SQUI RTER JET ULTRASONI C CLEANI NG BACKGROUND OF THE | NVENTI ON Thi s invention
relates generally to the cleaning of turbine blades. More 5 specifically
this invention relates to a nethod and device for cleaning internal

surfaces of a turbine blade. Typically, a turbine blade is thoroughly

cl eaned prior to repai §o¥IRTEIEFRTA d]ETR[&SQﬁV desEANRQal cavities are
difficult to clean and ?eqw re a tedious andI ti me-consum ng process.
Conventional cleaning of turbine blades includes the use 10 of an ultrasonic
cl eani ng met hod. The con ' t ' jng nethod utilizes a
transducer that emts anﬁgﬁh#égghqﬁbﬂﬁgﬁ%ﬂkiﬁ&éﬁ@ﬁ“&ﬁve into a cleaning

sol ution fi I edrh@nbvefiier Satls oIS tof ARAUARg lo? hibRSBlalited Mgteough the
tank walls |ntothe I qui ni ng “sol uti on. trasoni c wave travel s

t hr oughs t hepecificeiyithiy swbntianorelites the osthed snd ﬂemee dbr theningrintemeal bl ade. A
portion of the 15 ultraspni.c wave is then transmtted through the turbine

bl ade to t P& Cﬁ%%ﬁ'a@ﬁl?lf’%gg The ul trasonic wave then | oosens and di sl odges
dirt fromthe i rfa y and

medi uns t hat enzylg&al%s% ﬁ%&%&lgﬁ@ - 6% fu eéletaf%‘JEHS un%§3?532‘f1§?’8y

actual | y preesaditioning.hiThe tiftternialicavitins dné dﬂﬁcult)to déammdanqmrda tddiousraadgy i s

drai ned and absorbed by the tank wal | s the c 4) abg 20. splution and the
turbi ne bl HPAE-COBRHING Progsss.y Canusntiopal feaningolofurting pladessincludes therus t he
transdyger ,agh Hﬂﬂr&%n{cea%ﬂ@% HEhdd) N e Sink &G RRal hitlal6ni L&'ié%hﬂlg Bbfh@& The
resulting process Is Ine clent and time consum ng ecause only
a portion ofilizser gynsdacdr thatl gm;mememttmsemctﬁngl fmqﬂnnnp Wzﬂvadﬁtota)cbhmag t he
interior surface very high | evel rgy i s required. The gh anount
of energy PHIpERR iﬂ Pﬁémafut &negyr Famelhe d¥an§qf}@elzsﬂ fralﬂsmlﬁeéj phraugh @ﬁl(. ally
distorti ngwqg% %8l Re 1 fcﬂﬂ%ﬁmﬁ 4 RHRAS gtxe Tuﬂﬁs&ﬂ RiAR PhAflethroddhCREd! NAlY,
it is desirable to de op a ocess an deV|ce or cleaning I1hterior
surfaces otlearhﬁgtsohhnonetobﬂmdeuthhahrfai@esf nied turbipei bladex cAspartien asfothat s  of

ener decreases cleaning tine, and. reduces an tential damage to exterior
gy1 ultrasoneilc wave ?s the% transmitted through the turb1¥1e %? de to the inner st?rfaces

The ultrasonic wave then loosens and dislodges dirt from the inner surface.
Disadvantageously, the many surfaces and mediums that energy must travel
through reduces the amount of energy actually present within the turbine blade to
clean away dirt. Energy is drained and absorbed by the tank walls, the cleaning
20  solution and the turbine blade such that only a small portion of energy emitted from
the transducer actually reaches the inner surfaces of the turbine blade. The resulting
process is inefficient and time consuming. Further, because only a portion of energy
actually penetrates the turbine blade to clean the interior surfaces, a very high level
of energy is required. The high amount of energy impacts the outer surfaces of the
25  turbine blade potentially distorting delicate features and edges of the turbine blade.
Accordingly, it is desirable to develop a process and device for cleaning
interior surfaces of the turbine blade that does not require excessive amounts of
energy, decreases cleaning time and reduces any potential damage to exterior
surfaces.
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surfaces. 30 -1 SUMVARY OF THE | NVENTI ON This invention is a nethod and
device for cleaning a turbine blade utilizing a squirter jet transducer.
The squirter jet transducer is inserted within the turbine blade to clean
internal surfaces of the turbine blade. 5 The device and method according to
this invention includes a tank filled w a cleaning solution and a

L h
squirter transducer. The tIWMMARY QTHEINYENTHINer "are partially
subnerged wi t hi T i oy S e at | east
parti aiy w t hi npiseroltis 4 BpupHn uBfick B iR AfaRling S OREEFa
i nserted wsdulinter jet lr@ngduckd. n&hblsgdietee fett teanaduagt tis asoned withwe thdatrbider ect s
energy against the interior urfageselbgg; the turbine blade to renove dirt
i

10
and any oth’éﬁemﬁ%’t@@%ﬁgf“&wfﬁéé‘g d¢. the nethod and device for
cl eani and re L1 O i; } this
i nvent ir%n pr ovi gggg%\gé@%d;rg%@ﬁ%ta%l{op?ﬁgtﬂhﬁsﬁ@y%@ﬂ?ﬁéﬁ%@%&%ﬁ#ﬁ?ﬁ%&? Br bi ne
bl ade wi t haulcagingashition ander gyirten tansivoert eThd tunine piade add wahsduser got enti al |y
damagi ng exterjor surfaces of the turbine blade assenbly, 15 These and ot her

feat ures oParfiplly pptiaeged Whﬂb&hﬁedh“]%aﬁh%é‘l%%rtlehﬁmg‘%%d%mSFFth kastf ol | owi ng

specificat] ng | : O of oY - o ription.
BRI EF %S%MIW%MW%&E%H%%% Tfl\é/ifys0 glgorls%ﬁghs’g@ Fec?{ep e\gl(rﬁggent ation
of a turbife tatAske blsde Rintitsaarc hik@sinig waas skeartdisec csnergdi axginso thdinserioavent i on.

Figure 2 is an enlarged view of a portion of the squirter jet transducer
mount el wi sWfases plethe Wrhingdlasede eemauieglnt and anysotheswyepiad matedpk esent at i on of

a turbine bl ade apetIRRK 2 meBaPLRF GEHEOTARENRE bRl SHhARSIY ot he

t ur bi ne bl ade.
turbine blade assembly according to this invention provides for cleaning of the

o

interior surfaces of the turbine blade without excessive energy in a shorter time

period without potentially damaging exterior surfaces of the turbine blade assembly.
15 These and other features of the present invention can be best understood

from the following specification and drawings, the following of which is a brief

description.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Figure 1 is a schematic representation of a turbine blade within a cleaning
assembly according to this invention.
Figure 2 is an enlarged view of a portion of the squirter jet transducer
mounted within the turbine blade.
Figure 3 is a schematic representation of a turbine blade and mask for
25  protecting an exterior surface of the turbine blade.
Figure 4 is a schematic representation of a fixture for cleaning multiple
turbine blades.
Figure 5 is a flow diagram illustrating the method steps for cleaning a turbine
blade according to this invention.
30



Figure 4 is a schematic representation of a fixture for cleaning multiple
turbine blades. Figure 5 is a flowdiagramillustrating the nethod steps for
cleaning a turbine blade according to this invention. 30 -2 DETAILED

DESCRI PTI ON OF THE PREFERRED EMBODI MENT Referring to Figure 1, a cleaning

assenbly 10 f I i ! F{Qﬁﬁ ﬁ@'@; ¢tled with a
cl eani ng sol uﬁ%ﬁA%ﬁb%@%ﬁ%ﬁ%Fﬁ]ﬁgw 'S D?)l?e erggﬁ‘ﬁ‘(h:i(‘)rrpri sed of a
30- 45% concent r Refeoringfo Pipuees &, aintehyidg axsechbly N tfhrocigiming & mllepeatiélec anount
and type of cleanin | ytion is ecified. in this djsclosure, other

concentr at i’l?ﬁgieéﬁotaﬁ%i i?ﬁﬂf—?g vgith é|°i§ﬂmg50 1°Ht¥4onlr§? éie\ﬂPWSisﬁ{‘{“ﬁ’é 141s

cont enpl at | t-RhSricd )9k, I gﬁﬂrﬁ f i ncl udes
a transducgg?%%lyfﬁg@nts éfd;%%%ocg?y 1céﬂ|€%n@ﬂg§&?hgﬁott§s§e t gc%’roﬁek%et ? lgllaﬁg%h

frequenty ualspeafoamountaand. tyfidef clearing delotion isGspecicied die ¢his disolbguearthéron 18 and

an agitator 24. The trémsducer 16 is O .controlled by a c ntro(léétgr 20. In
the il ust PARCSEURHONTINE MXUres Of clsaning splufign pre withip f tgpRigieonldaish| y 28

i nol uding Feabl Y P ARG LABRGLSYO! ARRS FRiydEbe: tiARRlUC Al 1oyks

inserted wwthin the cavity 34 e tur ade assenbly 28.
of ul t r asonmansdwesre6 fis ofthd tgpet thansoutser high freqpebuce ultudsbon@swoave Wiees at a
frequency within the, c?vi ty that 15 renoves dirt and ot her contam nants

3
that have Haeyugeinky waludgs Pt‘?@éY ROEIONGKS angy anyagitatord. ofhe Hansdyessi Weisp| ade
asserrbll(y 2§OHJJT§8W3E&’HEPE%{%-6 assenbly 28 includes a root section 32 and a
. “The

bl ade portion ade portion 30 includes a plurality of openings 40.
The root secti oin 8 illustedted] esanapie oipeholioyy 38ictehis auginbink ibtddetasseniblarz8ducer
agitator 24 is_.inserted., The 20 cleapin ssenbly 10 produces and utilizes
ul t rasoni c IRGAHAERE # 62 ehhaying ma?roﬁug@rs?ﬁ%f hHe tRmsheEsT WP dhinsertedewithifler i or

surfaces S%COéth9%4t0lf il fighiRt BlSe %?s%ﬁ‘im ¥8 2&ctuation of ultrasonic waves from

the transducer 16 produces ultrasonic waves at a frequency within the cavity 34 that
15 removes dirt and other contaminants that have been adhered to the interior surfaces
36 of the turbine blade assembly 28.

The turbine blade assembly 28 includes a root section 32 and a blade portion
30. The blade portion 30 includes a plurality of openings 40. The root section 32
includes an opening 38 through which the transducer agitator 24 is inserted. The

20 cleaning assembly 10 produces and utilizes ultrasonic waves to clean dirt and grim
that builds within the interior surfaces 36 of the turbine blade assembly 28.

The transducer 16 of this invention is a squirter type transducer. Squirter
type transducers include an agitator 24 that is inserted into an opening 38 of the root
section 32. The agitator 24 is the emitter of the transducer 16 that generates the

25  ultrasonic waves that are transmitted through the cleaning solution 14 within the
cavity 34 to dislodge dirt and other material built up on the interior surfaces 36 of
the turbine blade assembly 28.

Referring to Figure 2, an enlarged view of the agitator 24 disposed within the

cavity 34 of the turbine blade assembly 28 is shown. The agitator 24 is inserted into
30 the cavity 34 a sufficient distance so that it may efficiently distribute energy to the
surrounding cleaning solution 14 that will fill the cavity 34. Energy generated from

the agitator 24 from the transducer 16 is emitted and transferred through the cleaning
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The transducer 16 of this invention is a squirter type transducer. Squirter

type transducers include an agitator 24 that is inserted into an opening 38

of the root section 32. The agitator 24 is the emtter of the transducer 16
t hat generates the 25 uItrasoni C waves that are transmtted through the

cl eani ng solutlon 14 within the c vVity o di sl odge. di rt. and ot

material bSRIREOT, b4 Ggaint entptglnlob,su (?e%f %‘6 GFILY tHe trﬂtstlh‘é"tlBPé’t} assenbly
28. Referr figsdfic Fe@uhBy that A&l n@tt&ﬁﬁro\tgﬁ%eoéteatnt& ﬁ)@dticﬁat mrpr%éhd@t ﬁt?osed
within the cavity ¥t he turbine bl ade assenb I'S shown.

agi t at or 2thei lsoseningrafnddvmntlon oB @i, tEehcrawtutailyBﬂdlaatsdmtf Risenitatdt smwbee so t hat

it may efficien i Str.i en t he rrounding cl eaning solution 14
that will quqvebﬁédglététefiﬁ %Hglﬂ‘g%“@‘g% rom the agitator 24 from
the transducer Zfisi & esifict t&gagaﬁ@tohr@aﬂsétﬁbé%@‘th@rgu%r tzhelscte%?%@&nd 3
solution 14 against ‘the interior surfaces 36 of the cavit i

vi bration dextlopelitto dstowithinf the cppening ithaf thestutblaﬂbﬂadbtasdembiyolﬁghmlhﬁf cl eani ng
solution 14 provides for . the oosenl n nd vi.bration of dirt., .schematically

i ndi cat ed SHaP9% aSoTIHLEd| 'Pyrfd’s}“ﬁ@onré S TSI & 1Al YN ¢ Bebi ne

bl ade asseeatt%(fngﬁmé oT"thé P&l %eoctﬂehslgr?s tmh@rlﬂstémpﬁ bt 4fa geagl tator
24 i s designe developed to fit wthi'n the opening 38 of the turbine

bl ade asseifhérgbPthe agithtor 24 shapmsespendieg)geneedl yhrgctamgil irchspedrmeapiberithatc

requir nts are also within the nt platl n.of his invention., _The

openi nib) satAmsTyify WirRsen, ey Imeve EEIFBIRE soRHiaeLY 1o Frnolsi st 254 i s a
cor respondigRg, tﬁsﬂﬁéﬁéﬂsﬁrfﬁ@&tﬁw%@turﬁﬂ@@ﬁge H&&tasr jghat 10 transnits

ul trasonic energy through the cleanin ution I4 to renove the dirt 25
fromthe interi Befesuimg tocEiguBns3,ahe ttttrbmtethlttdemssdnﬂﬂﬂgl@Sdssmmﬂl yith8he Redterri ng to
Figure 3, the t rb| e bl ade assgl lé S shown zmththe root section 32.
The root s&HPBR2 entﬂ%a%%loar? e Fl?soﬁ‘“ EXIFROfcRIriape Ly semp patacest it nay
be desirab ESnfe t he sane
Cime. 15 ATRYER d%%?t%@f R R et i i M
desi gnéfl t A mask 42 is provided with a cavity 44. The cavity 44 fits and is designed to

accommodate the root section 32 of the turbine blade assembly 28. The mask 42
serves not only to protect the exterior surface of the turbine blade assembly 28
during cleaning but also as a mounting block for mounting within a cleaning fixture
46.

20 Referring to Figure 4, the cleaning fixture 46 includes a tank portion 48.
Attached to the tank portion 48 are the masks 42. The masks 42 are first assembled
to each of the turbine blade assemblies 28 and then secured to the tank 48 by way of
a plurality of brackets 50. The brackets 50 hold each turbine blade assembly 28 in a
desired orientation such that the transducer assembly 16 is can easily insertable into

25  each of the turbine blade assemblies 28.

Referring to Figure 5, the method according to this invention is
schematically illustrated and includes the first step of mounting the transducer 16 to
the turbine blade assembly 28 as indicated at 54. Mounting of the transducer 16 can
be accomplished in several different ways. The transducer assembly 16 includes the

30 agitator 24. The agitator 24 is designed specifically for each turbine blade assembly
28 such that it may insert into the opening 38. The agitator 24 is inserted into the

root section 32 with sufficient clearance to prevent contact between interior surfaces
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acconmodat e the root section 32 of the turbine bl ade assenbly 28. The mask
42 serves not only to protect the exterior surface of the turbine bl ade
assenbly 28 during cleaning but also as a nounting bl ock for nounting
within a cleaning fixture 46. 20 Referring to Figure 4, the cleaning

fixture 46qfMeLMIgS3A HANKPARE ;cbl‘éﬂraﬁge is affoldta@thel %o WRihBRKnPRESUNN 48 are

the masks 42. The 'masks 42 are first assenbled to each of the turbine blade
assenbl i esofx@ergydhatiie tragamiticé throegh the ligaidland 8gipstthy indérior surfhaes dbite y  of

brackets 50 e brackets 50.hold each turbine blade assenbly 28 in a
desi red or‘i‘%‘?‘f{&i@i‘ﬁﬂogﬁfgﬁn{ﬂg‘?“& he transducer assembly 16 is can easily

i nsertabl e i nt oOnébnRakRRRdb thd'@aisdidtrNG, Meah@ir6FBINEIbIAR 4SbmBRehEriEi Ng to
Figure 5, the nmethod according to this invention is schematically

i || ust riat eshbaredgadnwithiddhbe elhaning selutient bpavidiveiedtat A6 The clearing dolution 16 t o
the turbine, bl.ade assenbly 28 gs .indicated. at, 34. Muntin f the transducer
16 can el bBUBiF PaReA TP STRPAIMG o5 BF 1P 40y SO B e pEREB s senbl y
16 i ncl udegydrbadd0A3GbpRERIed21t is WitkintGE taitepifioh Bf BES InvemsbrsRasilLEcal |y for
each turbine bl ade assenbly 28 such that it may insert into the opening 38.

The agi t at otherebncentiations amsbitypes of dldapingrsobitiosscti on 32 with sufficient
cl earance to prgyvent contact, between. interior surfaces. -4 of the cavity 34.
L kbnal

However, the cl CBF SAWECT dranpduger, agss YA YHT a0 CH W aedl ik PS¢ ener gy

that if traismihéeshd dysRERehiticl a8l Hdikbafacht 3gaiThe tré-BQeiihed Gefuchdyf aces 36
to affect the dislodgenent of dirt. Once nounted to the transducer 16, the

entire turbilies bhacke less soatgyythes is geqireduwhen dleal transduicer agsemblyedhiing
S R L R e e W AN
appr eci at edeafihg isSusth b clRab htemANERIRECHhER aOtardsBhcer iWRA R O b1 | | ze
ot her concentrations and types of cleaning solutions. The squirter
t r ansducer tualsine hlaldy agsembiy 28 upwandb bf G kdowattsvefencey maypberequired. In the
15 method according to this invention, because the transducer 16 is inserted within the
cavity 34 of the turbine blade assembly 28 a much lower power, of about 0.3
kilowatts is all that is required. Other levels of power may be utilized depending on
the specific application and level of contamination and dirt adhere to the interior
surfaces 26 of the turbine blade 28.
20 In the example cleaning assembly 10, a pump 26 is installed within the
cleaning tank 12. The pump 26 provides for recirculation of the cleaning solution
14. In this application the cleaning solution 14 is pumped through the first opening
38 and then out openings 40 that are disposed within the blade section 30 of each
turbine blade assembly 28. The flow of the cleaning solution 14 along with the
25  ultrasonic energy that is transmitted to the interior surfaces 36 of the cavity 34 affect
a desired cleaning that removes substantially all of the dirt and grim that have built
up over use.
The improved cleaning with the lower amount of energy increases the
efficiency and reduces the amount of time required to clean each turbine blade
30 assembly. Prior art methods required days to clean the blades efficiently. The

instant invention can clean within hours. Further, because ultrasonic energy is

introduced on the internal surfaces directly within the turbine blade assembly 28
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10 determ ned and desired frequency as indicated at 58. The pre-determ ned
frequency wutilizes nmuch | ess energy then is required when the transducer
assenbly 16 is wutilized to transmt energy through a turbine blade. In

i nstances where ultrasonic cleaning is used to clean internal surfaces
where a traqsducgg S usqg outsi%ﬁ of . the .turbiqe Rﬁgge asggnbh%128 upwar ds
of 6 kil owliPSSERCEHAF FOEY BRI Ja0Ee I H PO 5 AP RS RE B I%g to this

invention, al0eRALSE Wheret dx@RERUEISR pbbvekr Ss rdtfifret @8 tnkMitNultaSoni€ dnérgy 34 of
the turbine blade assenbly 28 a much | ower power, of about 0.3 kilowatts is
f

al | that i%reushutheetirbige Hlpdq assemblynf Quige surfase, shamp: pdgcse andedsdigeteng on

the specifjc.a } i l_evel 0 1: i d dirt adhere to the
interior gﬁ#§§§@§ﬁgéh§ﬁe?#@C@%ﬁﬁwﬁgagﬁgﬂggghgégbﬁﬁﬁgﬁhe exanpl e cl eani ng
assenbly 10, a pueddid@ly, $hd methalilaad devichion tiih tvenli@apiotitics afkmprovedhe punp
26 provides for recirculation of the cleaning solution 14. In this

appl i cat i osleattieg aetkad gt geicklyi ad afficiestly glepesd turbine (dades mathf mush lespeni ng 38
and then out_ openi ngs 40.t-hat are di.sposed withi.n.the bl ade section 30 of
anch "t ur opreE Rl BOS e NG obPSRARRRTES 1o Re i ant BEF B 12l ong
W th the 2katirég asonic energy that is transmtted to the interior surfaces
36 of the cavity 34 affect a desired cleaning that renoves substantially

al | of the dirtAdheugly prarefered wmbodimgnt tof this iyventionskas taga disglessded cl eani ng

arount Gor Beiker PERHacd Sl 1R at R RGPS af el SREIER GOUETT o1 "o

net hods r egathé edthi@)Be kébé@ efthid hevehligitle FoefthatClegsdinl Yhe TolRWiAS Icdiinsi Nvention
can clean within hours. Further, because ultrasonic energy is introduced on

t he i nt er nshouldibg sfudied ¢n determipe thettvierscenseand ¢onlenteofthisdeveasiornbl y 28 -5
outer surfaces are protect in nuch | ess damage i s possible. As appreciated
in prior art nmethods where extrenme high power is required to transmt
ultrasonic energy through the turbine bl ade assenbly. Quter surface, sharp
edges, and delicate



surfaces of the turbine blade assenbly were susceptible to damage. 5
Accordingly, the nethod and device of this invention provides an inproved
cl eaning nmethod that quickly and efficiently cleans turbine blades with nmuch
| ess power and |less possibility of potential danage to desirable and
delicate external features. Although a preferred enbodi nent of this

i nvention has been disclosed, a 10cpankes of ordinary skill in this art
woul d recogni ze that certain nodifications would come within the scope of
this invention. For that reason, the follow ng clains should .be s udied to
det er i nelt he Armethed @felesningcaninenororurtage of ankallaw arficle gomprising the ~ A

nmet hod of cIe%nlng an interior surface of a hollow article conprising the
steps of %? al” | east partially submerging a portion of the hollow article

within a tankgfil |é?deél§ttﬂﬁrt?all | @@RicRging @ pértion ;oflthe flotlvivngrtieleedithinga sol uti on
t hrough the hol'l ow arti cl ? emtting a high frequency ultrasonic wave

t hrough an openi ng tmlkﬁllnd Wllﬂh@di@ﬂmmgl\ﬁ wttdngl e within the flow ng cl eani ng
sol ution; and transfer hr o e cl eani ng solution and

agai nst the iMteri Qw@ﬁrcli ?‘{t%th' E@ﬁ}e&ﬂﬁ]’l 3”3'??% remove unwant ed
material . 2. The W%nm%gtaé h'i%-?ﬁ%&@ladc? wtr@&oficIwave tro@iingn bpenifig SAteE Maski ng
an exterior surface of ollow article prior to submer%lng in the tank.

3. The nethod as rethe ﬂueﬂowrartd;dlawmﬂlm the floling elgatting selidpnigidmount i ng a

t ransducer adjacent t enin 4. The.net.hod as cited,in cl 3,
wherein the tr sdutt‘ifg‘rS r‘HE u?i’@%g%’aﬁhré’ﬁglﬂ aPSrcleaning |S8hﬁ’ﬂ’i‘afmﬁl sagaH’sggrtH]%bl e

wi thin the opening jgf rfo?gull?éhlelC)Q‘f?hé?‘l'i(;llc"\oxL 51110@ to IR0 VehheshtéF makgial.€d 10 claim

3, wherein the transéhcer i s subrerged

2. The method as recited in claim 1, including the step of masking an exterior

surface of the hollow article prior to submerging in the tank.

3. The method as recited in claim 1, including the step of mounting a transducer

adjacent the opening.

4. The method as recited in claim 3, wherein the transducer includes an agitator

portion that is insertable within the opening of the hollow article.

5. The method as recited in claim 3, wherein the transducer is submerged with

the hollow article within the tank.

6. The method as recited in claim 3, wherein the transducer is a directional

transducer that produces ultrasonic waves in a desired direction.

7. The method as recited in claim 1, wherein the cleaning solution comprises at

least some potassium hydroxide.

8. The method as recited in claim 1, wherein the hollow article comprises a
turbine blade having the opening within a root section and at least a partially hollow

blade portion having at least one opening.
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the hollow article within the tank. 6. The nethod as recited in claim3,
wherein the transducer is a directional transducer that produces ultrasonic
waves in a desired direction. 7. The nmethod as recited in claim1, wherein
the cl eaning solution conprises at |east sonme potassium hydroxide. 8. The
method as recited in claiml1l, wherein the hollow article conprises a
t ur bi ne bl ade having the opening within a root section and at |east a

east .one op

partially hoII ortion .ha

ot hod a9 eci 186 THOC ARiosichriBr SRR Snav S B8 TFoinBoviaIeRsnEcol uti on
I ncl udes fsbﬂ%ﬁ'%&ﬁ@e@\rﬂmngqhwnh@s&hﬁ&mi}o aé]?tlﬁp&fb!nﬂﬁg i tHeN@of &kionect i on
and out the at |east one opening in the bla port’ion A cl eani ng
assenbl y fand ontetheui legst dine bpéniognimthe dadeypodfiora t ur bi ne bl ade conprising; a
tank containing a cleaning solution; a nozzle for directing cleaning
solution into the cavity of the turbine blade; and a transducer to generate

an ul trasqpi ¢ WaYRaeL! ARGNbAT AURLAE ANAA o SLI I Na iyfifd et ough

an opening Wt e tur to agitate and renove dirt from
interior su&@asmg,of the cavity. 11. The assenbly as recited in claim 10,
wherein the transducer  includes, an agltator mount abl e t hrough t he opening
and into the c&MMKE Oé‘fauﬂlﬁéat MgsoBit!o¥e to generate the ul trasonic wave

within the tur n@?zlpg@ﬁrqﬁrecﬁg% cl-ggx‘ﬁn SSIRABL )é*t@ﬁ]erc%glt% %fltﬂer'lgﬁélgéeﬂih&@ anlincl udi ng

a mask nount ab I or rtlon e turbine to protect the
exterior portianr@fsdidee tougdrierae ahal altesoriid. wakeemiteantiryugs thiecleanidgi n cl ai m
10, wherein the transducer conprises a_ squirter transducer that injects

li qui d i neselutipe dgeted yhrepeh Ba apgnine thin degeturbine blade to agitate and remove

dirt from interior surfaces of the cavity.

11.  The assembly as recited in claim 10, wherein the transducer includes an
agitator mountable through the opening and into the cavity of the turbine blade to

generate the ultrasonic wave within the turbine blade.

12.  The assembly as recited in claim 10, including a mask mountable to an
exterior portion of the turbine blade to protect the exterior portion of the turbine

blade.

13.  The assembly as recited in claim 10, wherein the transducer comprises a

squirter transducer that injects liquid into the cavity of the turbine blade.

14.  The assembly as recited in claim 13, wherein the turbine blade includes blade

openings, and liquid is exhausted through the openings within the blade.

15.  The assembly as recited in claim 13, wherein the transducer comprises an

approximately 0.3 kilowatt transducer.

16.  The assembly as recited in claim 13, including a fixture for mounting a
plurality of turbine blades and a corresponding plurality of transducers mounted to

each of the plurality of turbine blades.



14. The assenbly as recited in claim 13, wherein the turbine blade includes
bl ade openings, and liquid is exhausted through the openings within the

bl ade. 15. The assenbly as recited in claim 13, wherein the transducer
conprises an approximately 0.3 kilowatt transducer. 16. The assenbly as
recited in claim13, including a fixture for nmounting a plurality of
tur bi ne bl ades and a corresponding plurality of transducers nounted to each
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d) exhausting the cleaning solution from the turbine blade through the at

least one blade opening.

18.  The method as recited in claim 17, including mounting a portion of a
transducer through the root opening to direct the ultrasonic wave against the interior

surfaces of the turbine blade.

19.  The method as recited in claim 18, wherein the transducer comprises a squirter
transducer that injects cleaning solution through the root opening and into the turbine
blade.





