TURBINE BLADE TIP SQUEALER AND REBUILD METHOD Technical
Field and Background of the Invention The present invention relates
generally to turbine blades for a gas turbine engine and, in particular, to a
method of rebuilding the tips of continuous incline turbine blades, and the
resulting rebuilt blade. It is well known that air is pressurized in a

compressitIOharu3s Auskingrenging Ang rmixed with fugipmarcpaipgstor to

generate hot combustion gases. These gases flow downstream through
one or more turbines where energy is extracted. In a typical turbine, a row
of circumferentially spaced-apart rotor blades extend radially outwardly
from a supporting rotor disk. Each blade typically includes a dovetail

TeohichapEintitarb Bapkanp widl iz bureipof the blade in a corresponding

dovetail slot in the rotor disk, as well as an airfoil which extends radially
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. side and generally convex suction side extending axially between
nRATeEHBhdg BERY dintrbrilfiRpdlgwand ranidnPusRetan Wiyse dedes.

ard ti HRelbladeiiniisrlasely spaced in relation to an outer turbine shroud
for minimizing leakage of the combustion gases flowing downstream

1 EYEPR, the turbine blades, Maximum effciency of the enajne s obtained
by minimizing the tip tiddrance but'is |im|‘flé’cfeby%8 fretential Hierheat

mared webhanical expabsioorand:econtratiio reobiiitenisbatwEbasthgasetofl ow
blad{as and . the tHrbine shroud.§ul1;ticient sepacin must be m ir(llta' edin .
dowrnstieam hroug fie or mote firbines wh IS PRSIV I8 E’tr cted. a typical
order to minimize the occurrence of undesirable "conhtact between the
tutilade tip aoe thd torbimafSheotally spaced-apart rotor blades extend radially
outwardly from a supporting rotor disk. Each blade typically includes a dovetail
which permits assembly and disassembly of the blade in a corresponding dovetail slot
in the rotor disk, as well as an airfoil which extends radially outwardly from the

dovetail.

The airfoil has a generally concave pressure side and generally convex suction side
extending axially between corresponding leading and trailing edges and radially
between a root and a tip. The blade tip 1s closely spaced in relation to an outer turbine
shroud for minimizing leakage of the combustion gases flowing downstream between
the turbine blades. Maximum efficiency of the engine is obtained by minimizing the
tip clearance, but is limited by the differential thermal and mechanical expansion and
contraction coefficients between the rotor blades and the turbine shroud. Sufficient
spacing must be maintained in order to minimize the occurrence of undesirable

contact between the blade tip and the turbine shroud.

The turbine blades are bathed in hot combustion gases, and effective cooling is
therefore required in order to extend the useful life of the blade. The blade airfoils are
hollow and disposed in flow communication with the compressor so that pressurized
air may be bled from the compressor and used in cooling the airfoils. Airfoil cooling

is quite sophisticated and may be effected using various forms of internal cooling
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The turbine blades are bathed in hot combustion gases, and effective
cooling is therefore required in order to extend the useful life of the blade.
The blade airfoils are hollow and disposed in flow communication with the
compressor so that pressurized air may be bled from the compressor and
used in cooling the airfoils. Airfoil cooling is quite sophisticated and may

chkaﬁ&flfse@mﬂﬂegﬂ&aaggouéﬁoggnéo%ﬁi&mgeﬁeﬁéscaﬁuﬂ%h LichannglS Ak airfoil for

features, as well as cooling holes through the walls of the airfoil for
digrbersngtRetrROEBEIAG air. The blade tip is particularly difficult to cool
since it is located directly adjacent to the turbine shroud and the hot

Tieombiistiprigeatsuidiighifiamilbrough thinipigaploAtedriBgly: 1PN the

f.the air channeled inside the blade is typically.discharged through the
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sides .between the,leading and trailing edges. The tip.rib follows the
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aced-apart.on the site pressyre and suction sides to define an
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11p holes are also provided which extend through the floor for cooling the

tip and filling the tip cavity. Several patents relate to the cooling of turbine

blade tips, including: U.S. Pat. No.
Generally, the tip rib has portions spaced-apart on the opposite pressure and suction

sides to define an open top tip cavity. A tip cap extends between the pressure and
suction side ribs and encloses the top of the blade for containing the cooling air. Tip
holes are also provided which extend through the floor for cooling the tip and filling

the tip cavity.

Several patents relate to the cooling of turbine blade tips, including: U.S. Pat. No.
5,261,789 to Butts et al.; U.S. Pat. No. 6,179,556 to Bunker; U.S. Pat. No. 6,190,129
to Mayer et al.; U.S. Pat. No. 6,059,530 to Lee and U.S. Pat. No. 6,672,829 to Lee.
These patents disclose various blade tip configurations which include an offset on the

pressure and/or suction sides in order to increase flow resistance through the tip gap.

In particular, Patent No. 6,672,829 discloses a turbine blade tip that alters the pressure
distribution near the tip region to reduce the overall tip leakage flow and thereby
increase the efficiency of the turbine. The blade tip develops a recirculation zone
adjacent the ribs in order to improve the flow characteristics and pressure distribution
at the tip region. This is accomplished by means of an inclined squealer and a
shiclded film shelf. It is anticipated that the tip region of the blade will require
several rebuilds during the service life of the blade. A practical way of carrying out

these rebuild procedures is necessary to achieve the full advantage of this new blade.
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5,261,789 to Butts et al.; U.S. Pat. No. 6,179,556 to Bunker; U.S. Pat. No.
6,190,129 to Mayer et al.; U.S. Pat. No. 6,059,530 to Lee and U.S. Pat.
No. 6,672,829 to Lee. These patents disclose various blade tip
configurations which include an offset on the pressure and/or suction

Tisidgspincandar dRdnseease towdsesistanes! thiQuahtheditheaRe: IRDM) to carry
artjcular, Patent No. 6,672,829 discloses a.turhine blade tip that alters
oufn v dEBHAY BFoRSiBRch e RSHEREJIBRIRS réthdke With oVisess g im shelf
noeakage flow and thereby increase the efficiency of the turbine. The blade
tip develops a recirculation zone adjacent the ribs in order to improve the
flow characteristics and pressure distribution at the tip region. This is
Sug%ggﬁpﬁﬁﬁg V;?nrﬁg%ns of an inclined squealer and a shielded film shelf.
It is anticipated that the tip region of the blade will require several rebuilds
On%ggﬁﬁ Ehoef ﬁ?ew'l%%eg ircl)‘;etn ?otr)xl }a:nd e\iig‘e%%aﬁltrlg%e%?%dgf S g%@QU?#}%%& %gsl%e,
o gf rocedures Is necessary to achieve the full’ advantage of this new
e. 2 This application discloses the use of electrical discharge
machinin'% (EDM) to carry out this rebuild process, and the resultant
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an@NerREped Rhdhe RBsenidAvestiar pavides a turbine blade for a gas
turbine engine, comprising: (a) an airfoil having first and second

paced-apart siﬁiewalls defjning,an_interjor vaid _and joined at a leadi
e R e R Pl o S R T e
doyqiedttpedmioripd adjacent a

(c) a squealer tip extending outwardly from the tip cap, the squealer tip comprising;

(1) a plurality of spaced-apart notches formed in the airfoil proximate the tip
cap and between the leading edge and the trailing edge of the airfoil, wherein each
notch is recessed with respect to the first sidewall to form a respective tip shelf, and
further wherein each notch is defined by a top wall oblique with respect to a plane
perpendicular to a longitudinal axis of the blade and oblique to the first and second
spaced-apart sidewalls, and the respective tip shelves are perpendicular to a surface of

the first and second spaced-apart airfoil sidewalls; and

(i1) at least one hole in each tip shelf communicating with the interior void of

the airfoil for channeling cooling air from the interior void of the airfoil.



dovetail to a tip cap; (c) a squealer tip extending outwardly from the tip

cap, the squealer tip comprising: (i) a plurality of spaced-apart notches

formed in the airfoil proximate the tip cap and between the leading edge

and the trailing edge of the airfoil, wherein each notch is recessed with
Acrespiagt to the filtaidéwalliafodimarrespedieitipeatioff, ahd fytikger tip is
._.wherein each notch is defined by a top wall oblique with respect to a plane
nts rapIi r'? %ﬂﬁ?r olgg fo%&f%f%ginal axis of the blade and oblique to the first

and second spaced-apart sidewalls, and the respective tip shelves are
ASREINCURIR. A SHHaRR ol he ot NS aRe e Sache-ape 0k, from

wglls, and (i) at least one Role in'each ﬂp shelf ommun?castlng Wi

mafieeidhteslded/oidlof tiheagirfoil for channeling cooling air from the interior

void of the airfoil. 3 According to an alternative embodiment of the

invention, the squealer tip is integrally-formed with the airfoil. According to
Acgpistingr teratoibivn entbokines mveritio rintvaisepu eateritipfibdmred foomed in the
tip DRURVIR RS -ARGL smbadimentof 1
11:)inve ntior%,é{ %ﬂ‘%ﬁ% %Tcl?lr éslﬂt gr%q:‘o?m e%gi]’lnﬁlt% ;t%)t%ﬂgﬁe% gﬁg;%%%%%%ﬁé?;pﬁ? rﬁaTﬁ% o
theoradintibieaxtending shifdiethy bladstantdatyehorindbtootess having a width in

subddinlly-axispding axs efdheibiRds and e ofthe: %ﬁ%ﬂ‘?%ﬂaﬁgih[ﬂﬂaaﬁ?dmny-

width in substantial alignment with the width of the airfall and a’hei
exigpshparsisaditip bladee vstpmdbeor i bideatwHbrsiheheeigitiih is greater

than the height. According to another embodiment of the invention, the
Adisiisidewatdehar RIEBSHIR &SRS the invention, the first sidewall is a pressure side

sidewall, and the notches are formed in the pressure side sidewall.

Brief Description of the Drawings

Some aspects of the invention have been sef forth above. Other aspects and
advantages of the invention will appear as the invention proceeds when taken in

conjunction with the following drawings, in which:



sidewall, and the notches are formed in the pressure side sidewall. Brief
Description of the Drawings Some aspects of the invention have been set
forth above. Other aspects and advantages of the invention will appear as
the invention proceeds when taken in conjunction with the following

FREQWIRGS, jRiahichid Fils bisa perspdstiveviewrbianexereplen: gasde disk
turbine engine rotor blade disk h cord
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view of the blade tip illustrated in FIG. 1; FIG. 3 is an elevational, sectional
Fiiew theoutpe thenbladentlip ghdstiated!ith & Iad2, titakbrsgendialljlglohg line
3--3, and depicting a maximum angle between a longitudinal axis through

rite blade tiprihsiand thesadial ads: HGuiS R BiREtign®h SefIeNAIFIG. 2,
view through the blade tip illustrated in FIG. 3 within the turbine shroud,

tafsee reeenialialiyalibag live 4--4, aid depréeingga miRAfimuEngRelsetivéupen 2
i danaitdingl @dsdhroughthe Rladedipalrandithe adial axis; FIG. Sis a

cross-sectional view of the blade tip with the damaged or worn squealer

round off; FIG. 6 is a cross-sectional view of the hlade tip yyith a%’%itioﬂ
Figudaiernsterriio Bt sbyRrbIginy ineetosisr Badh e tpsaes wid io- 3

welRisSHse eliona! pRrSRectiveview@iiiReabladditip shaywing g Rastiamthimum
the EDM electrodes; FIG. 8 is a cro s-seg{igpal, pe%spec ive view of the
he blade tip 1

a%ﬁ@%ﬁ%ﬂ%{ﬂ@mﬁ% rgpgh the s and the radial axis;

FIG. 5 is a cross-sectional view of the blade tip with the damaged or wom squealer

ground off;

FIG. 6 1s a cross-sectional view of the blade tip with additional squealer material

added by welding to the top of the blade tip;

FIG. 7 is a cross-sectional perspective view of the blade tip showing the position of
the EDM electrodes;

FIG. 8 is a cross-sectional perspective view of the blade tip showing the formation of

the tip squealer and film shelf;

FIG. 9 is a cross-sectional perspective view of the blade tip showing the formation of

the film cooling holes in the tip squealer and film shelf;

FIG. 10 is an fragmentary enlarged view of the rebuilt blade tip with discrete inclined

tip squealer and film shelf notches; and
FIG. 11 is a flow diagram of a method of rebuilding a wom or damaged tip squealer.
Description of the Preferred Embodiment and Best Mode

Referring now specifically to the drawings, a high pressure turbine blade of a gas

turbine engine according to the prior art is illustrated in Figure 1 and shown generally
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the tip squealer and film shelf, FIG. 9 is a cross-sectional perspective view
of the blade tip showing the formation of the film cooling holes in the tip
squealer and film shelf; FIG. 10 is an fragmentary enlarged view of the
rebuilt blade tip with discrete inclined tip squealer and film shelf notches;
and FIG. 11 is a flow di%géam of a method of rebuilding a worn or

at geieranerd Hysgtledfer. heskiagfiol of tHe®AsTE e HIRNA RN H B st
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ade of a gas turbine engine according to the prior art is illustrated in
ou .gfﬁlevlﬁaﬁa %ﬁam%émawhg% Bréntdatithérdt 1644 oldbevfsss
hothouatefditire cihyl downstigam fomgsaired b siak (Rotskown) terregendng
g hott clorlnltaus&on gases. Blfl%e 1(% e>étends radially outwardly from a rotor
Oéflesﬁl, RSt Show, aoﬁ’ge%to a cFarlo'af))(ris.lél‘fade 10 includes a hollow airfoil 12
and a dovetail 14 configured for being mounted in a corresponding
Trgovletsil Slelsn heysisrimieteicaranelablord sk dFpessibalehig wsbon cllidekil
12ny{ptegrakpiatiarm,18 dispased }B%WQ@'QH&E@&[&H&L 1%anddoysiailor
14 for defining a portion of the radially inner flowpath for combustion _
coFHuBEOB | Sa L OFRdy BE fodn e idoamee o anYicivaN REAREr maess and is
tyf]ygigg,la/(ﬁ@g@-dggggiggsting. Airfoil 12 preferably includes a generally
concave pressure sidewall 20 and an opposite, generally convex, suction

sidewall 22 extending between opposite leading and trailing edges 24
Ao e RIS SRR S5 R0 i gt 20 4 an

opposite, generally convex, suction sidewall 22 extending between opposite leading
and trailing edges 24 and 26, respectively. Sidewalls 20 and 22 also extend in the
radial direction between a root 27 at platform 18 and an outer tip 28, and are spaced
apart over the entire span of airfoil 12 to define at least one internal flow channel 30,
see FIG. 3, for channeling cooling air through the airfoil 12. The cooling air is

- typically bled from compressor {not shown) in any conventional manner.

The inside of airfoil 12 may have any configuration including, for example,
serpentine flow channels with various turbulators formed therein for improving

cooling air effectiveness, with the cooling ar being discharged through film cooling

holes 32 and trailing edge discharge holes 34.

As seen in FIGS. 1 and 2, tip 28 preferably includes a tip cap 36 integrally formed
atop the radially outer ends of the pressure and suction sidewalls 20, 22, respectively,

where the tip cap 36 bounds internal flow channel 30,

As is shown in FIG. 2, a first tip rib 38 preferably extends radially outwardly from tip
cap 36 between the leading and trailing edges of the pressure sidewall 20. A second
tip rib 40 extends radially outwardly from tip cap 36 adjacent suction sidewall 22.
The first tip rib 38 is recessed from the pressure sidewall 20 to form a tip shelf 42

substantially parallel to tip cap 36 as in accordance with the prior art to improve

cooling of tip 28.



radial direction between a root 27 at platform 18 and an outer tip 28, and

are spaced apart over the entire span of airfoil 12 to define at least one

internal flow channel 30, see FIG. 3, for channeling cooling air through

the airfoil 12. The cooling air is typically bled from compressor (not
‘Refowny imany EdGteAtiodat, maonket Fhésifisice dbativfaih tRenfiast hiawveh &¥yand
agonfgrasion ngluding, for example, serpenting flow channels Wit 1., of

arious tarbutator8 formed therein for Improving coolingair éffectiveness;

covithn gheobssolih graiphedingb igooardet! throg gie filmgtooling kalHsi32endvide a
Salinosdaedischage holes 3 As seen nEICS: L

0 4 Too d zﬁﬂg. 283r first tip rib
prefetably iIncludes a tip cap 36 htegrally formed atop the Tadiany outar

38nds of the pressure and suction sidewalls 20, 22, respectively, where
the tip cap 36 bounds internal flow channel 30. As is shown in FIG. 2, a

Aflrshtin s, areferablyextendsragially evtwardly fromtip r&%{l%cz%go&he radial

between the leading and trailing edges of the pressure sidewa .

agscohidretiiads. sokxdonasudiam grsuat deiscaom tip Bhf Beanjbesvstantially
paHHgNSdewAl 88-rib e frstin ik 38uSUREESSAILAN LDGRIEIEU Sxis of the

sidewall 20 to form a tip shelf 42 substantially parallel to tip cap 36 as in

bladsotdantbabe taalpicobad TauatpIe Ve ceostmly ot tiprod 16 Refcriugamvip.”
FHRIP Sp A0 B-ROSkat A4 iRdermedietwesn the:first R i 38 _NG: YPund

_shelf 42 which promotes a recirculation of combustion gases. A plurality of
g bokng #enedlaetdré2steferably provided along the length of tip shelf 42 to
provide a cooling film recirculation zone to assist in maintaining a cooling

RirerAaaristHFiD. 3, it is presumed that the blade 10 has been placed in use and
has either been damaged or the tip 28 has worn to the point where replacement is
required for continued use. In accordance with one preferred embodiment of the
method of the invention, the damaged or ‘worn portions of the tip 28 are ground off by
conventional means and the remaining tip cap 36 is dressed and otherwise prepared to
receive additional material. As is shown in FIG. 6, material to form new first and
second tip ribs 38, 40" 1s welded to the tip cap 36 to form a blank from which the new
blade tip 28" will be constructed. The muaterial used to form the tip ribs 38', 40" may

be the same alloy material as the airfoil 12, or an improved alloy. Brazing may also

be considered an alternative to welding.

The rebuild method continues by utilizing short, wedge-shaped electrodes "E" in
spaced-apart relation along the length of the tip rib 38' of the airfoil 12, as shown in
FI1G. 7. In an EDM process, notches 50A-50H, see FIGS. 8§ and 10, ‘are formed in the
first tip rib 38" at the intersection of the tip rib 38' and the tip cap 36. FIG. 10 further
illustrates that the notches 50A-50H define respective tip shelves 52A-52H.

After formation of the notches 50A-50H, cooling holes 54 are drilled from the tip
shelves 52A-52H through the tip cap 36 and into communication with the hollow



38. As shown in FIGS. 3 and 4, the first tip rib 38 is inclined with respect to
the radial axis of the blade, and a longitudinal axis of the second tip rib 40
may be substantially parallel to the first tip rib 38, or may be substantially
parallel to the radial axis of the blade 10. The above-described structure

isgenasalycrefgred 10 asse seHapie iR Jaugthesaanects andidetamefack
th b%a%%rlgo and its alternative embodiments are found in U.S. Patent

1%,é ; %‘.eﬁ%%rﬁ%]now to FIG. 5, it is presumed that the blade 10
has been placed in use and has either been damaged or the tip 28 has

Awoshotert e gine Whete replddement:i% teguit@ihior contte2usehla squealer
ccrdance with.one preferred embadi f the. method of the | .
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otherwise prepared to receive additional material. As is shown in FIG. 6,
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cap 36 to form a blank from which the new blade tip S will be
sselefelic Tvechvatéflalkuded eorfomhetheftipolitss @#ledOowtisy trlthetch--the

Sana gy 'Hést&‘il?é@%ﬁ%%eaiH&%éfg%g%%?ﬁ‘?%ﬁ%% rﬁfa%iﬂftr’la@%. For

also be considered an alternativ etho
eoHiPGe by atifzin o ishoptcivesd e slaped Rt odesotE lmeaspané dhapartical

Lelation.alo %%Jg@g&@%the tip rib 38' of the airfoil 12, as shown in FIG.
7. In an EDM process, notches 50A-50H, see FIGS. 8 and 10, are formed

in the first tip rib 38" at the intersection of the tip rib 38' and the tip cap 36.
Eemeiashirsrrined ages thakqme soremesicohy SoF garnd respective tip
shelves 52A-52H.

The rebuild method described above, and the resulting rebuilt blade 10 have 2 number
of advantages. The EDM process itself is well-known and simple to implement.
Each EDM electrode "E" is short and therefore well adapted to being fitted into
alignment with the surface curvature of the airfoil 12'. The total cooling surface area
inside the notches 50A-50H is greater than the corresponding cooling surface area
inside the continuous tip shelf 42 of the airfoil 12 shown in FIG. 1. The overall
cooling efficiency is thereby improved without any countervailing disadvantages.
The inclined back wall in each of the notches 50A-50H has the similar effect as the
continuous inclined squealer tip in reducing tip leakage flow. Even though the
notches S50A-50H are discrete and thus form a non-continuous squealer, the majority
of the leakage flow reduction is maintained. The method described above can also be

used in the casting of the original blade 10 as an alternate to the cast-in inclined

squealer tip.

A method of rebuilding the tips of continnuous inclined squealer tip turbine blades, and
the resulting rebuilt blade are described above. Various details of the invention may
be changed without departing from its scope. Furthermore, the foregoing description

of the preferred embodiment of the invention and the best mode for practicing the



After formation of the notches 50A-50H, cooling holes 54 are drilled from
the tip shelves 52A-52H through the tip cap 36 and into communication
with the hollow 7 interior of the airfoil 12. Note that the holes 54 are
preferably parallel to the back wall of the notches 50A-50H. As shown in

inFigtire bog mev@sdlﬁngﬂemumbladef Gﬂdsastamairfbilata' nithoa Sgusaierse of
1p,.28! WI sever I di crete, tl 52H as distinct from the

h%gtﬁ%tfﬂﬁ"duscﬁ%ve } p ovffpg Iél €°10 shown in Figure 1. Of
course, different blade sizes and shapes will determine the number,
shape, size and spacing of the notches 50, and the number of holes
drilled within each notch--the embodiment described above being
provided for purposes of illustration. For example, the walls of the
notches 50 may be planar or non-planar, and the vertical sidewalls may
diverge radially. The method described above is shown schematically in
Figure 11. The rebuild method described above, and the resulting rebuilt
blade 10 have a number of advantages. The EDM process itself is
well-known and simple to implement. Each EDM electrode "E" is short
and therefore well adapted to being fitted into alignment with the surface
curvature of the airfoil 12'. The total cooling surface area inside the
notches 50A-50H is greater than the corresponding cooling surface area
inside the continuous tip shelf 42 of the airfoil 12 shown in FIG. 1. The
overall cooling efficiency is thereby improved without any countervailing
disadvantages. The inclined back wall in each of the notches 50A-50H
has the similar effect as the



continuous inclined squealer tip in reducing tip leakage flow. Even though
the notches 50A-50H are discrete and thus form a non-continuous
squealer, the majority of the leakage flow reduction is maintained. The
method described above can also be used in the casting of the original
blade 10 as an alternate to the cast-in inclined squealer tip. A method of

rebun the tips, of contlnuo inclined squealer. tip turbine blades, and
'the re%fﬁfﬁ&‘?gjgﬁﬁﬁ Bfél%leaélier g’fc?fbea abOVE ™ & fous details of the

invention may be changed without departing from its scope. Furthermore,
(the foragwifi! destriplivn and Seeoqprbfereed embbsithentlofitfieinyentioterior void

aﬁk‘i‘?omgdkﬁ‘%ﬁt]E‘aB %E‘&WE%S%%&'?@ t%gventlon are provided for the
a

purpose of illustration only and not e purpose of limitation--the

inventio elng deflned by the claims. 9 | . A turbine blade for a
Rlrbink'e SHBRSTHE ) b SRt ARSI ibacent & dovetl
t@aa@edqapart S|dewalls defining an interior void and joined at a leading

edge and a trailing edge; (b) the first and second sidewalls extending from

(@ oopasitonss, adiagenl & A0ND LA D ARRL(O2 SAUBRIE By prisng

extend outwardly fr he tip cap, the squeal S|n
plural:glly(/a of spaced-apart notches formed in the airfoil proximate the tip

e 2 bendUHAE Rt AR A STTES B E GRE FGmate the tp

cWherein-eaeth NRaBads kesessad withiiespect dodbe diestisigewallde fosmR notch
' shelf, and further
isrergg es%g\@d/e\x}{& respect to t‘rlxje first sidewall to form a respective tip shelf, and further

wherein each notch is defined by a top wall obhque with respect to a plane perpendicular
to a longitudinal axis of the blade and oblique to the first and second spaced-apart

sidewalls, and the respective tip shelves are perpendicular to a surface of the first and

second spaced-apart atrfoil sidewalls; and

(i1) at least one hole in each tip shelf communicating with the interior void of

the airfoil for channeling cooling air from the interior void of the airfoil.

2. The turbine blade of claim 1, wherein the squealer tip is integrally formed with
the airfoil.

3. The turbine blade of claim 1, wherein the squealer tip is formed from the material

welded to the tip cap.

4. The turbine blade of claim 1, wherein the squealer tip includes a spaced-apazt,
array of notches positioned in the first sidewall and below the tip cap, and extending
between the Jeading edge and the trailing edge of the first sidewall of the airfoil, wherein

the first sidewall of the airfoil comprises a concave pressure sidewall.

5. The turbine blade of claim 1, and including a pair of holes formed in the tip shelf
of each of the plurality of notches, the tip shelf being substantially normal to the radially-

extending axis of the blade and each of the noiches having a width in substantial
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wherein each notch is defined by a top wall oblique with respect to a plane
perpendicular to a longitudinal axis of the blade and oblique to the first
and second spaced-apart sidewalls, and the respective tip shelves are
perpendicular to a surface of the first and second spaced-apart airfoll
sidewalls; and (ii) at least one hole in each tip shelf communicating with
the interior void of the airfoil for channeling cooling air from the interior
alighgettiataitieir iy ab haBire b vhelgihalongrbrartinbrsgiiendnetixis of
ts wniegraty-iormedndth ihe.aitioih.3. thhadukine blade of claim 1,
wherein the squealer tip is formed from, the material welded to the tip
cap. 4- The turbine blaf of claim 1, wherein the squ fa[aJer tip includes a
e At AR O CHEdo A E B8 T Ah FOeF G AETFRNG Beforovel
apdeltipoapeaad Gxeadinghbptwsern thddeakimglledge and the trailing edge
of the first sidewall of the airfoil, wherein the first sidewall of the airfoil
comprises a concave pressure sidewall. 5. The turbine blade of claim 1,
and including a pair of holes formed in the tip shelf of each of the plurality
of notches, the tip shelf being substantially normal to the radially-
extending axis of the blade and each of the notches having a width in
substantial 10 alignment with the width of the airfoil and a height along the
radially-extending axis of the blade, wherein the width is greater than the
height. 6. The turbine blade of claim 1, wherein the first sidewall is a
pressure side sidewall, and the notches are formed in the pressure side
sidewall.
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11 TURBINE BLADE TIP SQUEALER AND REBUILD METHOD
Abstract of the Disclosure A turbine blade with a tip squealer and method
of rebuilding a turbine blade for a gas turbine engine. The blade is of the
type including an airfoil having first and second spaced-apart sidewalls

definingaR BIH BIVADIFEENIP S NEE Al & keadimy [REBE HIT0 RETEIDD edge.
The first and second sidewalls extending from a root disposed adjacent
the dovetall to a tip capfor channeling combustion gases, and a squealer
tip including at least one tip rib extending outwardly from the tip cap. The
method includes the steps of removing the squealer tip, including the at
Abgliagt b e 1a0HE the tip capand adding new material to the tip cap to
serve as a new squealer tip. A plurality of spaced-apart notches is formed

A iibiadBadanaterial rﬁﬁmm&aﬁmg@ag&mlﬁg ARSI r?f)lfhf?gas
ole i with the

irfoil. At least one s formed in_each notch communicatin
RS 6PeaR Bt fbftr%ﬁamﬁamg%@&%nawwnhwmt Fdrandidssemd
sptedaiifolt @dbentlydtaining sauRalenliRoiigng joined at a leading edge and a
trailing edge. The first and second sidewalls extending from a root disposed adjacent
the dovetail to a tip capfor channeling combustion gases, and a squealer tip including
at least one tip rib extending outwardly from the tip cap. The method includes the
steps of removing the squealer tip, including the at least one rib tip, from the tip
capand adding new material to the tip cap to serve as a new squealer tip. A plurality of
spaced-apart notches is formed in the new material between the leading edge and the
trailing edge of the airfoil. At least one hole is formed in each notch communicating
with the interior void of the airfoil for channeling cooling air from the interior void of

the airfoil to thereby form a squealer tip.

Fig. 5

12



