-1- ROTARY PROBE FOR CLEANI NG AN | NTERNAL CAVITY Field of the Invention
[0001] This invention relates to efficiently dislodging foreign materi al
from an internal cavity of an object such as a turbine blade and, in
particular, to dislodging foreign material fromhereto for relatively

i naccessible regions inside an airfoil cavity. Related Application [0002]
This invention relates to U S. Patent Application serial nunber 10/271,681
entitled Apparatus and Method for Cleaning Airfoil Internal Cavity, filed

on Cctober 15, 2002 and assigned to the assignee of the present invention
and which 1is inc ratg% (Srel Ryngref erence. Background of the Invention
[ 00031 The turbi n ROBE ¥Q EEANW@&NQNWE%}@6L&QVAE§( in use
today are cooled by passi ng a cool ant through the interior of the bl ade.
The coolant cavity typically has a torturous path of travel and may include
one or nore ERM bpmqnve,mu,i ng use of the engine or repairs performed on the

parts, forei mat t er enter the cavities of the engine bl ades and
become adher&'@olb t he Whisllsvexftnonhelatcaw tifieientlypiasiodging forkignimmatetial frand t o
reach bend I‘ngO In an_effaort to dislodge foreign matter fromthe walls
of the bl adePti{AR3l&avityaf af obipgtesuchps g r llnﬁﬁladiieé*ﬁgt@r@"aquéarp@s@él& dgingo t he

- blade caviti ﬁ)?eléllf' ﬁl %ﬁfhﬂ% f'opretlzﬂ%e ﬁgchgﬁg% re&ggs ﬁl?x%e\% ?rf&? tur ned at

a speed that ICI e I'gh "enough orei hat eri al
that it comeswvith. contact with. This type of device works vveII in easy to
reach | ocations. However, the wires cannot readily contact foreign matter
that has | odged in the hard to reach areas. In addition, the flexible wire

has a tende on the walls of the <cooling cavity naking
maneuverin r%%/l E‘%’e‘k nlg %fat her difficult.
g

[0002] This invention relates to U.S. Patent Application serial number
10/271,681 entitled Apparatus and Method for Cleaning Airfoil Internal Cavity, filed
on October 15, 2002 and assigned to the assignee of the present invention and which

is incorporated herein by reference.

Background of the Invention

[0003] The turbine blades found in most, if not all, jet engines in use today
are cooled by passing a coolant through the interior of the blade. The coolant cavity
typically has a torturous path of travel and may include one or more 180° turns.
During use of the engine or repairs performed on the parts, foreign matter may enter
the cavities of the engine blades and become adhered to the walls of the cavities,
particularly in the hard to reach bend regions. In an effort to dislodge foreign matter
from the walls of the blade cavities, metal wires of varying diameters are passed into
the blade cavities through openings in the blade roots and the wire is tumed at a
speed that is sufficient high enough to dislodge any foreign material that it comes in
contact with. This type of device works well in easy to reach locations. However,
the wires cannot readily contact foreign matter that has lodged in the hard to reach
areas. In addition, the flexible wire has a tendency to hang up on the walls of the

cooling cavity making maneuvering of the probe rather difficult.



-2- Summary of the Invention [0004] It is therefore an object of the present

invention to nore thoroughly dislodge foreign material froman internal

cavity of an object such as the cooling cavity of a turbine blade. [0005]

It is a further object of the present invention to inprove neans for

di sl odging foreign matter fromthe internal cavity of an object. [0006] A

still further object of the present invention is to provide a probe for

di sl odging foreign material that is Iocagﬁd in hard to reach internal areas

of an object. [0007] These and further oObjects of the present invention are
a, W re that passes through a tubul ar guide so

attained b r obe vin

that the vmyrgmﬂgiﬁrﬁé’frgﬁ%t% €40Ri t hin the guide. The distal end of the guide
is bent at | e wher; i: [ j i |
bassage of ato0BPc, "RRGE Mertidfe atlitd o B} EHIATER MRS,

di sl odge unwéislogge foreigh Giatemale¥dra lan firiterial d9ith aF &n bBjetLseh as fiRG0BNng Br i ef
Description of the Drawi-ngs [0008] For a better understandi ng of t%ese and

ot her obj ecteavisy of Bdutbinedrledewn, reference will be nmade to the foll ow ng

det ai | ed desgg'gtion oh.th inv%ﬁtion mpich iS to be read in conpection
with the acc Hh yi ng Srdaiwgher QRiscEphine prrseRinyangon 1o fraproye FEpRHIEs a
tur bi ne bl adg. : i i : f ik a holding fixture and
an el ongat ed&)lps)lr0 g%félggé 6%5@%58{[?%&? fé%@lfﬁrﬁglség‘tgf)ﬂ ?théé\f 64}%6\}'enti on i s shown

passi ng upwajdbg] i nto A sillafiethenatjeot of kfeqiresentinveritot 8 @o pidvidee probéfte r oot .
[0010] FIG 2 is an enlarged view in section of the upper part of the bl ade
cavi ty showi figlodgiagdpisian patsrie] Gakis leestedda bardtodedchi ipigimal arsas ebamoljedid

region: and oBOI1] I Gegd 18 G U0 (thSroSleR VIRl L RELEAT) oecti on
probe having a wire that passes through a tubular guide so that the wire may be
rotated within the guide. The distal end of the guide is bent at an angle whereby the
guide can be inserted into an internal passage of an object and the wire directed into

a hard to reach region to dislodge unwanted foreign material from the hard to reach

region.

Brief Description of the Drawings

[0008] For a better understanding of these and other objects of the invention,
reference will be made to the following detailed description of the invention which is
to be read in connection with the accompanying drawing, wherein:

[0009] FIG. 1 is illustrates a turbine blade in cross section that is mounted
within a holding fixture and an elongated probe embodying the teachings of the
invention is shown passing upwardly into a blade cavity through an opening in the
blade root.

[0010] FIG. 2 is an enlarged view in section of the upper part of the blade -
cavity showing the probe positioned adjacent a difficult to reach bend region; and
[0011] FIG. 3 is an enlarge side elevation in partial section further

illustrating the probe of the present invention in greater detail.



illustrating the probe of the present invention in greater detail. -3-
Detail ed Description of the Invention 100121 Turning now to the draw ngs
there is illustrated in Fig. | a turbine blade, generally referenced 10,
that has been renoved froma jet engine. Although this disclosure will be
made with specific reference to a jet engine turbine blade, it should be
understood that the present invention can be utilized in association with
any object containing an internal cavityshat may entrap foreign material.
The root 12 of the blade is nmounted within a holding fixture 13 arranged to

securely hol h | ade,.i n desire osition while at the sane tine - -
permitting fﬁé&‘@éé@fég"ﬂ}o ﬂgmﬁiﬁge"gﬂ?}% eading to an internal cooling cavity
16 through thmippot of THhAg 0013 ' I Y, ps.typi cal
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section of the blade. Normally, an unsupported straight |length of flexible
wire that isthiydiselasyrg wild bg mage yith segidicreierangn toraiat enging turbnn tlads, Bavi t y

il t b bl ff ' trate. this,b . 100141 b
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probe includes an el ongated tubular wite guide 2 I s capabl e of being

i nserted uphapfithe blddeas glouatedovithin pdwoiding firturd &3 biramieed t@sefueelalhbid the he
guide is fab i&ﬁat ed  of 3 rigid material such as a |ength of stainless steel
tubi ng. The B g1 3 desyrd positipp wdiile at theSames taRpoPErPHRINg IFRe ageRsa &0 eRENIRES: end

the full len J ' |1 aC to the hard to
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the opening at the distal end of the gfui e can be directed at the hard to
reach regi ontortpreus|paieiitrayel havengdifculy toaeaghiregioys suebras thobandzaarea he gui de

's able to located in the top section of the blade. Normally, an unsupported straight length of
flexible wire that is typically used to dislodge foreign matter 18 from the cavity will
not be able to effectively penetrate this bend area.

[0014] A probe or dislodging tool, generally referenced 20, that embodies the
teachings of the present invention is illustrated in greater detail in Figs. 2 and 3. The
probe includes an elongated tubular wire guide 22 that is capable of being inserted
upwardly through a root opening in the blade. Preferably, the guide is fabricated of a
rigid material such as a length of stainless steel tubing. The guide is of sufficient
length such that the guide can extend the full length of the entrance passage to a
point adjacent to the hard to reach region 17 typically located at the top of the
passage. The tip 24 of the guide is bent at an angle with regard to the axis 25 of
guide so that the opening at the distal end of the guide can be directed at the hard to
reach region. The length of the bend is relatively short so that the guide is able to
move freely through cooling passage without snagging upon the passage wall. It has
been found that an angle of about 30° at the tip of the guide works well in most
blade applications. The angle may be adjusted, however, depending on the specific
application.

[0015] The lower section of the guide can be housed within a tubular sleeve

26 so that the sleeve can rotate about the axis of the guide. A close running fit may



nove freely through cooling passage w thout snaggi ng upon the passage wall.
I't has been found that an angle of about 30 at the tip of the gui de works
wel | in nost blade applications. The angle nmay be adjusted, however,
depending on the specific application. 100151 The | ower section of the
gui de can be housed within a tubular sleeve 26 so that the sleeve can
rotate about the axis of the guide. A close running fit may -4- be provided
between the outer wall of the guide and the inner wall of the sleeve so
that the sleeve can turn freely about the axis of the guide w thout
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opening in the guide so that both the top end section 33 and the bottom end

section 34 obeerhound that gredrrgulbtargasalizgd whemthsosi¢eve lestends wpwwdrdynfgoprtioi nal
ends of the qujde. re. in a clese running,fit is.provided et ween t he

i nner wal | of °tHB Oét'ed%ulggg) a[i:wgt gﬂf%’fiyélﬂrﬂ?%% d%fﬁ‘td%ﬂﬁf F?tagéf“%%'tlst he wire
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the bottom of the sleeve. Preferabl the wire is held a(fqai nst the outer
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surface of t Histapadpwxyyakaadsef i auwde. Heraggaiblaclessuenning i sarovidedrount ed
upon a drivey 42, The notor, i ractice my be attery driv connect ed
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force is applied by the jaws to crinp the wire securely against the outer
surface of ghidesl eeve whereby both the wire and the sl eeve can be rotated

Logether at fepl red 13peedrAS CAM e 392 bin LISeAULES oL WAHREY 25 the
sleeve. Asshown in Fig. 3, the wire is turned around the bottom of the sleeve.
Preferably, the wire is held against the outer surface of the sleeve by means of an
adjustable chuck 40 that is mounted upon a driver 42. The motor in practice may be
battery driven or connected to a readily available 120 volt outlet. The jaws 41 of the
chuck are arranged to close over both the sleeve and the wire. Sufficient closing

" force is applied by the jaws to crimp the wire securely against the outer surface of
the sleeve whereby both the wire and the sleeve can be rotated together at a desired
speed. As can be seen, the guide is not turned as the chuck rotates and accordingly
the distal end of the guide cap be directed into a hard to reach region.

[0017] Although the wire is secured to the sleeve of by the jaw of an
adjustable chuck in this embodiment of the invention, it should be clear that any
suitable means for securing the wire to the sleeve can be employed without departing
from the teachings of the present invention. Such techniques may involve welding
or brazing the wire to the sleeve or simply wrapping the wire around the sleeve.
{0018] In the practice of the present invention, the bent tip of the wire guide
is brought adjacent to the hard to reach region and is pointed directly at the region.
Sufficient wire is extended outwardly from the tip so that the wire will be able to
contact any foreign material in this region. The cojoined wire and sleeve are then

rotated at a relatively high speed to dislodge this unwanted material from the region

and the dislodged material then be easily flushed from the cooling cavity.



the distal end of the guide cap be directed into a hard to reach region.
[0017] Although the wire is secured to the sleeve of by the jaw of an

adj ustabl e chuck in this enbodinent of the invention, it should be clear
that any suitable neans for securing the wire to the sl eeve can be enpl oyed
wi t hout departing fromthe teachings of the present invention. Such

techni ques nmay involve welding or brazing the wire to the sleeve or sinply
wrapping the wire around the sleeve. [0Ql8] In the practice of the present
invention, the bent tip of the wire guide is brought adj acent to the hard
to reach region . and is pointed directly at the region. Suffjcient wire is
ext ended out leawyns Pgﬁ’retlﬁ@ bg wishingthe edlingraviiy can B pecopwlishgdsusing webnt act

any forelgn The cojoined wire and sl eeve are then
rotated at a ‘ﬁaéggﬁmsﬁgh%pto di sl odge this unwanted material from
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cooling cavity 5- P05|t|on|ng of the probe within the cooling cavity can
be acconpl i sHexdribed nithweferenck tmthe prefeayd mudeanilustratedingthesiraying1Bwilthi | e t he
present invention has been particularly shown and descrl ed w th_reference
to the prefePf Bpdsigaed By opg pkitled i g amh%tWérla\ASawaﬁges ing eml |may beefieried st ood
by one skill f ed
therein wt h&%félgg{’)@(ra Jaaa%tﬂ%%ré’rﬁ dle | rlé{]{?1 %E(’:%Bg?% t Igg%/%é\}glr??lb ﬁ(ﬁ%s
defined by tbRimg¢l ains. -6- W Clalnl 1. Apparatus for dislodging foreign
material froman interior cavity of an object that includes: a tubular

gui de having a distal end and a proximal end such that the distal end of the
gui de can be inserted into an interior cavity of said object;



a tubul ar sl eeve mounted over at |east a | ower portion of said guide so that
said sleeve <can rotate about an axis of said guide; a wire passing through
said guide so that an upper portion of the wire extends outwardly fromthe
distal end of the guide and a |lower portion of the wire extends outwardly
fromthe proximl end of the guide; whérein the extended | ower portion of
the wire is secured to said sleeve whereby the wire and the sleeve can

rot at e t Bgetlhier: about the axis of the guide; and wherein said distal end of
the guide is bent at an angle with relation to the axis of said guide. 2.
The appat.at usApparathsafordislddghig foreignheatedial dloudasintbrioy eavigaiian bbjectrtbitat i ng sai d
sl eeve and, said wire together. 3. The apparatus of claim2 wherein said

| oner potEludesiof the wire is secured to said sleeve by an adjustable chuck

that is connegfuB@iat Suid@h&lifll 4 ¥StalERINDd aPRSImENHRKubRMLNBe RS ch D8t thar ©
arranged to close over the sleeve and the wire to crinp the wire into

engagi nggwdntandre inggted into ammtermucavigeofstidobjedt; s| eeve whereby the sl eeve and
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claim| yinabRtemboad £h aMig of shidrgiitded cl ose running fit with the interior wall
of said guide. 6. The apparatuys of claim| wherein said distal end of the
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proximal end of the guide;

wherein the extended lower portion of the wire is secured to said sleeve whereby the wire
and the sleeve can rotate together about the axis of the guide; and
wherein said distal end of the guide is bent at an angle with relation to the axis of said

guide.

2. The apparatus of claim 1 that further includes drive means for rotating said sleeve and

said wire together.

3. The apparatus of claim 2 wherein said lower portion of the wire is secured to said sleeve
by an adjustable chuck that is connected to said drive means, said chuck having jaws that are
arranged to close over the sleeve and the wire to crimp the wire into engaging contact against the

outside of said sleeve whereby the sleeve and the wire can be rotated together by said drive

means.
4. The apparatus of claim 3 wherein said drive means is an electric motor.
5. The apparatus of claim 1 wherein said wire forms a close running fit with the interior

wall of said guide.

6. The apparatus of claim 1 wherein said distal end of the guide forms an angle of about 30°

with said axis of said guide.

7. The apparatus of claim 6 wherein the axial length of said sleeve is about half that of said

guide.





