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gener al | wooisgssiat i ons and equi prent utilized in conjuncPCTAISKINLB0S
subterranean wells and, in an enbodi ment described 20 herein, nore
particularly provides a nmethod and appatatus for generating electrical
power downhol e. BACKGROUND 25 Power for use in a downhol e environnent has
generally in the past been either stored in a device, such as a battery,
and conveyed downhole or it has been transmtted via conductors, such as a
wireline, fromthe surface or another renote |location. As is well known,
batteries have the capability of storing only a 1 7 JON 2004 WO 01/ 55551
PCT/ USOL/ 02305 -2 finite amount of power therein and have environnental
limts, such as tenperature, on their use. Additionally, batteries are not
readi ky recharged downhole. Electrical conductors, such as those in a
conventional wireline, provide a 5 practically unlimted anount of power,
but require special facilities at the surface for deploynent and typically
obstruct the production flowpath, thereby preventing the use of safety
valves, limting the flowrate of fluids through the
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VIBRATION BASED DOWNHOLE POWER GENERATOR

TECHNICAL FIELD

The present invention relates gemerally to operations and equipment
utilized in conjunction with subterranean weils and, in an embodiment described
20 herein, more particularly provides a method and apparatus for generating

electrical power downhole.

BACKGROUND

25 Power for use in a downhole environment has generally in the past been
either stored’in a device, such as a battery, and conveyed downhole or it has been
transmitted via conductors, such as a wireline, from the surface or another

remote location. As is well known, batteries have the capability of storing only a




flowpath, etc. while the conductors are in the flowpath. Thus, wreli 7 JUN
operations are typically carried out prior to the production phase of a 2004
wel |, or WOM$§5510 renedi al operations after the well has bREHUB#HES05 i nt o
production. What is needed is a nethod of generating electrical power

downhol e. The .nethod should not requit®-that power be stored in a device
and then conveyed downhole where it is difficult to recharge. The net hod
shoul d alfniteoamaunti raf pomer pheweinbandr lavaei enedtofinmmtal rlanitse duebatdson

via one or nore conductors 15 positioned in a production flowath of a

wel 1. 1t fesnseroent nahyihir obiechdditibhislly Phegeries | 9Badily REENIGRAR
nmet hod whereby power is generated downhol%, and toﬁgfiﬂ ggadé]%]y g%par at Sls
for such powBhogeneration. SUMVARY 20 In carrying out the principles of the
present invention, in accordance with an enbodi nent thereof, a downhole
power generator is provided in which fluid flow therethrough causes
vibration of aEhsotiieal tdredtors, ¥ubhads thosefint heonventimial iwirelbes provideoduce
el ectrical power. WD 01/55551 17 JUN 2004 PCT/US01/02305 -3- In one aspect
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passage formed through a housing. As fluid hrough the flow passage,
t he meanf
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are typically carried out pﬁor to the production phase of a well, or during

10 remedial operations after the well has been placed into production.

‘What is needed is a method of generating electrical power downhole. The

‘method should not require that power be stored in a device and then conveyed
downhole where it is difficult to recharge. The method should also not require

that power be transmitted from a remote location via one or more conductors

15 positioned in a production flowpath of a well. It is accordingly an object of the

| present invention to provide a method whereby power is generated downhole,

and to provide an apparatus for such power generation.

SUMMARY
20
In carrying out the principles of the present invention, in accordance with
an embodiment thereof, a downhole power generator is provided in which fluid
flow therethrough causes vibration of a member therein. Vibration of the

member is used to produce electrical power.



variety of manners. A power generating assenbly may be attached to th

menber so that, as the nenber vibrates, the power generating assenbl1y7 UGN 2084
di spl aceqyét@%ggyllt h. Displacenent of the power generating gAMYL N2 fpRUSES

el ectrical power to be generated. For exanple, the power generating
assenbly may include a coil and a nmagogt. with relative displacenent being
produced between the coil and the magnet as the nenber vibrates. The power

generating ass n Ctgl rial and SS
with the mass Dbeari ngg% dt e p| l?n %](rf\lzegﬁio%ﬁt%’ gp%é %f }%mg@e@i n
therein as_t Vi brat es r nel:atl | ude
a pi ezoel%??&%%t@?ﬁp%%qmeﬁ &t@uﬁ]é oAg ﬂglﬁ%p}\@ ced
in the piezoelectric material as the nenber fl exes when it vi brat es The

pover gerdfEwimassages dbasnembey vibratesdcThe sepmbenmay bosemyeditodhe honising
material, wth strain being induced in the. nmagnetostrictive material as

the nmenbeat ondrendswithntlenother end pfacing intohehe fhd@ flownv Altermativelinetinenber
may have a fl ow passage fornmed through it, with the menber vibrating when

f 1 uidgi s debaiellend cktin fHeORireas6R Gf thENBuidEIBR! TREDReib haa&qﬁén of
a nozzl e or venturi. 1 7 JUN 2004 WO 01/55551 PCT/ US01/ 02305 -4-
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nmet hods may be used to produce electrical power fromthe vibration of the
menber, i ncl udVibgationdofc theymembéinmay be pisedoll geteriate eldctrical powerirgiang
strain in a magnetostrictive material, displacing a coil relative to a

rrasryrtr;et alagiety Nofa ni atindie! a@sqstﬁ«te:ogeﬁmtmea@s&nblpvﬁmy be, atthéhet itonttef the
menber in
member so that, as the member vibrates, the power generating assembly is
10 displaced therewith. Displacement of the power generating assembly causes

electrical power to be generated.

For example, the power generating assembly may include a coil and a

magnet, with relative displacement being produced bhetween the coil and the

" magnet as the member vibrates. The power generating assembly may include a

15 piezoelectric material and a mass, with the mass bearing on the piezoelectric
material and inducing strain therein as the member vibrates. The power
generating assembly may include a piezoelectric material applied to the member,

so that strain is induced in the piezoelectric material as the member flexes when

it vibrates. The power generating assembly may include a coil and a

20 magnetostrictive material, with strain being induced in the magnetostrictive

material as the member vibrates.

In another aspect of the present invention, the member may have a flow
passage formed through it, with the member vibrating when fluid is flowed

through its flow passage. The member may be in the form of a nozzle or venturi.



response to fluid fl ow may be regul ated downhol e. For exanple, the effect

of changes in the fluid flow may be regul ated by naintaining a vel oc? t/yN 30
the flui dVYOFAIERPIA thin predetermned linmts. Such vel ocity Ral/RSeHEa8E may
be 1o acconplished, for exanple, by varying a flow area in response to
changes in the fluid flowrate througlr4he fl ow passage. These and ot her
features, advantages, benefits and objects of the present invention wll
becone apAavawing presmurefdifferintial yissirehtedi acrobe the tmember aartbeufluid flows
consideration of the detailed description of representative enbodi nents of

the 15 i eegudiRe teynistabéhey dbeaeD Apdinch tdrgewtdmetbiddsimay be
DESCRI PTI ON OF TH bRAWI\E;S FIG 1 is a schematic cross-sectional view of a
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i nventi on; are cross-section vi ews of successive
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3-3 of FIG 2B;. 17 JUN 2004, Q1/55551 PCT/USO /02305 -5- FIG 4.is a
cr oss5seciateraal; enga ¢ul relaiiveto @ Rammet$tCappar at us taken along line

4-4 of FIG 2E;, FIG 5 is a cross-sectional view of a first power

genr 4109, 35S KoM hiped b, s SRR bR ot ol ogber
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changes in the fluid flow may be regulated by maintaining a velocity of the fluid

flow within predetermined limits. Such velocity maintenance may be
10 accomplished, for example, by varying a flow area in response to changes in the
fluid flow rate through the flow passage. |

These and other features, advantages, benefits and objects of the present
invention will become apparent to one of ordinary skill in the art upon careful
consideration of the detailed description of representative embodiments of the

15 invention hereinbelow and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross-sectional view of a method of generating power
20 downhole embodying principles of the present invention;
FIGS. 2A-F are cross-sectional views of successive axial sections of a first
apparatus usable in the method of FIG. 1;
| FIG. 3 is a cross-sectional view of a portion of the first apparatus taken

along line 3-3 of FIG. 2B;




FIGS. 8A & B are cross-sectional views of successive axial sections of a

i 0 second apparatus usable in the method of FIG 1; FIGS. 9 & 9A ard eﬂﬂlmm'
and cross?,ﬁqﬁzgsgial views, respectively, of a first alterpyepdRmssosor use
with the first or second apparatus; FIG 1o is an isonetric view of a
second alternate nose for use with the f§grst or second apparatus; 15 FIG
ii is a cross-sectional viewof a third alternate nose for use with the
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schematic sectlgﬁfé[ ew of a th| rd appar at us usabl e in 20 the

nmet hod of 1§ 4-4-p 42$5 a schematic cross-sectional view of a fourth
appar at us usabl e in, the nethod of FIG FIG 1,5 is a schematjc

cross- sect i onaF1G B éfCT@SS'ﬁfFQWD@LB%Pﬁ%ﬁ@%td?ﬂW generpdngassergbbiusabde x;

and 17 JUN 2004 WD 01/55551 PCT/0501/02305 -6- FIG ib is a schematic
cross- secin tmafirstiappavdtusn alternate configuration of the first apparatus.
DETAI LED DESCRI PTION 5 Representatively illustrated in FIG i is a nethod

xo whigh enbodi@E. épis Acdrpbsseqiordleviewasfen tsetdrvd Howast. g dﬁbrhﬁﬁﬁfaﬁsémﬁlﬁg
descrlptlon of the method io and other apparatus and nethods escri bed

gfgel nare usegllﬁg?éggﬁt\r/ ﬁ{;:lghl ﬁsref ZP(r)Yﬁg tobel oW Tuppert, | oner”
FIG. 7 is a schematic diagram of power generation, storage, conversion
and connection in the first apparatus;
FIGS. 8A & B are cross-sectional views of successive axial sections of a
10 second apparatus usable in the method of FIG. 1;
FIGS. 9 & gA are end and cross-sectional views, respectively, of a first
alternate nose for use with the first or second apparatus;
FIG. 10 is an isometric view of a second alternate nose for use with the first
or second ai)paratus; |
15 FIG. 11 is a cross-sectional view of a third alternate nose fof use with the
first or second apparatus;
FIG. 12 is a cross-sectional view of a fourth alternate nose for use with the
first or second apparatus;
FIG. 13 is a schematic cross-sectional view of a third apparatus usable in
20 the method of FIG. 1;
FIG. 14 is a schematic cross-sectional view of a fourth apparatus usable in
the method of FIG. 1; |

FIG. 15 is a schematic cross-sectional view of a fifth apparatus usable in

the method of FIG. 1; and
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I o the acconpanying drawi ngs. Additionally, it is to be understood th?UUNQ@&
various enbodi nents of the present invention described herein may be
utilized WO MSSPHus orientations, such as inclined, invertRdl/US6t02885¢ al ,
vertical, etc., without departing fromthe principles of the present
i nvention. The nethod : Lo is described h@rein as bei ng perfornmed in
conjunction with 15 a producing well in which fluid is produced froma
formation 12 akdGi m6ds a schemiatic aross-sectionalanewiof anrelteribteechfiguratiym ohe
tubular string to the earth's surface. However, it is to be dearly
under st oothd findt apparehigl es of the present invention may be incorporated in
ot her nethods, for exanple, where fluidis injected into a formation or
circulated in the well, such as during drilling 20 operations, where fluids
pass froma relatively high pressure source to a relatively | ow pressure

zone within the well, or wher ' I np or ot her
"artificial" pressure source,@?ﬁ@\ﬁsﬁﬁ%ﬂecessary, I n keepi ng
with the principles of the present invention, for fluid to be produced
through a tubular string. 1 7 JUN 2004 WO 01/55551 PCT/USO /02305 7 In
the method 1o as depicted in FIG i, fluid fromthe formation 32 enters
the tubul ar st Repgesentativelygilustrased 6n1BIGr 1oisher mepeod g whicheembbdies

string and flows upwardly in the tubular string. Interconnected in the

t ubul ar sprinoiplésiof thepretemhimientivondn genfellawing d8sdriptiory bf tie niethbd 10l ui d
flows. In one inportant 5 aspect of the present invention, this fluid flow

t hrough tAed RAWEF a@pALitdisOind $nethddsBesciibed B@RRT adifet ] Mtefits, BAYEMas
This electrical power may then be used to operate a downhol e tool, such as

I
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under st 00 Ht at’ ?%28621 5%7% ﬁ? usedLHrJ%g'r‘e %dg@&%‘ﬂf’é@%’rxgﬁc%& P_ﬁfgﬂ\?\nﬁgeﬂc’y
Vari §Y Ofhe QR Snife dtalviiils. RGOS Bbe AR R bt thE various
embodiments of the present invention described herein may be utilized in various

orientations, such as inclined, inverted, horizontal, vertical, etc.,, without

departing from the principles of the present invention.

The method 10 is deseribed herein as being performed in conjunction with
a producing well in which fluid is produced from a formation 12 and into a
tubular string 14, and is then flowed through the tubular string to the earth's
surface. However, it is to be clearly understood that principles of the present
invention may be incorporated in other methods, for example, where fluid is
injected into a formation or circulated in the well, such as during drilling
operations, where fluids pass from a relatively high pressure source to a relatively
low pressure zone within the well, or where fluid flows from a pump or other
"artificial” pressure source, etc. Thus, it is not necessary, in keeping with the
principles of the present invention, for fluid to be produced through a tubular

string.




x0 such as sensors, sanplers, flow control devices, conmunication dpyi ﬁﬁm
etc. Electric lines or conductors 22 nmay be used to electrically conné‘

the powsfp@peesator 18 to, the valve 20, enabling the val peTtusefezosnotel y
| ocated relative to the power generator. Alternatively, the power

generator 18 and valve 20 (or other dewywhole tool) nmay be integrally
formed or directly connected to 15 each other. Furthernore, the power

generator i8 npyHRen9hbl1enaddéhiend B FI.el, twid FoniahegorBatibh loieriteys
ot her position relative to the valve. Referring additionally now to FIGS.

2A F, a ﬁ?&D | F@ﬁir{\mﬂ'ﬂ}ﬁ&u FH%EB eﬁﬁgt

I nventi oﬁgygﬂﬁlé'%g%%ga ﬁ@gf@é}?h Gsti & edgﬁﬁﬁg% po genergu(l)r %ﬂy e
used for the power .generato 8 inth t hod 10 .20 escEi ed .above., OF
course. vy R gl e bt iingn TR PR buE SB08 A hou
departing from]tghe princi pl es oé t he pﬁmgﬁﬁi@mﬁ%\éi on. ng power glgne{ator
26 i ncl udksviahole pewer geReratos 18 jburug e Slenrs OR&\IDRICTAART ow
passage 30 formed generally axially therethrough. The housing assenbly 28
i s appgr omspetebf the presputdmventiohp thisdbrdeiowdhrovghn thOpowesFEEsEerator 18N
2004 PCT/USO /02305 -8- tubular string, such as the tubular string 14 in

t he net hadu¥es itstéceridiate éledirical powert Tldb gledttiealtpdwiéemagtthien dbeatiseal fd ows
t hrough the passage 30. Referring briefly to FIG 3, it may be seen that

t he passacg%_é& b YoWMESIE 80P BB GR £ vERE I RInteichinetted in fenniss Sging y

assenbl y and an outer portion thereof via wndows 32 fornmed 5 radia

(rovsh ) LRSS BEALY B IE VBRI il Mty
these voidabgreldE ey o aowRan oS gEalsgRy be'potEied by e RenBRIGE T5;
10  such as sensors, samplers, flow control devices, communication devices, etc.

Electric lines or conductors 22 may be used to electrically connect the
power generator 18 to the valve 20, enabling the valve to be remotely located
relative to the power generator. Alternatively, the power generator 18 and valve
20 (6r other downhole tool} may be integrally formed or directly connected to

15 each other. Furthermore, the power generator 18 may be positioned above or

below the valve 20, or in any other position relative to the valve.

Referring additiona]]jr now to FIGS. 2A-F, a downhole power generator 26
embodying principles of the present invention is representatively illustrated. The
power generator 26 may be used for the power generator 18 in the method 10

20 described above. Of course, the power generator 26 may be used in many other

methods, without departing from the principles of the present invention.

The power generator 26 includes an outer generally tubular housing
assernbly 28 having a flow passage 30 formed generally axially therethrough.

The housing assembly 28 is appropriately configured for interconnection in a




Rel easably engaged with a profile 38 internally forned in the mandrelll zzj
to is a conventional lock 40 of the type well known to those skilled i PM@W
art. For WOMHASES the | ock 40 nmay be a Halliburton X-type | BERK/USO10230§

ot her type of |ock. However, it is to bg clearly understood that any

rel easabl e attachment neans may be used®i"n the power generator 26, w thout
departing fromthe principles of the present invention. 15 A power

gener at i nfaklag stipg, sach as e tubldar stoinghieg inoidie methmid 1o, IsmehrthahBuid flemeof .
The power generating structure 42 extends downwardly fromthe |ock 40 and
into the pHussmhethohfmilamstiring atsodoseis thdoudletiee phigiagk 20, HRMRITING YR} {d10
structure 42 is axially elongated and has one end (I'ts upper end as

depi ct ed FIGFRGS- ' I ‘;&%ﬂ% '
housi ng ZOI%sis}’eC{tr;bl yﬁgg)sgsﬁ?ﬁ%ﬁlglo Asf?)ggﬁg lﬁg'is Its o%%hgl%&{ﬁf%l owéerfend

as depi ct [ ' i N assage. 30. .Thus shawn

i n Fl GS. 9%?3811?%1 p%%ver @%@%’t@%‘é%ﬁ@?’&ﬁﬁﬁ%@%&mﬁ% 3@?% ng
into the fluifd flow through the passage, 30, if the flujd flowis _directed
e @y TadefivibRER R e ey tobitar mangfil pomhion he olithe hpusing JUx
2004 WD 01/55551 PCT/ US01/ 02305 -9- the power generator 26 were to be used
as shown sfemialy. Gpnerally anmalapypids 3§are farmed vetveen tbemandeli 34 and
However, it is to be dearly understood that fluid may flow downwardly

t hr ough tthe pasiieneof3the bousingsassamblyiz§ eatwardly peealying the anatfeel pandr
generator 26 maybe differently configured so that the lower end of 5 the
power genﬁegémmﬁfspmr@tﬁ@ﬂbwcm@gegbe direction of the fluid flow

through the housing assenbly 28, or 1n another direction, wthout
departing fromthe grinci ples of the present invention._ It will be readily

appr eci at ed byRé&leasably pegaged with aprofile38 infgspallyt formed swthe mandrel 34
10 is a conventional lock 40 of the type well known to those skilled in the art. For

example, the lock 40 may be a Halliburton X-type lock, or any other type of lock.
However, it is to be clearly understood that any releasable attachment means may
be used in the power generator 26, without departing from the principles of the

present invention.

15 A power generating structure 42 is attached to the lock 40 at a lower end
thereof. The power generating structure 42 extends downwardly from the lock
40 and into the passage 30 below the mandrel 34. Note that the power
generating structure 42 is axially elongated and has one end (its upper end as
depicted in FIGS. 2A-F) secured against displacement relative to the housing
20 assembly 28 by the lock 40 and has its other end (its lower end as depicted in

FIGS. 2A-F) extending into the passage 30.

Thus, as shown in FIGS. 2A-F, the power generating structure 42 has its
lower end facing into the fluid flow through the passage 30, if the fluid flow is
directed upwardly through the housing assembly 28. This would be the case if




t hrough the passage 30 about the power generating structure 42, the { QW8N 200
end of 10 the power generating structure will be defl ected sonewhat

| at er al | wpghakisye to the housing assenbly 28. This | ater glcmdgdopsidson
will occur repetitively, with the |ower end of the power generating

structure 42 oscillating back and forthgathin the housing assenbly 28.
Thus, fluid flow through the passage 30 causes the power generating
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configuration and/or material of the nenber 44. For exanple, the nenber 44

may be neeiethsf pewee genetagori2omeay baldifferemtlyr comfigured soithattholowareandofy,

or the wall thickness of the nenber may be increased to increase the
vi br ai onthef peeregenerating. stftituss g2 €acdstinithe tdirdetionl sfathleyfluiddBsw ttheshighat
the configuration and/or the nmaterial of the nmenber 44 may be changed, and

the frequepCo@dingNessbmbly U8, 280t aWoHil airestio GhitHept/dipaPing YPomPd fHE"

generating structure 42 vibration nay be changed, w thout "departing from

t he princi f ' tion. Attached at a | ower end of the
PREEDEof 5 HetaRlyetiah

menber 4 Ow nose ‘46. The nose 46 may be nade of a
relatively erosion resistant material to resist the effects of the fluid
f1 ow t hr ough t Hevilbbs aepdiBOappreciated by one skidleddnehelart thdt] whea fhed ddws
appreci ated that the nass of the nose 46 may be adjusted to vary the

e i i v i e s
10 the power generating structure will be deflected somewhat laterally relative to the
housing assembly 28. This lateral deflection will occur repetitivély, with the
lower end of the power generating structure 42 oscillating back and forth within
the housing assembly 28. Thus, fluid flow through the passage 30 causes the

power generating structure 42 to vibrate.

15 The power generating structure 42 includes an elongated member 44. As
depicted in FIGS. 2D & E, the member 44 is generally tubular and is made of a
relatively rigid mateﬁal, such as steel. It will be readily appreciated by one skilled
in the art that the frequency at which the power generating structure 42 vibrates
in response to the fluid flow through the passage 30 may be varied by changing

20 the configuration and/or material of the member 44. For example, the member
44 may be made of a less rigid material to decrease the vibration frequency, or
the wall thickness of the member may be increased to increase the vibration
frequency, etc. Therefore, it is to be clearly understood that the configuration

and/or the material of the member 44 may be changed, and the frequency of the
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Referring additionally nowto FIG 4, a cross-sectional viewtaken t angWZUﬂé

10 the nose 46 along line 4-4 of FIG 2E is representatively illustrated:

In this VW&BIS3Ftaybe seen that the nose 46 contains nulti pPETASOED2305
generating assenblies 48 therein. As depicted in FIG 4, there are three

power generating assenblies 48 within-tle nose 46, with the assenblies

being equal ly spaced angularly with respect to each other. 15 The power

gener at i npowes geherating Struetirenyd vibrathen widy be ichangéd, twiehoev@spardiiefahi Ng

structure 42 by generating electrical power. The varied angul ar

di stri but tlenprihciples poYies paeest Riveftioassenbl i es 48 ensures that, no matter
the lateral direction of the vibration, at |east one of the assenblies

wi |l appropriately respond to the vibration by generating electrical power
therefrom 20 Atlachednatr a dowernand @fithetmendrerod4 iha subsearttialbs haHowesoke
used, wthout departing fromthe principles of the present invention. For

exanpl e, 46h&he nosé dbhmalydbe matietdfer pelativbly @osibh rasisthabehbribh € eesignd
they could be differently angularly spaced, such.. as by positioning the

assenty i egheosffdra§ of ehe FiRid floRPGiroAgAthe paktagedsd gﬁ%gﬁg&%&%g gtﬁggll

PCT/ USO01/ 02305 -111- FIG 4 depictS only one lev

withint “bus ' I bov.e or. bel ow ,he
ohe shownss LORELY Sppiitiated e tiBn s i ot 48 a7 LR°RYBSA BV I
assenbl i e h Qr. total of nine assenblies within the nose 4. All
o Tho ncleleiardywridh fe Baier Binetith SPRETe Povilii B dn oRepon touthe
coul d becﬁrje ted in‘é& ifferent direction on each |evel, the assenblies
coul d ea owithre ¢ PR¥S2BEBY-on the sane level, etc. For exanple,
each level could include one of the assenblies 48, with each assenbly

Referring additionally now to FIG. 4, a cross-sectional view taken through

10 the nose 46 along line 4-4 of FIG. 2E is representaﬁﬁly illustrated. In this view
it may be seen that the nose 46 co.ntains multiple power generating assemblies 48
therein. As depicted in FIG. 4, there are three power generating assemblies 48
within the nose 46, with the assemblies being equally spaced angularly with

respect to each other.

15 The power generating assemblies 48 respond to the vibration of the power
generating structure 42 by generéﬁng electrical power. The varied angular
distribution of the power generating assemblies 48 ensures that, no matter the
lateral direction of the vibration, at least one of the assemblies will appropriately

respond to the vibration by generating electrical power therefrom.

20 Any number and any orientation of the assemblies 48 may be used,
without departing from the principles of the present invention. For example,
there could be four of the assemblies 48, instead of three, and they could be

differently angularly spaced, such as by positioning the assemblies orthogonal to- |

each other, etc.




bei ng positioned orthogonal to the assenblies on the next adjacent {lIEewa 804
etc. Representatively illustrated in FIG 5 is an exanple of a power
gener at i /o aidssEsenbly 50 which may be used for one or norEc@istig305
assenblies 48 in the power generator 26. The assenbly 50 includes a central
generally cylindrical nagnet 52 and a-@drl 54 circunscribing the magnet.
The coil 54 is biased toward a central axial position relative to the

magnet 52 by tWGogpdepiots culyiogsleoel of ey asseirlsliesef® ithih @he Hoskiy6Mbut be
readily appreciated that, when there is relative axial displacenent

bet ween t figer@oiayShe Qﬂﬂllﬁﬂ% Ié%@l&eﬁb&l?e oRbebRCiHd %n‘é“%l?}cﬁﬁ& i FIGPS. For

generated in the coil. |f the assenb 50 1s used I n e power g'eﬁérator

y

26, disp t L1024 ' nety 52 Wi ll occu en
the strucranBi sbdre CORIEBE mrck IEeR bf Sl JiRpMaAn S5k tonet fol e
30. The 20. sprin 56 ensure that the coil..54 is appropriately positioned
ol at 1 ve BB ARSCREROPIEES the figte. 46 AD DR HssamEes 45 400M e aranied tal | y,
the coil 1\&1” displace relative to the magnet, O course, the assenbly 50
may bé di FCcEBRE| @I@%}m@gm daey wpulthbe odenpted:img difienenthdirpetiorign eachf
the present invention. For exanple, the magnet WD 01/55551 1 7 JUN 2004

PCT/ US01/ lezelyshe agsersbliesigould eanh bleauriented gitfferently emthésame keveh) atc. Foe
coil 54 may be rigidly nounted, with the magnet 52 displacing in response

to vi br at example, eheh devenivuid cludb onzogfrheogneniilieady 8 withidach fhdeidly @
natural frequency of vibration at 5 which the nenber 44 di spl aces

| at er al | yhdifie hRERANSE éﬁhbg_@nﬂ witﬁefdseainbngﬁaﬂﬁh& B%ﬁggggle%g d1%9els,T&£S

natural frequéncy may be adj usted using techniques

Representatively illustrated in FIG. 5 is an example of 2 power generating

10 assembly 50 which may be used for one or more of the assemblies 48 in the
power generator 26. The assembly 50 includes a central generally cyhndncal
magnet 52 and a coil 54 circumscribing the magnet. The coil 54 is biased toward

a central axial position relative to the magnet 52 by two opposing springs or other

bias members 56.

15 It will be readily appreciated that? when there is relative axial
displacement between the coil 54 and the magnet 52, an electric current will be
generated in the coil. If the assembly 50 is used in the power generator 26,
displacement of the coil 54 relative to the magnet 52 will occur when the
structure 42 vibrates in response to fluid flow through the passage 30. The

20 springs 56 ensure that the coil 54 is appropriately positioned relative to the
magnet 52, so that when the member 44 displaces laterally, the coil will displace

relative to the magnet.

Of course, the assembly 50 may be differently configured, without

departing from the principles of the present invention. For example, the magnet




above, such as changing the rigidity of the nmenber 44, changing the Wﬁuﬁ)ﬁﬂﬂﬂ
the nose 46, etc_ It wll be readily appreciated that the displacenent

the coi|l WA 0U$5Fhtive to the magnet 52 al so has a natural PEEFISONE3305Whi ch
may al so be io0 adjusted, for exanple, by changing the spring rate of the
springs 56, changing the nmass of the cold~54, etc. It will further be
appreci ated that_increased displacenent of the coil 54 relative to the
magnet 52 5RaiRa¥eb i elecirapagnete hAsanatben sxamyle, thes qoidmzy mdy beaigidly
assenmbly 50 to the natural frequency of the power generating structure 42.
-In this wegunteds withwthe geagrettondisplacirg mms?sanne té vibratish@fahe asddmbly
frequency that will produce maxi num el ectrical power output fromeach of
the assemrplies 48. Representatively illustrated in FIG 6 is another

exanpl e of a power generating assenbly 58 which nmay be used for one or
more of the assenblies 48 in the structure 42. The assenbly 58 includes a
mass 60 positi ditipowengenerrling siroeture (e hasa yatara feuebsy tdf sibrssiorbhy 58
is vibrated laterally, the mass 60 bears on alternating ones of the

cryst@ s ®dich ke abgmbet qyrdisplages hderallydnyespomse to tHealiddow terdighptid S
1 7 JUN 2004 WO 01155551 PCT/USO /02305 -13 As is well known,

pi ezoel ecgam_g@é@r THi§ naemed HFnRfcPhesy be Ca_d‘jl‘ﬁt_ég fﬂsug%&ftgt:@%ﬁ Jedctibed

i nduced therein. Thus, when the assenbly 58 15 vibrat Yy,

?Licéééégﬁ??%%’“&hﬁfg PAEE R B I ieBer 4, i@#ﬁéﬁiﬁéiﬁ%ﬁ%@%
Gepar ti notPrbiey #sCprF RRhEEERIS, st eERRET ool hud A acemientiod et ol s 1
not necessary for %ﬁe I%(;wer %e%ngiat'hgg assenblies 48 to be positioned
wi t hin t hEE1aH¥8 et §08 FinagRel Sor 823 A nagyral xirpanencyy| whichemaspiadsaes be

al ternate power . .
10  adjusted, for example, by changing the spring rate of the springs 56, changing the

mass of the coil 54, etc. It will further be appreciated that increased displacement
of the coil 54 relative to the magnet 52 may be achieved by matching the natural
frequency of the assembly 50 to the natural frequency of the power generating
structure 42. In this way, the power generating structure 42 will vibrate at a
15 frequency that will produce maximum electrical power output from each of the

assemblies 48.

Representatively illustrated in FIG. 6 is another example of a power
generating assembly 58 which may be used for one or more of the assemblies 48
in the structure 42. The assembly 58 includes a mass 60 positioned between
20 piezoelectric crystals 62. As the assembly 58 is vibrated laterally, the mass 60
bears on alternating ones of the crystals 62, thereby alternately inducing strain in
each of the crystals.




generating assenblies 66, 68, which are distributed along the |engt 79UNQNW
I o menber 44. The power generating assenbly 66 includes a piezoelectric

mat eri al wQoi/a483lli ed to an internal surface of the nenber $¢T/8% /02305

pi ezoelectric material 70 is relatively thin as conpared to the wall

t hi ckness of the nenber 44 and may be -&pplied as a fil madhered to the
menber's surface, or as a coating. An exanple of x5 a material which maybe

suitabl e for uAsiswellliepimzpieeslectiic mateiilslgeRoradts akdmiric @arfdsht when
course, the piezoelectric material 70 nay be otherw se positioned relative

to the meghah #tindued ﬂ&ex%ﬁ.ermﬁﬁé,ywheﬁdmmsﬁ%m&hge%.Sﬁpf’ﬁehi Eﬁﬁgilly,

attached to the nenber, w thout departing fromthe pYinciples of

present %ﬁ{gdﬁﬂ.ﬁ X illates laterally in response to
fluid fl o"i'vlvEl roug EItnﬁlg ﬁ%%?@%%@%ee%%%gﬁ% be readily appreciated that
such flexing -of the menber will induce strain in the piezoelectric

material 70. |T isesporgesdady for thesdgsaidbly Siocor H8 €3 belaed Fhe ofB IR Thate 4
generates an electric current. Thus, as the nmenber 44 WO 01/55551 5 17 JUN

2004 sPCHEUSAILABAES B! siric@Rfthict Ws%ﬂ%&@%&pﬁﬁ%@hké’&nﬁﬂeé By U560

assenbdly 28, the power "generating ass rodutes correspondi ng
titi | CaCUrEe . ' 8.1 ncl
ragnet ost i E Ay 58 Bre BT EIT S I ARST RBrgRe TR
terial d th [ ' Y d i t hi.n t nber. 44. A | t abl
ot o a1 RREAGA e fok DAL Bebérili ssHemblibs 4t e Aossionedbia Bre °
avai l able fromEtrema Products, Inc. Wen strain is _induced in the
mat eri al TEse 46 fpt{gaﬁjcﬁé@%gﬁet iFOT{ exaraples G-t 2B denicts7alternade apgwer

generating assemblies 66, 68, which are distributed along the length of the

10 member 44.

The power generating assembly 66 includes a piezoelectric material 70
applied to an internal surface of the member 44. The piezoelectric material 70 is
relatively thin as compared to the wall thickness of the member 44 and may be
applied as a film adbered to the member's surface, or as a coating. An example of

15 amaterial which may be suitable for use as the piezoelectric material 70 is known
as PZT. Of course, the piezoelectric material 70 may be otherwise positioned
relative to the member 44, such as externally, and may be otherwise applied or
attached to the member, without departing from the principles of the present
invention.

20 As the member 44 oscillates laterally in response to fluid flow through the
passage 30, it will be readily appreciated that such flexing of the member will

induce strain in the piezoelectric material 70. In response to this strain, the

piezoelectric material 70 generates an electric current. Thus, as the member 44




causing an electric current to be generated in the coil. O course,ﬁ?th'-zU(]l,
magnet ost r.i ctivesmateri al 72 and the coil 74 may be ot herw geTmdtoHrmaed
relative P IPF N he nenber 44 and may be ot herw se configured, wthout

departing fromthe principles of the prggent invention. As the nenber 44
oscillates in response to fluid flow through the passage 30, it will be

readily appreciated.that strain is | ' tgwidri eratn
mat eri al 7’%P9Flﬁl sng%cet‘;&'efqﬂ%se iq ]Lr‘}gtlglr‘il E% ﬁg%ﬁgﬁgﬁ%??ﬁ@?ﬂe mat eri al %2
s generates a _magnetic field and ap el ectri.c rrent | oduced in the
coi | 74. ausembly &P@dﬁé%@@nﬁﬁp?%‘%%irﬁp?l% Ve g#égﬁ-r\%é%gap "ative to the
housi ng assenbly 28, the power generating assenbly 68 produces

correspondi ng r ﬁﬁ%ﬂ%&%ﬁ%@# ?%%%Iﬂsg clif¥dsed fridptheSiAtiative nidteriall 72t he

el ectrical outp 20 conducted via lines or
conductors 64 upward]y. through th FOf E%iaag;%! 3 bb; ogtoped! v
50 of FI G PSSIOUES I atcﬂgg%bs‘gﬁgﬁogg%ﬁ%e COl (?%ﬂ b%gin cted to

t he conductors 64, and_if the ass ly 58 FLG 6 | s ot : ;

pi ezoelsect within the membep44s & @%}Fﬁe@g F%%FEF‘G‘P %%‘5’86%%‘]&?38 Eé-ﬁg}l‘fe I{ﬁ?tﬁael 7218
alternative power generating assenbly 66 is used,.the ggndu ors 64.are
connect ed knowhead Terfenol D) available1 fiogs Firenmp Preduesgdse- 1&‘5%‘?%29 Hric
material 70, and if the alternative power generating assenbly 68 is %%gg

the conduch@hfeedi BRAGRIRA 70oit rdures a Magreticfagldahantithe cod, 742 Ehe

may be seen in FIG 2D, the conductors 64 are connected to a power storage

and converaﬁ)"nyngh Lhctiibi QRrbat 0Rs Wd ederdted uid hidte deilai | Of etouwse;THae
unit 76 is,” Tn turn, connected to an inductive coupling 78 of the type well

known to those S&itrictive' Matelfal Fo'and the coil 74 may be otherwise positioned relative

10 . to the member 44 and may be otherwise configured, without departing from the
principles of the present invention.

As the member 44 oscillates in response to fluid flow through the passage

30, it will be readily appreciated that strain is. induced in the magnetostrictive

material 72. In response to this strain, the magnetostrictive material 72

15 generates a magnetic field and an electric current is produced in the coil 74.

Thus, as the member 44 repetitively displaces relative to the housing assembly

28, the power generating assembly 68 produces corresponding repetitive electric

currents.

Referring again to FIG. 4, the electrical outputr of the assemblies 48 is

50 conducted via lines or conductors 64 upwardly through the member 44. For
example, if the assembly 50 of FIG. 5 is used for the assemblies 48, _the coil 54 is
connected to the conductors 64, and if the assembly 58 of FIG. 6 is used, the
piezoelectric crystals 62 are connected to the conductors 64. If the alternative

power generating assembly 66 is used, the conductors 64 are connected to the




As depicted in FIGS. 2A-D, the inductive coupling 78 is connected td& 7aJUN 2004
downhol e tool 8o contained within the housing assenbly 28. Alternatively,
the indugbiowssssaupling 78 may be connected to a downhol e P&AIVIAMIBIE from
the io power generator 26, as depicted in FIG Y, wherein the valve 20 is
connected via lines 22 to the power ged®rator x8. The inductive coupling
78 permts convenient electrical connection and disconnection between the
power genpieabkligidt mgterink 76 2anddf theaktermitiveegpovedr garteratiogasserahby 6846 26.
Thi s arrangenent enables the structure 42 to be 15 retrieved fromthe well

in the evgaly tihgleonHub R ake EolBédiba tatieeeoil pg) ddeidetedtin FIG. oE. access i s
required to t'he passage 30 below the structure 42. O course, other neans

of electrically connecting the structure 42 to a downhole tool may be
utilized withouts nhayabe seep in FIGt BRE, dherondustorsio4 aee pornecied tR\ARPWSH.
For . exanple, a device known to those skilled in the art as a "wet connect”
may be . 2@g#aee andheorsiersiohusit 45, mhichés deseribidd/incfurtieer detaildelnw. tTbe 8o,
etc. To retrieve the structure 42 fromw thin the power generator 26, a

conve Ikoi%t %t)ﬁé, inWekh, daiRRtédtd BASAdakivd esupling #& ofithe type welldgenvai t h
, e

t he | lock 1s released fromthe profile 38, and the | ock and
structure,ane | rdly out of the power generator. These steps
are rever%%f:h‘?s&dgﬁﬁ%%ﬁ?%% 01/ 55551 PCT/ US01/ 02305 -16 repl ace t he
structure 42 and | ock 40 in the housing assenbly 28. However, it is not
necessary, in keedepieted th RIGS. mA-TYi fheemduictive ecopplingrr8 isnvenneetgd foR t he
structure 42 to be retrievable or otherw se rel easably secured in the power
gener at or REMIRIEREET 8bdrideetiwithid thehvsusiogRstemBly 28s cAleemiaitivelyi, dbeam

of electrical power generation, storage, conversion and connection in the
power gen%&’ﬁ&ivezgoupﬁng 78 may be connected to a downhole tool remote from the
10 power generator 26, as depicted in FIG. 1, wherein the valve 20 is connected via

lines 22 to the power generator 18.

The inductive coupling 78 permits convenient electrical connection and
disconnection between the power generating structure 42 and the remainder of
the power generator 26. This arrangement enables the structure 42 to be

15 retrieved from the well in the event that it requires maintenance, upgrading, etc.,
or access is required to the passage 30 below the structure 42. Of course, other
means of electrically connecting the structure 42 to a downhole tool may be
atilized without departing from the principles of the present invention. For
example, a device known to those skilled in the art as a "wet connect" may be

20 used, the structure 42 may be directly connected to the tool 80, etc.

To retrieve the structure 42 from within the power generator 26, a
conventional tool, well known to those skilled in the art, is engaged with the lock

40, the lock is released from the pi'oﬁle 38, and the lock and structure are

displaced upwardly out of the power generator. These steps are reversed to




is representatively illustrated. In FIG 7, the structure 42 is depijciimdiigls
a power generating device which produces electrical power in response to
vi brati onWO @535 i cal power is conmuni cated via conduct or SPEHUSPHR3PHe
structure 42 to the io unit 76 as descrgbed above. The unit 76 includes an
AC to DC converter 82, an energy storafd®device 84.and a DCto AC
converter 86. As will be readil){ appreci ated, the electrical power
gener at edrépacethosizuciurevddandiloek 4o inHbethausing assexsblye28r iHeweedrodels s

of the AC type, in that the current is not constant, but is instead
repetiti vept nébesshtyiomgReapingnwiths Be principlesi obitial prefst toveraidrg rfod 2hies
used to convert the generated power to a DC-type output, which is then
stored i ngirienfevisacthe Fdigievibld 68 GherRitebreléaddMly Serufdd 3AVIHY PRiwdry Pe
of energy storage device. The converter 86 is used to convert an output of
t he devic eﬁé‘fa{éllﬁ an AC- type signal, since this is the preferred node of
transm tt?Ng power across the 20 inductive coupling 78. However, it is to
be clearly understood that it is not necessary for the unit 76 to.include
the sgecific eRefernirg 8dditishalB6ndesto Fi6d 7, abseleematic fdingtdie cfutleotried] t he
structure 42 to be converted to a DC-type signal, stored in an energy
storage WFgth% Bt¢rap¥ cédiiferSinalandéshidttivg v pédvﬁf‘génerét&f 5t

vari ety of other neans for converting the output of the ‘power |7 JUN 2004

WO 01/ 55 %Q]{, EE'I% : td Ty Wal?

el ectri cggjrgg\%si&rmy %éqgu S ?%dﬂgggﬂ%'r%{\%ees&?epreésgﬁﬁétqgﬁgﬁ&?a?%%??wae{ed
unit 76, w. thout departing.fromthe prjnci.pkes of t.he resent invention. 5
Once of edIeaNng FBTCh W Hisk B e eletfital cBaler (e resRARsE! th. VARG
78, it is_connected to the tool 8o0_as des&:ri bed _above. _ The tool 8o malﬂy1

i ncl ude ailectrical power is communicated via conductors 64 from the structure 42 to the

10 unit 76 as described above.

The unit 76 includes an AC to DC converter 82, an energy storage device

84 and a DC to AC converter 6. As will be readily appreciated, the electrical
power generated in response to vibration of the member 44 as described above is

of the AC type, in that the current is not constant, but is instead repetitive,

15 although not necessarily sinusoidal. The converter 82 is used to convert the
generated power to a DC-type output, which is then stored in the device 84. The

device 84 may be ébattery or any other type of energy storage device.

The converter 86 is used to convert an output of the device 84 into an AC-

type signal, since this is the preferred mode of transmitting power across the

20 inductive coupling 78. However, it is to be clearly understood that it is not
necessary for tﬁe unit 76 to include the specific elements 82, 84, 86 described
above, or for the output of the structure 42 to be converted to a DC-type signal,
stored in an energy storage device, and then converted back into an AC-type

signal. A great variety of other means for converting the output of the power




AC to DC converter 88, an energy storage device go, such as a batter¥ eﬁ DC
to DC converter 92 and electronics or other electrical equipnent to g N 2004
power ed ™o oI/Bsssiequi pnent 94 may, for exanple, be a presswegaNo1/02305
tenperature sensor, a solenoid used to actuate a valve, a downhol e data
storage device, a conmunication devices;1de etc. O course, certain of these
el enrents 88, 90, 92 may not be needed or desired. For exanple, if the

el ect ri cgenesatingwhtu éTslé ibgo Rublccelediri@t ':?g(ﬂ(r:eg‘;i\&/ie&&]tlse%‘ gulgﬁtﬁ'tgf %br - the

transmtted across the I nductive coupling,

energy st H : xanp 15
Vol t age aCPEARHARAY iRl hit R, URERGR AR TBR Ty BB Fp s of Mhe
converte |, Or .use by the electrical equipnent 94, the converter 92
may not S’é-eﬁ%@d]&ygﬁ Y's to be cl early understood that the unit 76 and t ool
80 as described above are given nerely as exanples of the w de vari ety of

i pl enent at i onGneé eldigricil peweiPhes bHRbn then AR hcroRY $AL i 9 uctfRe

changes may be made to their 20 configurations, w thout departing the

p;' .”Sslp'séﬁ Pl CRIRERE tlOM B g efclg‘fb@%"% aitf%ﬁ?ep. %‘?&%ﬁ%&‘”
ol ni ng Gl r et %96%4%’*#@%%& Y chaSedtery, s HGH DC

i ncluded in the power ner at or. us no{ necessary, in keeping with
W0 01/ 5568Rvarter BerandhEleltpae gt hes dsstrical sqbkament Hbp pewensd oo Thesent
I nvention, for the various electrical elenents of the wunit 76 or tool 80
to be coﬁqugnm@at ogosiay; rexamplel belepressunerantgmperatunessenses at sleneidy
illustrated in FIG 7. Referring additionally nowto FIGS. 8A & B, an

al t er nat msednbiagtuateizovaleé, mdownhole data storage device, 2 communication device,

10 ete.

Of course, certain of these elements 88, 90, 92 may not be needed or
desired. For example, if the electrical equipment 94 may be powered directly
from the AC signal transmitted across the inductive coupling, the converters 88,
92 and energy storage device 90 may not be neéded. As another example, if the

15 voltage output of the energy storage device go does not need to be converted

prior to use by the electrical equipment 94, the converter 92 may not be needed.

1t is to be clearly understood that the unit 76 and tool 8o as described

above are given merely as examples of the wide variety of implementations of the
principles of the present invention, and various changes may be made to their

20 configurations, without departing from the principles of the present invention.
For example, if the power generator 26 is used for the power generator 18 in the
method 10 depicted in FIG. 1, the valve 20 may only have an electrical actuator
therein, with the remaining elements 88, 90, 92 of the tool 8o shown in FIG. 7

being included in the power generator. Thus, it is not necessary, in keeping with




5 downhol e power generator 96 enbodying principles of the present inv?ghi F
IS repres t@t#vgly Illustrated. The power generator 96 is simlar i h }@04
respects YO ¥H hower generator 26 described above, but di PEZUSOI/A2305

| east one substantial respect in that it,includes nmultiple power
generating structures 98. The power gererating structures 98 are
distributed circunfer ially about g central axial io flow passage 100
formed t hﬁ&%@?@%&&epﬁ}%&@é%ﬁ w@@ﬂonsg%ﬁzﬁ vameuy elestiical elements of the
positioning of the structures_ 98 about the passage 100 are reduced flow
restricti vnitarip io¥ptovkBmdoebe confighared, opositionede incladed! ow atranged as
structures 98. Each of the structures 98 is depicted in FIG 8B as having a
si ngl e porepresgrtmivaly dinstratedin FIG04. wi t hin a nose 106 and attached to an
el ongat ed nenber 15 108. Thus, the structures 98 are very simlar to the
structure 42 dg_‘%s&ri bed ahove. .. Note that each structure 98 may include

nmul ti pl e ones eFang addiienalbynow ig F1GSs 8Auk B anmiternateic tioheofrrower
generating assenblies 50, 58, 66, 68 described above may be used for the
assentdl i edowmhole poveersgeneratoresd esybadyihg prindplearafithe present hevemtiorcip! es
of the present invention. 20 Fluid flow through the passage 100, either
upwar dl y represemativély ilhstrate@Wilthd powkSgenéritdr 86 is sithiflsr ih ey HEdJteRsS tO

vibrate. Vibration of the structures 98 causes the power generating

assenbl i e IR4pbwedPpetdter VeEdscbRl abReEbut 'driﬁerﬁ'iﬁ% ﬁ%%sﬁ'oﬂéoé%stéﬁh

transmtted, via conductors no, to a power storage a versi on unl?1
112. The ' : 0. . 0 Q1/ 55551
Per s/ TEtsst i $ BB tfhchade I(Hoo"’?ﬂ, ol pfwef BRhafin driefirés 3R, quro,
or a downhol e t.ool nay. be included .in the, po nerator 96, such as the
Coot g0 endiatRRstFtnRes 4t Are §itblied FrRARutAT owas cenbralona
generator_96 does not iPcI ude.a | ock or inductive

10 flow passage 100 formed through a housing assembly 102. Some of the benefits

of the positioning of the structures 98 about the passage 100 are reduced flow

restriction and improved access to the flow passage 100 below the structures 98.

Each of the structures 98 is depicted in FIG. 8B as having a single power

generating assembly 104 within a nose 106 and attached to an elongated member

15 108. Thus, the structures 98 are very similar to the structure 42 described above.
Note that each structure 98 may include multiple ones of the power generating
assemblies 104, and any of the power generating assemblies 50, 58, 66, 68
described above may be used for the assemblies 104 in the structures 98, without

departing from the principles of the present invention.

20 Fluid flow through the passage 100, either upwardly or downwardly as
viewed in FIGS. 8A & B, causes the structures to vibrate. Vibration of the
structures 98 causes the power generating assemblies 104 to generate electrical

power. The electrical power is transmitted, via conductors 110, to a power

storage and conversion unit 112. The unit 112 may be connected to a separate




5 coupling, and the power generating structures 98 are not retrievdbﬂduﬂmmh
the power generator while it is dowhole. It is to be clearly understood,
however, wblialsssdiese features of the power generator 26 mapdd@usdin@sdor at ed
into the power generator 96 wi thout departing fromthe principles of the
present invention. Referring additionalhy-now to FIGS. 9 & 9A, an alternate
configuration of a 1o nose 150 enbodying principles of the present

i nventi ondbemhels RSEINERH ¥eihe VAlve S0 ia! 88 matR eorjéao{%@%m?eﬁto;ﬂ 2&5& pbuted

for either the nose 46 in the apparatus 26 or thé nose

appar at us; s ' rRALAL | rincipl es of the

o boent | inotaddt ix e bBRE: BERARYTe, SRURE Rk B HIERBWEF eheralt 26
body 152\A§nd %substantial ly solid end portion 154. The end portion x54
has a | owerS4t DFge or blade 156 fornmed thereon. Of course, it is not
necessary in keeping wwth the principles of the present invention for the

body 152 to beNgibihat therpdvdr EESeransh Rﬁoﬂéésoﬁgggﬁé%xﬁg %o B%tiﬁahkgbgg

solid. In a preferred manner of “using the nose e end portion

faces . nt | 14 r ' a | d.be.t.he gase if &he
nose Ger LFie: A ghe it e ind Wb dHlee 58 YR s FoptieSaR o, thE°
96 as described aboye. Haweyer,. it,i.s tQ be clearly understood that the
nose 150 BHYEY S&n%‘f?éobé'ﬂ?’r‘%ﬁ IfBQPVH’é}QO]%aCﬁ lﬁﬁoc@%gieéiflye‘é’f‘g?ﬁi”t‘?ﬂ + IHVEYET; o
flow, trat%%\ée se (o the flﬁgid flow, oblique to ghe fluid 1.7 JUN 2004 WO
01/ 55551 paxes of the ppwst2eBeratar g ynay he ineprperatedintothepower
departing fromthe principles of the present invention. It will be readily
appr eci atgenergtargsd witthaut departingfrom theprintiplesiof thewnesentdhwentiche nose
x50 will be deflected and will have its nonmentum ot herwi se 5 changed in a

renner o 17 er egly Lo RAlSAHS 8t EICED B 8! A0 1S e B of a

10 nose 150 embodying principles of the present invention is representatively

illustrated. The nose 150 may be substituted for either the nose 46 in the
apparatus 26 or the nose 106 in the apparatus 96, or in other apparatus

_Incorporating principles of the present invention.

The nose 150 includes an elongated generally tubular body 152 and a

15 substantially solid end portion 154. The end portion 154 has a lower linear edge
or blade 156 formed thereon. Of course, it is not necessary in keeping with the
principles of the present invention for the body 152 to be tubular, or for the end

portion 154 to be substantially solid.

In a preferred manner of using the nose 150, the end portion 154 faces into
20 fluid flow through a housing, as would be the case if the nose were substituted for
either the nose 46 or 106 in the apparatus 26 or 96 as described above. However,

it is to be clearly understood that the nose 150 and its end portion 154 may face in

the direction of the fluid flow, transverse to the fluid flow, 6b1ique to the fluid




i 06 described above. As a result, the menber 44 or 1-08 will be vi brakt 2dUN 2004
differently in response to the fluid flow. This difference in vibration my
be in th¥aMI5S8lude or frequency of the vibration, or bot hPCTRIE1/02:8 nose
x50 provides a device for adjusting the anplitude and/or frequency of

vi bration of the nenber 10 44 or xo08 Fr?or'esponse to fluid flow through the
housing 28 or 102. It will further be readily appreciated that other

el ements SOwW,her pBvaRY ojbere direstiops withes dapaning dramgthe principles dfc the
differences in the vibration of - the nenber 44 or xo08. For exanple, flow

def | ect or présett inhemtidn.may be positioned within the housing assenbly 28 or
102 to create turbulence in, or 15 otherw se change the nonmentumof, fluid

fl owi ng t hrough the housi assemphl y,. . the et .44 or xo08 itsel f_may be
configured to JernDcbe rraddy ﬁpam%tyealbhwnﬁgfﬁgﬁgééﬁ the ¥y thet fuigd fbmeimg
more flow deflectors on the nenber, etc. Therefore, any manner of, or

devi ce fombouhahgimose 5o mwitk beudefidcted wingl willwhave itsr maghenhie oibesivige 28
or 102, and any nmanner of, or device for, altering the anplitude 20 and/ or

f r equency chiingediras neaniedr differerarfbem thit eausedBby fluldApangmnitaht bosé hé ok
flow may be utilized, w thout departing fromthe principles of the present

i nvent i onyobNd&dcBbed ahdve.2r Bs! £BERNLRE | Meiber lihUst rﬁiae%ﬁdﬂietﬁggé{e% ,

alternately configured noses 160, x62,1-64. Each of these noses I

the nose Sararaiah fesphiisgttoe Ra Hd Bhs diboreth W ibpariof bufy BERRY
noses. 15008 GPITBEe P8 £emieney BEASh BRERHOR O PFonTRERaby TESeaRaHeA e
the wide variety of different nose confi/gurations whi ch may be used, and as

a device for adjusting the amplitude and/or frequency of vibration of the member

10 44 or 108 in response to fluid flow through the housing 28 or 102.

It will further be readily appreciated that other elements of the power
generator 26 or 96 may be configured to produce differences in the vibration of
the member 44 or 108. For example, flow deflectors (not shown) may be
positioned within the housing assembly 28 or 102 to create turbulence in, or

15 otherwise change the momentum of, fluid flowing through the housing assembly,
the member 44 or 108 itself may be configured to deflect fluid flowing about it,
such as by forming one or more flow deflectors on the member, etc. Therefore,
any manner of, or device for, changing the momentum of fluid flowing through
the housing 28 or 102, and any manner of, or device for, altering the amplitude

20 and/or frequency of vibration of the membe:r 44 or 108 in response to the fluid
flow may be utilized, without departing from the principles of the present

invention.

In FIGS. 10-12 are representatively illustrated additional alternately

configured noses 160, 162, 164. Each of these noses 160, 162, 164 may be used in




exanples of the wide variety of nethods of altering the vibration of q@e N
menber 44, |ob in response to fluid flow, in keeping with the principlew 004
of the pmesenssssinvention, and are not to be taken as |im ioTgudohosmws
configurations and nethods. Each of the noses 160, 162, 164 includes a
general ly tubul ar body portion 166, i681~170 and an end portion 172, 174,
176, respectively. Preferably, the xo respective end portion 172, 174, 176

faces i ntplaté widthe must hy6ugh1bbeohohei powel8 gefbratfr o Wr 66U Tt i2qs bHa
another direction if desired. The end portion 172 of the nose 160 is

gener al | Vugd@@8food that THaPssseshes, 1469 ¢hé gggewéﬁ gegg@p@{ %g%nggmfﬁgg cted

in FIG |o. The cross shape results fromr sse

general |y, ' ' ortjio ; nd. 15 portion 174 of the.nose
152 has SRERRRERbSA L 6B bhcfba Gorri A o At B riberly 8 SaAmERIES ond
as depicted.in FIG U. The .end portion 176 of .the nose 164_has a generally
spheri cal®fsibgpwt V@Péﬁ’%?ﬁé—‘ﬁﬁe& Qosg ronigugaiiong, awhieh anay bepavess iamdeas by
one skilled in the art that the various shapes of the end portions 154,
172, 5§74 examples of tbe wdde yarsty of swetheds f altering de viboatime of the Exymbelr ngl y
vari ed changes in nmonmentum of the fluid flow ng about the noses. Thus, the
noses 15@4, & irl Gespcfsé toi flliicelolw, indcieping with the @rinciplebraftthenprekenhe
menber 44 or 108 in response to the fluid flow through the housing 28 or

102. WO Galendéd, dnd ard hb@0ske tﬁ@ﬁ/ﬁm&@%ﬁ%&?ﬁﬁiﬁﬁéﬁé‘ﬂn&%&bﬁ&a' ly

now to FIG 13, another downhol e power generator enbodyi ng principles
of the present_invention is schematically and representatively

i | lustrated. |Fachel hawmesesred, 68 1644nckudes ahgandrally dubulapbedydportion

| aterally in response to fluid flow as in the power generators 26, 96
descri bed66, 168, 170 and an end portion 172, 174, 176, respectively. Preferably, the
10 respective end portion 172, 174, 176 faces into fluid flow through the housing 28

or 102, but could face in another direction if desired.

The end portion 172 of the nose 160 is generally cross- or X-shaped when
viewed from its downward end as depicted in F1G. 10. The cross shape results
from recesses 178 formed into the generally cylindrical end portion 172. The end

15 portion 174 of the nose 162 has a generally flat circular shape when viewed from
its downward end as depicted in FIG. 11. The end portion 176 of the nose 164 has

a generally spherical shape as depicted in FIG. 12.

It will be readily appreciated by one skilled in the art that the various

shapes of the end portions 154, 172, 174, 176 of the noses 150, 160, 162, 164 will

20 produce correspondingly varied changes in momentum of the fluid flowing about
the noses. Thus, the noses 150, 160, 162, 164 will each produce a different
vibration of the member 44 or 108 in response to the fluid flow through the

housing 28 or 102.




5 above. Instead, the power generator u4 has a power generating strhgtquum
112 which includes a member or nozzle 116 which is vibrat edP@%mgM,yz_—,bg
response tWOM{SHTY f| ow t heret hrough. The nozzle 116 may al so be describ

as a venturi, although it is not necess_aﬂ_r&y in keeping with the principl es
of the present invention for the vibrated nenber in the power generator

114 to create an 1o increase in,flui a
reduction in fl & et]f @@f%é tio nﬂ‘éﬂﬂ gi(glieﬂ’F ?Oﬁéf%%gg%yﬁ %véﬁggéﬁaﬁ&
within a housing 118 of the power nerator 114. The nozzle u6 .ha

passage 12014 oembidyimg| pyinchelest ﬂfo PigseRh YYepHOR| i &C@‘&mﬁﬁ

with a fl ow passage 122 fornmed axially through the housing 118. m;gb (ﬂ
housi ng 1xBeprese heativelle fidastratetle dnithe plosver gemeratoln 514; o MAFIDEY 15 ROL aiehod
o, in which case fluid flowi ng through the tubular string wll also flow

through the, a%&l Jré.@? Hﬂ@t@%ﬁﬁeﬂm dssire ohé ippwerdzenmrators 26, gtedeswibed
change in pressure in ‘h fluid fl ow ng through t he passage 120. As

depicted in, FI G t US Sfbwir stfuctareniend
of the %ozfpgvilg}lgﬁa%eﬁ}@age regéﬁ%ﬂggc}?aggiec?g’t ed y onte@%kl lled in the
AL, e RS Rt Ol LRSS s P il 4o YRlashidt

|ncre anet er
of the passage 120 at the up er d of .t he nozzI Thu :0f
t he nozzl eﬂtgdcﬂQWe ea‘eﬂnwlg%e Inﬁﬂgsﬂﬁeﬂ%’é’r fhéleﬁ T’%Q’gs ﬂkgﬂﬁn
flows therethrough. 1 7 JUN 2004 WO 01/ 55551 PCT/ SO/023 5

2
di ff er ent i althoughs it és anobIwecessaryiciy keepinividhs & %%\kgedpgpsent
Upward di spl acenent of the nozzle 116 relative to the housing 118 is

resisted, jHAWRNSH fdRYtlde Sibbiated anenibesr ithithe pewer genevaton 11440 create an
readily appremated by one skilled in the art that the differential

pressufe creatad. 36 TRAS veltiifidetéthtodsh or to create a reduction in fluid pressure.

The nozzle 116 is reciprocztbly disposed within a housing 118 of the power
generator 114. The nozzle 116 has a flow passage 120 formed axially therethrough
which is in fluid communication with a flow passage 122 formed axially through
the housing 118. Thus, the housing 118 may be interconnected in the tubular

15  siring 14 in the method 10, in which case fluid flowing through the tubular string

will also flow through the nozzle 116.

The nozzle 116 is configured so that it causes a change in pressure in the

fluid flowing through the passage 120. As depicted in FIG. 13, the passage 120

has a reduced diameter at an upper end of the nozzle 116. It will be readily

20 appreciated by one skilled in the art that, as fluid flows upwardly through the
passage 120, its velocity will increase and its pressure will decrease due to the
reduced dianﬁeter of the passage 120 at the upper end of the nozzle 116. Thus, the

shape of the nozzle 116 causes a differential pressure across the nozzle as fluid

ﬂows therethrough.




5 due to the fluid flow therethrough is not constant, but conti nuoustLJU 004
varies. This varying differential pressure causes the nozzle u6 to vibra g
axially wade/sase1to the housing 118. One or nore piezoel eBCTUSILPIAES al s
x26 (only one of which is shown in FIG 13) is positioned between the
nozzle 116 and the housing u8 so that,”23%~the nozzle io u6 vibrates, strain
I's induced in the piezoelectric crystal. In effect, the crystal 126 is
repetitively ¢Phpdiffershtiztpressure herosszheamorile ahdbisses theusizaly wwardlyer eby
causing the crystal to generate a corresponding repetitive electrical

out put i M;?&ﬁﬂﬁ’ﬁi labkitoN A thetnstenib reltive thithd Reusinygsii@! islPdisted, be

connected to a 15 power storage and/or conversion unit, sSuch as the unit

70 Of L NeRARE, BENEERIAL of rhatal REcRBEFTaReTEUM Bk AR UphREhALE 1) ot

features o generators exanple, r gener-ator

114 coul d ingl.udeg .an, in t Ve I nd | ock s hat t truet 112
s et A gt el e BHREplh Bebe f5:30ed BBiash dBe it 1S o,
and configuration _of _the power, 20 generator 114 may be, changed, .wi t hout
depar 5i n uertﬂﬁhmﬂuyiﬂwﬁn%@ﬂgﬂugﬁés 06t eeBsiant, areqripugysheyanigy, 1his
additionally now to FIG 14, another downhole power generator 130

enbodyi nyapyingcdifferentifl pressyrescamses thenozzlen6 to vibhatesially refativeito the
representatively illustrated. The power generator 130 is simlar in nmany
respect s hsdig 28851 1 7 JUN 2004 PCT/ US01/ 02305 -24- to the power
generator 114 descri bed above, and so elenents shown in FIG 14 which are

simlar to those previous descri bed are indigcated psing the sane
ref er ence nunb@pgl_oor more pligzoe ectrtlc cryst:—ﬁs 126?0:)@ one of Which is shown h FIG.

13) is positioned between the nozzle 116 and the housing 118 so that, as the nozzle

10 116 vibrates, strain is induced in the piezoelectric crystal. In effect, the crystal
126 is repetitively compressed between the nozzle 116 and the housing 118,
thereby causﬁlg the crystal to generate a corresponding repetitive electrical

output in response.

Although not shown in FIG. 13, the crystal 126 may be connected to a

15 power storage and/or conversion unit, such as the unit 76 of the power generator
26, and the power generator 114 may include other features of the power
generators 26, 96. For example, the power generator 114 could include an
inductive coupling and lock so that the structure 112 is retrievable from the power
generator. Thus, the specific construction and configuration of the power

20 generator 114 may be changed, without departing from the principles of the

present invention.

Referring additionally now to FIG. 14, another downhole power generator
130 embodying principles of the present invention is schematically a_nd

representatively illustrated. The power generator 130 is similar in many respects



The power generator 130 includes a power generating structure 132, W?UUN%UL
in turn includes the nozzle 116. However, instead of the pi ¢¢qe&flobsds
crystal 1X08¥53%t power generator 114, the power generating structure 132
includes a magnetostrictive material 134,and a coil 136. The

magnetostrictive material 134 is positio‘ﬁéd bet ween the nozzle 116 and the
housi ng 118, .and at |east partia]ly. . wthin thescoil, 136 t Ri,s
conf i gur atticothenRYWEE EeRSFRIEH ,uqﬁiq%gp\é\ﬁ PE’OH E’pﬁ?@ isﬁgdf"ﬂ?ﬁ'lt? %ogpﬁ%?: ?“% 'egl Fof

t he present invention. The nozzle 116 vi byat e_% Ln rﬁi;&?nse to.fl uti;%eflow

t her et hr oughichs atesimilaedo Binsecprevionsy idpscoped rrenmdicaled 1gIng e, §ame

strain in the magnetostrictive material 134, causing it to generate a

magneti c figbbrrbeiimbbes. C02 136. The magnetic field causes the coil 136 to
produce an electric current. Thus, the material 134 is 15 repetitively
conpressed between the nozzle 116 gnd, the housing 118.. there C i‘pgichhe
coil 136 to gendhapewerganesaiorAarig 4 R £HPg n

response. As with the. power generator 114 descrjbed ahove, the om%@
gener atsor  iEB3furnnimghurtesditefreozzhe 136. cHioWeyer.dasteasofi thel Rigeo e%ﬁégvﬁ 128e
and/ or conversion 20 unit, and may include other features of the power

gener at or soGhe Sfowdt tFRieratodepsy, t ilng fowen gemerptingc sphichiref 137 dnghadas @

i nvention. Referring additionally now to FIG 15, another downhol e power

gener at or #afgggﬁ(gq\mﬁw InNetAL Bk S0 cbila 36l cHlesindgnetsdtiiotive snaterial 134

schemati ca representatively illustrated. The power generator 140 is
B I MM RSB 10 5 ks piee
E !s iGng éL ﬁev\%&gna&% z;aﬁ]ng-nh(ﬁ%té’ggl.%see’ PRY' Aifigtrdtist hiaf bé chahBed S didout
10 departing from the principles of the present invention.
The nozzle 116 vibrates in response to fluid flow therethrough as described
above. Vibration of the nozzle 116 induces strain in the magnetostrictive material
134, causing it to generate a magnetic field about the coil 136. The magnetic field
causes the coil 136 to produce an electric current. Thus, the material 134 is
15 repetitively compressed between the nozzle 116 and the housing 118, thereby
causing the coil 136 to generate a corfesponding repetitive electrical output in

response.

As with the power generator 114 described above, the power generator 130
may be differently configured, may include a power storage and/or conversion
20 unit, and may include other features of the power generators 26, 96, without

departing from the principles of the present invention.

Referring additionally now to FIG. 15, another downhole power generator
140 embodying principles of the present invention is schematically and

representatively illustrated. The power generator 140 is similar in many respects




The power generator 140 includes a power generating structure 142, which 5
in turn includes the nozzle 116. However, instead of conpressing a mat %UUHIZUU{,
or crystakplhesysen the nozzle u6 and the housing 118, a nagggiushidzies

di splaced relative to a coil 146. The magnet 144 is attached to the nozzle
116 and the coil 146 is attached to thgshousing 118, with the nagnet being
positioned within the coil. O course, this configuration may be changed,

wi t hout dgpidietpoider g&rerafiss 118, pId BesditRe zfﬁ%fe?ﬁnﬂrsﬁsé%eﬁw %n Fie;, The

nozzle 116 vibrates in response to fluid flo eret hrough as descri bed

above. Vi ' 3 | | - net r.el ative to the
o1 146 FEICE a6 shlifiaf 86 thied pevioadty EATHAF TR Hificalisl phiBebe S8, 1o
nozzle repetitivel ﬁpdispl aces axially relative to the housing u8, the coil

146 generZtEEnge DSponding repetitive electrical output in response. As
with the power generators 114, 130 descri bed above, the power generator

140 may be dif | i ' d/ gk
convergi on un,ﬁégﬁyﬁﬁﬁﬁﬁﬂﬁgggﬂgﬁﬁgﬁfﬁg o¥ %%Eeg%%&éﬁgge gfa o(r:hs 26,
Ref er B ng iAo eRHIe AL T & HAEhRIEE iriedd B BORRERNRE A Mt ST
ower gener at 6, ingdicated as a_power. generatgr 200, enbodyi :
et nci b davgal befweeh dbe iofe, 3 Apfl HhE naRaE hfuai makpSnat 5t Fismlered | y
illustrated. Only a _portion of the power generator. 200 is depicted in FIG

16, it beiefiventba SoHoH6-t Ihhe mAghetltd Iatiackied: inothronerzlgane radothe eoil
substantially simlar to the power WO 01/55551 1 7 JUN 2004 PCT/ US01/ 02305
-26- genewdt israttgcheldotontienheusisg 128, withnthedamgnieb beirmbpusitiopddiwithirathey
t he power

coil. Of course, this configuration may be changed, without departing from the

10 principles of the present invention.

The nozzle 116 vibrates in response to fluid flow therethrougﬁ as described
above. Vibration of the nozzle 116 displaces the magnet 144 relative to the coil
146, thereby producing an electric current in the coil. -Thus, as the nozzle
repetitively displaces axially relative to the housing 118, the coﬂ 146 generates a

15 corrresponding repetitive electrical output in response.

As with the power generators 114, 130 described above, the power
generator 140 may be differently configured, may include a power storage and/or
conversion unit, and may include other features of the power generators 26, 96,

without departing from the principles of the present invention.

20 Referring additionally now to FIG. 16, an alternate embodiment of the
power generator 26, indicated as a power generator 200, embodying principles of
the present invention is representatively and schematically illustrated. Only a

portion of the power generator 200 is depicted in FIG. 16, it being understood

that the remainder of the power generator is substantially similar to the power




generating structure 42 of the power generator 200 as illustrated in FIﬁN
16 wutilizes the alternate nose 164 of FIG 12 in place of the nose ]18 h@m
power gen®AP4P3300 i ncludes a nozzle, venturi or nmember 20PCKHSOH02395

regul ates a response of the power gener_a#%gg structure 42 to the fluid flow
("indicated by arrows 204 in FIG 16) through the passage 30, or, stated

differentl the nqzzle re s the effect. the flow through_ the passage
has on t h@%hﬁ{f%@}' %e%b(?‘%ﬁl |la3!lg‘f 3@%‘%@@:‘{ eyl qve Additiomallys Heaippwer he
enbodi mrent depicted in FIG 16 by increasing the flow area avail able for
the flow BHEFRINE SHrursure ¢ 2nof dhe quovien generator 200 26 Alluseratachén fFIGy 16t e

I ncreases and, conversely, decreasing the flow area when the flow rate
decr eases utilizes tke altetnate riasebé4af&G. w2 inpiavessfabe ridzay 6 his result may be
acconplished in a variety of manners, and the nozzle 202 may be any ot her
type of flowr onsive vibration regulating penber, w thout departi ngi]
fromthe pri nc?@feeEOWPrBﬁEeW@%gﬁp ' iaR0zzle, entygiiqr memhes@Q2 whic
appreci ated by one skilled in the art that the fluid flow 204 creates a
gener B | yreguates @ nesponsg ¢bitbe powemgenetating soicturecaaptee she diuids fiovng
206 exerts a downwardly biasing force on the nozzle 202. Thus, the nozzle

202 is di §ipdicxddupyaariowsizoy tine Rigvera)l yhivgd nbef passagdugol @r hetatddw
204 exceeds the downwardly biasing force exerted by the spring 206. As

h i 1 | '
shown in ABféleGtlyl fhe hBQﬂEQéguﬁt&O&efhﬁecPﬁ?@ﬂQ{nﬁﬂtﬂﬁg% ﬁgﬁgxrggtgiﬂr%%g{% ow

relative to the power generating structure 42,

ar ea betvxﬁ ﬂre!r

t he power gen_er t ngﬁ_ggrluc gﬁ%eigw%é%rﬁ* ﬁ%ﬁéﬂﬁrﬁ@ﬁgf# %%@Bgﬂﬁ&?ﬁe

oL akaaeh MG Rolise ot soatel  LiTihl 2000 b0 Ol eect

exarrplloe, ‘icﬁe rﬁ%%e l?t%z} and the nozzle 202 when the flow rate increases and, conversely,
decreasing the flow area when the flow rate decreases. However, it is to be clearly
understood that this result may be accomplished in a variety of manners, and the
nozzle 202 may be any other type of flow responsive vibration regulating

member, without departing from the principles of the present invention.

15 It will be readily appreciated by one skilled in the art that the fluid flow
204 creates a generally upwardly biasing force' on the nozzle 202. A compression
spring 206 exerts a downwardly biasing force on the nozzle 202. Thus, the nozzle
202 is displaced upwardly when the upwardly biasing force due to the flow 204
exceeds the downwardly biasing force exerted by the spring 206. As shown in

20  FIG. 16, the nozzle 202 has been displaced somewhat upwardly relative to the
power generating structure 42, thereby increaéing the flow area between the nose

164 and the nozzle.

Regulation of the response of the power generating structure 42 to

variations in the flow 204, or the effect of variations in the flow on the power




advant ageous in terms of the amount of power generated for the vel ocityyy @iy 2004
flurd flow about the nose 164 to remain relatively constant, or to only

vary wthwo oiesssdtain [imts, in order to naintain the powerpreosyiatiosg
structure 42 vibrating 5 with maxi num anplitude. As another exanple, an
initial relatively high fluid velocity2dbout the power generating

structure 42 may be useful in initiating vibration of the structure in

response genetadirfy wttudtuosy Jrédupey tinatty abbyefizen Fae ekdr@pld, alte hiy be

relatively small. As yet another exanple, the nozzle 202 nmay vibrate in

response haviiagbbus th téoms 30 th@Rthdue of @?ﬁg%ﬁﬁg@?ﬁ?a“ﬁg@?ﬁf 9f #0fiq and

this io vibration and its consequent eff weén The
nozzl e an ' N, TR o affect, the vibration
of the pogquglg%gfa ?#g)%eg?(?%é{)tr}rse Qg.%@ézﬁégﬁﬂy%ttﬂe?mb’eWi% y be
realized in,the,.power. erator. 200, .and it is to pe clearly understood
that the BEHEH P&ﬁé&‘%@ﬁ@ ?&ﬂ%@eﬂo‘é{%%nmstﬁwuﬁw%@%mmned
in other power generators . 15 enbodying principles of the present .

i nvents onWithgmaximwan amplitude; As 3rothee graapiedan dnitiad reladively light fuid
depicts only one manner in which the response of the power generating

st ruct ur evél@city abmitathieo powerngererafihgvetifehireyat heaye beeasefof i dnitdatiegs in
the fl ow on the power generating structure, naybe regul ated to benefici al

ef fect. I+vibration bf theathichurpinr espehssitd firt flad ﬂowa.afdaﬁtﬁérﬁéulﬁﬁgﬂﬁhéiﬁﬂl@e
used to regulate fluid velocity, turbul ence, nmonentum =~ etc. about the

12 135, P0gs PPl vl Sl oy bt R URPACHAS PO ol VST

e BBRE NS B By 415 R Bl SRS AR G0 S HRET)

LR e L TR ORI
nose 164 may, in turn, be utilized to affect the vibration of the power generating
structure 42. These and many other benefits may be realized in the power
generator 200, and it is to be clearly understood that the benefits specifically
described above may or may not be attained in other power generators

15 embodying principles of the present invention.

Additionally, it is to be clearly understood that FIG. 16 depicts only one
manner in which the response of the power generating structure 42 to variations
in the flow 204, or the effect of variations in the flow on the power generating
structure, may be regulated to beneficial effect. It will be readily appreciated that

20 a variety of means may be used to regulate fluid velocity, turbulence, momentum,
etc. about the power generating structure 42 (or within the power generating
structures 112, 132, 142 of FIGS. 13-15), or to regulate the effect of such velocity,
turbulence, momentum, etc. on the power generating structures, For example,

the shape, mass or position of the noses 46, 106, 150, 160, 162, 164 could be

25 altered, the mass, position or flow area through the nozzle 116 could be altered,




the spring rate of the springs 124, |ob could be varied, etc. Thus, ¥hguN 2004
response of a power generating structure to changes in fluid flow through
a power ggﬁ?e?léisg?l may be regulated in response to the fl ui #CIYERNLERMIges
in any manner wthout departing fromtheEf principles of the present
invention. 5 O course, a person skill efYn the art woul d, upon a careful
consi deratjon .of the ove (gescription of representative enbodi nents of
the i nventit®APIRgd1e 9? %aepﬁ?%as%%%ﬁtm coaldybervaried,eici diis, Hirlresponse of
substitutions, deletions, and other changes nay be nade to these specific
enbodi men@PovERigeReraticigstyectuze ¢o changesyyl Ausbiflow tl-heughiac]pbwbg senbritbe
present invention. Accordingly, the 1o foregoing detailed descriptionis to

be cl ear| yaynbe rmgulxieaa'nbms?cngé Y& héyYhad fidw dH_ah%é& Eﬁté:ﬂﬁfﬁ?ﬂxte?é@l{ﬂ]b
Imted solely

only, the spirit and scope of the present invention belng

by the apgepsfetheFdnish ﬁg&pﬁfb e el AIMED IS: s. A nethod of
generati ng gomrg:domho?éF tc#g mgat 0 I(?:e%)rrprl -sl;lie“%lgi?io e 5 steps of: flow ng
fluid through a flow passage of a housing interconnected in a tubular
string in a welOf caureef & persos skitjediavihegra wouldj tpdhnatamfibcondifeiticld a
structure in response to the fluid flow through the housing; and

gener at i ngf theabove des@dpron iof ré%feséﬁf&i\feoeﬂnbgdﬁhéﬂ&téf ﬁle"'}i‘lﬁbﬁﬁbﬁ[‘ reétﬂly
t he ong thé

wherein in the vibrating step, structure is vibrated a

herein in the | ' t : _
downhol e, L e R o S o8 Bk A e

i ect On AN, BOURIA 16 BLSOIESHE e Bodim bR 0 el 111

contemplated by the principles of the present invention. Accordingly, the

10 foregoing detailed descripﬁon is to be clearly understood as being given by way of

illustration and example only, the spirit and scope of the present invention being

limited solely by the appended claims.




vibrating a structure within the housing in response to the fluid floWw7 Jyx 200
t hrough .t he housi ng; generating electrical power in response to the

structure vibration; 20 retrievably securing the structure relative to the
housing; and retrieving the structure fromthe tubular string separate from
the housing while the housing is posi2fened downhole. 3. A nethod of
generati ng power downhol e, the nmethod conprising the steps of: 25 flow ng
fluid in a first direction through a housing interconnected in a tubular
string inawll; 1 7 JUN 2004 -30 5 vibrating a structure within the

housi ng i n respons Ll ow through the housing; and generating
el ectrical po%&ﬁh&$&g§3G§yyﬁ#g e structure vibration, wherein the
structure includes a coil and a nagnet, wherein the vibrating step further
conprises displacing the coil relative to the nagnet, thereby producing.

an electric current in the coil in the geperating,step erein.the

di spl acenent of. tthemeabpd of deagrating powse ‘%é(@ﬂl—ﬁle’ e J‘QEH}E{VQ{]FWPTWI&&}&%C%
and 10 wher ei nﬁﬁt he vibrating step further conprises displacing the coil
rel ath veSt&PS e nmagnet at the natural frequency. 4. The method according

to Claim3L wherejn th turther - inclides
Secur od i ondleving St rREOGE enaoHonaiaEe O1of SERL InfErtedes TRl
of the neypel. ' &hakiing \Eél],tthﬁﬂf&‘?\uﬁéﬂégg@hﬂbﬂ@a]ongitudinal axis;

vibrating a structure in response to the fluid flow through the housing; and

generating electrical power in response o the structure vibration,

10 wherein in the vibrating step, the structure is vibrated along the

longitudinal axis of the flow passage.

o. A method of generating power downhole, the method comprising the
steps of:
15 flowing fluid in a first direction through a housing interconnected in a
tubular string in a well;
vibrating a4 structure within the housing in response to the fluid flow
through the housing; '
generating électrical power in response to the structure vibration;

20 retrievably securing the structure relative to the housing; and

retrieving the structure from the tubular string separate from the housing

while the housing is positioned downhole.

3. A method of generating power downhole, the method comprising the
steps of:

25 flowing fluid in a first direction through a housing interconnected in a

tubular string in a well;




15 substantially the sanme natural frequency as displacenent of the coill N 2004
relative to the magnet, and wherein the vibrating step further corrpris7eJ$!‘|

di splacing the other end of the nmenber relative to the housing at the
natural frequency. 5. A nethod of generating power downhole, the nethod
conprising the steps of: 20 flow ng f3@rd in a first direction through a
housi ng i nterconnected in a tubular string in a well; vibrating a

structure withig the housiagre wiBEPENS thdweinghén flespandd oo thehfloidgflovhe
housi ng; and generating electrical power in response to the structure

vi br at i othrcfghwiherlesusingierst ruct ure incl udes a nmagnet ostrictive materi al
positioned proximate a coil, and 1 7 JUN 2004 -31 wherein the vibrating
step conpri sesehpgitdhgidestrical poiver imeespungete thesstrudurywibiatieni al, t her eby
producing an €lectric current in the coil in the generating step. 6. A

et hod of genelabiuROYRhcipdiiohees & beil und hodageatpri sing the 5 steps of:

flowwng fluid in"a first direction through a housing interconnected in a
tubul ar string i o r¥iiRE AP Hrth &t depNsd dsphicing e dudlsdlagve o
respehse to t%bh‘%lea?éﬁ% g\fvﬂl{?%r%géygh t he 'hou%i n_g;_ a}trDId io,g generat i ng .

el ect ri cghe pRAEReti thebpqrroduting he ceatuetaureentibr ke 6l 10 WAe BEPRTARE
structure includes a mass and a piezoelectric material, and wherein the
vi brati ngt8bep conprises biasing the mass agai nst the piezoelectric

mtertal o tfﬁeerl?%'n It}qg l:i(i:s,eplgéerrgflegt 0 ﬂ;[ehgoi Ire%tci)\?tla St %gge?rﬂa%l a natural
frequency, and
10 ‘ | wherein the vibrating step further comprises displacing the coil relative to

the magnet at the natural frequency.

4. The method according to Claim 3y wherein the structure further
includes an elongated member secured at one end relative to the housing,
displacement of the other end of the member relative to the housing having

15 substantially the same natural frequency as displacement of the coil relative to
the magnet, and wherein the vibrating step further comprises displacing the

other end of the member relative to the housing at the natural frequency.

5. A method of generating power downhole, the method comprising the
steps of:
20 flowing fluid in a first direction through a housing interconnected in 2
tubular string in a well;
vibrating a structure within the housing in response 1o the flud flow
through the housing; and

generating electrical power in response 10 the structure vibration,

wherein the structure includes a magnetostrictive material positioned

o
W

proximate a coil, and




7. A nethod of generating power downhol e, the method conprising the 1,5] JUN 2004
steps of: flowing fluid in a first direction through a housing

interconnected in a tubular string in a well; vibrating a structure within

t he housing in response to the fluid flow through the housing; 20

generating electrical power in responseito the structure vibration; and
electrically interconnecting the structure to a power-consum ng downhol e

tool via an inghetdive gauphMbigting. éepet bodpakegenedatingy fexer Hpwihel e,
t he met hod conprising the steps of: 1.7 J 2004 _32_ flowing fluid in a
first di regneadpstiisiegmaiendutihergby predesnaaptadectiis curranibulthe cetlinghein a

wel | ; wvi lgrgﬁé%aq?rpgs%yuct ure within the housing in response to the fluid

flow the Using; and 5 generating electrical power in response to
the structure vibration, wherein the structure conprises a nenber, wherein
the vibrating step further conprises displacing.the nenber relative to the
housing i n response t fclcui d flow through_the nenmher, and_ wherein the
generating stef. fﬁrmﬁg?o sheeneradinggndounbeleathe method compyirang dher i

cti vesorraggg js3lg. proxi mate a coil, thereby creating an electric current in
the coil, 1'n Tesponse to displacenent of the nenber relative to the

the. steps of DOWR ARG PEIEETN BitePRF RUIR JouniPg BT G8aaRRgh™L "
i nt er connsistlad sting in a well; :

vibrating a structure within the housing in response to the fluid flow

through the housing; and
10 generating electrical power in response to the structure vibration,
wherein the structure includes a mass and a piezoelectric material, and

wherein the vibrating step comprises biasing the mass against the

piezoelectric material to thereby induce strain in the piezoelectric material.

7. A method of generating power downhole, the method comprising the
15  stepsof:

flowing fluid in a first direction through a housing interconnected in a

tubular string in a well;

vibrating a structure within the housing in response to the fluid flow

through the housing;
20 generating electrical power in response to the structure vibration; and

electrically interconnecting the structure to a power-consuming downhole

tool via an inductive coupling.

8. A method of generating power downhole, the method comprising the

steps of:




3.5 tubular string in a well; vibrating a structure within the housilp?szm
response to the fluid flow through the housing;, generating electrica

power in response to the structure vibration; and regulating the vibration
of the structure in response to the qu',EI_row 20 through the housing, the
regul ating step being performed in res'p%nse to a change in the fluid flow

t hrough the housing. '10. The nethod according ta C ai m.9, 03 ey
regul ating stegdwrighfnid tompfirsediredien dhrg a%‘@'f%%% 8’3“%&@@@ uid f1ow
in the housing. 3.1. The ‘Frjgt hod according to Cl aim 10, wherein the

control | i ngbslpgsinipg IR @WHer conprises varying a flow area in the housing.

1 7 JUN 2004 - 33 12- The nethod_according to | Jefrel Muldeldw ow
area varyi ng st\8prating tehetrucbisr Ws &ﬁ"gplf‘ lﬂ%%a#e%é?e \ngI ative to the

structure. 13. A hod_of nerating power downhole, the nethod conprising
t he stepéh{ﬁ‘-?ngﬂ??%WﬁBgf ?ﬁﬁgd ina first direction through a housing

i nterconnected in a _tubular. string.:i lvo (Hk Bir@lcturg vibistiomet ure wi t hin
the hosisi ng i n §¥¥s8HEE %CWIF@ I?Cf"ﬁ%dh;}le%ev&%tehfough t he housi ng; generating

el ectrical power in response to the sfruc I bration; and to regul ating
the effect of ah’harﬁlétthéﬁniq?twoﬁjl”ﬁﬁlﬁesﬁ%&v&g%éff he structure vibration.

14. The method according to O aim 13, rein LEiRg Shepmieutitdrer
conpri ses mai nt alwerey dheeyibeating chek HETFI| EP#E%V?/ES\?MQC%{E@n 1B]r%edet er m ned

limts. 15, The mephod accotding de G A Nbdthnaegtetie mh@heegaat ing st ep

wherein the generating step further comprises inducing a strain In @

i ] i 1 ent In
10 magnetostrictive material proximate a coil, thereby creating an electric curr

the coil, in response to displacement of the member relative to the housing.

9. A method of generating- power downhole, the method comprising the

steps of:
flowing fluid in a first direction through a housing interconnected in 2
15 tubular stringina well;
vibrating a structure within the housing in response 10 the fluid flow
through the housing;

[=] t )

regulating the wibration of the structure in response to the fluid flow

. . oo

»0  through the housing, the regulating step being performed in response to a chang
o =

in the fhaid flow through the housing.

10. The method according to Claim 9, wherein the regulating step further

comprises controlling a velocity of the fluid flow in the housing.

1 ] ] ling ste
11. The method according to Claim 10, wherein the controlling step

1 "aryl 3 using.
o5 further comprises varylng 2 flow arez in the housing




15 further conprises varying a position of a nenber relative to the
structure. 16. The nethod according to Cl aim 13, wherein the regul 4t7 JunN 200
step further conprises varying a flow area within the housing. 17. A
downhol e power generator, conprising: 20 a housing having a first flow
passage fornmed therethrough; and a powdB-generating structure including a
power generating assenbly and a vibrating nenber, the nenber vibrating in
response to fluid flow through the 1 7 JUN 2904 -34 5 first flow passage,
and the power generating assenbly generating electrical power 1in response
to vibration ofy thg, B?&B%B’ac!"@ﬂiﬁg@o@Pﬁnpﬁ‘i@{?vh%é?ﬁrt%!ﬂ%g; A%EARyNg fepudes
a coil positioned “proximate a nmagnetostrictive material, vibration of the
menber cgughes csidpaisesidisplatiegrmyeattesrelative ve thaseuchire. 1 g. A downhol e
power generator, conprising: a housing having a first flow passage forned

t her et hrough; and a power generating structure including a power generating
assenbly and a vibrating nenber, the nenber vibrating in response to fluid
flow through the stQethsshs bboWBR3S36Rer ds\inhblR, BRVEetBeN eoRiprgnashenbl y
generating electrical power™ 1n response to vibration of the nmenber,
wher ei n stepsrfnber has a second fl ow passage fornmed therethrough in

comuni cation with the first flow passage, the nenber vibrating in response
to fduid flofldwimeufihid e = B&csndirktioon ghesigeas bowsing inteseeinedtpd ioder
generatingbgﬁsenbly_inclages "a magnetostrictive material disposed between
t he nmenb&PPRAH StRBEMBAYHY so that, as the member is vibrated, strainis

i nduced in the nmagnetostrictive terial, . . R
vibrag{ing a structure within the housing in response to the fluid flow

through the housing;
generating electrical power in responée to the structure vibration; and

10 regulating the effect of a variation in the fluid flow on the structure

vibration.

14. The method according to Claim 13, wherein the regulating step further

comprises maintaining a velocity of the fluid flow within predetermined limits.

15. The method according to Claim 13, wherein the regulating step

15 further comprises varying a position of a member relative to the structure.

16. The method according to Claim 13, wherein the regulating step

further comprises varying a flow area within the housing.

17. A downhole power generator, COmprising:
20 a housing having a first flow passage formed therethrough; and

a power generating structure including a power cenerating assembly and a

vibrating member, the member vibrating in response to fluid flow through the




19. A downhol e power generator, conprising: a housing having a first 11:? 2004
passage forned therethrough; and 20 a power generating structure incl dﬁm;

a power generating assenbly and a vibrating nenber, the nmenber vibrating

in response to fluid flow through the first flow passage, and the power
generating assenbly generating el ectrica4 power in response to vibration

of the nenber, wherein the power generating structure is_ret{i eva@l)a/ wer
secured rq{ggQ Sy gﬂssaéﬁ, éﬁ@t]ﬁmpwagge\héﬂa@ﬂgmsmbbi grRyaratipg &8t AEPO

downhol e. . A downhol e power genern?tgo , conprising: 1 7 JUN 2004 -35 5 a

]
housi ng haviregpanteé tavibrebon paSsFERB ed t her et hrough; and a power

generating structure including a power_ generating .as I [ I ng
menber, the nenpgfersinbrihei powien EERPEREE taésﬂlf‘h}ﬁ e th%ﬁ@ﬁ Sjr?es}ﬂﬁﬁt

fl ow passage, and the power ner.at | asy b @h ety bgaln power
i N r esponspraeMALpAINR Hewtr?ﬁbver@ﬁ%%??]’\%ﬁgg{gﬁotgﬁg@pomr generagti ng

structure g%1§5§%Eﬁ%ﬁﬁhﬁyehﬁﬁ@ﬁﬁpnneCted to the housing via an inductive
coupliﬁg. ownhol e power generator, conprising: a housing having a
first flow passage fornmed therethrough; 10 a power generating structure
i ncluding a power generating assenbly and a vibrating nenber, the nenber

vibrating in res o%ggtg%g{%ﬁg&,&l ggﬁgﬂa&&ngnﬁm;ng;i rst fl ow passage, and

t he power gener générating electrical power in response to

vi bration of the nenber; and [ LG BeheEd tHdretliregghatndg menber
regul ating the @Wsui%h@gglﬁcﬁi‘glfs@gwﬁg’?g%:gﬁ of the vi bratgi ng nenber, and

the regulating menber bel n%ting structure including a power generating assembly and a

a power gener
vibrating member, the member vibrating in response to fluid flow through the

10 first flow passage, and the power generating assembly generating electrical power
in response to vibration of the member,

wherein the member has a second flow passage formed therethrough in

communication with the first flow passage, the member vibrating in response to

fluid flow through the second flow passage, and

wherein the power generaling assembly includes a magnetostrictive

15 .
s the member 1s

material disposed between the member and the housing so that, a

wvibrated, strain is induced in the magnetostrictive material.

19. A downhole power generator, comprising:
a housing having a first flow passage formed therethrough; and

i i 1 1 mbly and a
20 a power generating structure including a power generating assembly

ibrating i id flow through the
vibrating member, the member vibrating in response to flui g

first flow passage, and the power generating assembly generating electrical power
. inresponse to vibration of the member,
wherein the power generating structure is retrievably secured relative to

o5  the housing while the housing is positioned downhole.

20. A downhcle power generator, CCImPprising:




responsive to a change in the fluid flow through the housing. 22. Thd 7 JUN 2004
downhol e power generator according to Claim21, wherein the regulating
menber regul ates a velocity of the fluid flowin the housing. 23. The

downhol e power generator according to Claim21, wherein the 20 regulating
menber varies a flow area in the housi'n§5 “24- The downhol e power gener at or
according to Caim2l1,1 wherein the regulating menbﬁr di EE)I aﬁes relative

to the vibrati @h@ﬁm;mai\mg@ﬁpm&mmssm formad deeneh e v d 1 ow

t hrough the housing. 25- A downhol e power generator, conprising:,.l 7dJUN
2004 -36 5 a honaggé{% rg@ﬂéﬁgi §irsairé ntudingsapevengeraiaing A& BN dnd a
power generati ructure 1 ncluding a power generat.i as 1Be

vi brat i ng EriBig midrebernther meimiret RER IS F%§Mett8%§i gjilwg%fv;té%?ough
the first flow passage, t he 8 Ak drB]yass et nEmcet payer

el ectri ca|ﬁrpbﬂ@wpawagﬁs§iﬁgbe P%W{Q/‘Pgb\% Iuggﬂbc??g%mﬁe rrenber,lygv\herei n the fluid

fl ow responsi | PG of fige wiehdladri ng nenber due to a change in the
fluid Pl oﬁpirggﬁg}g{%%(f\té%?eldomhol e. 26. The downhol e power, ?enerat

;
according to d ailm 2 ) ggg}ep g BBt Rt ispcoiret lseele¢tbically dR PGFD@B%C?ed to

vi brating menbel’ F5due 16 a change in a flow 10 area in the housing. 27.
The downhohg mﬁgwmwctm%-to Claim25, further conprising a
regul ati ng nenber displacing relative to the vibrating nenber in response
to the change in the fluid flow. 28. The downhol e power generator according
to Caim25, wherein 15 regulation of the vibration of the vibrating.
menber is due t@ime gh@nhohgpéwer generator, COMPrising:

a housing having a first flow passage formed therethrough;

assembly and a

generating structure including a power generating
ow through the

10 a power |
ing member, the member vibrating in response 10 fluid {l

vibrat - .
generating electrical power

first flow passage, and the power generating assembly
in response to vibration of the member; and
the regulating member regulating the flow

a regulating member, -
and the regulating member being

responsive vibration of the vibrating member,

15 .
responsive to a change in the fluid flow through the housing.
5o The downhole power generator accqrding to Claim 21, wherein the
regulating member regulates a velocity of the fluid flow in the housing.
23. The downhole power generator according to Claim 21, wherein the
0o  regulating member varies a flow area in the housing.

. : i the
24. The downhole power generator according to Claim 21, wherein th

S
g I 1 I 5 W e b e upol]

chanee in the fluid flow through the housing.

25. A downhole power generator, Comprising:




velocity of the fluid flowwithin predetermined limts. 29. A downhol § 7 JUN 2004
power generator, conprising: a generally tubular housing having an axi al

fl ow passage formed 20 therethrough; and a power generating structure

i ncluding a power generating assenbly and an el ongated nenber extendi ng

into the fl ow passage, at |east one engfot the nenber vibrating laterally
relative to the housing in response to fluid flow through the flow

passage, and t A8 s IrkNUoRSSREN o/fohsi Brdegh- 9 425 the menber
so that as thegﬁlggbﬁé\% vi%ﬁ%t esl, t%eﬁ%‘gv\e‘“’r é}gﬁigrﬂg??ﬂ% asst'er?ttgi?af/i gener at es

el ectri cal po“%'bg%réeﬂ%t%qos rgco’[er &4 wﬁ%ﬁg}'\gé%eggﬂﬁﬁﬁtsgé}ﬂpﬁ?ﬁm y

I ncl udes a coi rmagnétostri cti've nater '8N0 nember

i nduci ng\8bralng inferhber, thegnehdsirrvibtitiey imtresp@iseandhgdnfoat ihrgugh the
electric current in the coil. 30. A downhol e power generator, conprising: 5
a gener alfitpt {lgpipassaBeERHG e SR REralng ASseralY SEDsEENg slefigeral power

ther%hrqﬂg 'spé’ﬂge ‘RBﬁfe"ng%E%é”w ure including a power generating

assenbly an an el ong er extehding into the flow passage, at |east

one end of the I.b ing . i tQ_I-he h ing in
response to flvdlhg]ee??g}\’}\? ﬁ&l(‘t‘ﬂ&’oug b?ﬁgnl?lk’{o%aggéggé%?Wgﬁahpgén%%%g%ue to
gener at i agclagsenbl the fRiiddoat Isaeperitdfetdveviimiber so that as the nmenber
vi brates, the power generating assenbly generates electrical power,

wherein the power generating assenbly includes a mass and a piezoelectric
material,'-vibration of the menber causing the mass to induce strain in

the piezoel ectgg C TRECAbRhhole power generator according to Claim 25, wherein
regulation of the vibration of the vibrating member is due to a change in a flow

10  area in the housing.

27. The downhole power generator according to Claim 25, further
comprising a regulating member displacing relative to the vibrating member in

response to the change in the fluid flow.

28. The downhole power generator according to Claim 25, wherein
15 lregulation of the vibration of the vibrating member is due to maintaining a

velocity of the fluid flow within predetermined limits.

29. A downhole power generator, comprising:

a generally tubular housing having an axial flow passage formed

20 therethrough; and

a power generating structure including a power generating assembly and
an elongated member extending into the flow passage, at least one end of the
member vibrating laterally relative to the housing in response to fluid flow
through the flow passage, and the pbwer generating assembly being attached to

25 the member so that as the member vibrates, the power generating assembly

generates electrical power,




31. A downhol e power generator, conprising: a housing having a first] a)jghoos
fl ow passage forned therethrough; and a power generating structure

i ncluding a nozzle and a power generating assenbly, the nozzle having a
second fl ow passage forned therethrough in comunication with the first

fl ow passage, the second fl ow passage 4@8Ww+ng a |ongitudinal axis, the
nozzle vibrating along the longitudinal axis in response to fluid flow

through the figgferand S8COpdwel OWepasIR@eSassetblyhentlades gengsit ang a
assenbly producing electrical_ power in response to the_nozzle vibration.

32. The duwaghetesipotive gutenal ovibsatior dfngh gh Jducperarant e thsower

¢

generating ass l.y,.l ncl udes, a_piezoel.ectri teri | axially
et neon AbeRBACEHENT dralra) SphEROFURE o el ulBr b BRRRE, 0t 1 n
housing so 1 7 JUN 2004 -38 that, as the nozzle axially vibrates relative
to the housing, strainis repetitively induced in the piezoelectric
material. 33- A downhol e power generator, conprising: a housing having a
first axial fl3% pedewybBoicoPoMsel $97Er alichy GUPRTISHIEA a power generating
structure including a nozzle and a power generating_ assenbly, the nozzle
having a second Beverallyssaalarohememendratng oagh axial Howornashigsat fosmeg t h
the first,flg §as§_a%§d the nozzle vibrating axially relative to the
housi ng itﬁer%tiyﬁ H&d: fluid flow through the first and second fl ow

passages, the power generating_assenil roduci ng_el ectri cal [l
response to t hd PHEXz %‘“qﬁgpﬁtﬁqﬁﬁﬁ%@%%iaﬂp? T EUEANA n%siﬁgfmﬁ% and
assenbl y jinelaiioged mepmitet 8abndisl Meo Thé dldwalpadbssedemtariarené of Ui |

and axially between at |east a 10 Portion of the nozzle and-atsdegsﬁ a
portion ohepterhyilyiatigestaterdly, reativedontie, housing @ |1gsReeat@ e HPve to

t he usi Nal, M | | ti ' i Q.: FieCL
e TP BB I8 SRR EUEh, SO MBI IR o
the member so that as the member vibrates, the power generating assembly

generates electrical power,

wherein the power generating assembly includes a mass and 2
piezoelectric material, vibration of the member causing the mass to induce strain

15  in the piezoelectric material.

'31. A downhole power generator, comprising:
a housing having a first axial flow passage formed therethrough; and

a power generating structure including a nozzle and a power generating
assembly, the nozzle having a second flow passage formed therethrough in
communication with the first flow passage, the second flow passage having a
longitudinal axis, the nozzle vibrating along the longitudinal axis in response to
fluid flow through the first and second flow passages, and the power generating

assembly producing electrical power in response to the nozzle vibration.

a2. The downhole power generator according to Claim 31, wherein the

power generating assembly includes a piezoelectric material disposed axially

between at least a portion of the nozzle and at least a portion of the housing so




34. The downhol e power generator according to Caim 31, wherein the 1% JUN 2004
power generating assenbly includes a nagnet and a coil, one of the nagnet

and the coil being attached to the nozzle, and the other of the magnet and
the coil being attached to the housing so that, as the nozzle vibrates
relative to the housing, relative dispgBacenent is produced between the

coil and the nmagnet. 20 25 35- The downhol e power generator according to

G ai m 31"[}(]}5‘?9{5‘3'&5'8 fn'o%tl‘é aﬁb]‘PvaIH}'é%sgfbléth@e $69BA s, RRSSRIS I@P@ﬁﬁeé’] ya
pressure ferential across the nozzle, the pressure differential varying

and bi asinduté@imtzeprezoelethi miatestali on of the fluid flow 36. The
downhol e power generator according to Caim35, further conprising a bias
menber biasing the nozzle in a direction opposite to the direction of the
fluid flow.

33- A downhole power generator, comprising:
a housing having a first axial flow passage formed therethrough; and

7 a power generating structure including a nozzle and a power generating
assembly, the nozzle having a second flow passage formed therethrough in

5 communication with the first flow passage, the nozzle vibrating axially relative to
the housing in response to fluid flow through the first and second flow passages,

the power generating assembly producing electrical power in response to the
nozzle vibration, and wherein the power generating assembly includes a
magnetostrictive material disposed proximate a coil and axially between at least a

10  portion of the nozzle and at least a portion of the housing so that, as the nozzle
axially vibrates relative to the housing, strain is repetitively induced in the

magnetostrictive material, thereby producing a magnetic field about the coil.

34. The downhole power generator according to Claim 33, wherein the

15 power generating assembly includes a magnet and a coil, one of the magnet and
the coil being attached to the nozzle, and the other of the magnet and the coil
being attached to the housing so that, as the nozzle vibrates relative to the

housing, relative displacement is produced between the coil and the magnet.

20 35. The downhole power generator according to Claim 31, wherein fluid
flow through the second flow passage creates a pressure differential across the

nozzle, the pressure differential varying and biasing the nozzle in the direction of

‘ghe fluid flow.

25 36. The downhole power generator according to Claim 35 further

comprising a bias member biasing the nozzle in a directicn opposite to the

direction of the hid flow.




