a.result, th tenti.a ChuWrl r 1 | U T tl
weakeBri%ng ?ﬂgp}gfinf%& E%‘ﬁg 1\;\%&%@13@56 m%ér)\éa?j:é%ﬁ &% ,li\gg_?%é I?\Xg %Jg'szrdch%g c')?‘/ _
the wirel i BBed4 binst Giappetesitt thenitterdfds ope piévendt tdie iquidet 52

i nsul ating _sl eeve 126 bel ow_ the 20 annul ar ers.116.tqQ expose t

i ndi vieQual £E8Rd b8 SRHtLeRadt Y PR wi Eﬂ?néf’é&% B R R rin 5

| ndli vigdual A5ANHUE! Gh% AhetlBed ddus b old nes2deni bl dgpandritpan de (pe
of wireline 23 involved. In the illustrated enbodi nent, the wrel |,n_<%'l 24 24
cont ai2®s sEvegensdiSe eral ashiniEgRaugPp composed of ‘a material wit

23 sufficient strength and flexure to enable the fingers 56 to
24 be moveable when squeezed against the exterior of the coiled
25 - tubing 12, and to withstand the anticipated loads. Exemplary

26 materials include 4140 alloy steel, inconel, and like

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. For 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



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
nunber 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
conpliant 32 boot 132 shrouds the termnalsgs 130 and i s advant ageously 19
1 conposed of a conpliant electrically insulating material, 2 such as

nat ur & u ) 6@r ¢ efd h o] m pal s
130 w1 T faf cROPRE Sttt Mefidnd S onBiRe ok ShR P

W relie 2&tduitomeef nbe Bodépehdi ulgi ngore twieer| eher E¢abeteqssr &pent s of

t he dommhgae 6.tractor g Eﬁ,ernl al 130 is connected to an eIongated 7
conduct or ?9P3hﬁul§58n§lﬁﬁ PRIAIYRRRE L B CRoBhegehted ohHBARST s
134 arg pgsitioned within a tubular section 9 136 that is shoul dered

agai nst an upwardly facing annular 10 surface 138 of the internediate
sectidn 98. The boot 132 is 11 slipped over the tubular section 136 and

ret ai ned ereon by. L2.a rim 140 f d on t exterio he section | 36.
e 1% upder bete Fadobaliores | 2 ek ol Taphbity Cheokuhiga T8 ot
split 'ﬁhe|t|ubdll&U|rﬂém§éQeE@ 4l gt iSns@piedetn the EQB§h§91§5aﬁg5ﬁmé
the set screws 142a and 142b. A tubul ar section 143 16 is seated

tubul & s&Emanr9436 . ThEheuBowar -erdt 7orod tha3tpboladenenbdit 68nal

suppord faq :E%% e r i ppag

annula% s ers‘%%%ﬁ%Qegoaﬁh ex er%%? df§$%{3§ %gg%éh 2 ghgﬁﬁ%ged to

t he WUIkim;ﬁihiﬂgldn Tpwptrelentf aunt g ngnfih 16 o éhouldéfruptlnghéheuﬁar

connector 86 and t he COBgUChEHS§%25 various O- rlngs 23 caollectively -
i &

“desi ghtt e F1PIECSF 250k T \APTREE ©i hF sIdBehgiRBeR £APPnner and
out ery sur faGem iy t BECBOYEENY 11 ANEh& 51 Ser | SRET 78ULEAERLO % ]HJSd

i nternedi ate sectlon 98, and the 26 outer surfaces of the tu
112, 186 awdirgp 1323or i:hgi; e Bard p'i‘@va}deidstmhobdlthhsplannukael I

. 1 | | nd_148 f
fﬁétéﬁﬁneiﬁg%ﬁé%9§§9%§§  adtel o Er ARl EH Y nd b s, SURERSECE" ©

posi ti®ned3kla wppeer eﬁdr ofc ki 15t EhRed fat &bt eoACd At eTRECELBN188.

32 The conduits) 152 extends linearly dowward for a,short 20
16 member 68 provides a relatively rigid cylindrical member .

secti ons

17 which is designed to prevent the coiled tubing 12 from

.18 crimping or otherwise collapsing 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 with the exterior of 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 relation by a plurality of annular spacers 82. The
26 annular members 80 are advantageously composed of a shape-
27 memory material that deforms in response to a particular
28 stimulus, such as temperature chahge 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



1 distance and then noves obliquely toward the outer dianeter 2 of the
tractor 10. The conduits) 152 extends to the bottom 3 of the tool 10,
" spanni ng the various housing sections along 4 the way, and is not always

visible in the figures. For 5 sinplicity of illustration, a conductor 150
is not always 6 shown in the conduit 152. However, the skilled artisan wll
7 appreciate that there will typically be one or nore 8 conductors 150 in

. the conduits) 152. 9 10' Referring agai mio FIG 2, the internediate
section 98 is 11 joined to the internediate section 44 by an internediate
12 sedti ofhes@atienidls hae eabedpgdadimensdons  t rda whedionsdititan 113 sbictedn
44 at ,158,_ The i nternediaie secti En 98 includes a Z4 section of expanded
di anet’er f@ﬁlt St e%l?%esergﬁlﬂﬁmﬁ 8Py 15 faci ng annul ar shoul der 1.62
againg which the Iower end 164 16 of the internedi ate section 156 nay
abut. An upper annular 17 shoul der 169 _of the section Z56 is positioned
proxi rfat e PMFEER faai et 4an, ThBe| ARBRABY| BEFRLSLR &h 0 iinidokled to the
19 i nter hat. [ 5 ' r at of
oxtermal RIS e ST d BrleREhP BHNbE HR¥esinARRARS oh SHAR 16
may bes r otdtame tier ediaibl ishsaalilredthan 2Rebetwsan dimmeapposshagtesnul ar
shoul ders 1?_451 and 162. The 23 overal l jo'&nt het ween the internedi ate
sectioh 15601kt BDR9SHSrnEIMRER 586t FBALEE, TAMPSUR TG tBrSelt ARt i on
44 i s g5 i i a b i | i4 udi ly 26 spaced
Ori ngag 1?8@5?;&2%9 Zénrg’f%%%%ngﬁebjgg?ntg ﬁﬁa)sfogqggls ft(%j?blsﬁeg;?]iztn'g f'lf}?\écti on. As a
resul t9 of fiagrididtfiom recess 231owst Ebrabhapeasnarforhenagdrewial tshdoe der

164 t he,_annul ar 29 shqul.der 169, the differential_ pressure actjng on
the 30| neorh Ao RLe G EO%heq Fhtbonq PORCIGE haHA dr et an er
sectiin 1%6 dnetefmainnt niahgaeaaéreeﬁage&ﬁet olltldY tditandet d:NtcF Nl at e
section 44. Prior_to installation of the spin 21 1 collar 166 and

conneled i of PelstediinIrRrsefi Asthat the cgaded duibing dss may thee xeadiuky or
wre 50 wist hi gty bt :152 b a CESS r 80.
Ref e?lr:?: ng s\r?c}zﬁmtéc? Zfr}gcl%g“.gggEL%ﬁé%?%ﬁggpntegrgngé{%lg&%&:eﬁbo%9§BSias c'ge{':%%ed at
its 5.4 owdiirgekg B&. t ubul ar housi ng 186 of the wheel nodule 19a by 6 an
interr’@di ate tubul ar section 194 and a spin collar 200. 7 The wheel nodul e
19a |]s in turn, secured at its lower end to 8 the electrical power section
21a hye anTHY eiriRdi at enévbekar 89 #a¢t t8Bn286 FHhtedRin Liodd areH8. idhe
tubul ar sections 194 10 and 206 and the spin collars 200 and 208 are

i dentital gffem theydrave keenf inetrdhedooves itherfigwene Seandrrissr and
12 t spi r rige b 0 ol J nay 1344 rings
210, D12 B o SRS 3300l Been, ek Fed i Hoa S, {0ty

j oi nt}? Tlee twhdedatmody|l mayObei pesffosmed by kenmgdigtwmice thestehovan lowoken

W th e wheel assenblie a 16 apd 20b shown in ant o wever, the
ot md0G Eh fiie HoreEd PaREKBon S SrRECHReI Al o o LA Bk i 1
be 1&yet @idhgsl iny sabsegueikel mgdhess . Toupsab i dththg ethdfannular

22 members 80 above the phase transition temperature, the

23 annular members 80 automatically deform back into their

24 permanent shapes, thereby tightly squeezing the fingers 56

25 into secure physical engagement with the exterior of the

26 coiled tubing 12. 1In this way, the coiled tubing 12 is

27 secured to the intermediate section 44 by structural . -

28 components that, unlike conventional methods such as threaded
29 members and/or axially moving wedges, are not subject Eo

30 loosening over time as a result of repeatéd jarring and

31 torsional motions associated with the downhole environment.
32



19 conductors 150 to be quickly connected and/or disconnected-20 froma
conplinentary set of conductors (not shown in FIG 4). 21 in the portion of
the conduit 152 in the wheel nodule 19a, a 22 connector 222 |ike the boot
132, conductor 134 and term nal 23 128 arrangenent shown in FIG 3 is
positioned within the 24 housing 186. Conpl enmentary qui ck di sconnect
capability for 25 hydraulic fluid supplyiks provided by a hydraulic
coupling 26 224 positioned in the housing 186. The coupling 224 is in 27

fluid ¢o i i mﬁ h aul.Lc . duyj tﬁﬁg. i fy t.
condui 22@ a&gélﬂgﬂgﬁé V\Eg% égge%llaigég@goﬁgan Qa%gggligg ﬁg@bg |\%g |lnr£et he
arr angenertasdgelw, abuattey bé dEsROnhy@dreaddtcidrl ui dlsdepdy therpqwnaﬂity
above the eel assenbly. 31 20a. .The detail ed structure of the_hydraulic

coupl i Ag ¥ 12mBULRT; MeERerS: 80 ARPA TS T ifgiffe. 2 m%nghensﬁpéfﬁgreﬂ &riGh
FIG 422 4] é‘:r.n%i"@ £haGh birC mandehy dhay Isqlmge%ﬂ@r@n@ﬂ&@gnokheo%%%m@

nndule 19a and the electrical power sub 21a may include 3 pfuralities of
t he coEnecl@sseQZEOandonh@fc@hpltng§h2@4pbnnanﬂﬁ@iehheafhygepacé@. The

incorpgoration of multi 5.connec ns _a ou S, e _used at _
vartous | JFRRUSEA0Y, TRERTIBLE! T e RETLAR JIeHRETs BOTRECh e Rce of
the Wneel reeRaD! t e8aRamaRd 1290 maetiFaceired Wl €hef thgeehamed cal and
hydraul ic conduits 152 and 226, 10 and the central bore 84 in the wheel

nDduIe819anlqhm@lvstlme&acéﬁbﬂ#&ﬁe@abﬁnﬁﬁhﬂmy the conduits 152 and 226
much closer 12 to the outer dianeter ("O D.") of the housing 186 and back
13 via“the bends 228, 230, 232 and 234. The portions of the 14 conduits 152
and 226 i mrhéeafbeenenndoned @auplihquaitalias leedn desoedbby gunttvd | 1ing
the ends of the hou 186 bel ow,the 16 sef n, 194 and above the section

b06, M0 henterbost | hgRaRIR I 1891y HPYEVEE: nbRes.

Accor dbngl yici 188! H98 1 560l haah \éﬁb!e@@.%!dﬁ"aé}?&z@l% @68 M&ﬁg hayPhevent 19
| eakage from portions of the longitudinal holes above tﬁ behds 228 and

230 aRd befeuurfdd bendswige araizly ofl mEmbee, o@u@hlea,sﬁouceuamp&m a

e, 18, goytiglecBoply ¥l ridle” bR, oIE LNEARECRRY  Tultbiona Wi

li ke tbe %@mspmee&-l BB OB iy I-B&s&sbﬂtu’i\eahfbbetn’éed 26
assenbl i es 20a and 20b expanded to reveal their structure. 27 The
descr itft i ofPBPLERE GAedP ﬁﬁﬁu@@e?gaﬁmqquﬁg?qI?@ﬁ?%fF%QHZBSOﬁeFHEQQrmw
wheel jpodul es 19b-19f depicted in FIG 1. The 29 wheel assenblies 20a and
20b are noveable fromthe retracted 30 positions showmn in FIG 5 to the
depl oy&d p'BBﬂS@ﬁSlQnoM iimcdndesGa dongidtudindke berecBivebypdeplidyed to

engagq of he Maglﬁg?’%l 813 Uralf L Uriolit AL OR81 1 £88eLb3E01 2180 be

Referring
20 passed through the downhole tractor 10 and to permit

21 insertion of the wireline 24 into a connector 86. It is

22 desirable to prevent working fluid pumped through the coiled
23 tubing 12 to escape the housing 16, and similarly desirable
24 to prevent the influx of fluid from the wellbore 14 (See FIG.
25 1) into the downhole tractor 10. Accordingly, the joint

26 Dbetween the intermediate section 44 and the housing upper

27 section 40 is provided with a pair of longitudinally . spaced
28 O-rings 88. Similarly, 10ngi£udinally spaced O-rings 90 are
29 positioned 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 186 by a pin
250. The pin 5 250 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 assenblies 20a and 20b. 8 Referring now
also to FIG 7, which is a pictorial viéwW of 9.the wheel assenbly 20a and a
portion of the pivot arm 248, 10' the wheel assenbly 20a includes a hub 254
that s paonuaad memhetch 94n i@ Po2E8: idretd i sepiveenalthe denwechesk tO-1+hey

pi vot .ar 262.and is nornmlly_ biased into the position shown in
13 FI &S n%&aﬁa a%iftg I%é1 fugﬁﬁrnfr%{i %I%a?gi Eg‘?e%&rn&?rﬁ The end 14 to the
pi vot 3arm 248 and is perforned so that its other end 15 bears against the

| ower surface of the hub arm 258. The hub 16 arm 258 is a forked nenber

havi n§ t wbhei Wé§eéemeaﬁ@n21@8:tom@&nwnagge#bay d0s ilmeresnd totaning
wheel =270; r eG! 1ot as -descri bed nore

Fui Ty 1o bar Semettiater SEPRIBE AP RHLED 46| BRI i 2 % na 20

arm 238 thatermerlu\a@téaislexttd@mna@lt ed Thoe tﬁpp@rvehdabrﬂ 24 dorddedBFr gyl is -
normally bi ased to the position_shown in FIG 5 by 22 a | eaf spr|¢£ 286
that i’s cbBpFedPLEs e ﬁ?’@of"lé'ter%lm %- ore 23cenve 3@ Bearpragededtthae

upper gsurfac h 4 t e hub arm
278 | g al is% ghg PEE%YZER&:E er%z't%h ttl]genc I%g = QE& p%eg% %}f IQ&M C%rl S

vi si bPe a®é aﬁddehiegﬂaWem‘ 2881 l‘DHe otheste asseabhpszohnsﬂﬁ]axdmn@ame@d 290
27 that i1s.substanti enti t.0 t he 270 of the wheel 28

assefdl y %BaER%w%ﬁ? én ohgectl b%‘t%%% J\tAﬁ hEbSPFRCSSELIRE 27 SogtcR Tl

pi votl3larsagdBlies ofubkhay hdatsigrahadi n FIES. éeeaél%dFls@nﬁ:d@re of the
a32cross-sectional view of FIG 7taken atsection8-8, and FIG 9 is

pi ct &% al WiFERiBe §opBecter & My theanpdsratopheby Mwm%mw;ﬁlﬂted

away,krom t hgrpi vat h [ ed wth osed
shafts 294 anaé 93 |?175\j\!ﬁ]‘1:|%c§ 4-£r g‘sgh\ﬁ&} vngag%é)% go.f'% §’€g are o?]?re €

| eadiLAg tcomneenbralBses siThie M&namudxe g8 vbé provaded Wiftlrsbﬁtuﬁﬂﬁlaxs part
of aagpssa‘gethat rusdovvnthe th of the pivot. arm 248 to the 7 bore

252 | vBE pPR 588t Afd Se§“§-' 9 FimahbbRrMEdd atiecSe st i A by

The tinesa 2641 8Nd£26BpRERAPEALAFEE Widk %@@rs 331@gan am{ shafts
318 and 3a22§a%e forrrgg 10 Theashafts 318 and ﬁgziglsn %ﬁ%%%v oji%s 324

and 37s. q%lmioaéﬁ-egush}osm@vrgm e (URDShaPOEti08 @fd t322 howsing 105

the T3 boyes S0 aad T sokleY B WE A S S o n sesraa iy |
receil®ed pmnhetbonpwaSﬁZ}raaddS@&s Ere ypwatdby fFacihy %uﬂﬂlab_eeghdﬂméz} nes
267 ggd égg‘land the' icéohharm 248 are fluid 16 sg al ed by _.inner and outer

Ori 4$BEn §3§lef7’e’l§'olgne1§ ottRR§r EPSCih Rl Tvh®fctors
and bydr a&heChbhghﬂ?thé%bh@e%@a | £8 %%%Hdﬂ%d%%ﬁ} eh:her

under st ood 20 referring now to Fl 7 and 8, and t0 F is a
21 cPéss- %lé@tlléﬁé:l 1Uﬁﬁe@/fo’FhI5I Entermgdipte %@ctnon 96-.10 THY @&rirzl it Sows

vari gys cond 2,3 52 |n e 23.h 186. Th
condglgts g%zg%%§r§§6t8r ggﬁe‘?zggl gs%%g?xa{% ]bzy PBgllt %,1 ag?tl S HRATS

FI GS242 aamndla¥hmembagsi 136350a25 dndcé’:.ﬁﬂq@rﬁfbgé@téhtio?feci hendiidiaul i c
condgst 226 shown in 26 FIG_ 4 and a conpanion _conduit that was not visible

in that JPUPeRs FReleBAabPes I5¥ & ¢ Li MTar AjVRRESgeeYs lopmammased z& 150
and hydraylphesELELdsiRYvRE sk geql fn{ e cqrdyt 354 and
152 and run |&r11to thg bo‘r’e 55%5 x qup{%/%%%lgﬁ téé& 9%5 s%\/\rﬁ?a%nlﬁzllﬁs 7
and 87 cmmutﬁrstEOtampoﬁaryheha:pm Witdmdheishetr 3d08mettex tMQQQ:F es 324
and §§5 og
han the outer diameter of the wire rope 118 of the wireline

29 24 to a permanent shape that has an inner diameter smaller

30 than the outer diameter of the wire rope 118. At least one

31 of the annular members 116 is positioned above the tubular

32 section 112 to shoulder thereon to prevent downward thrust on



25 1 shafts 318 and 322 and into a conduit 360 drilled into the 2 arns 258
and 278 (though not visible in the arm278). 3 4 Referring again to FIGS. 5
and 6, the wheel assenblies 20a 5 and 20b are sel ectively novabl e out of
the slot 246 so that 6 the wheels 270 and 290 may conme into contact with
the walls 7 240 of the wellbore 14 to propel the downhole tractor 10. 8 The
extension and retraction novenent is proygded by a fluid 9 ram 364
positioned in a cylinder 370 fornmed in the housing 10 186. A connecting rod

374 is coupled to.the ra 64 at_one .1l i C i t her
end toltht’é%ﬁi \‘i’d‘trea-l1”1ﬁ€24284n g’é"“f’h a&aﬁlé&ﬁcg%i ?lor]og"’évqﬁl ﬁﬁﬂ%fp'?@%t@%?érﬁtgﬁg i s
provi ded wt h @I'olgaﬁé\%né‘}?@héoahﬁﬁla,ﬂ henbdrs ameciion daesging thed as
the 14 pivot arm 248 rotates'. The cylinder 370 is sealed with a

5
cylinder head@8>uhaf thetwivaddaiesy %,t@m%@YwCyigﬁeeFuﬁ‘e%%ﬁo and
seal ec, W LY Al 1249 S8R 38PoaThE I fldy A MBI Jdps! §88. 38Q end 394 of

t he cy#in comruni cation wth respective hydraulic
conduigs 33heand 3h41d0ihyi slbkeei 138 Gf lfhe Wheelimelu2e sp8s8imatie 38Uel ead
to a 20 hydraulic reservoir and %pnp to be describedeeIOM£ In.th

IRE f |

21
i |1 ust6 at edranisxdimenPerehdlfer k FARE LAY PRI PT ??E}PB.SE§2°$h'e wheel

assenbli es 203 AN 81 00vVed i B the behr 36t 8622318881 beB1ENoF! Eneb
to the ext“éeﬁ: Zlaflp%s%%lp%%i?%ggl g@cg{g{/g Zé;&fjel Iveri ngapre$suri zed fl 3i dto
the legt sSiide 390aofwibr 2hecylifionderer87ionéd cheéleantrgbingogeyprihrgudh t he

li nder 370, 26 the_pivot 348 i s _pi d_in_the_ di ' .

O oSy A bt B SHELE el ShE ohlah O, S ghlaD R ke

si mul § gne é’iﬁyoénga?e&%%i A tH rasd i posedvay £408hhhei39nbeupirogel86.
e

Dependi ng “upon eln dianeter of the well 30 bore 14, one or both of
the wheel bosssemingsagla aedulth afydainkehe fAreesont Bt Wik iPRe Chfer

wal | s_240 of the wel|bore 32 14. T i I nnegt | f 58
And 2% eHLEeBEnt Bp, sEear syl EPhE, chECIRAL, 2B8AT SRS s
enabl €3 t hg; ybeebassnebliies13rarzk 20btwardbandpjoa baghwhirdato3 anopunt

ofjarring forcedue to irregularjities in the wellbore4 14 and qther, forces
t hat ma¢ befa@phitafet 8 FR@W@%%s‘éhﬁFEéEQOQOHﬁél‘é‘@bWWnﬁé’f“r a&t the

wheel § zass | g52Qaand ,20h franiheSexhengdedepesili @6rs Faur tutr ingGor6t ot he
retraggedpogp+%§%gg 6wnA%n FIG 5, pressu?ized fluid isdelivered tothe

ri ght 16si dei @84 bEanhad yc wealkterigy cthadreindorsingnpdaes df eldmirrded si de
390. of the cylinder 370totranslate thepivot arnl2348 in the direction
oppos#pe tothearrows 398. 13 14 Multiple arrangenents of cylinders 370 and
rams 3@4 mepebeodBrawd ethd i hehei witedime228 tis ethdipped kd Itheelwigle 16

avai l abl e force that may be applied to.the pi'vot arm ~1-n 17 .anot her
vari aflion, ran6t A28 ARA Fe APNSH et NIRL3HJETe fit SENSt 1%%8&5(;\% t:Ihia(:"ke the ram

364 and cylipdeL 3 e LOUPS e8xb8 st thae iPiMat Rl 2hdudnoaticdshe
hub arn127é_og tﬁéa%ﬂgﬁk
21 122 of the wireline 24. The number of individual conductors
22 125 of the wireline 24 will depend upon. the type of wireline
23  involved. In the illustrated embodiment, the wireline 24
24 contains seven individual 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



20 assenbly 20b so that additional torque nmay be applied to the 21 pivot
arm 248. The hydraulic ram 364-cylinder 270 22 arrangenent nmay be repl aced
by an el ectrical notor 400 23 coupled to the pivot arm 248. The notor 400,
represented 24 schematically by the nenber 400, may have a rotating shaft
25 connected to the connecting rod 374 via a worm gear, or nmay 26 be a
linear notor with a shaft coupled to the connecting rod 27 374. Optionally,
al t hough not shown in the draw ngs, the 28 wheel assenblies 20a and 20b may
be decoupl ed and 29 independently pivotally coupled to the housing 186. 30

31 Thé deteaipedest raftaraomplibatwetebtassenly 2 TeyiRe e ainder st ood by
referrjing.n nd 12 and 27 1 initially to FIGS. 7,

O¥\1/ to FI% 7, 10, 11, . :
10 and 115UFPG2S Patize ], 0¥ | Bityideckpbbees pickt drike wataridls he Theel
assentl y R0abelhe B wasein Pt &ons pf w&mg tﬁﬁh&‘itl %nzdnf ct Bk of the wheel

4 assenbly 20a will be illustrative o e other wheel 483 i

20b- 26i . TRAiNdbuzE4 curdbictersf 188t ingthal wasxed 422 ANMAD A dDi M

t oget her l.uraljt f. shrink _rin 7 406 that are snugly secured
around a %%8?5&#&? off ?rl}b s€ §6t§lﬁgihrﬁ€é?l€re"&1ﬁé’r W&l kdaswnhote the
mati ng hatragté2a cand Eh 40 2beth2hatonBot 9geLehaMigly the il 4 and
402b are 10 joi ned. The hub 254 hag a central bgﬁ% 414t?ﬁ i%ﬁ?ﬁ?%% or 11
418 add aCeRARFELTz dd rerithel sHaRsothehbengedl o7 tler edrhaaitat aldy .

mount gd. b In JF 1, the internal. 13 bore 414 of the hub 2'54
is cir cul'ﬁl?ei ﬁaélrd?)%g&slle{tlléo‘% &had Pésiﬁlcﬁ?g% Y& 1 2 SSC YR

teethp . oh¥6enbhti iseatiodldéred 492tna0dad02bwaltian Lﬂl&tﬂﬁ ndihg sets of
gear éeeth 4%{% 16 \gvl |1 be described in nore detail bel ow. & whee 270 17
constdt s BITHEERNG 3fajfe i cnbapEmadtat £ oFREE ioBg&ther The ®athd Ioris 414

by aishousd bBal bvd30.cpéard I 1 a ni t.echni ques may be
used_in add?%?on'to orﬁ%?ﬂ%%&?%%fzgegeﬁﬁ?tgégn%%bi#ﬁ#aQ%%TégﬁﬁFEFlﬁﬁé is

defi héd by ¥he LéQudedrmed diantherexubuiar oft the pedtiens 13wt ames j oi ned
t oget her , lLder, bolt. 430, Referring again tqg FIG 10, hydraulic
23 flt]'gi d lgé%gél %gt%r i%(%g:{h&r%%%‘i cﬂr%23 (..h%tm?/fQFE}l gf SETHLES] FESRTRA itR & t he
hub ¥#a opehintgsh432 itmbleudn @5de Whi€he hgad ko S$3@e PN
in F{Lg 7. 26 27 Referring now also'to FIG 1ersvvﬁ|%%ﬁﬁ:é? g%cr%g%s-rgbg%lﬁal

28 virdw ofPFIRY Ebe; Siedn Srews 1149 120d 2142he hab t2bhlanc lsests a?0 1 3st at or

434, 18hi Gig ééﬁﬁélaebnv"ittﬂé tﬁ&ﬁﬂprs‘#‘%ﬁopﬁi-”p@% rtr%%u I egtsrsitc .ot or 436,

to drive the wheel 270. Referring no alsoto 434

const3t s 143 aprgvildesi eddizZi ok si3fpoimt foncthdesiaenlineabist ¥ roferpvenl y
spacgd Sl@t&hé4here is slippage by the annular members 116.
19 | |
20 The exterior of the connector 86 is exposed to the working
21 fluid. To prevent working fluid from corrupting the
22 connector 86 and the conductors 125, various O-rings,
23 - collectively designated 144, are positioned at varioué points
_24_ between the inner and outer surfaces of the housing 105 and
25 the'inper surface of the intermediate section 98, and the
26 outer surfaces of the tubular sections 112, ‘136 and 142. O-
27 rings 146 are provided to hold the split shell section 143
28 together.
29 An electrical pathway from the lower end 148 of the connector
30 86 may be established by separate conductors 150'positioned
31 in one or more conduits 152 in the inteérmediate section 98.

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



28 1 punched or otherw se cut out of the internal circunference 2 thereof.
A stator winding 446 is dispersed in the slots 442. 3 For sinplicity of
illustration, only very small portion of 4 the stator winding 446 is
depicted in FIG 12. The nunber 5 size and spacing of the slots 442 as wel |
as the nunber of 6 coils and gauge of wire for the stator winding 446 is
|largely 7 a matter of design discretion. 9 The detailed structure of the
rotor 418 may be understood by 10 referrf g nowto FIGS. 10, 11 and 12. The
rotor 418 consists 11 of a cylindrical nmenber that is provided with an
ext er nal 1218R#FaraBfothepsmovaghobh 1gusilyr Slawarditherounent dhagates 13.

458 arg di spo . ghRets r ined dn the slot 14 454 b
interfgrenég gﬁ% %%Qgtgﬁrgﬁk r#%% %8§§hgﬁgﬁnigiﬁnﬁﬁkﬁP % BQth?hgoﬁﬁFﬁY

di anet 8r obft tiee nagokt $0458pafivdnothe 43¢ ikhid Neduingg as6ePieat HOHELA64
t hrough which the nangrel Eorti%n 17 422 of the wheel 270 is rotatably
posi ti Oned BThERY ot BRA418 POt &lypuEaNieibd & dtnitde eftgnyesi o Fas hub 254

and t ost heg 18 Wheet 248 1 Thugcirsitacronl ek { | hoDeay | 468 20
and 472 pos%%?oned %etmeén t he outer'annula?ﬂgﬁ%?g?éggigg %%g %ﬂ*ﬁgg of the
rotor 418 ahdwnhinsehe obndedt f6et.h . Awewer helRP dubl Dod. atvieddi wida,

i nner Qall_bearin 484 _and. 488 ar.e.2 osi ti.oned between the inwardly
faci nggann%?%’fe%hggﬁcggagéhffea &‘iAQgYEF'qabré‘Yr g?eoronﬁéjﬁrfaoﬁ%ti ng
outwardly t¢esdngreprguisd 2B suef 2688u20Qs9nd 5304 of the mating halves 426a
and 426b of 26 the wheel 270. The outer ball bearings 468 and 472 are, 27

prevenPed fromsliding off of the rotor 418 by pairs. of snap 28 rings 508

and 512t S .jn._an r ,sl fiormed in 29 the outer diameter of
t he r%?orh§%§é£§$£§?%§g%hbggl%gggrﬁhgghéol%éfﬁﬂﬁéié%feﬁ%??ﬁ%@e%geﬁsfrom
si gni tlcanjoifmed| topvkaehhtdtmediatieveete ithe 44010F 4l 8iveppag@sitel v

faci ng,annul ar, 32 ggulgers_516 and Sé formed in the rotor 418 and the
mating2 ZﬁeitH%Tvi 4588Taf8 APE6LRENEePEIGHSE R the riubewyediatae 2

wheel 1370. s&ef i si2aspnget @5Be deser ihedr-imBadetal Ishal QW . ddey nnul ar
surfaces 476 and 480, and the respectige i nner. j;and'outer r?%ﬁ@ag% ?he

out erlfal | S@ebiomyafl 168randed7diametsrpl 60 dddbniddf iares|dn ppeatdly
Crosslgectfgging annular shoulder 162 against which the lower end 164
16 of the intermediate section 156 may abut. An upper annular
17 shoulder 169 of the section 156 is positioned proximate the
is section 44. The intermediate section 98 is coupled to the
19 intermediate section 156 by a spin collar 166 that engages a
20 set of extérnal threads 168 on the intermediate section 98.
21 The spin collar 166 may be rotated to establish a fixed gap
22 Dbetween the opposing annular shoulders 164 and 162. The
~ 23 overall joint between the intermediate section 156, the
24 intermediate section 98, and the intermediate 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. As 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



@ 7 The conbination of the stator 434 and the rotor 418 is 8 intended to
function as a three-phase brushless do notor, 9 although an AC notor may

al so be used. Power switching 10 between the three phases of the stator 434
is acconplished by 11 solid state switching positioned in another portion
of the 12 downhole tractor 10 to be described nore fully below To 13
enable the notor control circuitry to properly control the 14 swtching of
the power to the various phases of the mator 15 436, a Hall effect sensor
524 is positioned in or otherwi se 16 attached to the hub 2S4 and is

desi gned t@-sease16BeaPESIdIRRCLE R KU RS BERFRRERL 44TRGNRY S 528
coupled to the rotor 18418.1920The detail ed structure of the wheel 270 may

be undérst®®d dgeegpeter theg copguct o GE.re®, 190 wathid, thle dorduit 152
magni f i,ed22det ai | edyi of the portion of FlI 0 genperal | y23circunscri bed
byt he “dadlieh BoalebssHrAng ar Ry Gras oM oldand A25R5F e TGS 270
i nclude | nwaedl y2paabeqt,i ftheanfitledimdlidte S36andondost Rat slanedd i 00 {0s

annul ar flat surfaces 54426and 548. The extrene radii of the mating hal ves
426a aRd274P6BY afBPr 60 dedulivlarr Hevsina rlk4 i of shef wbeslsswdariee SE5B2Svhat
ar edesignegd_ t . LLy.en e . [ C of 29t he wel,l.bar 4.
Labyri r?t h %%a?géggg'gggﬁt&%%%ﬁég%r oévelq”g:glﬁ%t)%%%ve%ﬁ?hé %& Pnéjoslulr t gzcdéos‘ of
the tractiDheswhéatemodn? eanddlisq andttherrst ase¢cnsed Awb i2%4.1RadAtéeod ©F

t he wheel 270 3% relative to the hub 254 is facilitated by ball bearings
568 30 1tBRJE59SCERSE LaPOWSEs PECTIER i413 PockBt IPEEFEE Mttt s wkad

tracti @n sycteces 552 %gl %5_% nd e dye factRg appuhas- 3 %r?serf%f}w

formed 'in the hub 254. e transm ssion of torque fromthe rotor
to t hdOwheand62080andy the wider sodddinsy 206Ff exnd ng0RAowreo iBle@8ickl, i and 7

13. A_reduction_gear assenbly .consisting .of reduction gears 8 576 and, 580
is poditi g%%%lg‘:ﬁ FRe2B0 & UPEF1GP e D SETHEGRBCS FREEHOD 05§ RRd
reductizon gie@r sp3#A6cand 2380 6 eblrSithad alid @ | Y THentikeamadh By berpest

seen in FIG 11,. 11 which shows only the reduction gear 580. The reduction
gears 182 8D Qn¥ings g8 .c#Ai Ré4reridrs 2Watapdodrlearst rovyides 130 .

W th raspegtizve,s I, rt 86. a 4 t ' e at
t he o&%er %%aaﬁﬂuﬁgélgﬁﬁg%ggéagﬁﬁﬁ%SZ.fﬁ%:wﬁ‘é%iﬁggﬁgg gggfxéééﬁ;q%g%ﬁand
586 alé debeéygbd thakedi Jist lshowa Mrakererwiath gehe wheel 426endbltiees e 254
as described. 17 full,y below. The _annular rj 88 and 592 are held
snugl %18 %%%F%éﬁ Fﬁ‘&“’&nrﬁy‘i’l zﬂ?‘aﬁ\g sU %ee"se%mtg%d %gélgﬁdt FE M9 270
by shiaimk &hagsuh8eiand F0@hel hedIntAideisNEes f 2ba28nBeb0ReRvitine wanul ar

rinmse 588 and 592 and the annular flat 21 surfaces 544 and 548 transmts
t or qué-8f r oReERRLIPEdEBt SepsERugasr SimrEremd B0 eBabhe wheekser7®@f The

flexi Ble 2 nanarTre taeral ™ Fa Pl st Fay e Rudechd i e 001
moveneft ofromeaetbmplicentaryssetectli aprshid¢tdear iings 488wn in FIG. 4) .
21 in the portion of the conduit 152 in the wheel module 19a, a
22 connector 222 like the boot 132, conductor 134 and terminal
23 128 arrangement shown in FIG. 3 is positiéned within the
24 housing 186. <Complementary quick disconnect capability for
25 hydraulic fluid supply is'provided by ‘a hydraulic coupling
26 224 positioned in the housing 186. The coupling 224 is in
27 fluid communication 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 Dbe illustrated in a later figure. Though not visible in FIG.



26 and 472 and the rotor 418. Resistance to fatigue failure and 27
corrosion are desirable properties for the reduction. gears 28 S76 and 580.
Exenplary materials include, for exanple, alloy 29 or stainless steel, or
the like. 30 31 The detail ed novenents of the reduction gears 576 and 580
and 32 the rotor 418 relative to the hub 254 may be understood by 31 1
referring nowto FIGS. 10, 14 and 15. FIGS. 14 and 15 are 2 cross-sectional
views of FIG 10 taken at section 14-142# 3 two different instants during
rotor 418 rotation. FIG 14 4 depicts the rotor 418 at an initial position
rel ative 4.0 the &leabr284andd hFidgaulsi alepbunscthensobetwéed &hee wherd

uarter 6.0 c] ockw se _rotation. .As nhoted above, .the rotqr 418 and 7 the
gal I gearwon%uf? n%%a(%%év'aégi Sh’ cg:d: Kort a‘ﬁ%w%68fuﬁa@ ey é‘lniclﬁb’%iecal
crosssseqiwntal ttesubor chel iRt ovd 2591 ahhetfel @Rb1448sangd gt he bal |

bearing rings 604 and 608 is 10 designated 612. As a result "of the
el | i pti cAirqyrkesertinhivispgcache rBtoringegrangdationblfl mydadipde ri ngs

13 oxber naryar vhe, Aid QBRI ARLTIRE ufed) U8 EGHEHA ItE R ot or

gear teetdetdi<enfsébeibtb 2354 the ttaepfesibe zones 15 616 and 620 across.
the mgjor elliptical axis 612. As the 16 rotor 418 is rotated fromthe
posit?on shown in FIG 14, a 17 quarter turn to the position showmn in FIG

15, the zgnes,AdbeABeand 62Q %ﬁl@l%l??%"‘@@g tag&%)g%e?%ghﬁbr%%%fw

of the 19 reduction gear 576 and the i nternal teeth 20
rot at 8 windraoutee nof othel eilptritcdlcadxiand IRydtewdier condei2t n16duamidorR2gear

576 jtself actuall otates_in _the direction 22 oppgsite to the direction
of r%bat ia(fhéotrh? h%g?gfai‘ %ﬁ?é'.e fife U3 %%.n‘f]%?-eiofngﬁf‘?‘gﬁalﬁﬁove Yy be

undeL st ek dimp DLaBEATbP M4 ineD O ReSRdi DEst 88bh 2624 22380 1H28 @1 ddes- hub
254 and a 25 cooperating tooth 632 on the reduction gear 576. As shown in

26 FI& 1o the eeker 62amasers28' Qi theofobhr bomsing ddgaged Prak th the
[0t OLa &4 LA BOSAL! 99a5N9MG HONPYELa 4RE) ! H‘EEZ%O&%H%E;@g}E%a:% f ot at ed

a quarter turn clockw se a$ shovn in ), “the“Teet %628 on
the héb Zohdwiwes nlb2 ahd 2Q6sdne givsiwheal wabbelthe shoetin 1633uen lyhee

redugti o ear 576 31 hgs_.transl ated thtou a small angle in_the

counﬁér c{lfo%QW%gb%ZgﬂPFaEfﬁéﬁpgT : SRR ‘82 EBGgF‘@P-S&' ed okl Mot on
of the gErdisdushi 8AAJEBLVR!GHE JESPOBNE2b8, AasidNghen’ e¥elseli on of the
2 rotor 418 is function of the nunber and size of the gear 3 teeth 424 on

t rrmrte) kib 252 BHng heot Baehloggisudighicky o@réééﬁﬁhg'l@.sr;l nAéznoe'ﬁéWﬁJIlamy
. i . ; )
Coauir o e St 88 GeAtthardn (08, DaRe LRRHD 1 BN eA <

arr ahgengregkdde FTromdportipngeat Fi6 vidhgitthidieadphodeismabely ttie t eet h
548 of, the .rotor In this_way, a 9 speed

oA ol o A AT el S Bl anhr ) 8

21 '
22 The detailed structure and function of the wheel module 19a
23 may be understood by referring now to FIGS. 5, 6, 7, 8, 9, 10
24 and 1l1. 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 19a 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



.10 obtained for the wheel 270. Qther reduction ratios may be 11 obtai ned by
varyi ng the nunbers and sizes of the cooperating 12 teeth 424 and 584 and
the dianeters of the bore 414 and the 13 gear 576. 14 15 Several variations
of the gearing arrangenent between the 16 rotor 418, the reduction gears
576 and 580 and the wheel 270 17 are possible. For exanple, in the
foregoing illustrated 18 enbodi nent, the rotor 418 provides the torque
input, the hub 19 254 is fixed and the raduction gears 576 and 580 serve as
the 20 output to transmt torque to the wheel 270. That conbi nation 21

resulis iihiolal1pn: ol rtfe ECUueld Ao Ss B AL ¥80a00a230bNg heel 270
in a direction opposite to the direction of 23 rotation of the rotor 4I8.
However, posHnhicmedr hat e Bdoexems dormedoth nelne , hoheingt dB64aB8dnayeser ve

the input 25.with th i.val ent_qf the af t i oped. i nt er nal

Coet 26 SPHPIRAI R D BBASHEY ded 1) & BOYSbr Pt SERaFPgBarot et h- 27

coupl £d i ddearhpetotifabar ebaked md&&&?r@e@iwcyﬁmna‘@sbhe 2Hel BRHL .
StO

This alternative enbodi nent may be under od by 29 referring now to FIG
16, whi c?3% bs seeevodarl vieWw &f bw13n 3 tthrowdhtweight elmateierdnpl ary

Thodiment ottt o ' e entation to th
o Sopri ittt Sng' Ehnthydtal (3 % P e IR TLNE 18 BRRRTNE h8VRED oy
33 1 desiggriit@esbPhdt \lubragaiciocsi alo At Wwhesll hassesbl hbessbakoand 488.

Rel atjve rotati onal novepent between the rotor, now 3 designated 418 and
the h¥b eTLIRI oBPHeBLBP &DEILC 4 Dedthieh 68 PoRiEFBHEELLELRMeRLaN
annul gr I 4 £,0 ' f@g% n : uL.der 4 formed
in thg hu 6‘g§é$? %?%%2%?%95825%%?%3%§%% ro ?ﬁ%ﬁ ﬁ%%:g%%?eo%gﬁhggéheel 7
270 1@l attihee whee¢heabhabmBiy 208hdnaldubds cn lystar25aovh8tdesi ppratrede876', is

flip;flopped fromthe_orientation 9 depicted in FIG .10, apd is provi ded
vm:thlgn é‘PJIe'i ea%e?r%fzgé ggﬁ s 164 ®1af° %n%OTI'I‘u%‘Ft?‘ér nEP‘@.Ph"aﬁ akRul ar
rime22 blg hat Hearsnagaknabrar1ayt W Lhd f Act &0ché aboanpybar sadlhasg 12
656 of the hub 254'. The S-like folds 64§é$rOV|de enhanced 13 capability

for P exdEdf 3 neodedubli 8nlgadr SIrEinmdees |Yort 18 aagushdr eénon@eehdngt h
of the geay éi@'pi&ggrs% 53% 19,415 $ o dg%%,ef_ﬂgk gear okRELNEG0 of

t he reduction gear engage a cooperating se ntérnal géar t €eth 664
f ashlBnedelrs maainahukhe dewesr Aifadmtohasha lyeheazahl g56i.r cohar haboss18

tj d i des_t | functionalit the 19 int |
Lot o A2 P ARY 15 RhBOBBFE TERRER (Y i D% BEReh 26 RBRegfng The
i Il usyrateteeenhosas®ply 308 AaALAERS a | Sodde PHOVIEd1 Wy aRaanpy! ar

menber 674 that is secured thereto 22 by a pair of snap rings 682. A bal
bearttg 68fatakhyigbgcuzegospt thitediWete s ieesr tbedr moyef fodlyf t he

havker RIS Ehg SRRl Beehly ofof LRGSR L0088 HELPR G
t he 2@l | dmwardTg thagsisSpisntaldy arenmpravediecto wihd pivd% akhi pascat
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22 a leaf spring 286 that is coupled to the pivot arm 248 at one

23 end and bears against the upper surface of the hub arm 278 at

24 the other end as shown. The hub arm 278 is also a forked

25 member that includes two tines, only of which is visible and

26 designated 288. The wheel assembly 20b includes a wheel 290

27 @ that is substantially identical ﬁo 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 ig a

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



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
menbers 674 and 678 and the ball bearing rings 32 688 and 692 in a manor
|{ ke that described above in 34 1 conjunction with FIGS. 14 and 15.
However, since the 2 reduction gear 576" is fixed, the rotor 418 and the
wheel 3 270 rotate in the sane directions, 4 5 In the foregoing illustrated
enbodi ment, the rotor 41.8 is 6 position%ﬁ inside the hub 254 with the
stator, 434 positioned 7 in the hub 254 but external to the rotor 418.
However, FHE -8 Ar¥angbeedtiadhyvbewf PEpaf boppedn BIEGLhE Hideistgmtes ehd
sect i gnal wyi rtj f an_alternate 10 enbodi nent
i ncor%ora?i\ﬁlrlljg\gtﬁ sﬁf‘?i p-# i%%%gdggg?agag%ﬁ = PRV t FFM 245% o TR tPHvar
view &f sami @4 Persperevidedswitl opfosdd ahkFewsh sanlynd he Qiﬁ’?rwlﬁfélt;i on
of thg1 wheel assenbly, now 13, designated 20a" is illustrated. In thrs
embodi*ment SSRGSV EtReHRS How desi gﬁét age48grmeds lggalimgpdsi td aremtt i@l t he
hub, E5 n esy o r he or, hoy.desi gnated 16 418", is
r ot at abl ygglggi ﬁﬁgédﬁgrf%%ﬁpdn{ﬁgm%%at %?5434&8%n51fjf \rgc?l%atlgbl%?gu rfed by
i nner éandpasE@gehdiiatheamngdowR6rhd 818A6:h704 and M%otThen A AI&hesS
again7supBIied i.th a 19 pluralitz%of er manent magnets, now desi gnated

458" . "TheP960fdr Hal eI YAYsP028Rd 704 AFeshewal iad phantasi timn by a
21 paigr ofFisly.i rd Nisa M2 apga 7 h o] " d . especti ve

rings 720, 724, rEj;'28 and 732 of th%‘@%ﬁ%-egsZeéﬁ?ngégzg%%g&gﬁ’d‘% “éllr%gh again
provi ded RPEE=Sa3 14 1304 i T4 troskich shaften3dB ahd Bppe ates@ddwes above to

enab ex nal te 6 and_740 of the, reduction gears, now
desi ggat e'gﬁ%%'h%a%ngdﬁ%f 3% E)Zzzhgla%etlérgmhﬁ?’ei RPEPRaP26eanc &5 f GFhrd
in tBa 27borest 300 sind @ 8d of hé henabes! 3150undeshanated d%.é%'hcfﬁ%r?égd

h the 29 enpbodi nent

desc %bed ab i

ve.in cqQnjunction with FIG 16. As wt
illu rat%‘dc?‘n thag fﬂmé Lt 91394 amd pPBvauessiodpbpyt recedwedanih titee

wheeh 3270poi-e6eiaves dhe Ot : 1 Or il he redugtion gear 76" and
580" remain stationary. 32 T elir%tgﬂr!lg4 af@%dg%éegﬁﬁegggz?'ﬁe%&ﬁa@ i*h the
samel4 3creceived in the bores 302 and 306. The pivoting joints

15 Dbetween the tines 267 and 268 and the pivot arm 248 are fiuid
16 sealed by inner and outer O-rings 326, 330, 334 and 338.

17

18 The routing of electrical conductors and hydraulic .fluid to
19 the wheel assemblies 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 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



1 direction. The position and speed of the rotor 418" may 2 again be
determned by a Hall effect sensor, now designated 3 524" and a -
correspondi ng set of permanent nagnets S28" 4 nounted on the rtotor.418". 5
The structure of the electrical power sub 2la may 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 2la 9 has a tubular housing 752 that is

t hreadedl y engaged to the 10 wheel noduke& 19a at the threaded connection
753 with the 11 tubul ar section 206. The housing 752 has a tubul ar jacket
12 754 theha%éea% Bﬂﬁgbtzléd'a@f?:i Imt@% I&ﬁ@uf@dgebydﬁqq@ i JEpde
housing 752 at 75 he joint at. . is sealed with 14 pairs of Orings
7B0. 2EIearmscaﬁ8aaddh966adhhpughﬂngﬁ|Ww3nb£ebenmehﬁ EMGIWH@EI assenbl y
19a and the electrical power sub 16 2la are provided by one or nore

el ectrical connectors 764 and 17 hydraulic couplings 768, whi.ch may be

SUbSt@nt'ﬁétértﬂﬁgt iagahnlﬁot *IG® CORARTI®S 2B WAdeNydsawhim icuplddg 224
shown in FIG 19 0 21 The structure of the electrical power sub 2la

maybe522 ande28bostebgeletsimaly movatd &|@s: 18f- the §@Ot224én($C22tth3 and
|n|t| 0o FIG .18 he 52 includes severa tud

space 5#7‘? YﬂéaﬁéédZ&E ﬁ@'lt& %% yoﬁ§3m79721n 99%€a5hdw'}§%1 g‘ﬁaraﬁ

sets of af'@b"@f £hanges1¥84e 188 t26 pRbed % h&aEBwARYI BY £ 3 aHQEK ﬁbsorbl ng
- elastoneric ring 796. 27 As best seen in FIG 20) which is a

cr oss8secThenaxt¢nshonf and FEGIQEFHQﬂ«ﬂP¥ﬂm%%%t%%nPZQYEQthWH Be fulobid

di ameger fgrﬁtlaé’&‘sp@lﬂ%ng d; 89 2y aRiga | i) gé%@ﬁ”%@?kﬁ \%L%%‘}%'

cross 30 sectrions e a ser ed spa
magnaos 8@®6forAcashngccmhgamoHoaamlam m@uﬁ&e@OﬁmttheeﬁamA3643&tldﬁéﬂng
collar locator coil assenbly 804 is positioned around 2 the section 776 and

i ndutti veP§d coupI BHTt GORREC éfts 1§GoLtex /Y ?9 EhecPivel 3F8nertd s

supph bed &Hetﬁfndeeeﬁﬂel:elbha%% 2hl0pthasd herii 3851 D peRGUGLRN &%@@m
in FIG 2. This I ncl udes the electrlcal power necessary to power

wheel37 m@b@te37&9a919haandh@p®ﬂat@O@W@QannLdmﬂﬁanobnbohdthe &hter act or

is des rabl e orat an onhoa 9 su nsure that
Sovet b & ROTRY i Bne 758 HRERERY T TrRD YIRS BV 14 BERT S MR Wl
assenbl i esy20ad@Pi heyans sndehatl isaphdiendEtEngi age soheantof kaw egndiddans.

In this regard) a 12_power sup é 808 in the formof a glurallty of
peripher a3 7Y %@d S%@&@@dwéﬁﬁaépt r&1882 582 pctie i onkasi hefBeanre THERA ng

752.7 34 Aété’éétféoséﬁa 593%@ t%té YRl clid,S HEross- spckigral view of 15

FIG 18 taken at section he“capacitors 812 are 16 connected to a
condu8t orcommemicat iohewtbhduespets2ve ayalriulconneendont shas0i sndo3 54

V'S'Pge 'Fv151 e1§nOﬁIé? lb?. . The conduits 350 and 354 lead to a
20  hydraulic reservoir and pump Eo be described below. 1In the
21 illustrated embodiment, the working fluid is hydraulic fluid.
22 The wheel éésemblies 20a and 20b are moved from the retracted
23 position in FIG. 5 to the extended position in.FIG. 6 by
24 delivering pressurized fluid to the left side 390 of the
25 cylinder 370. As the ram 364 moves through 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 housing 186. Depending upon the inner diameter of the well
30 bore.14, one or both of the wheel assemblies 20a and 20b may
31 come into contact with the inner walls 240 of the wellbore

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



18 addition to capacitors, thermal batteries may be used. FIG 19 21 also
illustrates how several hydraulic conduits 226 run 20 throughout the,
tractor 10 to supply fluid to the wheel 21 nodul es 19a-19f shown i-n FIG 1
22 23 Referring nowto FIG 19; the electrical power sub 2la 24 includes '
printed circuit boards 816, 820, 824, 828, 832 and 25 836 positioned in
various annul ar spaces between the housh g 26 752 and the housing | acket
754. The spaces are separated by 27 flafiges 840, 842 and 844 which are
provided with conpliant 28 shock absorbing rings 848. The hoards 816, 820,
824, B28piretg3xrmaritB36s nuglbeafabliccdead 197 PSFyaFhaRdt 8p1 &3ad.e 30
~pol yim de, ceram-c .natery o] r | t.abl s_of.31. ¢

substT at /héii tw&?ietl Boar ¢ nﬁg?i gp?. %e 2§t)ﬂnptg$1)en %éﬂg%da fséggliflcant

i nt ergonReEhinenS o dhei hpaf §5c8161e820) i8Meg8PEriB8iasand 2h83Gelilbome
described in nore detail below. 3 4 As shown in FIG 22, the housing 752 is
provi4led Mi @inda SEheRdireEd BRteFayoRs GMBBOtefatOpEhoi WBESAn annul ar

chagQng%F% %ﬂ$¥égx§b$¥g%§é§?5[or of the internediate section housing 7

' 7S e nterior o acket 754. The annul ar chanber 8 856 provi des
roomgo accommodate one or nore strain gauges 9 860, 864, and 868 for
measuring tensile, caonpressive, |10 torsiona and bengigggstr ins on the

u

|
tractdr LP TRE&EaCt dihetwheatSoarserdidrs P at#afn] mgEHe 864, and

868 e {0; ane he b s 8l , , 3
536, e S e B e e o'l e e r e e v er

porti®n &FvandraRIGots physesabiryzednfdetistl i dddivsrednter Ebe zdotdce of
the jnternedi ate section jacket 75 16 _Furthernpore, .the gauges Q, 864,
and g SrEeaddd s éi?f%’%%?ﬁt éa % PG sﬁjr‘éjr%gléuB}‘E‘BngE?Smt %g‘e

i ntefyredihalre $86ld b d &t ackst c¥d4nbbat 3mogo ot henvil seeCORbaph date akhe
readi ngs. of 19 the gauges 860, 864, and 868. This is acconplished by 20

physiZal B#8cdmnédrs il xeet R ePRPOSAtE §ecthilvh #BLIVAG3P82 to 21. the
housjng 186 of the wheel nodule 19a only at one end, 22 nanely at the

t hr eaded connection 7S3 shown.in FIG 4. At 23 the lower term nus of the
housiqig o2 tiden drrdidemeRrst b€ 24 1lHodsrmy ¥52 asdnwamshd éadedlybengaged

with the wheel nDduI%IZS 19b.'Rath§r, a slgﬁggg %OLEé ?t 872 i_s established
and ¥8 s&oUedefydinhtne IRAECTF nBFUsEER 5P & Cof “CFritfiYSse8fs 876 27 and
880.1AcCc@rAiiNge ¥dde ateat OnaL0BRl dppadedrite 28et pasni htmadadir ectrhy

t hrough the housing 752 and | oads 29 applied to the jacket 754 bé wel | bore
pr esklr e apotdere va3tiatiees anether teanamd (el Endest pyrapgenenst (apPk

SRS e S, T S TBE, P00l B8 Ul 0B BT LaoRf e 2
19 the pivot arm 248 proximate the hub arm 278 of the wheel
20 assembiy 20b so that additional torque may be applied to the
21 pivot arm 248. The hydraulic ram 364-cylinder 270
22 arrangement may be replaced by an electrical motor 400
23 coupled to the pivot arm 248. The motor 400, represented
24 schematically by the member 400, may have a rotating shaft
25 connected to the connecting rod 374 via a worm gear, or may'
26 Dbe 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



38 1 to nonitor the pressure in the bore 84 so that the pressure 2 effects
may be electronically subtracted out of the strain 3 gauge signals. 4 5 It
is desirable to be able to sense the tenperature ‘and 6 pressure of the
hydraulic fluid in the conduit 226. These 7 paraneters provide verification
of the condition of the 8 hydraulic fluid, as well warning of an inpending
overload. 9 Accordingly, a tenperature/pressure sensor 884 is positioned 10
in a chanber 888 defined by the housin@7S2 and the jacket 11 754. One end
of the tenperature/pressure sensor 884 includes 12 electrical outputs that

are goutedh {p.pne of khechoas ds Big 13, 8205182421828 BRLA 01 B3P shown in

ot | 14 the sensor 884 is coupled t ubstantially
seal 2d chwpibeded S5p882orAadonhensaifl nphei whee 1886 seslkdiysp@sed iThd he chanber

16 892. The chanber 892 is in fluid co ni_catiqon wt he 17 conduit 226
via the %%Wr%’é.loﬁ*hg pﬁh?oeﬁ?%@f%%l H Eiugtc&r’roi% Qa@ét*a”ﬁé“’ figured so
thatythe, repsive,08 ghitheneside K thei+d BirskoR 836drs Brsantial ly equal .

Thus, the pressure of the 20 fluid in the conduit 226 will be readily
sensgéd lBsddmeblbasor0212884. Fheerlalb s28h sonsdsss8@f mmr iyey pguwslitdsoned in

the 22 tract 0 t it i h i duits 23 226
0% TS At b SPa e B rst JBY el priEalal Bt B triSts
infl4x ofpgebkds afe%hh%lgrmr@@%whﬁa B ghhr@umwoaze Bk iy anighat e

and danage the sensor 884. It is anticipated 28 that heat fromthe fluid in
t he ondwiehixeed wht| othgmatige tforred hEntputde Rathade bad@s 892aamac hus

to the 3 e t Lp K . r il ti |l ag 31
bet W%en 420% ;rﬁgéegi ﬁéﬁ?eégér%ghger%%}geﬁ{pe% ulr%kji%ﬁgt \r%dé)zfal %?1?%% atq%e condui t
2261@and fdine@nsi Dgeochubhasa ¢hangescdytthe bo38 %lgedisowhi%h alhicko ne
lag is due priparily to frictjonal 2 forces resisting novenent of the

pi stbn &P 1374 R FRRETPREd Z8h &t edt 92t REt hBet WaRSHer 78 aF&at from the
flujd if}:&é}{ta“b%}mﬂ%ﬁtéé@ tad e dd Wdehnihherehagher tgx%z'in Q{’rntanpes of 5
sensors enployed to sense tenperature and pressure are largely a matter
of Uesi groxk stxetobnthenhab ebdmlargircular 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 more detail below. The wheel 270

17 consists of mating halves 426a and 426b joined together in

18 the bore 414 by a shoulder bolt 430. Various well know

19 fasteninhg techniques may be used in addition to or in liéu of

20 a bolt conhection. The mandrel 422 is defined by the reduced

21 diameter tubular mating portions that are joined together by

22 the shoulder bolt 430. Referring again to FIG. 10, hydraulic

23  fluid and electrical conductors (not visible) are introduced

24 into the hub via openings 432 in the hub 254 which lead to

25 the passage 360 shown in FIG. 7.

26 |

27 Referring now also to FIG. 12, which is 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 rotor 418, makes up

30 the electric motor 436 to drive the wheel 270. Referring now

31 also to FIG. 12, the stator 434 consists of a cylindrical
32 core 438 that includes a plurality of evenly spaced slots 442



7 enbodi nent, the tenperature/ pressure sensor 884 incorporates 8 a

t hernmocoupl e-1i ke el enent, such as an RTD, and a strain 9 gauge transducer
for sensing tenperature and pressure. 10 Referring now also to FIG 23,
~which is a sectional view of 11 FIG 22 taken at section 23-23, additional
12 tenperature/ pressure sensors 904 and 908 nmay be positioned in 13 the
.housing 752 to sense the tenperature an ghressure of the 14 working fluid
in the bore 84 and the fluid in the wellbore 14 15 (See FIG 1). The
sensors 904 and 908 may be substantially 16 identical to the sensor 884. 18
The dét ai p@@céterdjc@nr@tberwaéevautoeslth@ér a&hq ATERING h Sl TP EBRRECt t he

hdior & 0ol FH or g RO AT o o T G S et e e o +42

cross-secficenadinhBre ot yt be hyduaulaciz2a, ccmﬁly wrmasrs&ﬂdwrpcbmtfd:m od. The

coupling 768 includes a 23 tubular h 5|n gﬁ%shif a f
Ionglvhdlﬁﬁelﬁﬁ%ﬁ@ﬂﬁWQEdéﬁﬂeﬁéﬁant ?dﬁ%ﬁbﬁF its
upper end e e Rt Q 4 %rse@/lelr a&mtﬁm&e@k 26
valve§$92 dqgﬁa %géft? F%Et%goEondU|t 226. The first 27 check val ve

920 irgl U&eﬁl& | i gadgeablfywnrmealﬁbe' s ett 028 a8inding i 4t &pi$ nfabuas¥d
agai nst an upwardly facing chanfered.29 surf ace 932. In |ike fashion, the
check'bal@emﬁ&F?%c@§d§§5é9§0db56ﬁ§Fl§§6 that is spring biased toward a

chanfeyed surface 31 942. The coupling 768 includes a nandrel 946 that is
32 slidably positioned in the bore 916. The mandrel 946 40 1 includes a
| ongi tadi mMale kixrtea DU8dexrtendtnyef pdmtief inafion 43 ® MEP he WRILEDRECH 5Y956

to convey id fromthe fi chegk val v 0t

924. Hhe ﬁerfslétrq*‘b99%9w4 Pn%iégés?gne:iolr n%cfelgz(z)pen'llq}l%s %%%C ﬁcjig %gﬁtéllég
i ncl udes @5 aPQE){] ESREPELAY ARABER] tha todenip1gsy 9K twi tieran tetterdalo 6
enter and exit the bore 948. The first tip 952 IQH%UdeS an 7 outwardly

pr oj eb%l n@mnﬂmﬂarsmﬁbéﬁ‘lges phach & 3311%%%| | PSETEARRR rﬁqx%ﬂ?pﬁe end
Che bhai "Gad Bretatloblgh. ) SN iR AN SR 2Dfd NN ciSE 55288 NSt

the b dy alve 920, as shown in FIG 24, the fOFtIOﬂ of
t he 114 maadelbPibntestakenaet hedabyulearshmintierr 968 $5Dj At l$1t@ ippeghe

val ve body 976 and unseats.the poppet 928 as s omm The e d 6 is
upvvarJGﬁ y Bvaedhit PHESH aééf"reﬁﬁr ﬁ% e@Wﬁf 4 ar r%h t% 8 i asi ng

of g 984 ROSidd ONgdcibRsirde bheel sR0usimd AHirWi tise trﬁ&ldmémrﬁebreélﬁn
tomard the check valve 16 920. The bi asi ng nenber 984 may he a coil ed

spri nk7 or 4dt2heq'f 17heypbest 870 A§. TR RignPRet s~ JHEE aFPHCH9% 1 Br
0-ri 18 Se 9{1818”2%' 9‘8?&@ \Q%Tghtlh)% & oM@ e HousipoRd2, 19

and t I'MUerror sur e housing 186 and the 20 mating
i nteri®r Wé@ncezm thenheuiusngcismglawm Qtenyrblulbearingd £68m

bypassi ng the bore 948 i e, mandrel and A rev t n on
of hyzff audd 14 1% dpﬁﬁl’ééoﬁsgklbﬁéwleﬁ?l &% “g]r% i on é’e)£I h%aﬁﬁd
coupl3g 4% iSri FRET kedohNla s0RAZ G HeY siehﬁs crsﬂwege@f t bt an nerli ahe
sections to be connected, 27 i.e., the housing 186 or the hou5|ng 752, and

the s22tidni #5486 andadgitioa, bAsEEH RgetPRATERIR 54 ARACEY c®Rfiect i on
29 753, Hﬂbél ; QYLROEE Ok el hie HrMSI AL} Fhcidy | SndSPArBirfaces 492

24 and 456 of the rotor 418 and mating outwardly facing annular
25 gurfaces 500 and 504 of the mating halves 426a and 426b of

26 the wheel 270. The outer ball bearings 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



30 that the hydraulic coupling 768 is first inserted into the 31

i nternedi ate housing 752 above the check val ve 924. \Wen the 32 coupling
768 is secured above the check valve 924, the tip 41 1 956 of the mandrel
946 projects into the check valve 924 but 2 does not open the poppet 936.
Next, the internmedi ate section 3 housing 186 is slipped over the coupling
768 and the threaded 4 connection at 753 is tightened to bring the sections
186 and 5 752 together. 6 7 As the secti%hs 186 and 752 are brought

toget her, the annular 8 nenber 968 shoul ders agai nst the val ve body 976,

t he ppppels 1925 | $268s8atied 2 sepeftiutgbéhed chetk falkveadZ 42#hd oife tieendrel 10
946 is noved |longitudinally dowward as result of the 11 engg enen

bet wezn tifreednriil &r nﬁﬁﬁe??@ﬁ?%ﬁmF?rE@v £9eTb 39_%? Akt FSPNsi f§e
msnbei 984 /! nér%\?faﬁjhguyf%c%g A CORGagho 13 Eihd N RRRRELI481He-

naintainc%héapoppe 8 i'n"an open 14 position while the mandrel 946 is
nmoveds dowmsaralit & thegkbofamhd iomtet heall pb@88ingserdddgiang #7@ @rseati ng
the poppet 16 936 in the check val ve 924. \Wen the threaded connection at
T7 753 i@HQMﬂﬁﬁ@iﬁhFEné&,%ﬁi&ﬁﬁﬁﬁﬁ&sc§9§séﬁac 38%re held in 18 open
positjions respectively by the tips .952 and 956 and 19 retained in open
positions by the dinensional difference20 between the nmandrel |ength and

t he jDi ntrhemksmbithat anae oZ] tist vieeat ¢het poppeds thes ratP038.8 Tee spring

984 ensures that 22 the mandrel_946 npves I |V when
the 23 jdi%ergffe%‘éoi EUE‘FNEI%QHI. 3 S5 HheSh Qfg‘%%l ?’%%%Slﬁip .Sn?%%[*%?ﬁvi des
the aglvanhageaush 28nCapakivtidyy refy P& D¥b db8gusedt r uowea fswitqiiicd v
connecting 27 two ends of a hydraulic conduit, nanmely the conduyit 226, and
28 00 ninetiween nghehshageamdiadifmsPF cbhf chbBkoFalvés i £GP i5desh &Y

s AT LR TR o Rl Ly ptB ittt o v
one p5 t RowHHiiST e Of ribe o2 1alte o d28e scr 9Bddasozer Falllty dfelaw. To
lﬂmﬂg£Ci%§;g5£r€§gu&gtbr control circuitry .to propgrly control the
14 swiﬁching of the power to the various phases of the motor
.15 436, a Hall effect sensor 524 is positioned in_or otherwise
16 attached to the hub 254 and is designed to sense the position
17 of one or more permanent:magnets 528 coupled to the rotor
18 418.
19 o o _
20 The detailed structure of the wheel 270 may be understood by
21 referring now to FIGS. 10, 11 and 13, which is a magnified
22 detailed view of the portion of FIG. 10 generally
23 circumscribed by the dashed.oval 532. The mating halves 426a
24 and 426b of the wheel 270 include inwardly projecting annular
25 rims 536 and 540 that transition to annular flat surfaces 544
26 and 548. The extreme radii of the mating halves 426a and
27 426b are provided with rounded traction surfaces 552 -and 556
28 that are designed to smoothly engage the inner surfaces of
29 the well bore 14. Labyrinth seais 560 and 564 are provided
30 between the mating surfaces of the traction surfaces 552 and

31 556 and the stationary hub 254. Rotation of the wheel 270
32 relative to the hub 254 isg facilitated by ball bearings 568



42 1 surge in the chanber 226 or shock |loading is avoided. In 2 this way, a
potential |y damagi ng water hamrer situation is 3 prevented which m ght
otherwi se danage various seals or other 4 conponents in the tool. 5 6 The
detailed structure of-the hydraulic power sub 21b may be 7 understood by
ref erring nowto FIGS. 25 and 26. The 8 hydraulic power sub 21b includes a
tubul ar housing 996 that 9 is threadedly, connected-to the | ower end of the
wheel rodule 10 19f at the threaded conmettion 1000. The | ower end of .the
11 wheel nodul e |9f includes a spin collar 1004 and tubular 12 section 1008
of thé typaHEstt BT et LRt HeBfgnifed PIFKEY £vdmECD Betwren vhe Qui ck

di sconnec f..elect !%%| a 1l4-hy ulic flu-.d tween the eel
nmodul ?19%%&&% gl ycde?%u |2(: %@%gagugﬁglghﬁgaﬁ&% %gadzlbnyg oredr*hor e
hydrad i ¢ stoudalgrd mMysemddd 2 rangh el rabr2sal connectors 1016 which may be 17

identical to the connectors and couplings 764 and 768 shown 1f in FIG 4.
Pressrized hydraulic fluid is supplied to the 19 conduit 226 and any ot her

siml c lngf% it Al L.Lion in e.tractar o1

necesggri %%vi Si r%gem'snﬁf% @Gpei%éhgyfgoaﬂyafﬁguF}Drg%%u%sl%fo%ea% r{lesel

posi t itoned i trfayn ke 22 1danssicod | Y | yeSeat edgchamber FA24 .i nd he hausd ng
996. The 23 hydrag*ic pu 1020 is in fluid commuyni cation with a 24

hydr adl i ¢ lPesefv SO 1B72Y LAIRFEPBY cBONBASFLHai REl KRB HiIm ISR Hunp
1020 hy ashyl kheade03% oHIS CHANDET 110240 bk e26 1 RO har ge of
hydraulic fluid present tphat f eeds 217&i nlté%\,\%!ﬁkien?é? %ggéﬂc%f t\bg%ufrb 1020.
The r &ser Tbier sti28 tivgre? ® Hrtdss uredeonpensacadsbf 74 pnst 6801@4@® and a spring
1044 .29 pagsitioned _i.n.the reservoir_1028. The backsi de qr ring 30 side of
t he ééanb??lbfﬁfél%lél[iiyed%e&%qaf]go?%&p‘Pae%sl'd? ebﬁﬁgasﬁnp&?s tHat’ is not

vi si biie. Whechestiondl onl§2&Hes RISt n IFe&ONBEDS AL Slet ¢lRICHIAD ddifrs
pressure therein above a 43 1 preselected |evel so that in the event of a

flui d2seaP89 PAA &8¢ area Pl drembret i BhAaFnrravidedessr ond wndwill 3
ek 6805 AR LS EL AR Al OLTE A 300 Y k10
i nteldal werkingteofatt ide cadterr i ldhndher | piws 88d ahdt B@2hydrmid i ¢ punp
10201gs nggggga Ogear teeth 584 and 586 are designed to mesh with the |

16 internal gear teeth 424 of the hub 254 as described more

17 fully below. The annular rims 588 and 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 annular flat

21 surfaces 544 and 548 transmits torque from the reduction

22 gears 576 and 580 to the wheel 270. The reduction gears 576

23 and 580 are advantageously composed of a relatively flexible

24 metallic 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

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



7 an electric notor 1048. 8 9 To regulate the flow of hydraulic fluid from
the reservoir 10" 1028, the hydraulic power sub 21b is provided wth a 11
plurality of solenoid actuated val ves, collectively 12 designated 1052.
Each of the sol enoid actuated val ves 1052 13 is consists of a sol enoid 1054
coupled to a check val ve 1056. 14 Each of .the valves 1052 is in fluid '
comuni cation with the 15 reservoir 1028 by neans of cross passages 1060.
The number 16 of solenoid actuated val ¥és 1052 appropriate for the downhol e
17 tractor 10 will depend upon the nunber of wheel assenblies 18

i ncoLpormd fask-i the hbe tbactaes.1@0,and emd hes nunbecsof 1vhaeeld 1% assenblies

to be depl oyed sinultaneously. For exanple, in 20 the illustrated
embodi MEHOIFeRBoE aRRAg VERWEY@EWAEE - D d<¥edb| FesS205190i 140Wd $61 enoi d

act ugt edc%@' géfér?gat%hgta 22 4[,S9 Wy %e‘&{ ﬁaghreé@ssk ﬁssegg'cy Qe to

control depl oynent an one to~contr retraction t'hé gi ven 24
wheet assanittys wheordtnglylethe hAydriailtia pares i siibn2tblaay vab teonita n

ei ght additional sql id tuated valves of the t 26 shown and
Goo Bnattir ARE aad ERRLniar boRbETs) Tk e e B82S Bude % nar ge

of  hydr ayf i£ 41k iBY betg%hbyler edst 9 A& d hepshanbere 1024,y 113 fHdd port
1064 that is sealed wwth a 29 plug 1068. 30 31 The Tower end of the housi ng

996 Vs aﬂmadhﬁhltbearpng rypgs32novndestignatt? & chnidnébadebaxet mreaded

pin fype C 44 1 for conngction _to a . ating box connector not
Cho P P b eBP= 1078 P el ade t i RRANES 1y tRCLOeba2FeTuEes et or
3 pogti %ttdlat4ﬂ@féﬁ§5tﬁé yanar db¥rfiag AU shausegr 13074 4 that
abuts the | ower end of the internedi ate section hou5|ng 5 996. The

n

conkéect ides iignated €he.| oheraergsvitt pé m@ﬁuak}xnnn@a drohe-pestdomsect or
TR el foeBt s 08! Bak Eh0TBa3 R nEa S O dWDLLAT S BECEDEY 1580, and

a threaded conneciion a e type evi ousl y descri
in 1he Theardcomsl fagurekarbther bﬁanhet&m@muiumnﬂgnnxcsmeecthans may 10 be

used to link the tractor 10 to an thgg t oo] or, nenber. . Referring back

o .G SXEETNR 1990 of SRbRKPRY PFuFBSt REGHGH 122 t&%aﬁaﬂ%%aaasz t&e
reroiit ed n@leQud ti@ Pyeléétlhl §2pUsP £H20nl3 and N Wwd 0480681 A TBRRRE such

as that shown in in 14 , conjunction with the wheel assenbly 20a.
Bel v t 16 sp@msl 1652¢ro@©roae48hetrn@3 Qor LAgptligad @&ged s 6$2rouAedthack to the

L6, DRI Mg o Lona ok IELE BUBTRIALY gl (! Lhe pover
17 quarter turn to the position shown in FIG. 15, the zones_616
18 and 620 of engagement between the external teeth 584 of the
19 reduction gear 576 and the internal teeth 424 of the hub 254
20 rotate with the major elliptical axis 612. However, the.

21 reduction gear 576 itself actually rotates in the direction
22 opposite to the direction of rotation.of the rotor 418. The
23 counter-rotational movement may be understood by focusing on
24 two cooperating teeth 624 and 628 on the hub 254 and a

25 cooperating tooth 632 on the reduction gear 576. As shown in
26 FIG. 14, the teeth 624 and 628 and the tooth 632 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 position 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



20 27A and 27B. FIG 27A is a sectional viewlike FIG 25 and 21 FIG 27B
is a cross-sectional view of FIG 27A taken at 22 section 27B-27B. The
provi sion and arrangenent of sol enoids 23 1052 for selectively routing
hydraulic fluid to the various 24 wheel nodul es 19a-19f may be as descri bed
- above and shown in 25 FIG 25. However, in this enbodi nent, hydraulic fluid
is 26 pressurised and delivered by an agﬁularly-shaped not or 1086 27
coupled to a punp 1087 positioned in a chanber in the housing 28 996 near’
the O D. of the housing 996. The notor 1086 is 29 positioned in an annul ar
spacel 1088 dus i [HRRY ng7 996nane SFONEGh 13t 8 §inglset aeyplugeoramf dde
annular rotor. r ot 31 Lt L psSi st.at 1089... One end
109l %f Eﬁchb#%$935$1€@€gkégna°&g 6%% |é%%t§g%a% %5 égt%% e nal gear
teeths 42eknl09%% desthseribi D5kl Gnd Hie TheeptmaslO8E r2dpceMiciedasit h 2
a pinion gear 1093 that is_engaged with and driven by the 3 gear teeth 1092
of the r&/ér- 1090 amexeiRpaIgs prbediment o '@fhﬁnhalﬁ’n\éﬁér igapRkoVGgiedhy

passages, .qne .of i LS. S i h ad_desi.gn d.10 - ank
1094 T raRCal ol Gt fn ot s . e R A0 SRalcRa 1 pre o
albeid 7 wdithh N2 afuuit ate@tist 5841096 iilasadi & brrangpmeng ,1@8é |f 8 :
desired, several punps |like the_punp 1087 shomn_na¥ Re Egaced 9 around the
ci r cuhf eFEARE IO IEENOURT RgWIds FRFIPGWARREBFLTECERY APk 8886 54Fhi s
enbodq ne g nat 4hg  nai ; ki | yid

1 ow bor 684 T3 114 e TS HP e e s st ororhe dognnole trast s710%my be
14 urffler speed medefteron nganbw bd BpESoxE,m25edyd1R8.: 1FnGy 28 gasidyan

| schemmt i tation_of the hydraulic 16 systemfor th
Qowritbl ¢ SEERGRSA £9% ARSHHIREIn 2P0 DS PAH o 9Lt AP TARAo8: DaHarge of

t he punp o1R3Q rie 1:? e\?’e{‘éﬁﬂn$>’tfu'le| hehbel®d aH@0sanrds1d@2+hBr @%%Pé%ating
regul ating val ves 1104 and T108 are 29 tied to the discharge of the punp

| 020Ldy tespéctli2fe ayvl et dand vhevddarerengdofl1ibe Phsephédsand the

reg “?tiﬁ%a%a%W%§ 1104 21 and 1108 are set at presel ected maxi num val ues to
enable -t e 22 operator to selectively determ ne the maxi num operat’ing 23
presisure for the hydraulic system For exanple, the valve 24 1104 may have

alimt of 200Q psi and the valve a |lim.t of 25 3000 psi, By energjzing one
or thie ofR¥ET Wﬁg%ﬁﬁ¥ﬁﬁﬁd°§6tgﬁlQéérffﬁz%ﬁrﬁTﬁéwegﬁeb§ WeEH pF&ssure

|1 mie mycRerSah @l e 20808:P81 08" 03808 BSic JHA s8bennndeMal ¥gselldgoand
1116 are 28 nornally closed, and afe designed to enabl e sel ective access 29

t o ithe prespossitdgul atFony sxbypdell10n 1fogegvhrgniukbestgetefl pressure
(T4 BRLRLNES:, SUEM ol D XRbUEE ML A 3L 00, SHBRL) cEhlonuLhe
19 254 is fixed and the reduction gears 576 and 580 sexrve as the
20 output to transmit torque to the wheel 270. That combination
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 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 now 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



46 1 2 The pressure regulating valves 1104 and 1108 are tied to the 3
pressure regul ated reservoir or tank 1028, which is 4 represented
schematical ly proxi mate various of the conponents 5 in the schematic of
FIG 28. The term"tank"” refers to the 6 various spaces

and- . passages. hol ding hydraulic fluid in the 7 tractor 10. To enable the
punp 1020 and the notor 1048 to 8 start under a no-load condition, the

di scharge of the punp 9 1020 is tied tag® nornally closed sol enoid val ve
1128 that 10 discharges to tank 1028 when actuated. Just prior to start 11
,up of the . 20zand t:he fs ; lenej i uat ed
to egabl%sf]l%%(gl |9\5/gr édB'%r gﬁ%tlﬁ{a %%%gl?%%%yf%n%%gglrsﬁsﬁ%%év#hﬁ | oad.
Aftez thspunmrdi20iasd rantanorEl48nd4emeate bap wareh rineninwg;oxnt herwol enoi d
valve 1128 is shut off. A 15 . pressure transducer, .1 is ti to the punp
di schar fe A3 64pEovAREd thig B f?gf}v r &St ﬂr(‘?tv&tde’ﬁ%zy & B otection

agal pst L b aCaly ?Bi’sii%ion-gﬁe ddapsaucan hh2lias deshaned teyelsenkd the
pressuré deltvered fromthe punp 1020. Simlar flow 19 restrictors are
pr ovi deddtasr t41E8 ot Ard Enamstudenrs shobéded dddcficagddrwheédtutare not

hown f implicity of 21 illustration, 22.23The di ft 1020
o 50 4940 1 o ePBFRRER, £ SR HR Y] BOVAes TCURTER A (919 S e y

designated) 1052, ¢ peaFLG 22 angh Hda  28. feneladic2lere gaart hehow
description26related to FIG 25,there typically will be two

sol edoi dxBianased0526f or isadhilied] 1 empaHe from theph amientafiqn oupi ng28of

nmodules., FIG_28illu at t he hyd n hon29het t he
sol enoi die‘%%%glbgzﬁ'; d ﬁﬁé é"‘é”t&]ua él?%kégﬁég%iﬁtgﬁdggly:%‘fr}\(ﬁ(reé]%ro&fangenent
thaigi s s £al by bhekegdl tthdther #brehaneduhe 2% anmeli=as enined 52

schematically. The32li r]k-las%gs bet ween t heother, pairs of solenoid val ves 1052
andll 4thet Re3TFedgadnishe afh U WRBGHEs LaoR a1 §l ady @rgeyiak eaface

schesat | I i hant,om THe fOl{ PWng ~deSsC it i faed diitarsdenoi d
val:\?/%g 1 Z%foa%llq%dﬂ%l% ?%te‘l actuating ram 362 and 4 cﬁbnder 370 arrangenent
Wi 113 be ddgalst Y atyvéoaf flllexuateherf Slpai reduttionegeiad 616/ e irkdEs2 . 1oHdh

sol enoi d val ves 1052 are_. 6 nor ly. closed w.th o uts tied to pilot
opetat e&r@ﬁe‘%ﬁ@%’:'@a 58? if’\?@tg’nﬁl%lﬁ? ?ﬁ@‘rp'}gh P’o%%‘% %’H e Yal ve 1132
i s Pscoytpeh t 0 drhdepkey riwdr 3dd: te8€hlEdd Ufathecodaddtiich tgead the side

390 of the cylinder 370. Aretract line 1142 is 10 coupled to the output of
t hel@€hesngade ea 1¢@2pgna tiaed st R% intesnpfle 9sPde tBSA 16 G & aShiongst

370, ., \Wen the id _ t he Vi 1l I Svrnaa
eneJFZ:]i Z€ {] egrg%ﬁ’ggg%vg%\%%é%ﬁg%%gnéggngbIg%%%g:%%i&i}}d%te%{?% gdv# i%r}:toé5 St he
si des 39G«ait ide dAdcpirondeles aick neamet geneaml3E4ncd idma lrditghtas Athet he sane

19 internal gear teeth 424 formed in the bore 414 of the hub 254
20 in the foregoing_illustrated embodiment. The rotor 418’ is
21 provided with an annular member 674 that is secured thereto
22 by a pair of snap rings 682. A ball bearing 684 is snugly

23 positioned between the éxterior surface of the annular member
24 674 and the interior of the reduction gear 576’ proximate the
25 gear teeth 660 thereof. Both the annular members 674 and 678
26 and the ball bearing rings 688 and 692 are provided with an
27 elliptical cross-section of the type depicted in the .

28 foregoing illustrated embodiment. 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



15 tinme, the pilot valve 1134 is opened, enabling fluid fromthe 16 right
side 394 of the cylinder to flaw out of the cylinder 17 370. The pressure
of the fluid in the deploy line 1138 is 18 sensed by a transducer |146: An
accunul ator 1148 may be tied 19 to the line 1138, and |i ke accunul ators
(not shown) may be 20 positioned relative to the other sol enoid val ves
1052. 22 In the event that electrical p r is lost to the downhol e 23
tractor 10, it is desirable for the various wheel assenblies 24 20a-20i to
autonmatically retract into the housing |6 of the 25 tool 10. To enable
presstir e FPRPPRATLA™ e tdefIIGR ankt ¢ et ? act HPVABEEr1138ngRdERE42 to vent

in the evens,of ;1 BQ 7 0SS, ; . e 2 led to a main
return to utaJﬁE Y\?r%g%lfg%sbyléat%a%%&'o?t%%g%i@/gl '\%%g 1%&% %%11 ﬁ]ﬁ? The 29
returd t®1@nkotane ihS@hiesS damed directisma®l | y open sol enoid 30 1162, which
is, inturn,. tied to tank 1028. If power is 31 |lost, the sol enoid val ve

1162 il | open, enabling fluid 32 pressure in the lines 1138 and 1142 to
open §he fllecke VaLYESo1 548 31 1kiad- AUl Wbt tUITP: 1 ESEFr&glg%hti%ngbl I ng

the wheel 2 assenbli@&s 20a-20i to retract manually via too

Opt i ofal Inesithboghdnonsibdewmthe b 2HV64 thaytive spatog 43bi psedttioneel r act
to aid in ual rgt ég;t 'bon. 5' 6 Al\imai n .pressure reduci ng val ve 1166 is
tied (o tb HREcRUPGRDS BRL FECKRAFLOZD Wi (TR [ biir t HESKSY Rl 351052,
The 8 pr esstigéReuei RayVakve 1LEAGlicpRat. atridie IpXimugsdestEgd 9
operating pressure for the solenoid valves 1052, and is 10 provided

primedi | yvertiomatkupepr esstihe nepeEmitanyideviak am altehraceent the

sol i d VEeSs 2.4 116 f.ail qr. otherwise 12 Lose power. A check
vol ] At 21 BR0 bR L L Poden R BB b Nt OB
t ankipressuries t® bectdorant ed e oxl biefi e pardprise 18essandigcongdui ts on
the inlet 15 sides of the solenoid valves 1052. This is desirable to 16

avoitf si ghiFheuak ert¥sthe HPPear epntdion iaf thwsevResl oagsamblynesound
condiy t s 4hat CeHLn»AS oA 4 | fa Pl €SSUNS, 4 Lld-up-in . tank
1028LgdUe to ﬁ%@%@egg%r egserl\ggﬁ%tttgraggdi'g ?ﬁymﬁﬁ]{o%égﬁe%& 2'1£$§e _

i nt erdal stiatewr t ryowodeshgndowdhdiBd "t r det @galith s bei @2edintier sheoHuby

r ef rgi ng now to. Fl CE 1 52" 18,, 28 and %z_" 23 FIG 29 is a bl ock _diagram
of the i ACSF MEStIPRUFTr 9°8nd 2H¥RIRE 2 BP9  ed RPhePRTIEITER of power
and 100Nt 1Qlg 25 1Cd ISt 4EXLTPNPBB itQchdel GewWiH @ Hd st Dol Q3 pndafgre 26
specific circuitry coupled to the wheel assenblies 20a and 27 20b. The

W r il ne TESRAR Y SUPPereednbyt daney eme omvear sl gerwringppb 96808 (see
FI Gq 418 i GIh 4 Sapd , t Q429 3ar d ler_1174. Th
18l )rzo\@?'lg)}%;a;/n%gﬁé” N, phAuRLEd L 129 31y %gr%g@{ t%\%foéé)é n‘ﬁ,\%l?a?ed €

controller a 30 m'Ccroprocessor Or o i
cirddt. plmral i3y i ¢f us¢rmanestembgdenent now Mesrigntatpedr4sal nodehe 16C74

nayzge Bgdﬁg%ibAQ¥agéﬁ%iﬁgée50$lgﬁdi%OEOQQ%C&% gfﬁégliﬂnﬁg£¥%i£g$by a
21 pair of shrink rings 712 and 716. The rotor 418" and the
22 respective rings 720, 724, 728 and 732.of the outer bearings
23 700 and 704 are again provided with an elliptical cross-
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 torgue
31 while the reduction gears 576” and 580” remain stationary.

32 The rotor 418’ and the wheel 270" rotate in the same



49 1 1178, which stretches throughout the majority of the length 2 of the
downhol e tractor 10. The various sol enoids 1052 3 provided to control the
flow of hydraulic fluid to and from4 the various wheel assenblies 20a-20i
are connected to the 5 controller 1174 via the internal bus 1178. The
various 6 transducers for sensing the pressure in the nultitude of 7 fluid
conduits in the tractor 10 are connected to the 8 controller 1174 and are
collectively designated 1180 in FIG 9 285for sinplicity of illustration.
10 11The wheel assenblies20a and 20bare provided with

respecti ved2eesttohl er vhil@dsarndbiBGnaighnerdorgna ¥éEb§Iﬁ1%“1%ﬁgECtr°”iC
functionsfor each ofthe wheel assenblies 20a or 14 20b. For exanp t he

cont r of | erd93inBobgndet eypingst h}'l g Halls gfifwebfsenseent now, d@rsdgn'ﬂmd he
d f t 436. | ddi t
igﬁtero I er%ﬁéo néU§ %b??%gé@ 51I9t rgteéhg%sfgIr]é'se‘\d]"r%?I?ffrétng‘gflgl FIF?S&&B. ng to

sw t chd betmeent48 dhethbasesocandigentrol the forward and reverse rotation
of 19 . the notors 436. In addition, the controllers acquire data on 20 the

tenper%tures of the notors 436 via tenperature sensors 21. 1190 and 1194
respecgi vepya c e, gt hi ure_sensors 1190 and
¥ QHPu8€%£8 bE tﬁB %%%d%%QCéE enper J?% s@ﬁ¥b2§ Mbt or

1194 may thernocouples or es’ o
speed Ts aim@eﬁdtdnmdiebprEEEdrbynghelo@ombr @lag.s 4118023 ands 1186., 2% a@gThe

main controller 1174 recelvgigdata fraoamthe notor 27 controllers 1182 and

1186 and 255 opePAbFROYD LBnfFEF -a4280¢atiBet It SLARETHRRL0ROWRE EuknRalke
t t 1 t I t
ractoy 1Ghadog &%@I&Wﬁ@usiﬁ% 995! kpkken g %};&ég%edgfy gﬁg%ﬁgﬁﬁmggeghgl

maintain 30 the rotational speéds of the not
asseﬂﬂ?le§&EE¥JHWdW@¢hlﬁaaapréhéltheddedn@@nmacﬁﬂdm mny,wBEhthespeeds

appl 10t 1 ST T TRV 80 o8B oa B BRESGonsHe 2% Aackrider Sacker
12 754 that extcnds lcngltudlnally and is threadedly secured to
13  the housing 752 at'756. The joint at 756 is sealed with
14 pairs of O-rings 760. . Electrical and hydraulic connections
15 Dbetween the wheel assembly 19a and the electrlcal power sub
16 2la are prov1ded by one or more electrical connectors 764 and.
17 Thydraulic couplings 768, which may be substantially identical
18 to the connector 222 and hydraulic coupling 224 shown iﬁ FIG.
19 4. | | |
20
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 and initially to FIG. 18.. The housing 752 includes several
24 longitudinally spaced-apart reduced diameter sections 772,
25 776, and 780 separated by.sets of annular flanges 784, 788
26 and 792, each having a shock absorbing elastomeric ring "796.
27 As best seen in FIG. 20, which is a cross-sectional #iew of
28 FIG. 18 taken at section 20-20, the reduced diameter sections
29 772 and 780 are provided with generally polygonal cross;
30 sections to provide a series of elongatéd spaces in which

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



3 4 The arrangenent of the various internal electronic conponents 5 for the
tool 10 is largely a matter of design discretion. 6 The various controllers
1174,- 1182, 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, 82d, 824, 828, 832 or 836 shown in FIG 19 or 10 el sewhere in
the tractor 10. 11 12 The operation of gge downhol e tractor 10 may be
understood by 13 refexring nowto FIGS. "2, 5, 6, 28 and 29. The tractor 10
is 14 inserted intqg the wellbore |4 and power is supplied to the 15 onboard
el ect'r onFESINHafey &thel QWP T sepbl yagge iy 1914 16scpnbialibaedliZéunSone

or ajl thgetk er ergi zed at_any, point after
insertion int geﬁﬁgﬁmﬂ%%gd rll%é@gg%%zvgggbl uspg‘nes n590¥hﬁr@§§HFEScéﬁai-ti ons
duridg insertion. 19 Assune for the purpose of the remainder of the

illu tra.%i on, 20 &hat i.t i.s desired to degl_oy and turn on wheel assenblies
20a 71 ahfi*98hYof ERELHTES RIIRN ol 2 98UPRIéGEERI § e séavnhobe thacear

Gopl aymont o Ger Ga e e Therureat AR sy T T 1 2l THE51 ho wheel

depl oynent and activation of the eel nmodu

assefbl i B8cRedeanth20k lwidtr imml rpdbet hﬁebets@a@yectd)?g&‘bé?@hfhm@eitﬂ FI G
actlvatl on, e

5. Jyst prioy to 26 hydrauljc punp 1020 and notor 10

cont I70| |"§ é‘égeil%ﬁaa&%’%véf‘éﬂls AT e nsh e hénssrumsngrat som embithd 128 and 28
cl oses thwaerdr geocy rel easqsal,engi 6 ol]ler .29 1174 then
activates the punp 1020 and the not oe? “:1[%451—1?%?%8%%%%06‘%?%%& feSoake; ol
hydr8ul iSUBRY d-0 ABNSHIS pbiatt powes: vias | cuss 3&teepllay spEnads Q94 for

th whesl t 0. be depl oyed, .32 jn this case, wheel nodule 19a, are
operad. St EPehPeRg, S8R Bhlunded e iStiof TS e emsier
valVes 10682 dhhecRangihgstaktese! ene é&@éi't§oﬁlsqse%?’k§ﬁt%“%e§aéé‘i a

e 0°S a’

pre‘sg%ure 3 requl at:ir ng_sol enoids | 112 or 1116 is energiz

pr esel e VEOFEIRRI NGB PR edBuEef Soheobyatphurabén vt e peddpheyed 150! enoi d

10523 | S Rl LT hows . inta _t.he. rde 39Q of .the cylinder 370

propel’ling t he%rﬁ%%%?% {3%gé'}Isr_%’%ﬁtlr}g"nog_‘%%ulsﬁlﬁﬁgﬁhéh& g’(?ﬂ"%&lnﬁl 758 -t o

rotlst e ASodlekitey feeem 8in hBIG0SRILI, owhsitwni & na RkEosB -15@ drth@nReS it isgn oghown
assenbl i es 20a and 20b. When the pressSure

Id
inqd G epl oy the wheel ,
10 1ciiel i \ﬁrcgdtlgo%t%e%i% FOOTOP™ fie "W+ ridit RIPAFELERSs 8lReare presel ect ed
sysitéem cpamnakitedfl HESS WEnSeEL8Y 9RC Rfe HEe SQ Ld_v es.1112 or
11 as sensed by the tr ansducer_s'.l?? 1e120 a%}ge 1%)11288?'%!5’ géét‘r’%lal 8 1174
nay ‘deaCPPY&EFE 10Fe Rk ole el YOS2bdeupineFRGS t he8 sbde2390. IA5 16 At the

timg thgawheebnas: [.£5: an r | oyed, a 17 command may be
sent fromthe gqn??or%ﬂer 5%(9)?%? og%%‘g&ﬁe %@dcc;%gerﬁ%/%?lr&?yléﬂuﬂ?‘#ectfﬁ -t he
moft8r cBht AdPPedd LB aiel 86 d8vetralatlideail ihecwhagkta0s9ES 436 of the
wheel ' 20a 20 and 20b, Data on the gperating paraneters of the
not or saﬁgg,ggéjfgéﬁc%%aes T Cke‘?’étju? e?orﬁH'PEﬁrél’ Edriehttar alaei whedt ai ned by the
222@0t onoduhesolber-3 9%l &howi {A86randyrel ayed to the controller 23 1174

in turn, to the surface controller 36. The notor 24 controllers 1182

an
an221186 may be configured to deliver and
23 Referring now to FIG. 19, the electrical power sub 21la

24 includes printed circuit boards 816, 820, 824, 828, 832 and
25 836 positioned in various annular spaces between the housing
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 polyimide, ceramic materials, or other suitable types of

31 substrate/circuit board materials. The components and



.25 maintain a preselected voltage level to the notors 436 and 26 sense the
current draw of the notors 436 in response to |oad 27 applied to the wheels
270 and 290. Alternatively, the 28 current flow may be netered to regul ate
rpmof the notors 29 436. 30 31 The controller 1174 may be programed to
maintain the rpns of 32 the wheels 270 and 290 wthin a presel ected range
so that the 52 1 various wheels of the tractor 10 rotate at roughly the
sanme 2 speed. The controller 1174 is opEfable to sense a deviation 3 in
rpm or current or tenperature fromthe presel ected normal 4 operating

ranges foi:&arabygacrheels S aHY YoosHEs 836t ha2% assanblan 2083 anghd ake
corrective action where necessary. 6 For exanple'; if the controller 1174

sens@s t&idd whel 7beefpscatidras chermefagdesmidr &alaw of t he wheel assenbly
ZOﬁng i s exceeding a maxi mum normal range, the controller 1174 can 9 send a
co nd to the notor controller 1182 to turn off the 10 notor 436. This

typeqof Addind@nal hzedar.pmgndtion-wbhsidgconty als ffotithgalh assenbly 20a
may be performed on any of 12 the wheel assenblies 20a-20i of the tractor
10. 33 mMeducedtdiemeths BRIl sthd| Fe3t2pxraanidernmpaniiel ahcdaniser

nodul. e J%g? [ egoin r Qce I et I_n-fart . 6. co nd.
ret rgct e %\%’gvé%ggsggﬁb%se%xsaé\% t(218% ?’Zl% rr[rée Zayteed %%r%tn%%gh%%té%l | er
36 to theszxontdother ihté4didd dB the {iepkey Fw4enoiThel Ghuconnesiathdd t he
side 390 of the 19 cylinder 3.70 has not already been turned off, the

cont Pol 1876 Jorav¥des ¥rem s a;?ﬂ‘%fﬂb‘?‘él?ﬁ@SE’n@f Praﬁlﬂ’r@pé’&rat% FHFHOIi d 10S2
21. gonngcd edgfp, t%ﬁgf ﬁkgaf‘ftoxslrﬁ%éur%&&ecé%ﬂfe t*&%é:gﬁéelh&di% 22 370. The
ze | ui t he si S t

fl ow of pressuri into e~ 394 propeél e ram 364 to the
| ef L0anctaxaaisasatl heapdvoendimP 48 taimps von 2hef romdteer ddsd t iThe shown in

Fi 6 back to,. the retracted 25 position shown in FIG 5 26 27 The skilled
Lo et S L PREBRERS O IS el e BRlBeS 5501 G4 (e Ak Grre

inveati oriavi gstsi 8Rk\ b¥anthd IvdRis i Y629 sand @3Rabigid y d3p Ryopel Iing
wirelines or ot her menbers in 30 downhol e environnents. |ndeed, while the
det 43| ed®33H. deBeei parhgRsh8ShediP4 hcaar@nERt agke Fonnted ma wiltehizedu g

coi § 2d NG o f NSoHE28HOB L0 JBY e SIBLOREG WA 1Y ‘Bl ted to the
15 interior surface of the intermediate section jacket 754.
16 .Furthermore, the gauges 860, 864, and 868 are additionally.
17 isolated from strains subjected to the intermediate section
18 jacket 754 that might otherwise contaminate the readings}of
19 .the gauges 860, 864, and 868. This is accomplished by
20 physically connecting thé intermediate section housing 752 to
21 the housing 186 of the wheel module 19%a only at one end,
22 namely at the threaded connection 753 shown in FIG. 4. At
23 the lower terminus of-the housing 752 shown in FIG. 22, the
‘24 housing 752 is not threadedly engaged with the wheel module
25 19b. Rather, a Sliding.joint at 872 is established and
26 _sealed.against‘fluid intrusion by a pair of O-ring seals 876
27 and 880. Accordingly, axial 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



.53 1 alone, with threaded pipe and a wireline, or with a coiled2 tubing or
t hreaded pi pe andpower conductor other than a3 wireline. The various

wheel assenbl i es20a- 20i are4 i ndependently el ectrical |l ypowered andsepar abl y5
control | abl e, providing forsignificantredundancy in theevent that one of

t he wheel - assenbl i es20a-20i fails downhole 7 and enabling synchronization
of 8 wheels assenblies 20a-20i. The 9 reduction gears into the wheels 10
the transm ssion of high torque 11 . conplex shaft, U joint and other 12
arrangenents. Separate subs or the rotating speeds of the incorporation of
the 1 exithl ecasgerh| tlee POas2OrechBbFES WAL 195 tteddt PSS EFpes of

gearing modul es nm e used : ' 'ﬁﬁg&gémpgnp ) Pt egr at ed
into4a sieﬁrgle@etssuﬂr.‘%h %F?FSE%OB gglﬁgs\s%{rﬁ) I es may berggl";o%%é/edé)%l%%&a
single sggﬂg%Ssg y¥ike the invention nmay be susceptible to various 17

nodi fications and alternative forns, specific enbodinents 18 . have been
showd by way of exanple in the drawi ngs and have 19 been described in

detail herei.n. weve it _shqu e r idwgntion is
not i%‘ut eﬁtrfed'st éi_%el}‘?fr)nl?eg%%gt (%gtlﬁetgg%lcu a@?%&%iﬁ%eﬁy Rat her,
the igventicymire 22£t eneoyedralll irodiliichtironshe ezprdiad ter@6 andrhese
alternatives 23 falling within the spirit %?d sco %W%f the invention as 24
defi fed Ippnametens oRFAYigppuRaedicREIAR of B QRE-tE At A¥dwnhol e

traCtQV’H%H?Qdf%@gflﬂia,hggsugga warning of an impending overload.

9 Accordingly, a temperature/pressure sensor 884 is positioned

10 in a chamber 888 defined by the housing 752 and the jacket

11 754. One .end of the temperature/pressure sensor 884 includes
12 electrical outputs that are routed to one of the boards 816,
13 820, 824, 828, 832 or 836 shown in FIG. 19. The other.end of
14 the-sensof 884 is_coupled to a substantially sealed chamber
15 892. A compensating piston 896 is disposed in the chamber

16 892. The chamber 892 is in fluid communication with the

17 conduit 226 via the port 900. The chamber 892 and the piston
18 896 are configured so that the pressure on either side of the
19 piston 896 is essentially equal. Thus, the pressure .of the
20 fluid in the conduit 226 will be readily sensed by the sensor
21 884. Several such sensors 884 may be positioned in the

22  tractor 10 to sense the conditions in the various conduits

23 226.

24

25 The piston 896 serves primarily as a structure to_prevent the
26 influx of debris from the chamber 892 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



a- first wheel assenbly coupled to the housing and being 6 operable to
translate away fromthe housing in a first direction, the first wheel
assenbly having a first electric notor and a first wheel coupled to the
frrst 9 electric notor; 10 a second wheel assenbly coupled to the housing
and 11 being operable to translate away fromthe housing in a 12' second
direction that is opposite to the first 13 direction, the second wheel
assenbly having a second 14 electric noBér and a second wheel coupled to
the second 15 electric notor; and 16 nmeans for selectively translating the
firstiandsesondgsheel Tassewhices dpway GandhAavpyr{1pmbhe hovsibpg, 18 2.
The downhol e tractor of claim1, wherein. the first and "el9 secon& wheel
assendl | Prges prosiaripdc poyeaento athd 0 HarsdmE@pnd1t8. thhetdoeniake
tractor i rigin Y 22 pivotall upl,ed to the
housi%g, %%%’ﬂ%%daﬁgggeg%ﬁdgr élelfegss?gfrn‘g%elagts ]é?rﬁgtla%ugﬁ'égdt o™t ﬁ@epi vot
arm 24" cdondbit dppehobetheaglaidofincltdianchaner eg o eachnef t{,Basf brst and
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havi ng. a set of external teeth, the elliptical 15 cross-section of t
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downhol e tractor of claim1l, wherein each of the 26 first and second
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20 tractor 10 may be understood by referring now to FIG. 24,
21 which is a detailed cross—sectional.view of-the-hydraulié'
22 coupling 768 shown in FIG. 4. The coupling 768 includes a
23  tubular housing 912 that has a first longitudinal bore 916
24 eXtehding therethrough and is dimensioned at its upper end
25 and lower end to thread into place over respéctive check
26 valves 920 and 924 positioned in the conduit 226. The first
27 check valve 920 includes a longitudinally movable'poppet 928
28 that is spring biased against an upwardly facing chamfered
29 surface 932. In like fashion, the 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



56 1 11. The downhol e tractor of claimiO, wherein the wheel has ? a set of
internal gear teeth, the rotor has an 3 elliptical cross-section with a
maj or elliptical axis, and the reduction gear conprises a flexible
cylindrical 5 cup having a set of external teeth, the elliptical 6
cross-section of the rotor causing first and second 7 portions of the set
of external teeth to engage third 8 and @ourth portions of the set of
internal teeth at two 9 apposite zones 48ross 't he major elliptical axis. 10
12The downhole tractor of claim1l, wherein the set of 11 internal teeth
conprd segnicliudash athengetudinakt bergl 9828 tsthiendongr fres R firsst Firand

rotatjon,.Qf the rotor in_ 13 ipst _di [ C rotation _of the
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of claim 17, conprising . a powerl1l3 supply and a third controller for
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for controlling the supply of current to the 17 third controller. 18 20.
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20 mating interior surface of the housing 752 to prevent

21. hydraulic fluid from bypassing the bore 948 in the mandrel

22 946, and to prevent contamination of hydraulic fluid by

23 working fluid.

24 |

25 In operation, the hydraulic coupling 768 is inserted into one

26 or the other of the intermediate sections to 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

2% 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



24 a wheel coupled to the rotor; and 25 a reduction gear assenbly coupl ed
between the rotor and 26 the wheel. 27 22. The wheel assenbly of claim 21,
wherein the rotor has an ?8 internal bore and an elliptical cross-section
wth a J8 major elliptical axis, the hub is positioned in the 2 internal
bore, the wheel has a set of internal gear3 teeth, and thereductiongear
conprises a flexibled4 cylindrical cuphaving aset of external teeth,
theel | i ptical cross-section ofthe rotor4éausing first and6é second
portionsof the setof external teeth to engage7 third and fourthportions of
the skt oB6i nifetihal nesidel 894 swpopPesitise iznnestwer ORsckhealgRop2el biupt i cal
axis.. 9 23. The wheel assenbly of .claim 22, wherein the set.of 10
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t he b ?gﬁ ﬁ 16 _set of internal gear teeth, the rotor has an elliptical 17
cr oss> sedtronHEE e ‘maj or el liptical axis, and the 18 reduction gear

conprg ses a flexible cylindrical cup 19 having a set of external teeth, -the
elliptical cross20 section of the rotor causing first and second portions
21 of7 t hasséheobeektionsall &k atid t 85 2ngagebridughtantbfetinéh, 22heoahhobsrof

the set of internal teeth,at tw o site 23.zones across the mmjor
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conprises N-2 teeth, and rotation of the rotor in 27 a first direction
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14 position while the mandrel 946 is moved downward. - At the
15 same time, the tip 956.iSuengaging and unseating the poppet
16 936 in the check valve 924; When the threaded connection at
17 753 is fully tightened, the poppets 928 and 936 are held in
18 . open positiéns-respectivelynby'the tips 952 and 956 and
19 'retained in open positions by the dimensional difference -
20 between the mandrel length and the joint makeup distance:
21 between the poppets 528 and 936. The spring 984 ensures that
22 the mandrel 946 moves and cioses a given pbppet.when the
23 joint at 753 is broken. '
24 o
25 - The hydraulic coupling 768-provides the advantageous
26 capability of providing a structure for quickly connecting
27 two ends of a hydraulic conduit, namely the conduit 226, and
28 for maintaining the up and downstream check valves 924 in an
29 open position during normal operations. The ability to
30 maintain an open pathway for hydraulic fluid flow is
31 desirable so that sudden closure of one or the other of the

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



7 28. The wheel assenbly of claim25, wherein the wheel 8 conprises a
mandrel having a portion positioned in the 9 hub and a first rimand a
second rimpositioned in LO spaced-apart relation outside the hub. 11 29 A
downhol e tractor conprising 12 a housing; 13 a first wheel assenbly
coupled to the housing and being 14 operable to translate away fromthe
housing in a first 15 direction, the first wheel assenbly having a first 16
el ectric notor, a first wheel, and a fi Pét reduction 17 gear assenbly
coupl ed between the first electric notor 18 and the first wheel; 19 a
secondd, weeggeasisertily chupbed 286t g Ishesiihg eadiin@i hg FoobPed abl Ent o

trans] ate, away from the housi in_a_second 21 dixrection that 1S opposite
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coupl ed Eetmeen the second electric notor and the second 25 wheel; 26 a
flui ¢ ragreeesiast-g ol Hehej E9Pland second wheel 27 assenblies for
selegtively translating the first and 28 second wheel assenblies toward and
away fromthe 29 housing; and 60 1 a first controller for controlling,
the fd ewrat dedaeilted osthectiirst odnd heedtnrikaallcict rpowentauls. 2 Bo ey The
downhol e tractor of claim?29, wherein the first and =1 second wheel
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coupled to the hub, and a 15 rotor positioned in the hub, the given
redd@t i oRegedrn 6 s b | theotipPendesia ibsibrrhy e pd desimmted 7134, The

do ol e_ira ro.Qf im 33, waerei el 8. i S ndy
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of external teeth,” theelliptical 26¢cross-section of the rotor causi'ng firstand
secéid27pdentdesloftd Hiha etonfiegtorgabndedoury igigmges4 Hndl 768 shown

18 in FIG. 4. Pressurized hydraulic fluid is supplied to the
19 . conduit 226 and any other similar conduits that are

20 positionedlin the tractor 10, but not necessarily visible in
21 - FIG. 25, by a:hydraulic pump 1020 that is.positioned within a
22 substantialiy sealed chamber 1024 in the housing 996. The

23  hydraulic pump 1020 is in fluid communication with a

24 hydraulic reservoir 1028 that is separated longitudinally

25 from the pump 1020 by a bulkhead 1032. The chamber 1024 will
26 normally have a charge of hydraulic fluid present that feeds
27 into an inlet 1036 of the pump 1020. 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 wellbore pressure by a

31 passage that is not visible. The reservoir 1028 is pressure

32 compensated to maintain the pressure therein above a



61 1 and fourth portions of the set of internal teeth a. two 2 opposite
zones across the major elliptical axis. 3 36 The downhole tractor of claim
35, wherein the set of 4 internal teeth conprises Tl teeth) the set of
external 5 teeth conprises N2 teeth, and rotation of the rotor in 6 a
first direction causes rotation of the flexible 7 cylindrical cup in a
second direction opposite to the 8 first direction. 9 37. The downhol e
tractor of claim?29, wherein each of the&310 first and second electric
nmotors conprises a rotor 11 having an internal bore, a hub positioned in
the. 12 iptesanbcheie leuelstsad AhDOU athé Oet gt hgb, aafduagldergduct i on
gear coupling the rotor to a given wheel. 14 38. The downhol e tractor of

cl ai 237, Benathé el neleraetonf inntkenbragear t §dLAd #Hd I ot or
has ap 1 i ptical - t it ] LptLeal:_axi 17 and the
reduc ioglgée%r&%%rr%rfi %}%S}%%gérgﬁewcly%%ﬁcgf rﬁ%&%g%g a\]/flrﬁrg‘f ihs?et of

ext erpal dmeidntt headdildgtimal tH: drsscsecioon ohishesr akehreaus ke first
and second 20_portions of the set of external teeth to engage third 21 and
fourth pAYPEhsCORtEAENedidy Ginttdihdinieeryl avo¥ibnge eppbbet Erasckeyr

across t majpheeh iR C3ly RE St %:%g_. d&%o‘ ragt |- ai_m 38,
mhere?n the set %f %%% nt er nal tégfh coé%%?g%s e%?%? ?%egéggagg gfierna
25 t et h aaopkeses il thateet H04@8nd rotation of the rotor in 26 a first
direction causes rotation of the flexible 27 cylindrical cup in a second

direction opposite to the 28 first direction. 6' 1 40. The downhol e

tractor oo Gt 28e EHEPHISWNGS £2 HyydH 114 WD, A4 egMQi Lpijened in
t he housiéa f%# 3 sﬁpplying pressu?%zed fiuid'to ?%§§?|E¥§ ?ggﬁ?b%lEQ. The

dowikd! e 102&t orhef hyldxiamldC, pawsreiswk 1LY |18 drevidégdwathia fluid. 6 42.
The wnhal e tractor .of ¢l aimz29, conprjsi a sec 7controller
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el ectricnotor andl0the first controller for controllingthesupply
of 1Ecurr éft GBI ERE Pifr &t sEIFNA3E d0%otrembed tmd 2dkeshdval get 1PEE .
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supply positioned i'n the housing for supplying curren o the first and
secdrid elrectervoiot 3088 by dvanFhefdowdssH edgsdes WI6€! ai Thd 3numbaepr i Si ng

af th 17 cantroll.er for _cantrqllin e supply of .current tqQ th 8
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46. A downhol e tractaor, conprising: 23 a housing; 24 a drive structure
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20 the illustrated embodiment incorporating twelve wheel )
21 assemblies 20a-20i, two solenoid actuated valves 1052 will be
22 required for each wheel assembly, one to .control the
23 deployment and one to control the retraction of the given
24 wheel assembly. Accordingly, the.hydraulié power sub 21b may
25 contain eight additional solenoid actuated valves of the type
26 shown and designated 1052 but which are not visible 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



63 1 a notor disposed wwthin the rotatable portion and. 2 operative to
rotate it. 3 47. The downhol e tractor of claim46 wherein the drive 4
structure includes a wheel defining the rotatable 5 portion and being
directly engageable with the surface. 6 48. The downhol e tractor of claim
45 wherein the notor is an 7 electric notor. 8 49. The downhol e tractor of
claim45 wherein: 9 the drive structurg,includes a wheel assenbly, and 10
the notor is disposed within the wheel assenbly. 11 50 The. downhol e
tractor of claim49 wherein the, not is an 12 el ectric, notor. 3 51. The

downhol €% £IBIERF LT alth B0TRRLFE] OKIEQHH§%&@%IHQESEHBWF in es: 15 a
hub, an%ojn (gcl%&eeioa spglatgdsWahh ybha ngc@isﬁaééal eBgekat Id\i%n;&er

thereto he e ectric notor disposed within the wheel assenbly 19
i nclmde@orZﬁLdn stiator daglidest ahi Upanayrdrle'l d&tdadng oanhel hub shaulderotldy74

t at abl ! to the hub_and st d 22 d to th
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wherein'the rotor is 2?6 drivingly coupled to the wheel { a reduction gear
27 SAruetd ehe By lcéAneptdowhRdRe MBYadEoRY conpPiBi A9l lara 105 6siang

7 exterior tubular section 1080 and a threaded connection at

8 1084 of the type previously described and shown in the

9 ~various figures. Other than standard pin/box connections may
10 be used to link the tractor 10 to another tool or member.

11 . Referring back to.FIG. 25, the flow of working fluid through
12 the main bore 84 is rerouted around the hydraulic pump 1020
13 and motor 1048 in a manner such as that shown in FIG. .10 in
14 conjﬁn;tion with the wheel assembly 20a. Below the pump

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 designated 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. 27B is a cross-sectional 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 1%a-19f may be as described above and shown in
25 FIG. 25. However, in this embodiment, hydraulic £luid 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 1is
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 extermal gear teeth



3 a wheel assenbly carried by the housing and being useable to propel it

al ong a surface, the wheel assenbly including a wheel rotatable relative to
t he housing; and 6 a notor disposed within the wheel assenbly and drivingly
7* coupled to the wheel. 8 55. The downhole tractor of 9 assenbly is

transl atabl e 10 housing. claim54 wherein the wheel toward and away from
the 11 56. The downhol e tractor of claimb55 further conprising 12
transl ati on apparatus for selectively t4anslating the 13 wheel assenbly
toward and away fromthe housing. 14 57. The downhol e tractor of claim55

wher @i n 1he2vyhédelstlSeaaseaIBIc s piwot athy paupl edsto itdhehousiag. wibn58.
The downhol e tractor of claim54 wherein the notor is an 17 electric notor.
18 59. TRePddWHolEEaL dQbt Wikl BF n¢BA2GAGr ¥ilkh 204 K& ivesel byusskeabl v
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ub, and 25 a rotor rotatable relative to the stator and drivingly 26
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9 around the circumference of the housing 996 and powered by

10 the motor 1086. This embodiment eliminates for the need to

11 reroute the main working fluid flow bore 84.

12

"13 The hydrauliﬁ.system for the . downhole tractor 10 may be

14 understood by referring now to FIGS. 5, 25 and 28. FIG. 28

15 is an overall schematic representation of the hydraulic

16 = system for the downhole tractor 10. As shown in'FIG;.28, the

17. inlet and discharge of the pump 1020 are cleansed by filters

18 1100 and 1102. Pressure regulating valves 1104 and 1108 are

19 tied to the discharge of the pump 1020 by respective soleﬁoid

20 wvalves 1112 and 1116. The pressure regulating valves 1104

21 and 1108 are set at preselected maximum values to enable the

22 .operator to selectively detefmine the maximum operating

23 pressure for the hydraulic system. For example, the valve

24 1104 may have a limit of 2000 psi and the valve a limit of

25 3000 psi. By energizing one or the other of the solenoid

26 wvalves 1112 or 1116, the system pressure limit may be set;at

27 2000 psi or 3000 psi. The solenoid vaives 1112 and 1116 are

28 normally closed, and are designed to enable selective accéss

29 to the pressure 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.



10 a wheel rotatable relative to the hub; and 11 a notor .di sposed wthin
the hub and operative to 12 rotationally drive the wheel relative to the
hub. 13 '65. The wheel assenbly of claim64 wherein the notor is an 14 .
electric nmotor. 1S 66. The wheel assenbly of claim®65 wherein the electric
16 notor is drivingly coupled to the wheel by a reduction 17 -gear assenbly.
18 67. The wheel assenbly of claim®65 W@erein the electric 19 notor

i ncludes: 20 a stator anchored to the‘%ub) and 21 a rotor rotatable
relative to the stator and drivingly 22 coupled to the wheel. 23 68. The
wheél assenbly of claim67 wherein the rotator is 24 disposed within the

st ator. eel RISAMIY $9]vés deWnholed raci ®rars OFPEASEHYENE6 a
hub? géélggﬁséﬁggtrigﬁﬁbtor<%arri%d wﬁthinaihe rub and including a 2
st aBor ppdsauret eegudbateablme setabiveorotahs dt0@for ;widiahwheel rot atabl e

relative to the hub; and a reduction gear assenhly drivingly coupling_the

r ot 6r SrFEr?ﬁén%ﬁéeﬁ?%@mﬂfl xv&%&gégggﬁbN?Qﬁa%ﬁeﬁ%1€8emﬁ%T8$ﬂgpg? t he
rotgr h i iRorgE gt amp @l | 1 phiCak il Ossthisectépardi £§ enasj or
eII%pti%glegfig%ﬁ%H?EéQﬁéﬁfis positioned in the internal bofez 10 t he wheel
hassa searabushbearals gesl Hesdgeandolidangl hysthsotl on Hhuidatsedbey -
conprises a flexible_cylindrical. 12 .cup I n et of, ext | .teeth, 13
t hren%el | FRRFERE ¢PossT8eéth Ei)]?tkt‘%eplﬁ%?o?’gg§u ?ﬁg tfs}l‘er sToiaragéggeE%nd

por gi ongrgh-tt hgdest a0heXicdator&et flohp theedgagthdhie doanthé opuinb
portions of the set of internal 16 . teeth at two opposite zones across the
maj 6r elDPRpPticatied s@ & nomgnagllvnelapeel 89demAid ofatyai 79 that

{ oalheopPraEzaRE, tho st (tod A PIBELAERAY | BRlck 18- 060 pLagriolnd

t 2 te ationof the rotorin-a first direction
cayg3es2gpobét itheobutnpe foaxididcyhe ndotoal 1048 ,i tlee solenoid 1128 is
Se%%ndzggLngghoggpggggfztfiéiﬁﬁééfivgkégc%ygk the pump 1020 to

13 circulate without load. After the pump 1020 and motor 1048

14 - are up'énd ruﬂning) 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 illustration.

22

23 The discharge of the pump 1020 is also tied to a plurality of
24 solenoid valves, which are collectively designated 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, 19b 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 linkages between the other pairs of solenoid valves 1052 and



24 72. The wheel assenbly of claim69 wherein: 25 the hub has a set of

I nternal gear teeth, 26 the rotor has an elliptical cross-section with a
maj or 27 elliptical axis, and 28 the reduction gear conprises a flexible
cylindrical cup 29 having a set of external teeth, 67 1 the elliptical
cross-S2Ction of t:”~_e 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 4@ross the major elliptical 5 axis.
6 73. The wheel assenbly of claim72 wherein, 7 the set of internal teeth

conpri seghiitreetdtpatiiiee seheal extialeal itodeth. rofiparsedepidtedeth, and 9
rotation of the rotor in a first direction causes 10 rotation of the

f1 exidl e SeyerRddiceel L Xn&P@nl% BBEBRE™ 1 diNSectPbhOWoPHoSFEETEBELRR Pﬁrst
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13 first Controller electrrca y conn cted to the electric not or or
contr@llb@gﬂwdeﬁlam@cﬂrfémgémenalwdmﬂr@m:Imimﬁmratmvelﬁf76heTbehahee

assenbly of claim74 furt rising aaﬁl p and a second
contr%lI@PlF§rQQNﬁ9%ﬁ4?H€'Y% ves Apply Lﬁgiﬁ? g Y%E Vepr 4po2 are
Contr@*l%Erm%glgﬁci@E%dMW?%haéﬁgﬁgtﬁ @fi 6 aldn &991$E665é9atgé wheek 20

conprises a nman having a portiton positioned in the 21 hub and a first
rimeéahd sadeesnd l32ngudilldmed The2Ridpacepapatedr ehatkovabuesiiad2t he

T G ReEBIRH A 4 JeolpehydEaRd iRat inend 136, tBaR fepds RLuid to

A Al A LBe. Ai82 JABE AHe AcyPinbed. A9Y.A! A/Y(e'é’#aé\tAglne 1142 is
A A& A ALu. A99. A AA A A& . Al. A9 Af . A", A9. ASI . Ay. A. AH. Al . A. AY[ . AFl . A32
Al rLAFHeavRledl tquhe output of the check va ve 1134 and feeds fluid

s Ll eslonl ol alcolale 3] b sahelasl sl el saies] o2
12 coupled to the deploy line 1138 is energized, the check valve
13 1132 opens énabling fluid to flow into the side 390 of the
14 cylinder and moﬁe-the ram 364 to-the right. At the same
15 . time, the pilot valve 1134 is opened, enabling fluid from the
16 ' right side 394 of'the.cyliﬁder totflow_out of the cylinder
17 370. The pressure of the fluid in the deploy line 1138‘is
18 sensed by a trahsducer 1146. An accumulator 1148 may be tied
19 to the line 1138, and like accumulators .(not shown) may be
20 pdsitioned relative to the other solenoid wvalves 1052.

21 _ i. _ : _

22" In the event that electrical pdwer is lost to the downhole

| 23 tractor'ld it is desirable for the varlous wheel assemblies
24 20a-20i 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 powet

27 loss, the lines 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 soleﬁoid
30 1162, which is, in tufn, 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
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- 23 types of temperature sensors.. Motor speed is also
24 interpreted by the controllers 1182 and 1186. |
25 . |
. 26 The main controller 1174 receives data from the motor
27 controllers 1182 and 1186 and is operable to co.ntrol a
28 wvariety of functions on the downhole tractor 10. For
29  example, the ccntroller 1174 may be programmed to maintain
30 the rotational. speeds of the motors 436 of all the wheel
31 assemblies 20a-20i within a presele‘cted range. In this Way,

32 the speeds of the motors 436 may be controlled so that a more
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5 for the tool 10 is largely a matter of design discretion.
6 The various controllers 1174,-°'1182, 1186, as-well as the
7 similar controllers (not shown) for each of the wheel
8 assemblies 20b-20i may be incorporated into the various
9 boards 816, 820, 824, 828, 832 or 836 shown in FIG. 19 or
10 elsewhere in the tractor 10.
11 _ | .
12 The operation of the downhole tractor 10 may be understood by
13 referrlng now to FIGS. 1, 5, 6, 28 and 29. The tractor 10 is
14 1nserted into the wellbore 14 and power is supplied to the
15 onboard electronics, namely the power supply 808 and the
16 .controller-1174. Some or all the transduéers 1180 may be
17 energized at any point after insertion into the wellbore 14
18 .to enable sensing-of pressure conditions during insertion.
19 Assume for'the.purpose of the remainder of the illustration,
20 that it is desired ﬁo_deploy and turn on wheel assemblies 20a
21" and 20b of the wheel module 1%a. A command is sent from the
22 surface controller 36 to the onboard controiler 1174
23 directing the deployment and activation of the wheel module
24 19a. Initially, the wheel assemblies 20a and 20b will be in
25 the retracted positions shown in FIG. 5. .Just prior to
26 hydraulic pump 1020 and motor 1048 activation, the controller
27 1174 activates and opens the soft-start solenoid 1128 and
28 closes the emergency release solenoid 1162. The controller
29 1174 then activates the pump 1020 and the motor 1048 to begin
30 circulation of hydraulic fluid. At this point, the various

31 deploy solenoids 1052 for those wheel modules to be deployed,

32 in this case, wheel module 19a, are opened. Just prior to
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1 activating one of the deployment solenoid valves 1052, the

2 soft-start solenoid 1128 1is closed and one of the pressure
3 regulating solenoids 1112 or 1116 is energized to set a
4 preselected operating pressure for the system. When the
5 deployed solenoid 1052 is energized, fluid flows into the
"6 ~ side 390 of the cylinder 370 propelling the ram 364 to the
7 right and causing the pivot arm 248 to rotate clockwise from
8 the position shown in FIG. 5 to the position shown in FIG. 6
9 to deploy the wheel assemblies 20a and 20b. When the pressure
10 delivered to the side 390 of the cylinder 370 reaches the
11 preselected system operating pressure set by one of the
12 solenoid valves 1112 or 1116, as sensed by the transducers
13 1120 and 1146, the controller 1174.may deactivate the
14 solenoid 1052.coupled to.the side 390.
15 _ _
16 At the time the wheel aésemblies 20a and 20b are deployed, a
17 command may be sent from the controller 36 ‘through the‘i
18 controller 1174 directing the motor controllers 1182 and 1186
19 . to activéte the wheel motors 436 of the wheel assemblies 20a
20 and 20b. Data on the operating parameters of the motoré 436,
21 . such as temperatuie, rpm and current draw is cbtained by the
22 motor controllers 1182 and 1186 and relayed to the controller
23 1174 and, in turn, to the surface controller 36. The motor
24 controllers 1182 and 1186 may be'configured to deliver and
25 maintain a preselected voltage level to the motbrs 436 and
26 sense the current draw of the motors 436 in response tofload
27 applied to the wheels 270 and 290. Alternatively, the
28 current flow may be metered to regulate rpm of the motors
29 436.
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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3 in rpm, or current or temperature from the preselected normal
operating ranges for a given wheel assembly, such as the

assembly 20a, and take corrective action where necessary.
"For examplé, if the controller 1174 senses that the 7
temperature operating temperature of the wheel assembly 20a

is exceeding a maximum normal range, the controller 1174 can

° W J o0 ;b

send a command to the motor controller 1182 to turn off the
10 motor 436. 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.

13 _ . .

14 To retract the wheel aésemblies 20a and 20b of the wheel

15 module 1l%a, the foregoing process is reversed in-part. A

16 command to retract the wheel assemblies 20a and 20b is

17 relayed from the controller 36 to the controller 1174. If

18 the deploy solenoid 1052 connected to the side 390 of the

19 cylinder'370.has ﬁot already been turned off, the controller
20 1174 turns that solenoid 1052 off and opens the solenoid 1052
21.  connected to the 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 and causes the pivot arm 248 to pivot
24 from the position shown in FIG. 6 back 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 other 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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3 wireline. The various wheel assemblies 20a-201 are
independently electrically powered and separably
- controllable, providing for significant redundancy in the

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

4

5

6

7 and enabling synchronization of the rotating speeds of the

8 wheels assemblies 20a-201i. The incorporation of the flexible
9 reduction'gears into the wheels assemblies 20a-20i enables

0 the transmission of high torque without the necessity of

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

12 arrangements. Separate subs or modules may be used or the

13 various components may be integrated into a single sub.

14 Multiple wheei assemblies may be grouped into a single sub.

16 While the invention may be susceptible to various

17 modifications and alternative forms, specific embodimenﬁs

18 . have been shown by way of example in the drawings and have
19 been described in detail herein. However, it should be -

20 understood that the invention is not intended to be limiEed
21 to the particular forms disclosed. Rather, the invention is
22 to cover all modifications, equivalents and alternatives

23 falling within the spirit and scope of the invention as

24 defined by the following appended claims.
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10%WM%& ()A;%éanholg trgétor, comprising:

4 a housing;
5 a first wheel assembly coupled to the housing and being
6 operable to translate away from the housing in a first
7 direction, the first wheel assembly having a first
8 electric motor and a first wheel coupled to the first
9 electric motor; .
| 10 " a second wheel assembly coupled to the housing and
11 being operable to translate away from the housing in a
12 - second’ direction that is opposite to the first
13 direction, the second‘ wheel assembly having a second
14 electric motor and a second wheel coupled to the second
15 electric motor; and
16 means for selectively translating the first and second
17 " wheel assemblies toward and away from the housing.
18 2. The downhole tractor of claim 1, wherein the first and
" 19 second wheel assemblies are pivotally coupled to the
“20 housing.
2l 3. The downhole tractor of claim 2, comprising a pivot arm
22 pivotally coupled to the housing, the first and second
23 wheel assemblies being coupled to the pivot arm:
247 4, The downhole tractor of claim 3, wherein each of the
25 first and second wheel assemblies is pivotally coupled
26 to the pivot arm.
27 5. The downhole tractor of claim 1, wherein each of the
28 wheel assemblies comprises a reduction gear assembly

29 coupled to a given electric motor and a given wheel.
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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 exterral teeth to engage third
17 and fourth portions of the set of internal teeth a: two
18 _ opposite zones across the major elliptical axis.

19 9. The downhole tractor of claim 8, wherein the set of

(0]
o

internal teeth comprises N teeth, the set of external

21 teeth comprises N-2 teeth, and rotation of the rotor in

N
[

a first direction causes rotation of the flexible

(o)
L

cylindrical cup in a second direction opposite to the

[}
=~

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 ir 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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OP1&10%& () - 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.

I8 20. The downhole tractor of claim 19, wherein the fourth
19 controller comprises a computer positioned ar 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 2l, wherein the rotor has an

28 internal bore and an elliptical cross-section with a
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10 internal teeth comprises N teeth, the set of external
11 teeth comprises N-2 teeth, and rotation of the rotor in
12 a first direction cayses rotation of the flexiblel
13 cylindrical cup in a second direéfion.opposite to the’
14 first direction.

15 24. The wheel assembly of claim 21, wherein the hub has a

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

24 25. The downhole tractor of claim 24, wherein the set of

25 internal teeth comprises N teeth, the set of external
26 testh comprises 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 direc=:-ion.
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Il 26. The wheel assembly of claim 21, comprising a first

rJ

controller electrically connected to the electric motor

for controlling the flow of electrical current thereto.

(OS]

4 27. The wheel assembly of claim 21, comprising a power

supply and a second controller for controlling the

wn

6 supply of current to the first controller.

7 28. The wheel assembly of claim 25, wherein the wheel

8 comprises a mandrel having a portion positioned in the
9 "hub and a first rim and a second rim positioned in
10 spaced-apart relation outside the hub.

Il 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 electr;c motoxr
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 secohd electric motor and the second
25 wheel;

26 a fluid ram coupled to the Ffirst 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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3 30. The downhole tractor of claim 25, wherein the first and
4 second wheel assemblies are pivotally coupled to the

5 housing.

6 31. The downhole tractor of claim 30, comprising a pivot arm
7 pivotally coupled to the housing, the first and second

8 wheel assemblies being coupled to the pivet arm.

9 32. The downhole tractor of claim 31, wherein each of the
10 first and second wheel assemblies is pivotally coupled

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 rotor positioned in the hub, the given reduction gear
16 assembly coupliﬁg the rotor to a given wheel.

l7 34. The downhole tractor' of claim 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.

2l 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 testh, 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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l and fourth portions of the set of internal testh a: two

o

opposite zones across the major elliptical axis.

35. The dowrhole tractor of claim 35, wherein the set of

(93]

internal teeth comprises N testh, the ser of external
- teeth comprises N-2 teeth, and rotation of the rotor in
a first direction causes rotation of the Fflexible

cylindrical cup in a second direction opposite to the

0 3 N

first direction.

9 37. The downhole tractor of claim 29, wherein each of the

10 first and second electric MOLOrs comprises a rotor
11 having an internal bore, a hub positioned in the
12 ‘internal bore, a. étator' ccupled to the hub, and a
13 reduction gear coupling the rotor to a given wheel.

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 sget of

24 internal teech comprises N teeth, the set of external
25 teeth comprises N-2 teeth, and rota-ion of the rotor in
26 a first direction causes rotation of the flexible
27 cylindrical cup in a second direction opposite to the

first direction.

[N}
[#e]
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15 to the first and second electric motors.

16 44. The downhole tractor of claim 43, comprising a fourch
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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1 a motor disposed within the rotatable portion and

[0S]

operative to rotace i-:.

47. The downhole tractor of claim 46 wherein the drive

(O8]

4 structure includes a wheel defining the rotatakle
5 portion and being directly engageatle with the surface.
6 48. The downhole tractor of claim 46 wherein the motor is an
7 electric mctor.

8 49. The downhole tractor of claim 46 wherein:
9 the drive structure includes a wheel assembly, and

10 the motor is disposed within the wheel assembly.

11 - 50. " The downhole tractor of claim 45 wherein the motor is an

12 electric motor.

13 51. 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 downhecle tractor of claim 51 wherein the rotor is
26 drivingly coupled to the wheel by a reduction gear

27 structure.
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24 60. The downhole tractocr of claim 59 wherein the electric

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

26 coupled to the wheel.
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rotationally’ drive the wheel relative to the hub.

I3 65. The wheel assembly of claim 64 whersin the motor is an

14 electric motor.

15 66. The wheel assembly of claim 65 wherein the electric
16 motor is dri%ingly coupled to the wheel by a reducticn

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

a hub;
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an electric motor carried within the hub and including a
stator and a rotor rotatable relative to the stator:

a wheel rotatable relative to the hub; and

a reduction gear assembly drivingly coupling the rotor

to the whe=l.

The wheel assembly of claim 69 wherein:

the rotor has an internal bore and an elliptical cross-
section with a major elliptical axis,

the hub is positioned in the internal bore,

the wheel has a set of internal gear teeth, and the
reduction gear assembly comprises a flexible cylindrical
ﬁup having a set.of external teeth, )

the elliptical'cross~séctidn of the rotor éausing 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 70 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

diraction opposite to the first direction.

The wheel assembly of claim 6% wherein:

the hub has a set of internal gear teeth,

the rotor has an elliptical cross-section with a major
elliptical axis, and

the reduction gear comprises a flexible cylindrical cup

having a set of external teeth,
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the elliptical cross-section of the rotor causing firsc
and second pertions of the sst of external testh 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 cﬁp in a second

direction opposite to the first direction.

-The ' wheel assembly of claim 695 further compfising: 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 ths

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 secend rim positioned in

spaced-apart relation outside the hub.



