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WO 2007/ 115119 PCT/ US2007/ 065538 TI TLE OF THE

| NVENTI ON Jet Mbdtor. CROSS- REFERENCE TO RELATED
WORRZNGATY ONS Thi s application clains the beneP¢T/USF007/065538

U.S. Provisional Patent Application 5 Nunber

60/ 787,906 entitled, "Downhole Tool," filed on March

31, 2006, in the United States Patent and Trademark

O fice. STATEME | F PONSCORED

RESEARCH OR DEVELGBUENPTNGHEASE OO 10 BAGKGROUND
Jet otdE | NVENTION Fiel d of the Invention. The present

| nventl on relates in general to a downhole drilling

and cl e@gROSS-REFERENS'E Mor RESPEE DI £RPP1IC ATIONS

invention is directed to a notor and apparatus for

cI eﬁrii; mgphuaticpr okuros itbe bendfitngf ULSr PdrviistibhanlgPatonﬂ A@pﬁcation

| s and ications. 15 Description o

|
Nurnb%é@ﬁ%%% qu:étl%erf&wwy(&?é]fﬂqlcaﬁ legl o Maghgtl, |2006 n the

d bed h
Uniflf Sialg pAtE R hd Dkt Drlie Sor St R 1 555 276,
I ssu G%T&TMNTOREWWN@ F@DE@@ELWSP@I\F‘S"@REW

drill bit rotating at one speed and a body portion
rotating at a FEINARCHEOR DIPEELORMENT he drill bit
engages a hard formation the drill bit and the body

Notodypplaabl ‘he and rotate at the speed of the body
0 Y
oy 24 1935 BALKEROITNE O e RVERTION e at g "
S e Y

dovﬁﬂikﬁ@ @fBngi sirUekahing a fisl e M&ile edectficdVBy thd.invention is
1964, 25 dlscloses a fluid driven-bit wherein fluid

dqu@wis@sa oN@ipT andlappemlaﬂ farwlpamag ot erédudton mbing, fpodrilling
.. the internal grbi ng in order to rotate the drill bit.
oil ydsgapyrlnind lisa 4pRBoAtIaSsued to Elbert, et al on

OCtI%)s%E %%n o]fgtﬁd"R été& |A0r§e§“ e ? &%5 n@{cah?rdrﬂ%nﬂ HEBits is

n a bod avi ng
kno‘vO(fHﬁfneﬂhB afrpeisV@ésGrlgédi ﬁ?tHé%ﬂ%w@ﬁgtps ovitded at the rear

d for receiving pressurized

U S. Patent No. 1,727,276, issued to Diehl on September 3, 1929, discloses
a drill bit rotating at one speed and a body portion rotating at a second lower
speed. Once the drill bit engages a hard formation the drill bit and the body
combine and rotate at the speed of the body portion.

U.S. Patent 1,860,214, issued to Yeaman on May 24, 1932, discloses a
hydraulically rotating drill bit with exhaust passages through the bit body for the
escape of impelling fluid.

U.S. Patent 3,133,603, issued to Lagacherie, et al on May 19, 1964,
discloses a fluid driven-bit wherein fluid passes over an internal turbine. The fluid
acts upon the internal turbine in order to rotate the drill bit.

U.S. Patent 3,844,362, issued to Elbert, et al on October 29, 1974, discloses

a device for boring holes comprising a body having a front end and a rear end

wherein forward drive means are provided at the rear end for receiving pressurized
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WO 2007/ 115119 PCT/ US2007/ 065538 fluid. A boring head
is rotatably nounted in the body and projects fromthe
wo e@ntiisiend of the body. Passages direct fl ui dPE€T/OR00NE55538
boring head to inpart torque to the boring head. U. S
Patents 4, 440, 242 and 4, 529, 046, issued to Schm dt, et
al on April 3, 5 1984 and July 16, 1985 respectively,
dri.llin | es

ﬂulg' ?@i@gﬁﬁgﬁb@agés é%&agabig Fl%?%}c%tég H}ﬁ’& 2 n%if Brdeda it ghe front
endﬁb?lblgﬁ%t ?’agsea %5 ﬂir%c{ %“f?oﬁl%e bxgﬁlgltﬁega q gggart gltq%gtto the

|ss or on
borfigSid@ses a fl UI d-driven tool wherein pressurized

fluid is used to create rotation by force 10 applied

t o Wit danaits HeldiOc?2 madhd 5290045, 1Fakcdrtd Schad@idf, 4074l on April 3,

i ssued to De Lucia on January 31, 1995, discloses. a
198¢0a1d hidyi Iy lt%éer@sgeé@wﬁbhéh @veed Mrilling pppatatysshaving nozzles

fungté(él}q]ptgég %ggto ! 1@" rggs% or]{sf:ll%)éfré% r?%ial bt,g)lséegltg?qttg torque for
rotMRpt i nion Febr uary 18, 2003, discloses a 15
fluid-driven tool wherein pressurized fluid is used to

cr daiSe Rttt 50010 61 ngstiedado Lesingst omh&ppt i70r1982t diqdsses a
not di scl ose a downhol e notor capabl e of generating
fluidgdraenoenl whereith muetsutigeduduigi ishusesdialdrgate xiogrgimgy force

| es i g ration with a control sleeve. 20 The
appﬁpllFfzig? HEFW%B@E aﬁé’taHB? 'scl ose a downhol e notor capabl e
of @%.n?’ra%ﬂt% 5511@'7” %élfeﬂ g lﬁé’mfdﬁ 6‘1& 'J%lﬁfa'rggslafl%tg“ (ﬂscloses a

conprising eit ér daTiquidor a urt’he

tooPhiEEL thfcet fRRtiIDAE SEREeihNVBAEARNS tpérﬂﬁlit%d ﬂﬁﬂ@wdﬂﬂﬁ@gﬂ ®rifices
drillrng and cleaning tool having a plurality of

to lnlmzczateshq)be:&nng asgembtyat i onal and forward thrust | n
t| on control s]eeve. 5 BRI EF _S
e&mté%&%‘?bﬂémw. i O e@w&ryéésg aliscloses a
d h {0 l,. .0
ﬂm?‘é { eaﬁ’m e Blest e B Rautl o PRt Rl sty ntermal
vanefie jet notor includes a notor conprising drive

nozzl es at a power shaft generating rotational torque
actThegptior asodeesanbodissidse @ doonthodd nsdteecapalilbeot] génerating

rotartri%tn(a:)ﬂr and thrust torque with radially-extending nozzles in cooperation with a
control sleeve.

The prior art does not disclose a downhole motor capable of generating
significant torque utilizing a fluid comprising either a liquid or a gas.

It is a further object of the present invention to provide a downhole drilling
and cleaning tool having a plurality of nozzles providing rotational and forward
thrust in cooperation with a control sleeve.

BRIEF SUMMARY OF THE INVENTION

The present invention comprises a jet motor downhole tool that can be
utilized to drill or to clean a well bore or tubing associated therewith. The jet
motor includes a motor comprising drive nozzles at a power shaft generating

rotational torque acting in cooperation with a control sleeve. The jet motor
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2 WO 2007/ 115119 PCT/ US2007/ 065538 connects to an

upper nenber that is in fluid communication with the
waeeowraestidrilling or cleaning fluid. Drilling BPCT/US2007/065538

cleaning fluid pressure is directed to nozzles in the

power shaft extending generally in a radial direction.

The nozzl es may be oriented at an axial angle

obt usel rowlgg downwar d forg . The power Shﬁgtﬁgps
conpgety té’s rPHP(?F dregRet dhaf o faid Qoggypen age%dw ft source
dril 1Hg é’? CIct Srf$ﬁ[1tdurfe)?ﬁlﬁﬁ§ BF aféanm‘cglt ﬁ&]}ﬁﬁg{}%ﬁ%{% géc @ecﬁed to nozzles

in thé Yo ehafiQ%kEéRRng FoRe@ANING radlifleYifechiod. tT‘l@e ﬁ@%és may be
shaft define a blind annular space, closed at the

oriampgrbnt emdxahdnglreobaselyhte prowate éowinwardafdroer fThel power shaft
di scharge. Ot her features and advant aﬁes of the
TOtﬁt%éfhtf‘?l@HOW tp|a ﬁ@nagbak@ﬁ@ spaeafl tieen the posyarsibiag the control

e BRI SESPIBRTS, A Taon Rt o e
nozzle8Ur €hd doditrid] 18 Vd[rﬁi"’tﬁéf }S)B‘@/@r Jsﬁ&ft 'Hétfﬂfe é’fblﬁllaeannular space,

pr esent i nvention senbl ed. Fi gure 2

clogardtitid uppqal cadeshdvo s a:tfthé ttﬁv@f@ﬁlemtalldw éntd dﬂcharga
Figure 3Ais a side viewof the drill bit. Figure 3B
i s Qthst deatyrasvansk adyandagasr ofathieviavention ivitlnpe epparkat from the

ol ey e ey BeSb R Sabr b B ppdth Sl
jet notor. ﬁﬁ@%}@@ﬁ@&ﬂgg (Yg ew of the

power shaft cross-sectional view of

an fa LRy Maksi ¥ &igiThasll neMtheofett MGtdredf thdtp@Esent invention fully
| PTI ON OF THE | NVENTI Referring to Fig. 1, the

assmbledt or of the present invention 10 generally

rises.a dril blt 2 con r.ol sleeve 12, and upper
alg‘:% 152 RYURAGYRIG heoes@Rapuntion s AA. As

use}q d&g%a ﬁi%p\?lg d’i‘thl: M:lf ar to the direction of

uppe assenbly 16 that connects to

a Cf"lgﬁlle 353 ﬁé ﬁ‘gld@rwé\k}mﬂ%ﬂ dIRPhatBRRAMADodiffend ©Ethe dEN BitD,
| ower refer to the direction of the drill face
18 Fogulcér?o(lj I1s dbictos@8Bectional view of the drill bit.
Figure 4 is a cross-sectional view of the jet motor.
Figure 4A is a cross-sectional view of the power shaft.
Figure 5 is a cross-sectional view of an alternative embodiment of the jet
motor.
DESCRIPTION OF THE INVENTION
Referring to Fig. 1, the exterior of the present invention 10 generally
comprises a drill bit 20, control sleeve 12, and upper subassembly 16 having a
common central axis AA.
As used herein, “upper” will refer to the direction of upper end 80 of upper
subassembly 16 that connects to a drill string or tubing (not shown). As used

herein, “lower” will refer to the direction of the drill face 18 of drill bit 20.

Drill bit 20 is generally a closed cylindrical structure with an open
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Drill bit 20 is generally a closed cylindrical
structure with an open 3 WO 2007/115119

weOUEAD7/ 065538 connection end 24. Channel PRRUS2007/065538
extends inwardly of bit 20 from connection end 24. In
an exenpl ary enbodi nent, threading is provided on the
interior surface of drill bit 20 proxi mate connection

oA 2 ST EPTRER A SR Y G0 Y Shmcsion o
2. PO Ry b 5B TR s o

drilPbit ook MBA cohbdtioPédd DaEsr theddedcORRE R0 Bledled lower
plurality of nodes, as seen in Fig. 3B. At |east one

connettat 23 mfporz sh2® asenthlg@édsed in cylinder wall 27 of
drill bit 20. In an exenpl ‘ar%jéenbodi nment at | east two
r otl&taroexaBRIANe smbedinanty dsili biddace 19 IRéduTedntonmedels rock

configufffin S0t KNG RIG AF Bt 4L is pamprised
ofa’g]&ﬁfm&{éo%%oﬂ%,tag%e@ﬂ(hﬁiﬁ‘?ﬁmf bit 20. Referring to
g. 3C Z

nozzles 26 eac ave an axis NN. Axes NN are
eacht lediisprs estagjen aioakley2@ey gapdsalimelinded wxll 27A drill bit
Axes NN of the rotation nozzles 26 are each oriented
20. r hnjioal exgmpday ewRodinggnd asxpadtshvenrdtaien nezzleeo2@etprovided.

Rotgﬁgﬁirﬁigé?l%ﬁ%?%@o id corttumicaich Saa1 Ligelss khatiel 22 of

dril] 53 P8 d 1Ry ﬁh?d‘ggagﬁé “&@Hgm{b | 1M 38¥hit 20

ntérior openi ng cyl'i nder” wa is acute in

t hergreaigy teHigdBCE GoizolRs Q6 daehaialvemn dxiis BIN alA@E NI iare each
enbodi nent, nozzles 26 may each be oriented froma

disprised ezenoraiiyl parpeadicslanx tat axih A A ntAxdésoNNopk Hengtagorohozzles
each nozzle 26 to provide a .20 forward thrust from )
26 %qema&ﬂégaeaﬁﬁfcﬁ@af{lﬁ%a@ﬁhﬁ‘cyz B ewﬁslﬁeffg@mi rH&Zif-‘é 39 gsprovide
. 4. cutt] .nozzl e Al e PLOVI [ [t .
I‘Otaslé)cl’:l l%ggst l?:lf't @‘%s%ﬂgeﬁ%i.olge%ﬁ gl ;é)%glrfgca;ﬁ?{’ gl}euéiméqgl\.f ofbéa.ch axis NN
Wit QAFEBEH CRL h OFlaié thhssinbeirOngle RRNA A 2eh Plindfibl loghing 29 of
20. The axes of cutting nozzles 28 may be oriented
cylipdeaivhBI2 As tabuxinghéd\preferrad daectiamgl eothhio@xi s AA.
Fl uid escaping fromnozzles 28 provide cutting forces
andnweghaltemaiige sanbasiwent) wozalasy2¢ Moy Baeh dgceriaged from a

plaigy BhtgStIc S fotiet Uy R Sipetiiag Shieen Roflgafdo provide a

for&HAMGst o #83d B&LAphEY flHISVES, IR #6ve channel 17 is
Referring to Figs. 2, 3 and 4, cutting nozzles 28 are provided in bit face 18.

Cutting nozzles 28 are in fluid communication with interior channel 22 of drill bit
20. The axes of cutting nozzles 28 may be oriented parallel with axis AA or at an
angle to axis AA. Fluid escaping from nozzles 28 provide cutting forces and wash
loose materials away from bit face 18.

Control sleeve 12 is generally composed of an elongated cylindrical barrel
body, with a sleeve channel 17 passing therethrough. Sleeve channel 17 is
oriented along axis AA.

Control sleeve 12 1s provided with threading 19 at its upper end 32 for
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oriented along axis AA. Control sleeve 12 is provided
Wth threading 19 at its upper end 32 for 4 WO
wWQe®7n15189119 PCT/ US2007/ 065538 t hreaded connekRCT/O82000065538
t hreaded | ower end 42 of upper subassenbly 16. Upper
subassenbly 16 is provided with threading 82 at upper
end 80 of upper subassenbly 16 to all ow connection to
adrill strin r tubjng (not own) . Suc t hr eaded
threag it cOPPESHO I theaAdRsh v end A2 Uppsion asgMPIY 16. Upper
eev ftep i l4atj.0 rohl
subGhIHy oo ESuieitasd Fih o QAT AT IR Bad 40 o, wwer

subh&chiy 19rtol d1163W tbRfe@ont teld BE11 fB8AE L tiMSink Anbt Sfowr). Such
and 4, power shaft assenbly 36 is depicted. Power

threslded tcoassandisyar@6comuolondie pracvived. sAatorddisly) ovmtrol sleeve 12,
radi al bearing 46, thrust bushing 48, upper radial.
aftep dngtaliefiomon pedrall sEmzser kg ppdr atfxgdspoyitieniipgelation to the
d 'lﬁot Powert ts)haft 30 conprises a hollow cylinder
s e e UrBoW&v ng an internal channel 66 aligned with

axi - I ' - -
Corunt Si Non £ o & Aot st FLng o LUBS [rot® SRSun) "
shaftaisshiablye3o aledesqyowdr dhiaft 30 JlowWomeidisiahtingGla, shrust bushing

constructed and sized to rotate within control sleeve
48, uppergadial bearng #4deidinped$ and uppenihaus hyshingatf). al

20 vt sid] 90 Gereifess § Godee by Gher st Fvinga permal
chafihd (%o%m%qeﬁ%ftfl f%% %?tﬂltt@rghf;%ﬁ%@a@ A11b&s gfsdiﬁ’ Rohfnunication

contro eeve ust exten

frothnf @ﬁmﬁi:%t & tuBWEROt hdiwal) theBahmd 226 fadill BRRe, radi al
bearing 44. A retainer nut 38 is provided on power

shdtaw@oshafit 80 nedpastenatgpend saidato roz@te bedhinngpmrbl sshetve 12
of power shaft 30, Retainer nut 38

. upper end 60 ( [
Wl%f%\v% l%ﬁtﬁ%ﬂngrﬂq MEWPRAT TRRIAL RETHRE 48 nrpviding gl support

I ndin [ ' Vi f
s BGERPIE LB ABRAL R S5 SHUPSE AuoRRYclo Bkl o
rotfA8 todeM @ iARELAbS t6 8bRtrHIEdled® ANd a shoul der 69 on
power shaft 30 and shoul der 68 on control sleeve 12.
25 THovetr bisdhadig 48 Gextaalst intdrneidersy dowdr rahaubaleme68 and upper
end 56 of lower radial bearing 46 define a blind
radighhearang éﬂ}ace 55 internedi ate exterior surface 33 of

A retainer nut 38 is provided on power shaft 30 intermediate upper radial
bearing 44 and upper end 60 of power shaft 30. Retainer nut 38 is provided with
an internal threading 39 to attach to corresponding threading 81 provided on
power shaft 30 to retain radial bearings 44 and 46 and thrust bearing 48
intermediate retainer 38 and a shoulder 69 on power shaft 30 and shoulder 68 on
control sleeve 12.

Power shaft 30, control sleeve 12, shoulder 68 and end 56 of lower radial
bearing 46 define a blind annular space 55 intermediate exterior surface 33 of
power shaft 30 and inner surface 34 of control sleeve 12, blind annular space 55
having an upper end 45 defined by end 56 of lower radial bearing 46 and shoulder

68 of control sleeve 12.
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power shaft 30 and inner surface 34 of control sleeve

12, blind annul ar space 55 having an upper end 45
waledorned1vy end 56 of | ower radial bearing 46 BEMUS2007/065538

shoul der 68 of control sleeve 12. 5 WD 2007/115119

PCT/ US2007/ 065538 In an alternative enbodi nent, an

annul ar seal (not shown) nay be provided at end 56 of

I0\r/jrer raidi al .bearjng 46 to define tE upper end 45 of .
anrfiiadraligzaaiave gBbodmeif ARnHpetfa [pogphgrmd ar Gy provided
o EREQERN G EFFAIBAILES FERLOAS (O IDHE n bRy S spce

55. extreRfsulhNbRREIReVY bf 3hntfar RPWEE 5ShidfdefRed ihfernR@iate control
exenpl ary enbodinent, at |east two drive nozzles 52

sleeaed 2pamalvpaieer Spdict®@ within wall 31 of power shaft 30.
Drive nozzles 52 are in fluid communi cation wth the

i ntét lsast Qusatined nezzle O2 pairndsshegughavall Bl afepqypetghadt 30. In
52 I t ' di aul ' 54 of.
an PG G BT UL HordRSrT S brlge pocea
witl@i%%ﬂ%lggf tpg(xie‘feshﬁﬁzg(b.e@ri%s@z&féé’ 53 b ¢h lffllu‘i’dvcgfrﬁﬁﬁrﬁcation

channe annul ar space Drive nozzles 52 eac

withaweinaemakélsnbel 6Asepomer gt 8ach oriented angul arly
with respect to axis AA, the angle being acute in the
di rléave aezales upgpare losatedsmterm rangindgrt ozming d4 of annular

spad PGl UBRRIGN, 85 SaONEdBHE RGHYTE Ay DTG BT EAc5s? allow
BT Re R SFARI 8 6 SRRUAL Gpddrem a'pl ane normal 'to

e I'nterior opening 57 of each nozzle 52.

Sudbriv@ricatedt 5D reaph dvdv@degn axfi@ MBI d A UBD fak®Wath Wrébnted
escapi ng through nozzles 52. Referring to Fig. 4A

angakely BDDhofespdrd toaxiseAno2ht esgledang acatehnahgldetction of upper
radially to allow f]uid expyl sion fromnozzl.es to
endpéi(be) aeWﬁétsaﬁt éﬁ’a«"rm{ Rbtist I Espog ladde ractipn alhereaded
ifi L, - . of [ i t
onPBSSERAARL 0 NSRS, TRl AR 2 Rl pearara
fro@ pladd ndFmhINoeixiPA A0 REMMeNBtePibr 0PR8I T diNeach&lBEIcO. Such
to the plane. In the exenplary enbodinent shown,

orienedtadn provides zl feswafd dmdstdromdlindzzéagsng B oaglenozzles 52.
depicted. In _an alternative enbodi nent, not _shown

porieferrng e Fagodidemes 28Dupt astidrivenozades 52 Aupicagh angled
radfal§ HEHOW Sl ekBSislon B0 882216982 RE TS RE G3 e AU Hhrtalk in
desired direction. Specifically, the angle D’ of each axis DD with respect to a
plane passing through axis AA and shaft wall 31 at interior opening 57 is acute in
relation to the plane.
In the exemplary embodiment shown, rotation nozzles 26 and drive nozzles
52 are depicted. In an alternative embodiment, not shown, ports may be provided
without nozzles to achieve the results of the invention. The principles taught in
this invention apply with ports used in lieu of rotation nozzles 26 or drive nozzles
52.
Inner surface 34 of control sleeve 12 is spaced from exterior surface 33 of

power shaft 30. The extent of separation is gap 49. In operation, fluid forced
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this invention apply with ports used in |lieu of

rotati on nozzles 26 or drive nozzles 52. Inner
wafaca184 of control sleeve 12 is spaced froP€T/US2007/065538

exterior surface 33 of power shaft 30. The extent of

separation is gap 49. In operation, fluid forced 6 WO

2007/ 115119 PCT/ US2007/ 065538 t hrough internal

nnel 66 e | 1 ed throu rive noz . Upon. .
thrqwg& RFHY chaﬁﬂ%ﬁ?@ Irepeded ahr %&gﬁ %@@.WZ% e 5‘5@011 impinging
dygt e 0 . power :

mnéIné:L#i‘?a{c%OM,l %%%(Riéf)?ef}% é %%R:gl t]%l%f)ﬂ/ (ﬂlh?tﬁ&lngst | nrottaﬁueon of
powe9eftp. 0. 0381 cmto O 0762 5 cm (O 015 to 0.030")

for a tool having a nomi nal dianeter in the range of

3. T7%n exentplary. ebdbodiment, 25'49 & ih.tES tgngel of GO3Z1 cm to 0.0762

exerrg”ary enbodi nent, gap 49 is in the range of 0.508
cm ¢80t e~ ¢o B & aqf(ﬂoa 300l ]@fﬁﬂ@g arompngt dRmpeser 1thHg jqgeg of 3.175

om R4 o 2957, €173+ 0 AR Ry W1 e M A4nEetlt Pact B R Tn the
ran%ﬂ A 6.309 R tof Bl638ScAf (E@@ ’ 4.’8 d. 9.? Qomrn§|t091 ﬁﬁ?fn%r aq{ommal

e control 10 sleeve 12 (gap : eve di aneter)

diahetelr anwghe Raideoo010.4712%nt do r1at063 ah (4. 1057 to%ﬁsﬁ)ﬂl @@nerally,
on various application requirenents, including the
gapf4Qiscefipsane 1hezange ofates gprzep<id e novainet ﬁ@mq‘tarc%tﬂlg control

steqr L Ay racpregdiodid 5 i~ Rabaeobnsl 4 To Tafis or 1:17.
e8I S8 AR RRAL oy gggngégdl@gscwcmﬁ%q@ o8B nozzle

connéct’'ng for con ing to

sizedl plebsiitr amd) dheit UREOES, (Fdlbs Sh@WIe @e ifbfeddPRErapBE IﬁQy be
and connect | ng threadi ng 42 for connecting to control

pre&lr@dve 12 at control sleeve threading 19. Upper
enbl y i ncl udes an interior channel 72 aligned
Bﬁefgggpgg A Figg 2 |@1‘}‘gé’t iUpRet gRassEMD i\’ a 0GP HRHSes @ generally
hOIE’&‘Pg}’IIE‘%}?&%g’e{E& ﬁgvmlggzl gg%ﬁe%ﬁlgggg%fd%% gg fﬂp gaﬂli?%mg to a
drilp %lr% bifuBg (HtanBHAN at feRippePend 80 Ad éﬁ}ﬁle&ﬁhg'tﬁﬂeﬁgmg 42
nu is provided to retain tube head 41 between
for retnmicotimg toutodbolastbeae shdudtdeontdd] pleeve ddeddingipider Upper

subassenbly 16. Retaining nut_ 86, tube head 41 and
SUbﬂ%’ﬂ@@M}Z) léémlﬁéefaal@ aﬁ@m%@h@n@h% abaawhw oE1s AA-gned

%gli)l(_]ﬁgtl%ll tlll‘tbq, 56 H? i)g%\gagé mn upper sibassem f n96. Injection tube

96 1ncludes an elongated tube 40 and tube head 41. Tube head 41 has a larger
diameter than tube 40. A tube retaining nut 86 is provided to retain tube head 41
between retaining nut 86 and a shoulder 87 provided in upper subassembly 16.
Retaining nut 86, tube head 41 and tube 40 define a continuous tube channel 95
aligned with axis AA. Retaining nut 86 has connecting threading 84 for threaded
connection to internal connecting threading 83 provided in upper subassembly 16.
In an exemplary embodiment, injection tube 96 is retained in position by

the retaining nut 86 and shoulder 87. Injection tube 96 is free to rotate about axis

AA independent of the rotation of power shaft 30 and upper subassembly 16.

Upper subassembly 16 is provided with a cylindrical inset 88 at its lower
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25 connection to internal connecting threading 83

provi ded i n upper subassenbly 16. |In an exenplary
wepodisrent , injection tube 96 is retained i n POFUS100TI065538

by the retaining nut 86 and shoul der 87. Injection

tube 96 is free to rotate about axis AA independent

of the rotation of power shaft 30 and upper

sybassenbly 16. Upper subassenbly. 16 js provided with .
endaébg G ﬁHP?%@IS%F%Zg it dech @ rrramle 2 heanp spistace iBtETediate

P 6523 e . ushi ng S :
uPERY R e pr Bvrad BOnes VRS darFln Rl P TRl Ppshing 70

addummty%ﬂ@ﬁs‘s_%@aﬁhgr&ﬁd@ﬁmwppéﬁ%i tdsTbly 36.
Thrust bushing 7 additionally encl oses and provides

r adidde 40 pgomidsfpast theobowid. enklb2 ofQuppet enbssspariy tliéeinto the
| ower end 62 of upper subassenbly 16 into the 5
Cha@ﬁ@rﬁ%ﬁ%"@ﬁ% - shaft 30. The interior surface 71

onchtitc titrie Sk 70, 08 RhECRuGaRs AT R 558 Bk Sonstructed to
enc%lfgie?‘t’l’ler QL RS Reicwesy oltfhﬁlbesw fRRe® aﬂ@\'&luﬁ}t%t,}?&l? :ﬂeﬁgeen the

urther contains a flange 74 extending radially
surfagésvar Ghrust dnghingd 70s furdeei vadainet sveamgeh@4| exvendi@ndradially
62 of upper bearing 10 assenbly 16 and upper end 60 of
outwewkr Klaage 730is Teeaised heskeeny tro 1pwer wands6 of upper bearing

assGai Thhg e Sap gt OERGNED ST Wone PshErEhBg. 10 includes a
o L% P AT A 451 e e o
poveira/iate30.01CyalHdeicab iska g8 i§3iRM A esisteRtddUREsIZbIP receive

preferably only 15 slightly smaller than the dianeter
enddf0 efpowed shadt 30.1 owi ng i njection tube 30 to be

slidably receiyed in chann 6..1n an exenplary
e FRetst of ey %%rgé}ﬂe {%@Sﬂpj%ﬁpnt ej 3l expredgrably only
) e i in wi dt h s
lighHa Sy8flerthif o SAREE A7 b LAy AR bR Y0 1o be
slidaBRy RbERNGd R 8BSHIg obs applied internal of wall 90 in
tube channel 95. 20 Such slight expansion creates a

sedh dnedxwaeplatyhenbad@ndémrofshe pesentdidvohtidmltbe wakttio®ibe 96
and the interior surface 93 of power shaft 30 that

wity aftphe &vadlidhheying@ widih sucle hatsharpllavboennaadtslighHy when an
PPy RPEr 0 PoRu canarhet B Bevalal TG e ehipwel o5
Such]oh? @xBRkibN R rd LA Sl between the exterior surface 43 of tube wall
90 and the interior surface 93 of power shaft 30 that defines channel 66.

In an exemplary embodiment, the tube wall 90 is provided with a slight
flare proximate its lower end 64 to enhance sealing of tube wall 90 and the interior
surface 93. A preferred flare angle is up to five degrees outwardly from the tube
wall segment that is not flared.

In summary, the power shaft assembly 36 is fixedly attached to the drill bit
20. Power shaft assembly 36 is rotatable within control sleeve 12. A blind
annular space 55 1s defined between power shaft 30 and control sleeve 12.

In operation, jet motor 10 of the present invention is attached to a drill
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15

20

25

surface 93. A preferred flare angle is up to five
degrees outwardly fromthe tube 25 wall segnent that

wo goonoi1s1id ared. In sumrary, the power shaft asBEmE2003@5538
is fixedly attached to the drill bit 20. Power shaft
assenbly 36 is rotatable within control sleeve 12. A
blind annular space 55 is defined between power shaft

.30 and contrql sleeve_ 12 operation, jet .notor 10.
strigg %H@%?@%ﬁ}ow% efit flgi (irﬂélpg O ) Ta rmirpgu@ﬁv@to the

o SRR AR RO, LA i 0%, g

the HRE@ thidBgh Aichkd Thhhmds 90, H8bEs ahd 9ot ermd Aaf is forced through
pressures. Pressure is applied to the fluid forcing

driviecheoAdles O2.t totatughnetilgndd anldacutehg 162z1e928. 66hampdes?re from

The fluid is forced through drive nozzles 52,
the fhtidtinothanpsls| @ apg Zhés efratenidlanoig| agbiggt depahole pressure.

.pressyre from>s the fluid in channel s 66 and,22 is .
it SRR ek phed it S b aiRiapy £ adgr Bl S2 el rotationa
torc]r'?ef(fr?!h%rﬁrilﬁbit@@ecﬁﬁi%(ﬁw&tshraﬁtﬁ.i on nozzles 26 and drive

ozzles 52 create rotational torque on the drill bit
20 Japbrpowe! tishgdoki@hy dfpaet surtdoe, 34 bé contoxl steéwe pfovides a
i nner surface 34 of control sleeve provides a  surface
surfapethatsis sstetiqusinglapist 40ipoavers . slief exBwsiveh@rce of the
.expansi ve force of the .10 fluid escaping drive ..
fluif SSSARRE S5VE RGP g 10w FEE8 SBHIeh R BB T e e dbitiopAbloraue
g%% power shaft 30. Gap 49 may be determned to
ma%@% ' gf esired reactive force of fluid expelled

t hr@yghadimme Heodeleeied a8 provkle SeifeiC eeatdivel force of fluid
addition, the force of the drilling fluid my be

exprted puoagkdrive mzas Soatconer sirfadee34. Anuslditofn, the force of the
drilling fluid 15 agai,nst the sl eeve jnper s ace. 34 .

drilipg éhg% TieDY PIAPEP HBE 18 059¢T W&O@W?é%ﬁwrm q%rﬁ_ge drléng fluid

oot P aE S 48 O be SnEilet PRl gty Sntolling

the PREAbAST A PowaNSHABS0 a8PARERD b, upper end 45,
fluid forced out of drive nozzles 52 is forced out of

opeks nige SHivet hexrzddsy S2 anti lovated yinvaatednge aopenimy 54 patt ennular
55 and preventin 20 accunul ation of debris in

spaggAglad eppeersistS Hlgid Hrerdyput of drivainarlsarid s forced out of
opeGE T s 8n Ssovepalhaneses el TugtT ser Saddengnting
accBIREHorCdf ddttisdn annular space 55.

Fig. 5 depicts an alternative exemplary embodiment wherein four drive

nozzles 52 are located on power shaft 30 in order to increase the amount of fluid
expelled through the drive nozzles 52. Drive nozzles 52 are depicted as
symmetrically situated opposing pairs with respect to each other. Drive nozzles
52 may also be situated asymmetrically or in any combination of the two.

In an exemplary embodiment, an appropriate gas, such as nitrogen, may be
utilized as the fluid medium. The construction of the present invention,
particularly the construction of injection tube wall 90 with expansion capability

upon application of appropriate fluid pressure in tube channel 95 together with fit
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expel |l ed through the drive nozzles 52. Drive nozzles
52 are depicted as symmetrically situated opposing
wW@200r413ie h respect to each other. Drive nozzl BGT/UEBHOBES538
may al so be situated asymetrically or in any
conbi nation of the two. In an exenplary enbodi nent, an
appropriate gas, such as nitrogen, may be utilized as
the fluid nediu The construction.of the present
of GRS et ibamarl §0 ag fiirSeticlnrBReaR @hpnes st 30
" 90, it . o '
i Bk L EXRANSON GARARED Iy 0T
charmetx S hAgahBedintdt roiilinga W 20QWek 2ad B2 of tube wall 90
PCT/ US2007/ 065538 of exterior surface 43 of tube wal
pro9teand effeetivetealiabintsuof acda@39dhs poesral slad pre3fure is applied
allows the creation of an effective seal even though
at they@pen} endlavereng£d. The exenpl ary enbodi nent provi di ng

a flared.l ower end 64 of .tube 1. 90 ..proyi des an
ot tect vioLieeds Afudingiotofr i dntpuidl PYidifafd preferred
embddHhnPlRISH ‘Va‘r%u@%ﬁhﬁ?& m§¥1 3k Iﬁeﬁkﬁe PR Rl AVBE iBrated
64. The foregoi ng descrTption of the invention
conbirhictsdir atithén ahPsedper 6fthe sppradedeitinisheiteodt dfartiogfrom the

changes may be made in the details of the illustrated
truec spisit rofithe anvestian. l hehpresedp@ventiomshepldepizdbec ligtitesl by the

W t ho departing fromthe true spirit of the
Ck“ﬁﬁﬁgﬁf' Hﬁ%ﬁﬁﬁﬂﬁﬁ%sent i nvention should only be
limted by the 10 clains and their equivalents. 10 WO
2007/ 115119 PCT/ US2007/ 065538 CLAIMS | claim 1. A
notor for a downhole tool conprising: a cylindrica
control sleeve; a power shaft; said power shaft at
| east partially surrounded by said control sleeve;
sai d power shaft rotatable in relation to said contro
sl eeve; said power shaft having a shaft wall; said
power shaft having an interior power shaft channel;

10



at | east one opening provided in said shaft wall; said
at | east one opening in fluid communication with said
waebaftiiamannel ; said control sleeve havi ng anPCHUS200T065538
sl eeve surface; said at | east one opening having an
openi ng axis; said opening axis oriented toward said
control sleeve surface. 2. The notor of claim1l
further conprising: said contrql sleeve and said power
shaft defining an annulugﬁJgéégd at | east one opening
Idgﬁ¥ing an opening outlet; and said opening outl et
proxi mate said annulus. 3. The motor of claim 2
1. furd hestof &6 dGWABoleI8bIARpdiHg: havi ng an annul us
cl osed end and an annul us open end; and said opening
outd etlingutchktontrilesiagwdi at e sai d annul us cl osed end and
said annulus open end. 4. The notor of claiml
fuﬁtM@We%ﬁﬁ$¥ising: sai d power shaft having a shaft
axi S;,and sai d openi.ng_axis acutely,oriented in .
reisald BV et At AR r Bl e B e 9t aR L Bl
Motafd bwer &Hdft bidiblhA e GABR $hid%onddl dcg0st I of
sl eeve connected to an upper subassenbly; said upper
subagbpowtysiedniedh@blsaaftaval;dril | string; 11 WO
2007/ 115119 PCT/ US2007/ 065538 sai d upper subassenbly
hawsatthpewier sitadt haring ppentecioapaeer skaft thamaelsi on t ube
providing fluid conmunicatia rom sai d upper channe
P o2l LishSun apeih FmUed 81 SRS or of i m 5
| UrNEA ORISR LR ORANIA 0
subarbestolslene @ik dnhreot Soclicngirfacto said shaft

channel. 7. The notor of claim6 further conprising:
said at least one opening having an opening axis;

said opening axis oriented toward said control sleeve surface.
2. The motor of claim 1 further comprising:
said control sleeve and said power shaft defining an annulus;
said at least one opening having an opening outlet; and
said opening outlet proximate said annulus.
3. The motor of claim 2 further comprising:
said annulus having an annulus closed end and an annulus open end; and
said opening outlet outlet intermediate said annulus closed end and said
annulus open end.
4. The motor of claim 1 further comprising:
said power shaft having a shaft axis; and
said opening axis acutely oriented in relation to a plane through said shaft
axis.
S. The motor of claim 1 further comprising:
said control sleeve connected to an upper subassembly;

said upper subassembly connectable to a drill string;

11



said shaft channel having an interior shaft surface;
sai d tube having an exterior tube surface; and said

wao aive/1sd1idabl y received in said shaft surface.P8I/uIive7/065538
notor of claim?7 further conprising: said tube
constructed to expand at a predeterm ned pressure;
wherein said tube surface form ng a seal against said

shaft, surface upon ppl i cat.ion. of a predeterm ned
or GaUL¥RperglbasEMbgY Bav e ) infsHios upBet FEANEEnpr | si ng:
sai . i 5l ar i . . i .
¢l RO E BB R E LSRR AR i R Enannet o

saiBd1aft ciehhmenel proxi mate said shaft surface. 10. The
notor of claim1 wherein said at | east one opening

6. pr oMicdedtirrofsdaich 5 Stuahér sumhpricogpri si ng a nozzle. 11.
A notor for a downhol e tool caonprising: a cylindrical
corfeibiegtivatabe goppwsingh aibe haadiandiobe: shaft at
| east rtiall.y surrounded b i.id_gontrol sleeve;
saisﬁl%{é&&h_e&ﬂé £2 &p&eggﬁtéas %‘ﬂﬁg'l’gflﬁon to said control
! QaKPiybs A LiRONEIS el saRvianal shaf t vall; said
power shaft havihg an interior power shaft channel;

7. at Tieasbtens dgiazb dupheviaeskisingsai d shaft wall; 12 WO
2007/ 115119 PCT/ US2007/ 065538 said at |east one

nozzideshait ¢hanngl bavingandaterion shaft Ruga¢as shaft channel ;
sai d'cﬁﬁl%t r.ol . sl eeve hawglrh% an.interjor sleeve surface;

sai 4 QDL RN NS OHEHOT B 16 ATHbz 21 ¢ axi's; said
105 TR S AN R 0! o cove
8. COIMTHd Siofe ofcddith ¢ Fnithel cothpeyifgand said power shaft
defining an annulus; said at |east one nozzle having
a rarktubeaonsieugted to expand at a predetermined pressure;
wherein said tube surface forming a seal against said shaft surface upon
application of a predetermined pressure.
9. The motor of claim 8 further comprising:
said tube having a flared opening proximate a lower tube end; and
said lower tube end received in said shaft channel proximate said shaft
surface.
10.  The motor of claim 1 wherein said at least one opening provided in said
shaft wall comprising a nozzle.
11. A motor for a downhole tool comprising:
a cylindrical control sleeve;
a power shaft;
said power shaft at least partially surrounded by said control sleeve;
said power shaft rotatable in relation to said control sleeve;
said power shaft having a shaft wall;

said power shaft having an interior power shaft channel;

at least one nozzle provided in said shaft wall;

12



said nozzle outlet proximte said annul us; said

annul us having an annul us cl osed end and an annul us
woep@niend) and said nozzle outlet interned at BCHEBIH07/065538

annul us cl osed end and said annulus open end. 13. The

notor of claim 12 further conprising: said power

shaft having a shaft axis; and said nozzle axis

acut e oriented in relation to .a plane_ the sai d
et HA2hs S0 zrlan e OB EpigRo BTG aFa Channel
co i si.ng. ' : v, d to an upper
sugggdsé(#;g?%} ;Sﬁ%lsV gihégllﬁ%)%{r IHZ%@%SSE%%%E%%gheCt able to a

drishld gtlehdBnesRizdlcReig subasieerp;y having an
interior upper channel; an injection tube providing
f | sadl carniel axis atriented towrard adid aopp@l skekewepetfatco  sai d
shaft channe]. 15. The notor of claim 14 further

12. ¢ oridia wioky: ofcdign | hfedheromRrbengonpri sing a tube head
and_a, tube: .said tube, head in i d.upper supassenbl y;
R R R R R T L e
shahiq sNBARSCRY, AT BrBriRiosRal ¢ surface;  said
tube having an exterior tube surface; said tube
sl isdabhyzal€orilmgstokimsaisdidsdafulussur f ace;  16. The

nmotor of claim15 further conprising: 13 WO
2007dlamndes kroingspeonubssiesd el and & ewtulsnhopebend; and

rotatable in relatjon to said u r subassenbl y: and

Lo Rpeeiohfé dblePatiBar MR SHRER 0 el 6T annulus
opeR QR shaft. 17. The notor of claim 16 further

conprising: said tube constructed to expand at a

13.pr eOed MOBMEE 1 Hhe $3 Wikhedogiigingai d tube surface
form ng a seal against said shaft surface upon
apphidcpewenslufit bavongdesheftmixmedngdr essur e.
said nozzle axis acutely oriented in relation to a plane through said shaft
axis.
14.  The motor of claim 11 further comprising:
said control sleeve connected to an upper subassembly;
said upper subassembly connectable to a drill string;
said upper subassembly having an interior upper channel;
an injection tube providing fluid communication from said upper channel to
said shaft channel.
15.  The motor of claim 14 further comprising:
said injection tube comprising a tube head and a tube;
said tube head in said upper subassembly;
said tube extending into said shaft channel;
said shaft channel having an interior shaft surface;
said tube having an exterior tube surface;

said tube slidably received in said shaft surface;

16.  The motor of claim 15 further comprising:

13



18. The notor of claim 16 further conprising: said

tube having a flared opening proximate a | ower tube
wepw7/1smw sai d | ower tube end received in sai dPGITHE1007/065538

channel proxi mate said shaft surface. 19. A nethod

for providing rotation in a downhol e tool conprising:

attaching a control sleeve to a drill string,

attaching a ro ower shaft havi

bl |
o SAIHBIEIPHE DA F o RIDI T el 0L 54 PP T BB T
dor L oAb ElRbI W TS RTBGREr EKEFY “ana ¢ ne

17. CONtHeOM oBdr&T\URainR NG fRAtIM Hnierising! ui d under pressure
to the rotatabl e power shaft such that the fluidis

f orsaatitubkrcongtnustad do axpdrebatta medetepameadgprestuoe;sai d

annul us . to inpact said control s|eeve. 20. The nethod

of wheirin s@dwivbe ssustace Jarming aisgat agpinpspag shalt sydace upon
im19 wherein: said fluid

appﬁ%%‘;fpgf%}%%g%ﬁ{%% PETari 1 ing fluid 14
18.  The motor of claim 16 further comprising:

said tube having a flared opening proximate a lower tube end; and

said lower tube end received in said shaft channel proximate said shaft
surface.
19. A method for providing rotation in a downhole tool comprising:

attaching a control sleeve to a drill string,

attaching a rotatable power shaft having at least one opening to the drill
string such that the power shaft is at least partially within the control sleeve to
define an annulus intermediate the power shaft and the control sleeve; and

providing a fluid under pressure to the rotatable power shaft such that the
fluid is forced through said at least one opening into said annulus to impact said
control sleeve.
20.  The method of claim 19 wherein:

said fluid comprising nitrogen.
21.  The method of claim 19 wherein:

said fluid comprising a conventional drilling fluid.
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