SQUI RTER JET ULTRASONI C CLEANI NG BACKGROUND OF THE | NVENTI ON Thi s i nvention
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 SQUIRTERJETWLTRASONICICLEANENGal cavities are
difficult to clean and require a tedious and tinme-consum ng process.
Conventional cleaning of turbine blades includes the use 10 of an ultrasonic

cl eani ng met hod. The con %k@%UNﬁb?sﬂ?EQWIﬁ@ﬁ@ﬂ method wutilizes a
h

transducer that emts an ultrasonic hig requency wave into a cleaning

sol ution fill edThankvetiier tplatbs gendréily ta dresdeasing iof turbdmes bladeed Méreough t he
t ank Il's into the.liquid cleaning solution. The ultrasonjc wave travels
thr oughs t haPeeiicali (i SBFTROFRIES (ifich gttiad ang 15 T Clramogr BIRb] ade. A
portion of (gheelaritlibR@sBRge. wave is then transmitted through the turbine

bl ade to the inner surfaces. The ultrasonic wave then | oosens and di sl odges
dirt fromthe i diypicaByr hatebine Dblgdel vianthageghbl \cleanbd preomy tes uepac esdand

di t hat X ) t .t | th . th nt of..
ot ual Ty priscBRfofhen e bl Faits WP duBSHL & Beub i iRy Ron FaSE), | <
drai ned an@inﬁab&%&aﬁﬂlﬁwoééag RkertdhhiScledniey 6f RFTHhE Blad@PirAldes iphusend t he

turbi ne bl ade such that only a small portion of energy emtted fromthe
t ransdd@er ohd@nudirhspnice glehaing trhgthgd nerheseantvartianab uultragsenic \ldsinime miethod. The
resul ting .ocess 1s inefficient and tine.consum ng. Fur.ther,  because only
2 porti on SRger Borubdiihe G AMebaTHEr PR wh L h el EER T he
interior syshbeeTilled @Y Hiefdy fréMethe tedns@RRF G trafsnii@edithedgh Thetdhkgh anmount
of energy inpacts the outer surfaces of the 25 turbine blade potentially

di st orti ng vddl iietet herlimid clegniagdobidigas She ukemsenie hrave Havetrethroyghc®edi ngl y,
S S ! R R BRI P8R Pk, A IR
ener gy 15 dealteasss wdvedsiheg tkinsiitegdcdthfoagh aks tabiyie hiddenbithd irthenageck exteri or
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 | NVENTION 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 SHMMARY &F IWHIMINYENTHON ng sol ution and a
squirter transd e t.ur bi t rransduc D

subner ged w ¢ bt ronEvRfe bGP G e der SRERERR REp e SR ILbERE 2 | cas
partially wWybifien jétheargavdet.y THe $du@tdrUebirafsdatédie. inddr@dP@ithinOhe tttwnd S
inserted within the turbine blade emts an ultrasonic wave that directs

ener gy agaitade to glean fternplgurfages of g tyehise bipde.he t urbi ne bl ade to remove dirt
and any 5ot her unﬁﬂ%g% gféze%&ﬁ{e't}ﬁ)ld ace ﬁ&r qgtﬁggynvehth&l @HQQa%ﬂgf‘fEé{%ﬁ f_or

cleanlng and reconditioning asse acc ing tothis

i nvention mr«:lvmﬁ;egsdl@uiommamqlgrtaf trztﬂ@&ucet niTae itabirewlidcasl wdnsthier trer bi ne
bl ade wi t hout A excessive energy in a shorter tine period without potentially

danmagi ng exeiallyrsubperegd auithin theyank. e squitenirs taasdiesr 15, m@efméé“é‘“and ot her
features of ahﬂt‘ﬁ ?ﬁﬁ%e 55{){6’”# tﬂ? tlfrﬁﬂleb[ﬁa&%esflﬁpﬂ‘%ﬁttﬂé?q%lr{s&?éﬁ tfin| O | OWi ng
the To f

speC|f|cat|ona raw ngs, oW ng o chi1s abrie escription.
BRI EF DESCRhéTurbiNe GfadEHEmMIDRAVUNEES0 20 vF:i\@mhet d.lr¢($S enssgy epaEhstcthe epeasent at i on
of a thrbl ne bl ad I eani ngergass y .accor di n(g to this invention.

|.n
Fi gure !9 i SUHpces@ &l}egtég’ D T5Mmp &PyPﬂ@ré‘ﬁYYﬁ?tF mafegial.t r ansducer
mounted within the tdnd k”ﬁqebh%ﬁ)d Eh@WeSicd fo? @}ezﬁﬁﬁ?%ﬁﬁ'&c&rﬁﬁt‘icﬁﬁ%‘taﬂ' on of

a turbine blade and mas 25 protecting an exterior surface t he
t ur bi ne bl dubine blade assembly according to this invention provides for cleaning of the

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 illuétrating the method steps for cleaning a turbine
blade according to this invention.
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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 AMETAEBEDRESCRIPTHINZOF THE PREFERBEDREVIBADINIENT| ed with a

cl eaning sol uti 14. The.cleaning solution,14 i referably co ised of a
30- 45% concent r e%egﬁn%}_o E&uées i ﬁﬁ&ﬁ%?cﬁ?e&ﬁ’:ly iptfﬁbﬁ%mmg @%l%ﬁ’eﬁr{ﬁ% anount
and type ofindhhd@8ni tagk 92! fllddoRith @ GGl §@6tidnN14.hiThe Gleagin@Sdehiont hels
concentrations and m xtures of cleaning solution are within the

cont enpl at PEafeeblytaemprispchoen39-4h% cpneeritagign iofpotassiwniblydroznlef dylthesgh.i ncl udes
t ' . the t t.hat. eni i gh
atr ansgucgrspg(gﬁc Hﬂ?umt &%nﬁfﬂ% é? E{e'&lgl%g 301?1{10}1 isgspleXH%d dH ?lrhs %%gggf)%/'u%o%?qon 18 and

frequency Ul'trasonic wave ucer Hcludeés 2

an agi t at okcoReentrdiidhstahd hsidwesrof teeahing sdition ate withi@ dhdyonteraslnfisrodf tBis 20. 1 n
the illustrated exangl e the hollow article is a turbine blade assenbly 28

i ncl udi ng &eaUPRy Bhe elepning pesmblys 4P f Bietber decludesen tranpduat do- 16fhes ~

inserted wWibhifhced D8 i€R¥ thy tdék Bfat LRBist 4 ”ﬁe@&dﬁ%gg Lﬂ‘t?fs%HR' Yagd: TGt uation
of ultrasonic waves from the transducer produces ultrasoni c waves at a
frequency wahdduaert Neinchaies g bddy tpbetionl BB vy egitator 24. afibe atlwelucerol@ 8m nant s

t hat haye been ered to_the interior surfaces 36 of the turbine bl ade
asserrbl?é 289“%@3%}%‘?%508?&& assenbly 28 includes a root section 32 and a

bl ade portion %cheTﬂﬁs@%téJaészRﬁlE R hcAtbv BRIHARS ﬁlrﬂhls'ﬁﬁéﬁlietaﬁsé?ﬁbl{}’%”i ngs 40.

The root section 32 1ncludes an opening 38 through whic e transducer
agi t at or 24ndledingis eatigd34 Hhen@ inet |afacesy3 @sElentrdnsdd@r pooslinsetedawdhint i | | zes

ultrasonic payes 19 SEARuShE Lide Qb o8 DAl BHLL 45 LD 08 oo o
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

-3-



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
that generates the 25 ultrasonic waves that are transmtted through the

cl eani ng seblutipwr4lagawist thenintdror susfacdsy3B4f the civstyotiye This vibeatidnanider

material built up.on the jinterior .surface 6 of . the turbjne b]ade assenbly
8. Ret er  igreplR aRgurES shalif i PGB RO s Benint SipbsH B PO Soced

wi thin the theReokéningddndibkdiRnt di ditN&hbmagelgsisgichied a?851s6 thdlQhay bee
agitator 24 is inserted into 30 the cavity 34 a sufficient distance so that

it may ef f remeyad apddlushed femdhetwehipg blade essemblyrd®undi ng cl eani ng sol ution 14

that wikl fill ! g r.at f the.agitator 24 from
t he tra%sducer t.l@%l g&\ém%f%@%l%%{nr%nrﬁigg%ﬁregoc{e?‘ﬁr%%rt elscgéeséﬁeggan%
sol ution l4ecegapaisio fiheithit efel Geniigr 3R 0€ 3he3 Qurbine thigdecavéerhply3Z8. The

vibration and wultrasonic frequency that is transmtted thr ou%r;_ the cl eaning
sol ution 14h#esyvagdaeayie by hapnlisaladnisaecian dregnisements iref alsy rwithigcBenat i cal |y

i ndi cat ed bd s - he e f : bi ne

bl ade asse%‘%?%élggd?iogr@?\?ﬁsst }sﬂgg%:{tll(?ll CTI{:eo{r)ﬁ%lylg%r g??%ﬁhgilg&g%%e;gn%w?haég%gi tator
24 i s desi Jhectbsititk agitatoe 2d ped cormesponding périenaltyhectapgiamshail mémbérehatur bi ne
bl ade assenbly 28. Ot her shapes as required .application spegifi.c

Fequ r Sion EOISHE HITEEOTF eRTE EHRUSR Bir AFPISE FUNIGT T8 K Lo FeBICE 2o The
openi ng 38 goih, RiistelifStAIES I6orthOturbinaBBde asstR®NERY the agitator 24 is a
correspondi ng general ly rectangul ar shaped nenber” that 10 transmts

ul trasoni ¢ ener Refarting tg Rigune3 cthe dmbimg Hadeudssambly L8t is shewnwatht the rodtr t 25
fromthe interi surfaces 36 of, the turbine .blade assenbly .28. Referring to
Faure 3, BiropuP; e BiedaetRuctarfassan sRGHBu e 1f REMF GTAEREL | on 32,
The root  seedyi viie3ralllffd H88Sa FrBy 8f tuinSblafl@gRemblesSN® thdSh@eRs 1t may
be desirable’to clean a plurality of turbine blade assenblies 28 at the sane

tinme. 15 AAvagk 42 issprpvided aath aicamity 4davihe cadty dhdits and iy dasdgrfedtto and i s

desi gned t Qccommodate 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 460f thelcardes3h Hawkvauotht iclearan8e isAlsoatshauhined to mxiraizk tipoamown 48 ar e

the masks 42. The sks 42. are firs senbl.ed . to, each.of the r.bi ne bl ade
acen | esobaeRnnins SRagfiEl roubt e TRERE Aty tas Mt bl abie, o
brackets S@ffectlite dislogdeicnt 60diol d each turbine bl ade assenbly 28 in a

desired orientation such that the transducer assenbly 16 is can easily
i nsertabl e i nt oOngsmenatedde thransdpesrid, eaahdire fbingiblads eemidy28rifi ng to

1 Pust ot ot e St AECLRLTE bl P4 bS8 TRECRRRRESTMMn 16

the turbi ne4 htidge mstherRhnipREnadimelitdabved 38t484 coMunithtidigoDpotaddéurt r ansducer
16 can be acconplished in several different ways. The. transducer, assenbly
16 i ncl udeBYdravidso Aggipprecistedp it 1s Withingge cantemplamon of Hus inysalipnstoattilize cal 1y f or

each tur bi Qﬁlepéc%@&t?a?i%ﬁm&/typg@%ﬁdti'ﬁagi&g}ﬁhdohs.”ay insert into the opening 38.

The agitator 24 1s inserted int root section 32 with sufficient
cl earance to pr&hentuicenttantduset assembiyntl 6rémits anrflagenic- #avé at epravity 34.

Howeve the cl.earan is.,al so determ.ned t imze the amunt of ener
that 10 ¢ r SRETTRLAN SR EY RETHRICY P UIee 5a ST AECTHERY PBRISEYf aces. 36
to affectyffgs %ﬁé@@&@%%yﬁt‘hgg'iig tsreqlﬁ}k‘aewﬁaﬁ‘ MheGahQubhieadscABRAYE S 16, the

entire turbine blade asse S5 subnerged within the cleani ng
sol uti on 1utikzedi tndranamgcenatgySdrouphen tireiaaibtagles dinunstances whene ultiasenici n t he

cram & B e e ST LR L SR 1,
e CoTCRESRN R 1907 1 100l ey SRS
15 method according to this invention, because the transducer 16 is inserted within the
cavity 34 of the turbine blade assembly 28 a mﬁch 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 utilizes 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 trautsdsicfaces srepsetdctdutmsuadieesst danfage it possibde Bls agpreamtdniolprio28 upwar ds
of 6 kilowatts of energy nma e required. In e 15 nethod according to this
Chvent i on. o eeefies PR e St ek SR & relet df e PRSI 208TEY 34 of
the turbi ngir&ighdtheatsBib! Bladid assciBE) | OWBF sRAYERS ,shidp ad! afd Helikitbowatts is
all that is required. Oher |evels of power may be utilized dependi ng on

t he specifﬁ@ﬁﬁg%mﬂhaﬂﬂbﬁebhdeB&W@ﬁhdwﬁ@énﬁ&nﬂhéﬂQéﬁn@ﬁﬁ dirt adhere to the
interi surfa h i I ; . ] eani ng
wosenbly 10 o porpinets i et A SeRER SR ofb el ol ier AT e e

26 provi deslefrfifig heghddcthhatbioklyaindt dfficiehttypdicags @biut ibluiles Idth mick Miss
application the cleaning solution 14 is punped through the first opening 38
and then oP@WeIpaKi kess Pasrihillyt ofpetertiad shgage ip tdepipable, angdgheate sxte 30 of
each turbgﬂﬁyggade assenbly 28. The flow of the cleaning solution 14 al ong
with the 25 ultrasonic energy that is transmtted to the interior surfaces
36 of the cavit p\ltBdugf & ex¢ferrad dabodmibnt lof ghisngvérimh hasneen slisildssdamti al |y

all of the dirt and.grim.that have bujlt u ver use. e |, nprov cl eani ng
with tHe | BREerg arxs@lﬁﬁ%ﬂaw Eee PR MeEFriag] B &C%‘ggr"é‘ﬂﬁges t he
amount of tine wiamlifedcdt & 8 ifRAor, UHRE NatVeadR (1RO (ARSEAD Wi i OF art
met hods required days to clean the blades efficientiy. The instant invention
can cl ean stioukd e $tadied to dasiernives the lrwe acpe ant tcostsoinifehie mavegiion.s i nt r oduced on
the internal surfaces directly within the turbine blade assenbly 28 -5 outer
surfaces are protect in nuch | ess danage is possible. As appreciated in
prior art nethods where extrene 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 nmethod and device of this invention provides an inproved

cl eaning nmethod that quickly and efficiently cleans turbine blades with nmuch
|l ess power and | ess possibility of potential damage to desirable and
delicate external features. Althou§ghAdME ef erred enbodi nent of this

i nvention has been disclosed, a 10 worker of ordinary skill in this art
woul d recogni ze that certain nodifications would conme within the scope of

this invention. ARGEthbOF cle@RiBQn ihReiof QlrfRVIoTG KW EticRI@plishe the udi ed to
determ ne the true scope and content of this invention. CLAIMS 1. A nethod

of cl eani ngfehsrpfi nterior surface of a hollow article conprising the steps

of : 5a): 10b) c) _at | ihal i i . . ow
article withind ta%@%%sit ﬁ’?‘é}ci‘lu% Si’?%@@%%?ﬁ%ﬂ?’éﬁﬁ% ?’%ﬁ&” %?n“‘{‘??%‘%ﬁ*al‘ hi gh
frequency ul trasoni ctank\idled hvithugdleammggdutiong Wi thin the hollow article; and
transferring energy thrqugh_ the_ cleani ng solution_and against the. interior
surface of the Rbll offKHes & hightfsequenmidirasamimyate thiquehia opeping fthiket hod as
recited in claim1l, j i NGk tep of masking an exterior surface of
the hollow article pgﬁgkﬂggqg%lﬂnging in the tank. 15 3. The nethod as
recited in claim 1, iraciferdnggenetyy ttreyghofhenvlemiing golutionamsidaganst thelj acent

t he opgning. 4. The thod as recited. in claim3, whereip the transducer
ot oabL Ba agi ¢ at or MR SHERPAARe Rl B EAT A ACI I ng of -t he
hol | ow article.

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.

15 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.

20
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

25  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.

30 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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20 5. The nethod as recited in claim3, wherein the transducer is subnerged
with the hollow article within the tank. 6. The nethod as recited in claim
3, wherein the transducer is a directional 25 transducer that produces
ultrasonic waves in a desired direction. 7. The method as recited in claim
1, wherei n9% he dheamithgl s®olrenied rin cdaipr Bsmslugding theadtp o6 fpwing aksning

hyd ide. 30.8. Th t hod .as. ited i laim1 in the hol.l
oo daa i RS L8 EChoiot e Bl SR PRtk et or
and at | eagfe Badedolticd.| y holl ow blade portion having at |east one opening.

-7 9. The nethod as recited in claim8, including the step of flow ng
cleaning solution through the opening in the root section and out the at

| east ope eni ng .i.n . i 5 j for
removi . dive t rosteiib ey TP fboiR o M . SHIRTA AR Hlefe
cont ai ni ngcemptigagi ng sol ution; and a transducer to generate an ultrasonic
wave emtted through an_qgpening . within the turbine blade to agitate and

remove dirt frofidnkicoptagingy eleanipg soptioliand 10 cavity. 11. The assenbly as
recited in clai r.ei (g i : nt abl e
' ' ' g!t?ﬂrsd%‘%? 6 Anbdlf bi EﬁTt?:Qng ‘{'h@c%ﬁlﬁ%ﬁngﬂﬁ%‘ghﬁ BphinfPY

t hrough the opening and int® the cavity et génerat e

t he ul t r asesmthin Weverbing biadet theaditatebamierdaadedirtliorhintetioe safsesidfythas reci t ed
in cl a'(Sn 10, .including a mask nountable to an exterior portion of the
turbi n€ bl §4&% o0 protect the exterior portion of the turbine bl ade.

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.

15
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.

20 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.

25
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
30  plurality of turbine blades and a corresponding plurality of transducers mounted to

each of the plurality of turbine blades.



20 13. The assenbly as recited in claim 10, wherein the transducer conprises
a squirter transducer that injects liquid into the cavity of the turbine

bl ade. 14. The assenbly as recited in claim 13, wherein the turbine bl ade

i ncl udes bl ade openings, and liquid is exhausted through the openings

wi t hi n t helbl adé. mgthod Sof rEbendatsmangd b ytubsner blad¢ ddving actomt wpéBng whéragi n t he

t ransducer, ¢ r,ses an. approxi ely 0.3 kil owatt transducer. 16. The
assenbly ageaqreggllellb_za eiOReIBP%iSﬁ\dlIg?tggiﬁ?lﬁW%@g ﬁ\_efs?e?f ﬁf'e for nmounting a 30
plurality of tuspi nesiphadgingapdritorcsnthetpsingbnde pltolaaldahing@blutib@gnsducer s
mounted to each of the plurality of turbine blades. -8 17. A nethod of

recondi tioni ng B t ur BIerding|anddirasanicitave thipwgh dhrersiohgpeme and agaggtanone bl ade
openi n sai d ricSy . of . a) subnerging a portion of the
turbi ngs bl ade rﬁ{t%%gscﬁ%%néf%%glﬁﬁ%%%%% directing an ultrasoni c wave

t hrough the root) opeathagstarpdhagiRhmiag sélation fromt the habins biddackroogh theest t ur bi ne

bl ade; and c) exhausti ?ﬂ%@t he .cl eaning solution fromthe turbine bl ade
through the at P¥£9¢ b6 OBFYBR® opening. 18. The nethod as recited in claim
17, including nounting a portion of a 10 transducer through the root
opening to direct the ultrasonic wave against the interior surfaces of the
turbine bl &8le. Tﬁe ri¢tkodres heciteds irr (etaiim_eh?,i mcmﬁhjgnrm@ntimg]er p@qﬁohl‘r&f aransducer
foot offbni %@nsﬁﬁ%‘r{ﬂ%ﬁﬁgﬁ b RS 18 direbRe iftraSome Wavd agandt e fhedddr O1on the

root o
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

15  the turbine blade.





