TURBI NE BLADE TI P SQUEALER AND REBUI LD METHOD
Techni cal Field and Background of the Invention The
present invention relates generally to turbine bl ades
for a gas turbine engine and, in particular, to a
met hod of rebuilding the tips of continuous incline
turbine blades, and the resulting rebuilt blade. It
i s WETURBRGRVBUATIE TH SQUEAILER AN REB UTh DeMEd P8 s sor
of a gas turbine engine and mxed with fuel in a
conmbustor to generate hot conbustion gases. These
gases flow downstream through one or nore turbines
where energy is extracted. In a typical turbine, a
Tedh@WaDField mdBHcRE DA of hy¥ Iswatea- apart rotor bl ades
extend radially outwardly froma supporting rotor
di sk. Each bl ade typically includes a dovetail which
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outer turbine shroud Tor mnimzing | eakage of the

- dovowstroust thrawgh aonesorf mow vgbidesvdicreeenerie isvexiractadndn a typical
t.urbine bl ades. X efficihency of t ngine Jjs_ ..
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outWailil¥ €ebnb¥ §upposiniel @t@ndisial EhdiebrEt t@pidallveafedrics &l dovetail
expansj on an contraction coefficients between the
which pogrmigy assensbly mad disassembby plethe Rladadn 2 sorespending dovetail slot
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doveetail. and t he turbine shroud. The turbine bl ades are

bat hed in hot conbustion gases, and effective cooling

erefore required in order, to extquthe usef ul

Thy i?irf@h SehEPIBTAY SOnaE ISPSSHE SiiG AR BEnes?ly CHYPY GUFtgdside
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betweah ametianda tpolhaigadaiap i aldsslyl spaced infrelation trodn euger 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

- 1s quite sophisticated and may be effected using various forms of internal cooling
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IS quite sophisticated and may be effected using

various forns of internal cooling 1 channels and

features, as well as cooling holes through the walls

of the airfoil for discharging the cooling air. The

blade tip is particularly difficult to cool since it

is located directly adjacent to the turbine shroud :
chamdlstdnd featirespab uelli sncapling holdsi thfouph ake thatlowghhée higfoil for

.cordingly, a portion of the air channel ed

dﬁ$%§8%§ﬂFH§“%P%8% is typically discharged through the

tip for cooling. The tip typically includes a
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formed coextensively along the pressure and suction

turbing eshrousk ané ethe thog ¢osddwhgn agacest waidhi fAlgwethgewgh thive tipi gap.
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xtend through the floor for cooling the tip and
blaﬁ?-l ling the tip cavity. Several patents relate to the
cooling of turbine blade tips, including: U S. Pat.
Geﬁl%al%y 3h& @iil) r#iPRast [Sbrﬁl)ﬁst s?;a@éd—éﬂart’ oﬂJthg op?@&te }%‘@ssure and suction
6,1 56 to Bunker; Pat . to Mayer
side thdeﬁneLaHS)peﬂa:pp tmocavciyosﬂg tl@&@ptaxtemée bah’d:enl th: prRasure and

sudin gt 8 s Rarihe o Of R0t CorttiimedRs cofling e Tio

‘hole88re ANLHBIded IMMOEXtEMChkQIEhShél 8804 for Qbélﬁ{g the tip and filling
i ncrease flow resistance through the tip gap. In

thegiraavdyl ar, Patent No. 6,672,829 discloses a turbine
bl ade tip that alters the pressure distribution near
e I f how
Solct] el el U LAMMERr ARiRY BlAAL irk; R BRIETES, bANo.
5 ZEFILQS%hﬁEett:t etmldﬂz@l RypsNa. 6,679 Bmioammkm zL(D.SePatablIJoaé,dat),m

the rib n_order [ove the | ow_characterjstics
to ]gj'l%erpflft SIM.% l%ﬁtslflp.l %gﬁl}‘l‘g}p )c/o Lee an U.SVY Pat. No. g,g72l,§29| 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
- shielded 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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at the tip region. This is acconplished by neans of an

inclined squealer and a shielded filmshelf. It is

anticipated that the tip region of the blade wl|l

require several rebuilds during the service life of

the bl ade. A practical way of carrying out these

rebuild procedures is necessary to achieve the ful
Thdchpplitamga difclddes shenese dfl edeberica? dil'dnh&gapﬁchim’xtg’ (EDM) to carry

di scl the use of electrical chi ni
oul B FRGICRIOFSFS. B U, PR R Bt G E et shelf
notegsul tant turbine blade with discrete filmshelf

not ches. Brief Description of the Invention In one

enbodi rent of the invention, a turbine blade for a gas
Brig{\ppscniptiemgf the Inwentigh scl osed, and i ncl udes an airfoi

and integral dovetail for mounting the airfoil along a

In éﬁ? é)oa%é?lt L tﬁ e%liloﬁhges bn&og e ;}% 4 %gﬁgﬂﬁe engine is

e alr I nc |rs

dlsslioﬁt&tg\laﬂld mcllﬂemﬁdazﬁhgemh érite@rhl @ovle&ﬁid‘bﬂgloaﬂ@% ﬂmdlrﬁoﬂ along a
trai|ing edg re the first _and second.si

radéa)ltaéﬁowfaf Wradl%at ogidsfc BHbigajshrout The, élrg%b ﬁ%ﬁf gnd

secBhJP siaBRallCoinel Q@%&?ﬁér af! Q g%%rk %Iﬂd 4358mmd &%(é:e'@}i&'é thé¥irst

'east onetip ri exten y from tip cap
andom:umbnd&:%lsleemaaid dpnaa dodt résipbsedpdgggridhe direstdilrold tigcap for

de ti t h d i ded Wi t
rinesubystes gves Bt aneest i B mGantaiagly from
thettlﬁ? cQF‘bBﬁﬂaeﬁfthé h@adh %EH t@Ning aedg% biTR hRALE blde eﬁ&he

turbine engine is sc osed and i ncl udes an airfoil
preaswe side sqrenidetbwish anultiple disexstmenengrotdhies. ai rfoi |l al ong
a radial axis to a rotor disk inboard of a turbine

In gtpgl%&gﬁhrn QF 8fath &%?tlha% toﬁ tﬁehﬁ{vent?q%l 4 ﬁisnnflé e %&d ggscﬁl%ine

I ne |nge ean

endifi@iid. dfsao&!élgﬁ;d Webides taheaiffoll sdndaintbof covetalli fde wWadirsing the
extend froma root disposed . adjacent the dovetail to

airfgili 3lpng apyadiel axkdn ety diskripbrard o ayhislige shrpud. The airfoil
furfSP ¢ di&%g ffﬁ & dbée%ﬁ'lg gﬂd%?ﬂé;gtlgeﬂ”%gsﬂeﬁgyggéeagﬁq ¢ 8dge and a

groun cenen 'S we
tralhhgtmlge,Awhe;égﬂtesﬂap afld edeeqid sidewnlds estedd irdrh amodfDiikposed

process, to form wedge-shaped. notches on the pew .
'adléﬁﬁbieéiove@illtﬁ]%%r: m&rr@fd@? igg CombrBayEasRt o1 Frpairing the

blad08h.fthOHarhBd squealer is ground off and replacement material is welded into
-place. A wedge-shaped electrode is used with an EDM process to form wedge-shaped
notches on the new squealer. Film cooling holes are drilled into the shelf of the

notches.

According to one aspect of the invention a method of rebuilding a turbine blade for a
gas turbine engine is disclosed, the blade being of the type including an airfoil having
first and second spaced-apart sidewalls defining an interior void and joined at a
leading edge and a trailing edge. The first and second sidewalls extend from a root
disposed adjacent the dovetail to a tip cap for channeling combustion gases thereover,
and a squealer tip including at least one tip rib extends outwardly from the tip cap.

The method includes the steps of removing the squealer tip, including the at least one
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not ches. According to one aspect of the invention a
nmet hod of rebuilding a turbine blade for a gas
turbi ne engine is disclosed, the blade being of the
type including an airfoil having first and second
spaced- apart sidewalls defining an interior void and
joined at a |eading edge and a trailing edge. The
rib ftipy sftonanimb tipcopdng iadéng| desv aretegiat td thentim capdd serve as a new
di a nt .t he dovetail .to a or .
SOEHER B | RoPLaIBUCE 1BrP-gRbas ardied b foedrfh e gl
bettvb&l tHeakatHhd 8d gt aﬂdetﬁé ttraﬁfh% B of itk SXbANAR ﬁ%é&@bﬂé Yole is
fromthe tip cap. he nethog i ncl udes the ste
formedroini perht hetch q@:e@mwcatum withe thed iimgrierh goigh of ég@,tan'cfwé for
ch%Heln}gl COO'?lh% ajr rosnté El\?/eemgegmg%ﬁl r}dds'lgglerg qgé%ﬂ?i otm z?sql}egler
tippl urality of spaced-apart notches are forned in the
new nmaterial between the | eading edge and the

trajling edge of the airfoil, and at |east one hole.is
AC‘F‘HﬁWﬁd"l%ﬁ‘“@ﬁ& ASHYE: @ ﬂ’@dﬁﬁ%ﬂ'ﬁ’l"éaﬁer}ﬁeﬁvﬁ Feaying theeyduepler tip

fro%ﬁ}%hgaﬁ’foﬂtlﬁau@ésrtflé)étle Bf)%réncfglt?@ {]ﬁ&gar(f et ﬁﬁh?bfrfofﬂf om

Interior void to thereby forma
_ squeal er tip. According to another aspect of the
Actardiegttd angththaspsetel thé imventui, e stap of gdding eewtmpteridlrtorthe

foil | ud h th I
o piFtoge <ol 3 PR 1P SABbGRa b OLNBRHS UERLER B
blahlb8ntoINEip b4y, the step of adding new material to the
tip cap to serve as a new squealer tip conprises the

step of welding at |east one netal blank onto the tip

Acréﬁémgﬁt@cqugasv@ctaﬁoﬁlﬁemgw@ctthfbﬁteph%f fomping adﬂurailwe of
P aééf?%ag{ 1r11(];et\?\;[1 ér?a erl a ?llv\gélﬁbet?ﬁgmf d]g le gﬁé andﬁ{%eéaﬂmg’r

edger af Ithen@irfeddl gempﬁsdshﬂleamelﬁm iof prowrirﬂgsES)M miecﬁtodﬁ@ hafimg a
rOV|d|n EDM el ec des haV|n a predeter d sha
predeieimiBed Stege Swtﬂbfﬁ ff?g RRnhGE %&ws applyipethe B "bﬁ Emroci%s to
pre&étgﬁ-ﬁ &fi ésﬁdhs gé @Sfmjyed positions on the airfoil,

uti e

zl ng e1ectrodes to electrically
di schar ge nachlne-forn1the not ches into
utilizing the EDM electrodes to electrically discharge machine-form the notches into

the new material.

According to another aspect of the invention, the step of forming at least one hole in

each notch comprises the step of drilling the hole.

According to another aspect of the invention, the step of forming the at least one hole

comprises the step of drilling a plurality of holes in each notch.

According to another aspect of the invention, the step of forming a plurality of
spaced-apart notches in the new material comprises the steps of providing EDM
electrodes having a predetermined shape suitable for forming the notches, and
applying the EDM electrodes to. the new material in a spaced-apart, longitudinally-
extending array between the leading edge and the trailing edge of the airfoil
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the new material. According to another aspect of the

invention, the step of formng at |east one hole in

each notch conprises the step of drilling the hole.

Accordi ng to another aspect of the invention, the step

of formng the at | east one hole conprises the step

of drilling a plurality of holes in each notch.
proAiaaie i 0gp edganiodréefr dhpeEDMbfeldctradésnaentiilized tohelestrieplly

. of form ng plurality . of . spaced-apart notches in the
dlsﬁ@@%?@%ﬁ’“@éﬁw‘i’@é% lﬁtﬁéh%ﬁ%wa&ﬁrggr ovi di ng EDM

el ectrodes having a predeterm ned shape suitable for

Acé&ﬂfﬁg Y ahdtBerM3hEdI B8 theARFentRRPA Hichibdlih prdviddiabeesdsademng a
to the new material in a spaced-apart, |ongitudinally-

turkine blade fer aagasdyrbinet sngine, thedladedtiingyofcitig évperigcludiag an airfoil
trajllng,edge,of the ajr.f.oil,4 oxi mat e a top edge.
b fish A S8R0 Bhack it S8k seRinRt] finferBg Y8R dHBincd ot
a 1@t édgeaintlya trailing RAfE ahediedti ahd- o6t sibevdIRt ahaling from a
the new material. According to another aspect of the
roof isppsadopdiacenhihendevatal f eviipicdp oy chymsling compystipn gases

j . Wk D iae
thefedicd A8, # il B ielEARg oI PR e eairdeg bty from
the aipctap e CTHetmsthad esinpises thesstelevafirhataldabting thg biade) intladingrthe
.void and joined a a | eadi ng_edge_and trajlin .
alrfeﬂgfgmmgea plpragty %ffwa%fé@a%& I?ig%&/ﬁ} he ag@ewam&t? fhgifipaand
: i Qr,
o R g ol AT o B R g o R Ba ol he
airfbil for ¢haburdinggcaling &afvnothe integonrvddd ekthemdifaibtoghershy &irpn a
from. the tip cap. The nmethod conprises the steps of

SQURIPLYP-casti ng the bl ade, including the airfoil,
formng a plurality of spaced-apart notches in the

Ac@rliihgito 4Hofher NBb&:t tdTetht | iRverdidd, tHeOktdh N Rimir@Aastplafadty of
hol e in each notch communicating with the interior
spagesl-ebaght netekes egmpidich the rsteph ainpioviding SOV rgJectrades hawing a
.nterjor. void,of Lrfall t.her eb
QP il YIE ol 6ehl B nd o SR et g e EDM
cledtivdedio mbdetéhtingd pwitinsfoprthe aglodl. PherEIDM dle@fodes are utilized
. spaced-apart notches conprises the steps .of providing
to chgopmeally dischrae maghingrforgn the notches into the airfoil.
According to another aspect of the invention, the step of forming a plurality of
- spaced-apart notches in the airfoil comprises the steps of providing EDM electrodes
having a predetermined shape suitable for forming the notches and applying the EDM
electrodes to the airfoil in a spaced-apart, longitudinally-extending array between the
leading edge and the trailing edge proximate a top edge thereof. The EDM electrodes

are utilized to electrically discharge machine-form the notches into the airfoil.

According to another aspect of the invention, a turbine blade for a gas turbine engine
. is provided, comprising an airfoil having first and second spaced-apart sidewalls

defining an interior void and joined at a leading edge and a trailing edge. The first
-and second sidewalls extend from a root positioned adjacent a dovetail to a tip cap for

. channeling combustion gases thereover. A squealer tip extends outwardly from the
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predeterm ned shape suitable for form ng the notches,
and applying the EDM el ectrodes to predeterm ned

positions on the airfoil. The EDM el ectrodes are
utilized to electrically discharge machine-formthe
notches into the airfoil. According to another aspect

of the invention, the step of formng a plurality of
tip spagc end apaiprisesot ciiemlityn of rsga(aiifalpaﬁtl nottdlﬂsp rfosmeed tilnghe airfoil

Pro R S7Bund baterea tie apiiak pike mdhh s ederupihpairtoil

At 336t @R Rleakh %oé%nﬁﬁﬁﬁéﬁ&qeﬁh R ihREoAVHIA thd Birfil for
spaced- apart, longitudinally-extending array between

chanheling aoa nglglré@get mefetidrevaid af the agfadldge proxi mate a

top edge thereof. The EDM el ectrodes are utilized to
AC%(H‘ i%‘grl Cal Ihgl' dl %gth?tge ln%%gé]lgt er ng?ghggf&%%S%F%tH Hetsgect io
thelﬂmgmemn,toa)mbp@melbl ade for a gas turbine engine

I's provided, conprising an airfoil having first and

ond spaced-apart _sidewal | s defini an_interior

AcoRsiaEdn oanjtheﬁ agpest of thee HyPREPTe dbe sqpalen oy i llnit%@algfa@émed
with g i and second sidewalls extend froma root

posi ti oned adj acent a dovetail to a tip cap for

channel i ng conbusti on gases thereover. A squealer tip
Acendipg ds antherzaspiop of therinvdngios, the squsalsr tians farowegd frose material

l@ﬁ? a]ilh tt}g of spaced-apart notches forned in the
WEEF? 1O1F "P5fBxi mate the tip cap and between the | eading

edge and the trailing edge of the airfoil. At |east

Ac@¢inB @b endthere@pdtt BOHe ineaitioh the aqialentib indlbidesi ar}ipﬁéddgdpart
void of the airfoil for channeling cooling air

longitudinallyepstendingnareysi norhiespositinmed bapresp dicnlgading Sﬁiéﬁ agythe
tralﬂﬁgg&éét thé foﬁ 1'};}!&{1%}&%%6 ﬁﬁﬂ% notch is recessed with

to forma tip shelf.
ACCOI‘dI ng to anot her aspect of the invention, the
Acandiag lie andther dspedt of dgriavdnyiofothoetlleastionh holeds fvmfediih the tip
@ or di ng}to anot her aspect of the invention, the
Sheq{f ipis formed fromnmaterial welded to the
tip cap. According to another aspect of the invention,

Acddi@ing AW eAbAEr hiRcl HEIHGRPerRioRPAGRAR- APRIés are 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 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.

According to another aspect of 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 set 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:
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| ongi tudi nal | y-extendi ng array of notches positioned

bet ween the | eading edge and the trailing edge of the

airfoil proximate the tip cap. According to another

aspect of the invention, the at |east one hole is

formed in the tip shelf of the notch. According to

anot her aspect of the invention, a pair of holes are
FIG.of ned penspicbigvet view shet exehplagc paofurbine eppme arbtdr;blmfe disk

haife S O SipesPr e PR g TS . S e RS o

the notches having a width in substantial alignnent

FIW 2 1 ah FRigilefilaby SlarsB@viRin §fahd biﬁcﬂ@nl@llﬁﬁh%& iFeng;t he

radi al l'y-" extending axis of the blade, wherein t he
width is greater than the height. According to another

FlGshacen fevetienaj, rﬁv‘:@fmnab wlew Heoygh the bladgetip iflustigted in FIG. 2,
o 3y Sy, AP0 by AT b A o

Ion@rtadmﬂgms?»hfm@s}mdﬁa@ tif ribsndith eadial exishave been set
forth above. O her aspects and advantages of the

|l d
FIG o i plevatipnale Soponl dfam raudh gro b, Bafiisiet i Fio. 3
withtH @B 1&bffleGhrdud $aken %@ﬁé@lﬁﬁ alloﬁg 1k @40 hin PR R4 AIPA AliNimum

gas turbine engine rotor blade disk having a tipin
angle bawdeme bngitudinalraxis thesigh tipsblade tip Gbs Buk theitading axis;
6, 672 829; FIG 2 is an fragnentary enlarged vi ew of

Ficl Sirch PSate-Behato G A 5Tl b Stightoe b ppdf pBfp saventr

grouhd bt rated in FIG 2, taken generally along line
. 3--3, and depicting a maxi mum angl e between a

| ongi tudi nal axis throu%%the bl ade ti g ri bs and the
FIG. i p cagsssectiqnel view of Hie Blade aipi with addiionrl; yspley, majgrial

ad(%eﬁg)g}w%llhggo @h?%ﬁdﬁhgg aglﬁ gt rated in FIG 3 within

tur enerally along line 4--4,
and depicting a mnimum angle between a | ongitudinal
FIGhxXi & 4 trossaspetivied pletspeaiviei yiew iolf sheabldde tip shewtingl thaposition of

S.a cross-sectional view of the blade tip with
thetd@&i‘ﬁﬁﬁ@?? or worn squeal er

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 worn 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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ground off; FIG 6 is a cross-sectional view of the
blade tip with additional squealer material added by
wel ding to the top of the blade tip; FIG 7 is a
cross-sectional perspective view of the blade tip
showi ng the position of the EDMelectrodes; FIG 8 is
a cross-sectional perspective view of the blade tip

at sdferaicry ntumerat dOmaflherblafe 16 he miyntekdiredtyr damstieamnifrom a

corig s QRTPIE) LSRERGOE N POPHGROer Bpe) PR fadlally
outSRRI1Y Mo @l R%or! dislk, Nfot tshBwARAMeAL Qr radfAdl akis! "BRAEND; inklules a

10 is an fra({qrrent ary enlarged view of the rebuilt ]
holipve gistail |2 end & davelail &¢ configirehéat beingomapitediines cemepponding

fil. hel £ not S:e.and. Fl 11 is a flow diagramof a
do%%‘ﬂgolgt lgftﬁ‘ar%egllﬁ%}%idgéﬁeal%\%%rd%’kOr damaged ti p squeal er.
Description of the Preferred Enbodi nent and Best Mbde

ThRefade riondsoniaviudeen fnkepedlplatfoemt T digpasat] g she jandtioghof airfoil
pressure bi ne bl ade of as .. turbine engine )
12 a&f émtaﬁlgw fs)r flﬁfgmag ?@Pﬂ&nt‘%i ﬁaﬂ}aﬁJgﬂm WpAthHpggpebustion

caRROBRREWY 8BYChA bihed /in?hny @6RYRRERIMIRIR] add is THfically a
bl ade 10 is unted directly downstream from a

onepigbuststng.(not shown) for receiving hot conbustion
gases. Blade 10 extends radially outwardly froma
. .0 di sk,,,nat own, alo a radial axis..,h Bl 10
Al 1 el e One BARR e  Coplch¥e, Presi gl S0 ha an
oppusité,i Qﬂéﬁﬁ?’fc@ﬁ\f@@ IsA@ioRDdiddvadl 22 eRefidihg ®eRRREI opPosite leading
dovetail slot in the perineter of the rotor disk. The

andyraiding rdges 2b apd@purpspectively nt¥gewualispthendPialg extend in the
rad%'i %?‘%?[Fogl l?ettwéelﬁea Jodl! % P glﬁl&% 'tl E];ztg? lga ioé%r %*B%Bd LA lspaced

efTning a porti yrinner
apail ®up Mderftind sp@anofusioib 2 tgastar. at Baatienclivtomml floev ElonnEBO,
conventional manner, and is typica

I
socohich pl-cies chamicling conling air thonigh b a¥ibl 2 ke gealing air is
typ R8I B ork CORBLES R 3 SHE 3 U5y 2Rl her

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 air 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.
8



opposite, generally convex, suction sidewall 22

ext endi ng between opposite leading and trailing edges

24 and 26, respectively. Sidewalls 20 and 22 al so

extend in the radial direction between a root 26 at

platform 18 and an outer tip 28, and are spaced apart

over the entire span of airfoil 12 to define at |east
Reforreng muve tonBIGS. Band dhapodiet 30js fogped Pét@eerBtheffipst tip rib 38 and

. C li cool i air.t ugh the.airfoil 12., The ,.

tip ST R VAR Bl of el R e P ibRitiomesed o, (Miatiy of

coohng\Wo)es 148 A YrefAMS Prd @A aloBE AR Tength @f tipShél€ 490 provide a
airfoil 12 may have any configuration including, for

cooding imdecizadaiiontzopeto dspishingnaiRianag qiceplingfilimopear first tip rib

zgturbulators fornmed therein for inproving cooling air
‘effectiveness, with the cooling air being discharged
through filmcooling holes 32 and trailing edge

As dheelan FEGHA asd 34the Anrstsiyeribid8 klifisdined veitidreRpect itq thizGradial

wa§p e ey mopEating e e feconb i ko ey B gostantialy
parflid b B2 ﬁﬂsfitg_ﬂvablz%, 8Pmay e sLERRRAILY l\()ﬁi%lel txs"fﬂge FRlid RRistdffhe

cap 36 bounds iInternal” fl ow channe I's shown in
bladg @. The abbve-desctibgyl stivst88 ipgafealbbicieredttersdst Tsguéaddr! tip."

utwardly f.r ti 36. bet ween the | eadi,n nd
P ey sod BB pP tecbtieo b Rk S Ftelfve' SodRTedl s found
in WSPP4tkR MY sesvbands radially outwardly fromtip cap 36
adj acent suction sidewall 22. The first tiprib 38 is

recessed fromthe pressure sidewall 20 to forma tip

- Refgpimgrnoypto Elgh sk atris iprasiuped shad (theblade) 10 has begp pMereddnjuse and

C ' [ 0.1 [pr ] .
has 0L B Sl drtfe Rip Y BBl od, TGS wHAE rblle e is
requised €orneatibeddvasn thacddrdsgice twigh bhd pBefBrred embbiimeah off fthe
pronotes a recircul ati on of conpusti on gases

whi ch

metgtgg pﬁ'Fh%ﬁn‘fe;mla% the dengrg 450Yu PaEioRs of PredietaF ground off by

COHQ’EI&?HHQFB ﬁ'}soaﬁg tﬁé@rﬂaﬁﬁﬂé fip Qhp 86 B RB&EA afPoth@rREOMefied 10
I Ng ?I at OP] Z% T In

C00 mrecircu ne to assis
receiae additional gnaterddol Ang fhiovwm meBlG. 6, msdtedial go rfotm 38w st and

| hpwn i n_Fl GS. 4, the fi ip ri is, .

g secq?qﬁigq\{\ﬁqﬁégﬁgj ﬁ 15 églggcg{o tpgt‘up%@p brgg(g g}r}npa ‘rl;llar?k i"srgml vsfrhwh the new
blade tip 28' will be constructed. The material 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
FIG. 7. In an EDM process, notches S0A-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 S0A-50H define respective tip shelves 52A-52H.

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



axis of the blade, and a |ongitudinal 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 is generally referred to as

a "squealer tip." Further aspects and details of the
intdrloadé tHDaiafioidd 12X sNatet thnnthei hodeseWbardi prefetablya parafleduedhe iback

. S, Pat ent 672,829. Referring nowto FIG 5, it
Wa]iygisﬁf' [?ﬁﬁ%ﬂ#gpﬁt he bl ade 10 has been placed in use

and has either been damaged or the tip 28 has worn to

As EREvPRI Fihureher merrsﬂhﬂfgﬁr@mt Hlsde goashdiah QediP12' 6@ 4 fjidler

use. |n accordance with one preferred enbodi nent of

tip 2Bewithrseveonl digcrate éipi shokyps DAy, 52thes diaiimeg deprp thepgsmiinuous tip

Ltion are ro nd off by conventional
Sheﬁ%zrprowacfp?rhe renaeﬁrﬁ)sgowf”n 6 is dressed and

ot herwi se prepared to recei ve add|t| onal material. As
Of taursd) differém bEIdGsiAs allifhilﬁpésadvﬂt detératine the \wufribes tshapeg size and

d bs 38 | ded h 3
SPaEiDE (- the OIShE BOF FRShTAGHAERa 1 1A0gH SRl esh mejgh-ihe
em&ﬁiuﬁ@ﬂsﬁéédﬁf)&p ab;wéﬁ n@h}%dédsﬁﬂ Q:Pf)&rs”bf riﬁusth‘aﬂoﬁ' bgor

oy material as
exampllef dhet Whﬂs oﬁ rcheamtplnqsriﬂ/mdy dle| ognar Blramnﬂ:ganmyatdl the vefsiwal

consi dered an rnative to welding. The rebuild
sid éﬁﬁ?%ﬁ?@é&l@y utilizing short, wedge-shaped

el ectrodes "E" in spaced-apart rel ati on along the

Thd 28@ba d@s‘cnb&eaﬁdve i€ $HovwaSch@hatidaly &l Fig@id 1112, as shown
|n FIG 7. In an EDM process, notches 50A- 50H, see

GS. 8 and 10, are forned in the rst tiprib 3 8
Theaiebwifiemﬂhpé dscaibed abeye, anbthe resulting rsblslt biadg 110H@Vt: pgumber

of %%%négﬁ ggﬁe e re pté:%:gt%rl\gsglflt |Sgéélaﬁ+vestaggﬁ?}%gﬁ QZ e?ﬁem'

EachoEDM iclzotrode VB inchah @ﬁd Shd¥e faddwetloaddpregl trobeiag Fitedr mto
drilled fromthe tip IvesSA—SZchroughthetlp
aligagenewith the fuitage CuRHS e @waz 14 iR teigl paking surface arca

insil0 h@%‘q&%f sdAL %Oﬁe{sf ngiterrl]@a%a i%oﬁ&?ﬁn&?@ OIS s c@rﬁea

preterably paral t he not ¢
insi86 AhS Obhtindsus hpwhelf M2Fogtheeaiffoil li2hshomesin FIGhgl. réfhel d)\terall
cooﬁllga % ﬁggncr)]/alss ere%lyrifré)pirtl)ve Wltm)uthaa%f %gun ervaﬁing 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 rebuilding the tips of continuous 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

10



tip 28 wth several discrete tip shelves 52A-52H as
distinct fromthe continuous tip shelf 42 provided on
the blade 10 shown in Figure 1. O course, different

bl ade sizes and shapes will determ ne the nunber,
shape, size and spacing of the notches 50, and the
nunber of holes drilled within each notch--the

mveﬂtlimd:jtrﬂmnmldiasfm it]hhephrphxevc;f ibedtragion foalyi deidndt dor tha pogses of
illyustratio xampl e, the walls of the

h%?‘&‘ﬁé e Weﬂ%ﬂpn%?é“%ﬂeﬁﬁ‘ﬁii %8 e Jamst anar, and the
vertical sidewalls nmay diverge radlally. The net hod
descri bed above is shown schematically in Figure 11.
The rebuild nethod descri bed above, and the resulting
rebuilt blade 10 have a nunber of advantages. The EDM
process i-tself is well-known and sinple to inplenent.
Each EDM el ectrode "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 correspondi ng cooling surface area
i nside the continuous tip shelf 42 of the airfoil 12

shown in FIG 1. The overall cooling efficiency is
~thereby inproved w thout any countervailing
di sadvantages. The inclined back wall in each of the

not ches -50A-50H has the simlar effect as the
continuous inclined squealer tip in reducing tip

| eakage flow. Even though the notches 50A-50H are

di screte and thus forma non-conti nuous squeal er, the
majority of the | eakage flow reduction is maintained.
The nmet hod descri bed above can also be wused in the
casting of the original blade 10 as an alternate to
the cast-in inclined squealer tip. A nmethod of
rebui l ding the tips of continuous inclined squeal er
tip turbine blades, and the resulting rebuilt blade
are described above. Various details of the invention
may be changed wi thout departing fromits scope.
Furthernore, the foregoing description of the
preferred enbodi nent of the invention and the best
nmode for practicing the 10
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i nvention are provided for the purpose of illustration
only and not for the purpose of Ilimtation--the
i nvention being defined by the clains. 11 Cains: 1. A
met hod of rebuilding a turbine blade for a gas turbine
engi ne, the blade being of the type including an
airfoil having first and second spaced- apart
Clagngtewal | s defining an interior void and joined at a
| eadi ng edge and a trailing edge, the first and
second sidewal I s extending froma root to a tip cap
for channeling conbustion gases thereover, and a
squeal er tip including at least one tip rib -extending
1. out war dl ,x Iﬁétﬁﬁd o eebiufiIdingap turbine bimiehfod acgusmﬂbsﬂm@lgxﬁhe the

steps o remopving the squeal er tip, including
bladg bpiagse @ﬁetm pagiading ﬂrloﬂgfpﬂém% Hxsh and @FC%@dﬁﬂ?ﬁe‘?eTéWﬂ
sidPUIR dehinfpdn i b YOi B aﬁm%g%m&gggggﬂﬁg{n ledge, the

first rantlhgecosdv smiﬁmmﬂs aéxteridatg/vé&m teheodte tdian gp echpe fcan dhdrineling
trailling edge of the airf ; formn | eas
congRtiBtes ACERLH: A & RelF R .%%?41%@ e Opo b -exididing
outiBd®y 8 tHtifl c, thd1Refdba E@I‘nbrx&ﬁ% tHe@dpRelei ng cool i ng
alr fromthe interior void airfoil to thereby
forma squealer tip. 2. A nethod according to claim1,
whe@aki n temevingdhe sfucelentipiinguding thaptdesstone tinyrib, framhe tip
the airfoil conprises the step of grinding the
s5quealer tip off of the airfoil. 3. A method according
to claiml, wherein the step of adding new material to
the(b) t i paddfg dewv Beteyie]l tashatip eap wagepelaeh rewsqaeai@rtiges
the step of welding at | east one netal blank onto the

tip cap..4.. A netho accordln to claim1l, erein the
st l§) of PBRIAENG BIURULY A1 ?RﬁCS‘? aP%éE’é@‘“’%p‘&rMnB?‘@h’é’é"e“al

bﬁ&&zﬁ@lé&ﬁiﬂggégg@g#&{t%%h e {:BFthE%ﬁ%lpqngdge and t he

trailing conprises the steps of:

(d) forming at least one hole in each notch communicating with the

cap,

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

airfoil to thereby form a squealer tip.

2. A method according to claim 1, wherein the step of removing the squealer tip

from the airfoil comprises the step of grinding the squealer tip off of the airfoil.

3. A method according to claim 1, wherein the step of adding new material to the

© tip cap to serve as a new squealer tip comprises the step of welding at least one metal

blank onto the tip cap.

4. A method according to claim 1, wherein the step of forming a plurality of
spaced-apart notches in the new material between the leading edge and the trailing

‘edge of the airfoil comprises the steps of

(a) providing EDM electrodes having a predetermined shape suitable for

forming the notches;
12




7. bei Agnethod hecqrgﬁpgdtb he
o ariods BPBE Ge IRk P R s "

(a) providing EDM el ectrodes having a predeterm ned
shape suitable for formng the notches; 12 (b)
appl ying the EDM el ectrodes to predeterm ned positions
on the airfoil; and (c) utilizing the EDM el ectrodes
to electrically discharge machine the notches into
the new material. 5. A nethod according to claim1,
whe(di n appyisg @p EIDM decticdgs &t predaatiminsipdsitions onrtheaicfoil;
dp,gtCh conprises the step of drilling the hole. 6. A
et hod according to claimi1, wherein the step of
formng the at | east one hole conprises the step of
drl o)1 NOutih rtﬁé DM OflediR)IS té rbl&ﬁfd&llg i§dhargé: méchme the
od accor ing to claim1, wherein the step of
notﬁhﬂsnntnghfanm’mrawrnaly of spaced-apart notches in the
new material conprises the steps of: (a) providing EDM
el egt e
for‘?ﬁ 1%1%9{?(2 g&%o 1H% toa(;:lB ?, gvﬁé I?%‘g ff:ﬁ%gﬁﬁ}wn%%ﬂle%st&ﬁ{e hole

in dach héteh BeMpHiRs elid aép bﬁﬂraliﬁ@ﬂﬁeﬂleapar t,
| ongi tudi nal | y-extendi ng array between the | eading

ed he trail ft
6. 1 ophcngBod REOEE AT c WIRTSiH At b PSR etTh one
holE 9019 R&k ki rﬂ&f&ilﬁﬁ@ébﬁﬁalﬂ?%hh&@s {th@ch RGLRNes into

ew nat e hod of constructing a

tur bi ne bl ade for a gas turbine engine, the blade
rtgaumd ﬂngfhawnnthef Bén of duiing pridysibe of

tralllng edge, the pressure and suctions sidewalls

ext @pdi ngrdviding EDMaflechrodés hdving aprddeterailiat shhpengitable for
conmbusti on gases thereover and a squealer tip

forming theneighest | east one tip rib extending outwardly
fromthe tip cap, the nethod conprising the steps of.

(b)  applying the EDM electrodes to the new material in a spaced-apart,
longitudinally-extending array between the leading edge and the trailing edge of the

airfoil proximate a top edge thereof; and

(¢)  utilizing the EDM electrodes to electrically discharge machine the

notches into the new material.

8. A method of constructing a turbine blade for a gas turbine engine, the
blade being of the type including an airfoil having pressure and suction spaced-apart
sidewalls defining an interior void and joined at a leading edge and a trailing edge, the
pressure and suctions sidewalls extending from a root to a tip cap for channeling

combustion gases thereover and a squealer tip including at least one tip rib extending

-outwardly from the tip cap, the method comprising the steps of:

() casting the blade, including the airfoil;

(b)  forming a plurality of spaced-apart notches in the airfoil proximate the

tip on the pressure sidewall; and
' 13



(a) casting the blade, including the airfoil; (b)

formng a plurality of spaced-apart notches in the

airfoil proximate the tip on the pressure sidewall;

and 13 (c) formng at | east one hole in each notch

communi cating with the interior void of the airfoi

for channeling cooling air fromthe interior void of

t he(c)ai r fopiningt at 1dwer ehy Hods rin seasly umadte comiunicafing Avith the
. et hod, accor dj o claims8, erein the step,of
Intqrigy oy of the airiath ffoy cgmeg%@@é%p% drome e, gggr&m&l@ Sl he
irfoll§ gkﬁgﬁfg 1 aGBdeaRi @l di ng EDM el ectrodes having a
alpre%leter 'n%%asﬁ%%e sgltable for form ng the notches;

(b) applying the EDM el ectrodes to predetern ned )
- 9. posAtmethed macarfimgatiordlaiim 8, where{rcihewsten of fomninge Eomlity of

el ectrod to electrically di scharge nachi ne the
Spaﬁ%ﬁ%snos‘a}egc?lﬂgnﬁs eo%?l?syofg. A net hod according to
claim8, wherein the step of formng at | east one hole
- in @ach padviding BNV d@grotl chBA8Pa pleddteined ghifesuiable. for

forming the notches;

(b)  applying the EDM electrodes to predetermined positions on the airfoil;

and

{c) utilizing the EDM electrodes to electrically discharge machine the

notches into the airfoil.

10. A method according to claim 8, wherein the step of forming at least one hole

~in each notch comprises the step of drilling the hole.
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