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| SOLATOR AND CORRESPONDI NG MOUNTI NG METHOD 5BACKGROUND As oil well
drilling wecomersisacr easi ngly conpl ex, the inportance ofcraisb@atorssgs and
anal yzi ng downhol e data while drilling increases. Wll |ogging instrunents

are often used to probe subsurface formations to determ ne formation

characteristics. i I f : ggi ng tools
that may be used PBTBP§§“H@9?hﬁyﬁﬁgkﬁgﬁvﬁg gggﬁiargﬁggﬁfﬁgggAggbustic
properties that can be usdORREIRANDING HRUNIINGMEBHIORKi s i nf or mati on may

i ncl ude the conpressional wave speed, shear wave speed, borehol e nodes, and
formati on sl owness. The infornmation obtained by acoustic neasurenents has a
nuniyer of applications, including, pAatke®olAp ted to, seismc correlation,
pet rophysi cs, rock mechani cs and 15ot her areas. During a typica
sonic logging of a formation, an acoustic |logging instrunent or tool is
lovered into a Robahekie dhify bcBRRY ShGeSiddle cBﬁPI&E RN ortaAte b 2bil Jiﬁg and
acoustic |l ogging tool may be nounted to the drill collar or other devi cés
and di raabyemhedtawnhels date wbile dritlingringreasep u¥idlldoggigginstrutnentssiré oftdruated to probe
acousti ar. nts.such as a piezoel.ectric el ement. Cenerally,

t he ac5%?%?%ﬁ§%%%?%gﬁégﬁ%@?ﬁ%%ﬁ%ggﬁyg}?a&F%%F t% energy to acoustic energy
as well as acoustic energy to electric energy and may act as an acoustic
sourice or an acSumid iteols ems ain. eXdrBplacosiellc 1dgetei RIS ARkt Iupi Belkad itH Chrodias
a transnj.tter, which_ erfo%g%s as an acoustic source and emts acoustic
energy ! iR “Fg?FCHgg iSBPSUsiaee arAISHE PRoRcEtigsethal gy be awedhtwanalyze denfoomstion.

that repgl wFoReRIN hey SRAI@Yhe DBESrdsBEnAGoHRL §;p(éed %ggc}rr\ga\IeO leg#,én&'r%l\é\fg ggodes,

into the formation, the transmtter nmay be perirodically actu
em t puindelormiticac sdowness. efike gnformdtiont bletained dlycdcoustEh@esstkdridds 480 W Stuntber of
waves propagate thrqugh,the borehole wall producing a reflection that_ is
thon: dAPBRRRG 5y P RET R bk Geir DL, R OB BUCHAAT. grgephisicssTaghaneqhaics and
Ir espgonsgherAtdakl but es of the acoustic energy that is detected at the
receiver(s) may then be used to characterize subsurface properties of the
formation of interest. However, the receiver(s) of the acoustic |ogging
tool are typicdluripg ypicgbspsie logaingf BOrmaiws an @doustio legging imsirsmenthattootey
result 201 | [l Lens. ..For .instan t he .undesired
ncoust /e AbiaRketiId it s QRS B BianRr WGRR IRe b Btigoxene fiak ey be
st eel dnéuntedciol tharrill Codarp@osihén deviveh 88d dhycttdeswaIRIR! €ohteortiBBalrRE6€INAbeAh
t he acouatlc | pg iqg t ool and be converted into electrical noise along mﬁ%h
dipu

the dedPPlgdpely IPTASEEEK §ICBIGHE SHEh 882 PisFoglectsc clempnt. Genemally, thpacoustic
- | ' :
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acousti c sources and therefore, y I ntroduce™an error
by t he eaengysnil endyagyanan saabtic $duréesortanercefisticesentesi Tabheoustic pre@itigh@obtypically
that cap mnimze or _.elimnate the susceptibility of

he acotttRa Buhles BB SRR Rickt RoLAAC ABREE G R Er ORI e

THE DRAMIMYESn and one or more receivers or acoustic sensors that receive acoustic energy. Once the

acoustic logging tool is lowered into the formation, the transmitter may be periodically actuated to
25  emit pulses of acoustic energy into the borehole. The emitted acoustic waves propagate through the
borehole wall producing a reflection that is then detected by the receiver(s) which produce an
electric signal in response. Attributes of the acoustic energy that is detected at the receiver(s) may

then be used to characterize subsurface properties of the formation of interest.

However, the receiver(s) of the acoustic logging tool are typically also sensitive to

30 undesired acoustic noise that may result from normal drilling operations. For instance, the
undesired acoustic noise may propagate with reduced attenuation through the hard steel drill collar.

The acoustic noise may then couple to the receiver of the acoustic logging tool and be converted

into electrical noise along with the desired signal. This background noise may be a result of the



Figure 1 illustrates a cross sectional view of a well bore disposed in a
subterranean formation in which an enbodi nent of the disclosed invention
may be usw0.2012/128765 Fig. 2 shows an ultrasonic traao3disecen/ozss73
accordance with an exenpl ary enbodi nent of 10t he present invention.

Fig. 3 divmimlicopeeatiphedeproduesd Bf othtieactlisticad s atd dBRHMe ShaPintlolGy & &ror in
Detail ed Descriptio TEF terng "couple" or "couples,"” as used herein are

i nt end etr%eaﬁ‘é“&’g‘eéﬁ% efeaaropsti fogatng tpgl. oft igi thevefore slepizable ém providesan iagoustic

first bi tQ: o : ' . i.0 y ‘he .t hr.ouygh
i oct SRR (R Bl R iRl b URhu AR St AR R BRe b 10U aPe
devi cesbagkgtouvmhnast.i ons. The term "uphol e" as used herein neans al ong the

drillstring or the hole fromthe distal end towards the surface, and

cur Pace fovards the of st HRERPESREHPROBTHILBEAPEES hat the ter m ol |

wel | drilling equipnent” or "oil well drilling systent is not intended to
linmit the use dfigirbel BRWIrABEAtcraR0sRHORESEES cdeswEll ek msb&eahﬁsaesﬁtﬁé@eaﬁ
drllllqg an oil well. The ternms al so enconpass drilling natural gas wells

or hydriBEBatinain warehsan smbndiraent| of thm diselesed inventionsiay deaed.be used f or
production, nonitoring, or injection in relation to the recovery of

hydr ocar bons org;ot WS . . . I rative ..

enbodi ment s of Ftl%ejq%{roesentelI l’lcr%é\;) Zlhc{ #%{r@g%g 113 gg%ﬁ%%% G‘fltr}f e‘#ael ﬁ"ﬁ% cEogdiment pf, o
i nti@r eghe pfesanit amviepggon.not al | features of an actual inplenentation may be
described in this specification. It will of course be appreciated that in

t he devel oprent.. of, any such .act yal enbodi nent, numerous, .

i mpl enent at i onEFé%écs?LP%’Eaﬁgﬁ?lgﬁ%ﬁ%‘e?ﬁ?g?h%@trﬁ%’&@ tf%gg‘é‘ﬁT e{Bignrse-speci fi ¢

i npl ementation goals, which will vary fromone inplenmentation to another.
Mor eov @etailed Déstiipti;s 30 appreci ated that such a devel opnent effort m ght be
conpl ex and tine-consum ng, but woul d neverthel ess be a routine undertaking
for those of ordinary skill in the art having the benefit of the present

di scl osure.  \WDh2@kzlst2BuEPETIJIRBIRE, 2120 4G trein are intendd®@td AChd bitiRd 8n dndirect
better understandi ng of the present invention, the follow ng exanples of
cer'f aji 9T SHEEITMBERLONar Ehsi e first flevise\gaypish duladeetns dolideohat gonnestiph esaybles
read t Lot g ' t e of. ft. [ nti on.  Enbodi nepts .of. the

pr esen?ﬂr l&%‘%‘%fao‘gﬁcéqﬁ%&g‘é“’a%g@@%ﬁ aeﬁ)tué)é1 gtr F{z%\éﬁ%cg ,gor\l/neegttl?% ar 0{318{/ Asyiees angt
ot her wcgmneations. fdarteme|“bploles as nsainfertinp@eadts ol er @iGAnD of BeBS1E Gfbm the

Enbodi nent s b licable to injection wells as well as production
well's, g%!?@leﬂgﬁﬁﬁafﬁ?gﬁ‘g@g %Sna%{el Jagvnhole” as used hsreim magpbatons tke drilgring or the
appar ahygg RIm HReuPhEeSOWardl RS HREYESy My be used in a well bore disposed in

a subterranean formation. In an enbodi nent shown in Figure 1, a well bore
10 may be created so as to extend into a subterranean formation 22. In one
enBddi ment, a Hagilhbe understpodhehat the term “oil well drilling equipment” or “oil well drilling

system” is not intended to limit the use of the equipment and processes described with those terms

to drilling an oil well. The terms also encompass drilling natural gas wells or hydrocarbon wells in -
general. Further, such wells can be used for production, monitoring, or injection in relation to the

recovery of hydrocarbons or other materials from the subsurface.

25 Ilustrative embodiments of the present invention are described in detail herein. In the
interest of clarity, not all features of an actual implementation may be described in this
specification. It will of course be appreciated that in the development of any such actual
embodiment, numerous implementation-specific decisions must be made to achieve the specific
implementatiqn goals, which will vary from one implementation to another. Moreover, it will be

30 appreciated that such a development effort might be complex and time-consuming, but would
nevertheless be a routine undertaking for those of ordinary skill in the art having the benefit of the

present disclosure.



10 di sposed within the well bore and cenent 14 may be introduced between
the casing 12 and the well bore 10 walls in order to hold the casing 12 in
pl ace andwpnrewensieshe m grati on of fluids between the casirng2di2/o29%d3 t he
wel | bore 10 walls. A tubing string 16 nmay be di sposed within the casing
12. In an embodTorémrilitate ebettob inderstinding ofl he PRyseREnv @tIhe thet fllbWihg &inbRY of
t ubi ng, or.aqéagéher tgge,of tubing suitable for use in a subterranean well

envi r onffER™ © inyshts 1y pReeor In apiwey shpldither Slloppng praraples bharak tofimit, or
tubi ng GHRREHRI scBHd of ﬁiecfﬁ'(}@xﬁﬁ)nmaﬁ ggctliﬁ‘{%m’gnoft e %gt%eﬁtlé&ilsél&q%ré Ty g%géﬁli’ggl?le to

considering factors such as we pressu nperature;
envi r onmsirontabnwertical aloviatedy oroothetvesd mioelited waltbordsn irfrngnypei o Blibte@anean

hydraul i ¢ rkover. upit 20 may be di sposed.at or near the top of the tubing
str isﬁg ffé‘?g\@)‘ﬁ‘e Z@E?‘Hﬁmﬂtﬁ BRY it ﬁPPq*Pﬁ P FURAtioR Welk 8% evelligs trroduckiay wellow
for tubingigdiethydidgibohtRME, t 0 be introduced into the well bore 10 while
pressure exists and is 20 maintained within the well bore 10 and tubing

string 16. The existence of pressure within the well bore may be referred
to as a |ive wdRlancspkfidimen, the apparatus oftthe prasemiglisslosuregmap berawed ich wedl tidie

drill ¢ 18 | I 4 ongnt that.provide weight on t bit for

drilli ndgéﬂé’%%d g‘r’a@%&%g?%“ Rytrtibe it %“o"fﬁ‘hlf%“ge‘%{s@% 1% %?g“éf‘r&"% WQ@PPW §0gay be

rel at ecoremeds sty asmIdbsendeiyitode subrértaikafe GorRVEMN b € 1R BHe bMbodifRht, AasihaNThiy 64
e 25 drilling the "well. Such neasurenents are

totheqsurfélé:e,qvl\zhiLl ) )
t ypilcalPsposest withiadhe yell doxgand seatpnhi 4 wayibs imreduced hetpepmibic)casipg l 2 tand the, wallAD

tool s The. t Qal s ed .for

my be Rkt RS HEAaL: UG RaliRe R2K) pl2te UGBt i kR TRGRY nePvenyhe
One of cabiegtldahd theswell bore 1MARallss A telihg sringU6mhBObdidisReQMitirt thanasHeep. 290
whi ch may bbeadﬂnou%tﬁj onto the drill %gl_lar 18. 30Devi ces_ and nethods in
accor ddficB WYH Ve i EntiBle mentay )Jo’l;‘)‘é?dy%‘éﬂlgi’ Roiatetubingror anpfothdrreps Ak,
MAD andubigg Ghuigblehtol exéltih |d kitgekdndD) WHE %ﬁik&&?ent.%ﬁaﬁlet Bpel %?.%Bﬁg cand, an

measuring conditions downhol e concerni ng e novenent and-Focation
dr i1l i sgreepsatebehpicenss 2oy 1BTESPOT U820k GRYEBS knbwvhetot dree skilled iimghe art,

contin ng-whi le-drilling” is the termfor simlar techni ques that
concen'té rgg?%eﬁrq%%?%&%% Sfuf%’ ﬁ%ﬁeg de tbr LS (R Esrehgmical environment, and stabibify
t o Fi gdoeitRinténdedlub@r IHaw 6indedisdnt, aSIpfirSulic WOKEWGEnit 2D &%;%Qﬁsﬁbﬁ edil §F A0y

exenpl ary enmbodi ment of the present invention is denoted generally wth

r ef er edliGtoR Afdha fubigpstring 1 asthasasing he, erphntleciThe dgdiaylic hogovef wait 3D meyyallow

skill i ] it i s disglosure, e ultrasonic )

tr ansdtf‘%e{rlﬁl)‘fh g 4 Oﬁrrqgt Etteléfgetto 0 E{]ﬁIet}og }llgﬁrdl }n?())ﬁlilea?w%b oF @n@’hﬁ? REFSYEFEES @i dh
a0 c omeantainké withamthd weddl boratlo dnbeubing kb@dee6. The existencd BE pERbdrd iviti e8]
ultrasonic trggs ucer 200 may include an ultrasonic transducer 202 that is

mount eQOBHPYY &° KbdiEdIe2s ative vedlopAkient he ul trasonic transducer to the

drill collar 18 or 10 anot her conveying device. The ultrasonic transducer

© 202 may i ncl udgna neiRpRrAgTE2AS | iy ' ' :
acoustic_wave when éﬁ%i.tle by gyn A&Iﬁ{dg??%%hgu &glgge%?&%ﬁkﬁﬁgé%ﬁ)@z%gmﬁt Hmovﬁ%e
enmbodi merght ontthe ditafohdzaidingnand ey deneirtad! die drtoag MolcT Aesenitdn $BIAAr). MBYilling

Sensor LHBE LRSS CURFER Ry oo dout AT eRbe febTREe! o ooty

t 02§ or dfillolg e ésEUr Such In@REreBRARMIERDicalf) refBePtd8E MlshRRleRt lfghiié i IRy
be used as the force transmtting nediumin the ultrasonic transducer

bet weeh MWD Qiongratianim MYBD4pels mea bsicopvesicd sominbole|ae pert tof thacBidAdi Tigl tyols il

di aphr Lcat A a siklicon pressure sensor, | ocated inside
tho Ul 1 auarl HRYLe SOTMALE ettt Wil it 5FPr BRFTEN PocBlifls. (if el the fools
cont ai nged fon MWD i3teecoliat moahledw!irdsohi@rdnk @teH 0E WhRH2mBOYS kd8inted onto the drill

collar 18.

30 Devices and methods in accordance with certain embodiments may be used in one or
more of wireline, MWD and logging-while-drilling (LWD) operations. MWD is the term for

measuring conditions downhole concerning the movement and location of the drilling assembly



As shown in Figure 2, the ultrasonic transducer 202 nmay be coupled to a
body 204 that 20 includes an oil conpensation system As would be

appr eci atwo 2b2/2kwse of ordinary skill in the art, w thPChash@n®tiesrs of this
di scl osure, the oil conpensation systemreduces errors that nay arise
during white e dsilingStamtingés. acRYgHing-WiaNEEilfiR@Md AR SRl 2120 &chRighte that
pi ezoel ectric elenment_ and_ the siTicon sensor inside the transducer %02.
Speci f i @arsafrate maregin foppatinrpramelar myasueameobeps the 0-ring 228 from over
conpressing or becomng too |loose of a fit and nmaintains the O-ring | oading
at the 25 nostrgesibh I .G j ' jntaini,ng it

opt i num acoust iTc pr%ﬁgﬁﬁe@w&z’gﬁgw #ﬁa?}?ghﬁgswgﬁlﬁg%dﬁg@ﬂ e@b%&ﬁs}r(%em%te,w’ﬁh%n
oi | conpemplry embsyinteamofithe pragint itevehtien {3 denoted G20&allg wittessarercer @iniedl 200.
val ve 210, two oil fill ports 212. A shut off valve nay be integrated
Untd ¢S Bepld 9 3PPfsiated by o %0%91%@5\%94 thejart, withifhe ber@é%/ o thizdisplesisanttbe
Syst em Qb QW fARASRS a§Dbe! METEERY thB UriBUIBE & ' '

const ant rover the full a?ar?geg"g}&goreholne B)frlgfs:s%Pg%ﬁ}eg%ggg?\?%aﬁﬁ%ﬁ%%'g&%ﬁv?y
conpenghe tramsdygestistmtiaweliliras a rel atively constant differential pressure
(gauge pressure) across the 0O-ring 228 seal. Typically, anbient tenperature
and pressure i ncrease With increasi th wwthin th WO

2012/ 126765PCT/ SO0 BOGHTAY ‘E?F%‘H%?%‘.’S‘ill‘ﬁ%r s‘?‘%&‘cg@@ aﬁr‘ﬁ@?séfalcém_élé‘é‘icef 202
bet weenhithie notngidnerio e aloa Which Goaplds tteulbaichid ¥8AMutHA0TRE BRIBIIS 18 or
fluid, typically oil, that is internal to the tool. \Wen the anbient

pr 895 urd@otiet FeRvey g dssicenolhs wlirasosiseansduers 200 snasninchys a dinphragm @9aphatssay
the oil,.; i r .4 i transducer a nbl

i m | a5 P dr L E Buothfe PS8 SHIeR SR B, b i BRe OB (B85t 1o 6
expandsnefearbollinsdrathe diapheagiromin be @anétalgdibshiragnh atThe@rankdiRePingl Fshe2 @flude a
transverse towareg%nt he borehole fluid while maintaining simlar pressure

i nsi de PXICISERS et (Rpfeshogay digpasadedpp igfiqoReersng (RPtushowny yhich Bay yexhibit a
separ atefhoe in resistance WIHA @bt ! i i

ul trasoni cgetlg1 arﬁsé%ﬁ%cgr 200 o\éclgiag}gr@ %I%g% nggs r%mﬁw?lgé Eﬁgﬁ%@gh‘;%gnog%% ES ﬁléable
ul tisasdhii¢ maydrsehed es tRO fores tranumpikteg mediumeinbihd yul2Bbénicnransdid@r P2 ibagrdepabked

manner that prgyides.a single |load bearjng contact that is_jsolated with an
0-ring %’3‘ 2 24 8“?@%&6?4‘?%1‘??‘5“% Ene (Bl : ﬁéﬁ?@?@g@ 396 Py pEmunicate
i nsert edtt Bts@icdnCH¥istde dhsbhRchRdYind84 tasS uRRASWC itan§d LY €03 -thr-&?%%'d}l torﬂaﬁﬁ&i c
transducer 202 may include a shoul der 226 around its outer perifreter. The

shoul dégsepF woich esqoatrdred:ip anhretemol hollnw of the rensgdutera¥dioosingansducer 202
that interfaces with the body 204. A danpening O-ring 228 slides over the

perimeter of t | 5.tLr i.ts on the should 26.
Accordingly, t %g Sgg{r;vr%g%?%?%%Ttlh%élﬂg%g&g?bagg%%? (iafakﬁ I?/IaXﬁ\e}éz%plf’ (ﬁéo ?ﬁ?éyr ?@%éat
betweeindlirks uh toilasarpeasativasgsierae rAs20aula e appeciatdyby2dse dFordiemMrskilninthe drte
3, a spr.i ng §14‘?§j S ﬁ{éaéed in a retaining cap 216 and a spacer 218 is )
mount ed"IBHNE Spestt of Hus diselosgethe o1l prepeRsaliph SYREte agslusaserinty thah ey ariseiduting o
the bo -al: f I f: i t k “hdn
one o B b R, bR e TG Plogolib S TG, S nd

t r ansdeidiepn 29BORinsidp theseansilvder 202 Spsifiadlybthaoilrgnfpenaoappitée dtedps thd1©-ring
0-ring : The danpening O-rin 28. may be sel ected .to provide a
poor | aCaR QoML O S AFEE Igett CROHBERER 19HE OBy BUATSRETSHES by FRBABHING o the
tr ansdueRt dd®dd BRYSE Hibrathh Pdiki8RMEDy mAGRMEHLS ' i | LR AL
the interface bet vveedr;lig}tr%e_u@tlrtasonj% transdgctess)ﬁggglyna%%ugﬁiﬁﬂggw%oﬁgg

t her ebyn FegiuieiZndn e amhddenendd thec ol soimpersatioy ysysthmt mepuptlede two thistons 208, a

appr oo Phrsat i RESE 200 G bRICTL BT oF Abosott velyerne e Nlied Fro el

di scl osillrstshe tdoptidige 38gilmay be made of any suitable materials. In one
enbodi ment, the 0-ring 228 may be selected to provide a high | oss nedi um
for the acoustic wave. Although an O-ring 228 is depicted in Figure 3, as
woul d be appr edNatPEssyy omysasased sysmallpwsiihe [desired: lpad dearingiseifacetfe remain

bengf i }elatively constant over the full range of borehole pressures. Specifically, the oil compensation
system maintains a relatively constant differential pressure (gauge pressure) across the O-ring 228

seal. Typically, ambient temperature and pressure may increase with increasing depth within the

4



30 of this disclosure, any other gasket materials may be used w t hout
departing fromthe scope of the present invention. Mreover, the O-ring 228
or ot her wazket12ewberi al s may be made from any suit abl e Peatuseéialo2zechint may
be sel ected based on, for exanple, the pressure ranges, acoustic properties
of the Borehpicluqne Piavss 78 %ﬂﬁi’ideh@ s VedeROhé RRHAIN Bbredblel NEIdARMI B relh@Vely
instance, the 0- WD 2012/ 128765PCT/ US2011/ 029673 ring 228 or other gasket
mat er i aneomprgssile daifb tynieatly mily thayistintsrral tethertoall Ihenthe ambient presauxawithin, the

Nitril | . f hi | i al h s
opt | m REHYE LSS, R ATERs 20 fertaR Biners ot BT PR aBsohfimribrs ripin
t he oi lthe aapeisat dsseinisly sirgilarab alé ebesrnal bartkdle ieibient pRrsiirat HemeRainhah thdoil

| oad which d[)erm' ts the O-ring 228 to maintain its desirable acoustic

pr oper t§X@andsygr dnstance, fug) tQ pRETEAsinG derBpera®iEe nhE \Pistens 208 tsansyerse jtowands the
acoust iy i q . L:ng. t: dnterf . i Ch.l
path by oritoR AbtadhilERbA ARk il B S ALY BE LI e KIS B
nmount edliids pHysichlyyep2@ded.n a manner that mnimzes or elimnates its
susceptibility to undesired conducted noise that results from coupling the

ultrasonic transducer. to the drilJl collar._or other devices. ns ently,
the signal - t o- nd¥E dégaf‘(??‘g]ﬁﬂ%. Vst ?ﬁge Solardpoynge Wﬁﬁmtrﬁﬁfﬁﬁg%gégégm%n
of fal se egdighdiw ﬁﬁF%ulke%_ M B1 @Rbaltrasonic transdfiSer 09! id cgﬁgl@@% & g(}dgdﬂply in a

those of ordinary sk inthe art, with the benefit of this disclosure,
t helOul tspeBgiraded manselubairproddesmsingladodddreaiing bardact that is iselbted 2¢ith an@-ring 228.

connect,Qr 4.0n.th ody 204 to rmi.+he transni ssion of. el ectri

oy onar dRionf ciheRdimdl® P fbesiite WA BALH Aod M5y bé SRR TG R sBuip st e bofiy 204 as
pr ocesshogn Gh Rig@ed. s The eraseticl ttaRtndee 20b thas fitiwletd StRales ©06208uddSityahiler
known in the art and will not be discussed in detail herein. As

woul d HeTiBsEeci g shouldert Bfs eomespendsi iraflie Beition afnthe Hdtragonic {whmsduedre202 that

benefi t. i.S:adi . A ) r. .
(1 ans e FoREIRGRS 208, A SeBRORnE KR, 228 K08 B BBt s sy
i nssr urmnsditcen?02 frdosighonctha dhimilder26f Adverdihgle) thadampéing ©-tihg PR Y cubstially
coi l ed tubi rt]kgp or . equi val etr}’té nmeans. from a power source at the surface.

I

q In
ot her &Y frefassraetwers thediirasonicdtansdiser,£94 andahe body 29k adve srovin Figyre Be
pover eq driapa4 GONRA B LR ' i {d
or ot hergpplo%er_ soitﬁj\lrlace.1 %ﬂlﬁé C%g@%?ﬁ%%a%ﬁg@ntg%%%&ﬁ1gﬁ cjg?ee%r}gejm'
wel | - addetreddining car 216 oay théreslols) it tedndy 204 adltoviihg itetodsadregding nedlyltasonic
wel | as_those t._ are inherent therein. \Wilet i nvention has been
dopi ct St aEr HE2 1pB0g giBaIn bt qUPF By er e bt B MR oG pdicer
I Nwent 20D castiselivith fRfREIRRICRAHAL ForB®hppIRRIY 1R O rfikagi on on the invention,
and no such limtation is to be inferred. The invention is capabl e of
consi derabl e nodification, alteration and equivalents in formand function,
as will occur tldetdrsysngedPriig Py8 gray bedeleatefiHe ripvidRaa paer a¢raistie fmpedaned
this di [ j b S not, .exh tive of
the | niahef BufRen 1B 80 26 A, HEREH R SIAPLR AR o IRHE sl
by t he eagigyiis mestdy seftzpredoft thdimtafioe bewdkenlthd tRras@iiv tragsdutdr 2000g:di thabedy L4

equi valents in all respects . .
a thereby reducing the ur?c?esued acoustic energy that couples to the ultrasonic transducer 202 from

25  the body 204.

As would be appreciated by those of ordinary skill in the art, with the benefit of this

disclosure, the O-ring 228 may be made of any suitable materials. In one embodiment, the O-ring

228 may be selected to provide a high loss medium for the acoustic wave. Although an O-ring 228

is depicted in Figure 3, as would be appreciated by those of ordinary skill in the art, with the benefit

30 of this disclosure, any other gasket materials may be used without departing from the scope of the
present invention. Moreover, the O-ring 228 or other gasket materials may be made from any
suitable material that may be selected based on, for example, the pressure ranges, acoustic

properties of the transducer housing and the operating frequency of the device. For instance, the O-

5



WO 2012/ 128765PCT/ US2011/ 029673 CLAIMS What is clainmed is: 1. An ultrasonic
transducer device conprising: a body; 5an ultrasonic transducer nounted
onto t he woady12/memsei n t he ultrasoni c transducer conpri 2€3/B26hoededer; an
O-ring placed on the shoul der; wherein the O-ring substantially covers the

i nt er f adeg D2Y veothet Sasked hARHNSinfayt beamadd! &6 @fytuitile PRANald Qdeh d8)For example,
ul trasoni c transducer device of claim1, further conprising: a spacer

| ocat edNBEtewah HupsodastoraetoniThet wsgnefi bighy logs dnatenials dithan ortiapizesahe desigir byg

| ocat ed %&pf%ﬁd | 12 p and the spacer; wherein the retaining cap
S coupﬁkg%;eto egﬁagﬁc%ﬁnﬁ%‘fggei n the retaining cap is | oaded against the
ul trasonic transducer. 153. The ultrasonic transducer device of claiml,

further conpri shddjtiendllyr theneil doarpehsating ndystsimoproofdee laerdativelyst@nahs nfechiani¢dne

L ARG S RN e AR FRRAES AT
spring loaded assembly is also conductive to acoustic isolation making the O-ring 228 interface the
primary conduction path by its design. Accordingly, the ultrasonic transducer 202 may be mounted
in the body 204 in a manner that minimizes or eliminates its susceptibility to undesired conducted
noise that results from coupling the ultrasonic transducer to the drill collar or other devices.

10 Consequently, the signal-to-noise performance of the system is improved and the detection of false

echo signals is minimized.

As Would be appreciated by those of ordinary skill in the art, with the benefit of this

disclosure, the ultrasonic transducer 202 may further include terminals 222 and a connector 224 on

the body 204 to permit the transmission of electric signals between the ultrasonic transducer 202

15 and the body 204. The processing of signals received from the ultrasonic transducer 202 is well

known in the art and will not be discussed in detail herein.

As would be appreciated by those of ordinary skill in the art, with the benefit of this
disclosure, in some example systems, power may be transmitted to the collar mounted ultrasonic
transducer 200 and associated instrumentation through conductors of the wireline, string of pipe,

20 coiled tubing, or equivalent means from a power source at the surface. In other example systems,
the collar mounted ultrasonic transducer 200 may be powered from a downhole central power

module, which may utilize a battery or other power source.

The present invention is therefore well-adapted to carry out the objects and attain the

ends mentioned, as well as those that are inherent therein. While the invention has been depicted,

25 described and is defined by references to examples of the invention, such a reference does not imply
a limitation on the invention, and no such limitation is to be inferred. The invention is capable of
considerable modification, alteration and equivalents in form and function, as will occur to those
ordinarily skilled in the art having the benefit of this disclosure. The depicted and described
examples are not exhaustive of the invention. Consequently, the invention is intended to be limited

30 only by the spirit and scope of the appended claims, giving full cognizance to equivalents in all

respects.



5. The ultrasonic transducer device of claim4, wherein the oi

conpensati on system conprises at | east one piston, a pressure relief valve
and at | esst2omiesws! fill port. 206. The ul trasonic tramrsuiusesiidessize of
claim1l1l, wherein the body is nmounted onto a drill collar. 7. The ultrasonic
transducer device of claim1l, whereingipgMsring is nade froma materi al

sel ect edf r ont hegr oupconsi stingof Nitril eandFl uoroel astonmer. WO

2012/ 12876 /. US2011/ 029673 8. A method of acoustically isolating an

ul trasoni ¢ YPaS83ERF Bt om a body conprising: forming a shoul der on a
perimeter of the ultrasonic transducer; wherein the shoulder is |ocated at
a positioq.Qgﬁhﬁﬁ@&mgkﬁgk&ﬁ%gdygkgggﬁ@ﬁﬁﬁgzof the ultrasonic transducer with
t he body; 5sliding a gasket over the ultrasonic transducer; wherein the
gasket sits on thebalyoul der; and coupling the ultrasonic transducer wth

t he body, wherein cqupling the ultrasonic transducer with the body

conpri ses inserti%‘ﬁﬁﬁéé’nlﬁgtfﬁg%%fgtf‘%?%)&t?p ?gf’%{’o a cavity in the body.
109. The nmethod of cl akRerSin té16l@sdhi¢ RERUht GomBRsdd 2 hB§RBY,C transducer
into the cavity in the body conprises nounting the ultrasonic transducer

onto the body usi#gOdingmlaasd ondagiguldst;ai ni ng cap. 10. The method of clai m

9, wherein the spring al ni cap,conprises. .a.sprin lL.ace .

i nsi de the retaining c‘gﬂg&gﬁggé ?pg%%rs{?%ﬁadﬁlflgﬁ QR ﬁ'ée %effaﬁg?)et“geeg {6 Bftrasonic
transducer and the body.

-~

10 2. The ultrasonic transducer device of claim 1, further comprising:
a spacer located between the ultrasonic transducer and a retaining cap; and
a spring located between the retaining cap and the spacer;
wherein the retaining cap is coupled to the body; and

wherein the retaining cap is loaded against the ultrasonic transducer.

15 3. The ultrasonic transducer device of claim 1, further comprising a terminal for transmission

of electric signals from the ultrasonic transducer to the body.
4. The ultrasonic transducer device of claim 1, further comprising an oil compensation system.

5. The ultrasonic transducer device of claim 4, wherein the oil compensation system comprises

at least one piston, a pressure relief valve and at least one oil fill port.
20 6. The ultrasonic transducer device of claim 1, wherein the body is mounted onto a drill collar.

7. The ultrasonic transducer device of claim 1, wherein the O-ring is made from a material

selected  from  the group  comsisting of  Nitrile and  Fluoroelastomer.



wherein the spacer is |ocated between the spring and the ultrasonic
transdcuer; and a retaining ring; wherein the retaining ring holds the
spring | osdedizesssni ng cap in 20place. 11. The nethod eCTalsaiuroXe7wher ei n
the body conprises an oil conpression system 12. The nethod of q{a|n111,
wher ei n” t Be dimetbothefraseustisally isolating en miirdsenis .tramdulbefefmm al’mfgp m_si_ﬁﬁpnsm?h 4o
ressure relief v : oat | east one.oil fill port. 13. e nmethod o
(I?I aim 8, wherein {%kxéﬁtgoags’{,ﬂgplgie{:%rh%pggnftgr 81“3? iu}tfas%f: I?r&PS.ducTA. The net hod of
claim 8, wherein the gahdtein the shortieer iy REAEI H@Vféoﬁdsﬁt?dn &ﬁ}eg‘%&ﬁﬂq QR ﬁalf@/?’gagéour)
consisting of Nitrile and Fl uorqel ast omer. 2012/ 128765PCT/ US2011 673

15. A drill collar mtﬁﬁ%u@aﬁqfh%gmséuquézﬁﬁd@éb@dﬁcorrpri sing: a body mounted
ontg the drill Coélﬂdﬁfg"a%’dgget oMb WATRBLE dah@fRducer coupled to the body;
rans

wherein the ultrasonic ucer conprises a shoul der corresponding to
wherein the gasket sits on the shoulder; and

coupling the ultrasonic transducer with the body,
wherein coupling the ultrasonic transducer with the body comprises

inserting the ultrasonic transducer into a cavity in the body.

10 9. The method of claim 8, wherein inserting the ultrasonic transducer into the cavity in the
body comprises mounting the ultrasonic transducer onto the body using a spring loaded

retaining cap.

10. The method of claim 9, wherein the spring loaded retaining cap comprises:
a spring placed inside the retaining cap;
15 a spacer mounted on the spring;
wherein the spacer is located between the spring and the ultrasonic
transdcuer; and
a retaining ring;
wherein the retaining ring holds the spring loaded retaining cap in

20 place.
11. The method of claim 8, wherein the body comprises an oil compression system.

12. The method of claim 11, wherein the 0il compression system comprises:
at least one piston;
a pressure relief valve; and

25 at least one oil fill port.
13. The method of claim 8, wherein the body is coupled to a drill collar.

14. The method of claim 8, wherein the gasket is made from a material selected from the

group consisting of Nitrile and Fluoroelastomer.



5an interface between the body and the ultrasonic transducer; and an O-ring
pl aced over the shoulder at the interface between the body and the

ul trasoniwotnemieseser . 16. The drill collar nounted ul Pcagseeie/oevsansducer

of claim15, wherein the ultrasonic transducer is inserted into a cavity in
t he body. 130Adrilltiedladmpiuited olttasonicroramddacerotrpaisingi ¢ tr ansducer of clai m 15,

further conprising; spacer | ocat bet ween the ul trasonic transducer and
a retaining cap; %R?fg'dnglﬁ}t?%&ntpéﬁfrg&lc‘ﬁ&v@gn the retaining cap and the

spacer; wherein thenifr@odldhAEdERP chiipl&LBRhedody? the body; and wherein the
retaining cap i s | oaded agai nst the ultrasonic¢ transducer. 1518. The drill

col l ar nmounted ult raso\ﬁh@‘eiﬁlrthnsﬁmsenicmamdhaiemmﬁpgiaslra ﬁmuldepmpﬂé&;ioﬂ%’ngno oi :c
conmpensation system 19  The drill collar nt ultrasoni c transducer o

cl g}% m 15, wherein the %ﬁlpte?%%gqgﬁ?rf@ﬁbé’?%?%n;ﬁﬁ’fdﬁﬁsf’%‘@gm&?&c@é%g one

pi ston, a pressurg Oafingeblaved voerdid Moulderst tRNBit@ace fetweeROthE -bo\% and. the

20. The drill collar mounted ultrasonic transducer of claim1l5, erein the

O-ring is nade 20f r om Wirgsenisrtransdugst-ect ed from t he group consi sting of
Nitrile and Fl uoroel astoner.

16. The drill collar mounted ultrasonic transducer of claim 15, wherein the ultrasonic

transducer is inserted into a cavity in the body.

10 17. The drill collar mounted ultrasonic transducer of claim 15, further comprising:
a spacer located between the ultrasonic transducer and a retaining cap; and
a spring located between the retaining cap and the spacer;
wherein the retaining cap is coupled to the body; and

wherein the retaining cap is loaded against the ultrasonic transducer.

15 18. The drill collar mounted ultrasonic transducer of claim 15, further comprising an oil

compensation system.

19. The drill collar mounted ultrasonic transducer of claim 15, wherein the oil compensation

system comprises at least one piston, a pressure relief valve and at least one oil fill port.

20. The drill collar mounted ultrasonic transducer of claim 15, wherein the O-ring is made

20 from a material selected from the group consisting of Nitrile and Fluoroelastomer.



