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| NVENTI ON This invention relates to the repair of turbine engine ne

and, nore particularly,

bl ade which includes an outer wall having thereon an environnent al
resi stant coating. During operation of a turbine engine, for exanple
turbi ne engine, 5 the tips of such nenbers as turbine bl ades, vanes, and

seal teeth can becone damaged. This can occur to a nmenber's tip,
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to the repair of a danaged tip of a turbine engine

a gas

bet ween

relatively noving nenbers, as a result of interference of the tip with an
opposi ng nmenber, based at least in part on a difference in thernal
expansi on and contraction characteristics between such nenbers, or as a
i npact of air-borne 10 particles or corrosive gases, or a
conbi nati on of such events. Because such turbine engine nenbers are

relatively costly to manufacture, the art has devel oped a variety of

result of

repairs for such nenbers to avoid a conpl ete repl acenent.
Patents as 4,028, 788 (patented June 14, 1977) and 4, 128, 929 (patented

Decenber 12,

1978) relate 15 to the repair of end or tip shrouds of
turbi ne engi ne bl ades by wel ding materi al

then reshaping the end. A nethod for replacing a tip cap of a
t ur bomachi nery bl ade including an airfoil-shaped holl ow body is descrihed
in US. Patent 4,214,355 - Zel ahy, patented July 2 29,1980. In addition,
repl acenent of a projection, such as a seal tooth, is shown in

U. S. Patent 4,657,171 - Robins, patented April 14, 1987. In that patent,

is acconplished by renoving a portion of the tip of the

repair or

the repair
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METHOD FOR REPAIRING A TURBINE ENGINE MEMBER
DAMAGED TIP

BACKGROUND OF THE INVENTION
Tﬂﬁshnmmﬁontdhﬂx&nthenthwftuﬂﬁneamﬁnenumﬁnngamm

"more particularly, to the repair of a damaged tip of a turbine engine blade

which includes an outer wall having thereon an environmental resistant coating.

During operation of a turbine engine, for example a gas turbine engine,
the tips of such members as turbine blades, vanes, and seal teeth can become
damaged. This can occur to a member's tip, between relatively moving
members, as a result of interference of the tip with an opposing member, based
at least in part on a difference in thermal expansion and contraction
characteristics between such members, or as a result of impact of air-bome
particles or corrosive gases, or a combination of such events.

Because such turbine engine members are relatively costly to
manufacture, the art has developed a variety of repairs for such members to
avoid a complete replacement. Such DeMusis U.S. Patents as 4,028,788
(patented June 14, 1977) and 4,128,929 (patented December 12, 1978) relate
to the repair of end or tip shrouds of turbine engine blades by welding material
to build up a damaged portion and then reshaping the end. A method for
replacing a tip cap of a turbomachinery blade including an airfoil-shaped
hollow body is described in U.S. Patent 4,214,355 - Zelahy, patented July

Such DeMusis U. S.

to build up a damaged portion and



tooth projection, bonding thereon a replacenent material, and then
reshaping 5 the projection. The tips of nodern gas turbine engi ne nenbers,
particularly high tenperature operating air cool ed turbine blades having a
generally radially extending hollow tip qof the type shown in the above

i dentified Zel ahy patent, frequently i nclude a conpl ex environnenta

resi stant coating bonded 10 particularly to an outer wall of the bl ade.
For exanpl e, one such conpl ex coating bonded to the wall includes a first
portion of an al um nide coating, such as the comrercially avail abl e Codep
al um ni de coating, one formof which is described in U S. Patent 3,667,985
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Forms of TBC coating are described in a variety publi'cati ons 1 ncl uding
U.S. Patents 4th@Gateiisthe réabrds aecoaiplished fyotrowingda partioh of thedip df3ke’) , and
4,095,003 - Weatherly et al. (patented June 13, 1978. One form qf such a
TBC coating cdfptiyrpicgien; bopdingdhegean 4 feplacemmentmatedalandthen es &irconi a
stabilized M t oL for exanple 92 wt. % zirconia stabilized with 8 wt.
%yttria. ‘Is\r,1me t?)'?éxs‘@%(&:tgmbf such a conplex, relatively costly coating

conpl i cates the repThé tips of Medérn gheturbindenghivs wembersapirtiqdardyciiigh epai r  of
such a coated blade tip has included stripping the conplex coating froma
bl ade end portmwmmmmm&wmeg ing pgencepllyradially | ow ti p

i nterior. This_exppse he.substrate t. ti . . acent
portion of thee"gf‘gcg%gﬁg%‘?ugﬁgﬁfﬁﬁ%@%W%qW?W%M been
observed that nﬁ&%&ﬁ&d’ﬂc&nﬁﬂdﬁeﬂ&oﬁﬁﬁﬁ&ﬁcﬁsﬁﬁié&aﬁﬂ ®bnddde substrate,
thinning the wall and edges and jeopardi zing the operaFi ng life and a | ater

repair of the pasiodarly t¢ arouter wall of the bladee Fanexagaple, one such complex ‘
coating bonded to the wall includes a first portion of an aluminide coating,

such as the commercially available Codep aluminide coating, one form of
" which is described in U.S. Patent 3,667,985 - Levine et al., patented June 6,
1972. Then at least the outer wall includes a commercially available thermal
15  barrier, ceramic type coating, generally called a TBC coating, bonded over the
.aluminide coating. Forms of TBC coating are described in a variety of
publications including U.S. Patents 4,055,705 - Stecura et al. (patented
October 25, 1977), and 4,095,003 - Weatherly et al. (patented June 13, 1978.
One form of such a TBC coating commonly used in the gas turbine art is based
20  on zirconia stabilized with yttria, for example 92 wt. % zirconia stabilized with
8 wt. % yttria.

The presence of such a complex, relatively costly coating complicates
the repair of the member tip. Common practice for repair of such a coated
blade tip has included stripping the complex coating from a blade end portion

25  which includes the damaged tip and the hollow tip interior. This exposes the
substrate of the tip body, of an adjacent portion of the blade body, and of the
tip hollow interior. It has been observed that such stripping tends to remove a
portion of the substrate, thinning the wall and edges and jeopardizing the
operating life and a later repair of the member. After stripping, the damaged



3 tip body is renoved, replaced with new material and reshaped. Because the
coating has- been renoved froma portion of the wall adjacent the damaged
tip as well as within the tip hollowinterior, it is necessary to recoat
the entire replacenent tip, the exposed pody and the tip hollowinterior.
As can be 5 appreciated, such a repair, which includes coating stripping,
coating replacenent and associ ated heat treatnents and i nspections, can add
significantly to the cost of tip repair of such a coated nenber and can
limt operating life and repairability of the nenber. BRI EF SUWARY OF THE
| NVENTI ON 10 The present invention, in one form provides a nethod
for repairingg bg@’ng | | il \6n hB¥idige thedesSi gned

| ength and i grgfcl:?udi nggﬁﬁﬁﬁﬁ?w&ﬁgﬁt heregr?egﬂr%ﬁé%v?ronneg}cal

resi stant coataatiggdas beetiremoutd fremsa partiomof the walldjatiant the damdgedwip udes
renovi ng the da rovide a preformend surface on the

ed; _Lgionathed &xi ﬁ tqQ
menber wi t houts WeH g wit & HB RPHEWARIGTIGH, it1f BeqesSHY IaFeerrtthrctiie er wal |

adj acent the ] ]’Pﬁt ' ' 5%@4@ agj the preform
end surface, f’;lég&\ﬁlg aniiﬂ\;i\}ét%%ﬁ@ny 0 %@%&l%ﬁ@% Q- glfacﬁigcrg%’ss. A _
repl acemeng ta;spraaa@a,lsabha%ﬂaﬁn%ﬁtﬂiﬁclhh@mgssﬁﬁﬁﬁﬁ,do@tiﬁgOVI de a repajred
menber preformhaving a second | ength greater than the de‘ilbgned | engt h.
Then a port i oreplacement andissaciatechheat igatmentsrand| inspections, canceded t o provi.de

e

4 operating life and repairability of the member.
BRIEF SUMMARY OF THE INVENTION _
10 The present invention, in one form, provides a method for repairing a ‘

damaged tip of a turbine engine member having a designed length and
including an outer wall having thereon an environmental resistant coating
extending at least onto the tip. The method includes removing the damaged;
coated tip to provide a preform end surface on the member without first

15 removing any of the coating on the outer wall adjacent the tip. The coating is
retained on the wall adjacent the preform end surface, as well as within any
hollow tip interior or recess. A replacement tip material is bonded to the end
surface to provide a repaired member preform having a second length greater
than the designed length. Then a portion of the replacement tip material is

20 removedmptovidéﬂwmnbetwiﬁxuepaimdmcmbetﬁpofsubstanﬁauyme
designed length, while retaining the coating on the wall adjacent the repaired
member tip.



BRI EF DESCRI PTI ON OF THE DRAW NG Figure 1 is a fragnentary sectional view
of a coated, .damaged bl ade tip having a hollow interior or recess at the
tip. 5 Figures 2 through 6 are a diagrammatic sequence of steps
showi ng one current practiced nmethod for 4repairing the damaged bl ade tip of
Figure 1. Figures 7 through 9 are a diagrammtic .sequence of steps show ng
the present invention for repairing the damaged bl ade tip of Figure 1.
Figure 10 is a fragnmentary sectional view of the blade tip repaired 10
according to the present invention and coated with an additional coating at
| east to the original environmental coating. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Current establ igiBE DES@RIPYION IOF YTHEEDRAWBNG ! ronnent al | y coat ed
tip of an air cool ed gas turbine engi ne high tenperature operating turbine

bl ade, 15 for exanple of the type shown in the fragnentary sectional view

of Figure 1, requirgs renopval of the caating not only fromt¢t apaged tip

but al'so fromthe ﬂﬁ&‘&f&qs‘ﬁf"?@ég‘cg E‘?HP“’*IP(%’“{P a?%‘%’ed@ G‘.ﬁi"@neral |y

the bl ade tip 4.9; a Wty ich the blade is considered
Ha?g%adtil?dgﬁ% inferfor Br P&L«,&bartgﬁcf %151

unservi ceabl e, berng worn, a ed, oxidized, etc. away to a length
signi ficantly | ess Fipames 2hierodfh 6laecgtiagtammdticcsequdnceas stepssigiodag oher ei n
call the designed |ength. Such ar frequently is uneyen,_including for
exampl o of undEHet BAGHed pRATRLIOT Fepairing e damiged WadRdBOLRIGEE bt { he bl ade.

Such a typical conditj [ | lEiE&E]{ﬁ“ﬂi j ' o]

condition and desi gﬁgg&ggrﬁgﬁ"ﬁggﬁig ade IS %ﬂ%&#?ﬁs asnﬁomégfét er
coating renovairesacinveativh fobrepairing the darhagedbladettiprofFgaredndi ti on of the

bl ade is shown in the diagranmatic sectional  view of_ Fi %gre 2. This coating

removal results in Bigare (s airagmentary sergonal yiavsef the hiade tip repaiied; on, can
or subst r ale. et idll'oldie BleRieh iAGHBh el il Fn MBI CEIRNGY, © B3TT
i nvention si npleas it theorigihaledviihinientdl cpititgl di ng a net hod whi ch does not
requiTe DETAILED DESCRIPTION OF THE INVENTION
Current established repair of the damaged, environmentally coated tip
of an air cooled gas turbine engine high temperature operating turbine blade,
15  for example of the type shown in the fragmentary sectional view of Figure 1,
requires removal of the coating not only from the damaged tip but also from
the blade surface adjacent the tip to be repaired. Generally the blade tip is
damaged to the point at which the blade is considered unserviceable, the tip
being worn, abraded, oxidized, etc. away to a length significantly less than the
20  length to which it was designed, herein call the designed length. Such wear
frequently is uneven, including for example of uneven length between the
. concave and convex sides of the blade. Such a typical condition is shown in
Figure 1 in which the original condition and designed length of the blade is
shown in phantom. After coating removal according to current practice, the

25  condition of the blade is shown in the diagrammatic sectional view of Figure 2.
This coating removal results in additional effort and expense, and, in addition,
can result in a reduction in blade operating life due to the removal of parent or
suﬁstrate material and thinning of cavity walls and edges. The present

invention simplifies such a repair by providing a method which does not require



5 any additional blade coating renmoval prior to or during repair of such
damaged bl ade tip. The invention will be nore clearly understood by
reference to the drawi ngs and in connection with the specific exanples
presented below. The 5 enbodi ment of Figure 1 depicts the tip of a
hol |l ow, air cooled turbine blade generally of the type shown in the
above-identified Zelahy U S. Patent 4,214,355, with a danmaged tip shown
generally at -10 and a substantially radially extending designed | ength L.
For exanpl e, designed |length L can be neasured froma point on the root or
dovetail of the blade, not shown, to 10 establish the blade's relative

radi al positi Ofhy ' : sl | dulin Eﬁw% 4N t he
drawi ngs, the ﬁ'&@g&@‘?@%‘?ﬁiﬂh\%@ﬂ%?&?g@ c}ﬁ‘r om g%agjdgg g%t\?/e al ed
serration. Thebladedp. i ncl udes an outer wall 12, defining a blade hollow
interior, and a tip_inner wall 13, defining an open recess 18. Included on

outer wall 12 of thdheigyentonawilbbepmere dearly wndeestaod|byreferencata theoat i ng 15

Gasor | be Codep At aefin kter T il e tbedine BRaPole s UG iy | 127

Bonded overs COghbsdimbfit 8 Figttleol defidts thbip of atholBWALE Bod PR BIAE BdecOat i Ng 16
of the above descri bed TBC type. The first coating 14 extends into the

recess 18 of t genetdllyf ofithptype showmin the aborec-idputifiedZelahly W .SePateatde tip. 2Q
the i agr aumat AE14330eHLL 8 Brmap Bl Siom FonsiK 610 S EFSRBURY ¢ he”coat i ng
cro.. from t he HE AlndhgRsitfel ol . POl R BB LRMEDE' 20 acent
the damaged ti measuted from apoiint on theaestorkivetiilof durblade] not shoti, te 1 enoved,
as in 10 establish the blade's refative radial position in the engine. In connection with .
the blade shown in the drawings, the designed length L was measured from a
blade dovetail serration. The blade includes an outer wall 12, defining a blade
hollow interior, and a tip inner wall 13, defining an open recess 18. Included
on outer wall 12 of the tip is a complex environmental resistant coating
15 combination including a first coating 14 of an aluminide, such as the above
describe Codep aluminide coating, bonded at the surface of outer wall 12.
Bonded over coating 14 at outer wall 12 is a ceramic type second coating 16
of the above described TBC type. The first coating 14 extends into the recess
18 of tip 10 for protection of that portion of the blade tip.
20 A currently established repair method for damaged blade tip 10 is
shown in the diagrammatic sequence of Figures 2 through 6. In Figure 2, the
__ coating combination is removed, such as by grit blasting, mechanical blending,
etc., from the damaged blade tip as well as from the outer wall 12 adjacent the
damaged tip and from within recess 18. The damaged tip 10 is removed, asin
25  Figure 3, and a preform replacement tip material 20 is bonded, suchas by a
series of welding steps, to the wall, as shown in Figure 4. Thereafter, preform
replacement tip material 20 is shaped, such as by machining , grinding, etc., to
provide a replacement tip 22, Figure 5, which must then be recoated at least
with the environmental coating 14. This then provides the blade with a



25 Figure 3, and a preformreplacenent tip material 20 is bonded, such as
by a series of welding steps, to the wall, as shown in Figure 4.

Thereafter, preformreplacenent tip material 20 is shaped, such as by

machi ning, grinding, etc., to provide a QFpIacenent tip 22, Figure 5, which
must then be recoated at |least with the environnental coating 14. This then
provides the blade with a 6 repaired tip as shown in Figure 6. As was
menti oned above, this known nethod involves the costly and tine consum ng
steps of first stripping the environnental coating not only fromthe
damaged tip but also fromouter walls adjacent the damaged tip, and coating

fromwithin t N ece Lcheig b not. in, need of .repair. In

addi tion, sucﬁ%gé"*ei%ptgﬂ ?1393%@5'?{%?&25}*: 6‘i %sr"@ﬁm%w ﬁ]arﬁpr;r{ﬁl!srlfgo f‘_ t he outer
wal | and edges;nemaatnv%w@aﬂ@bo@ﬂyhﬁwﬁbb%desxﬂuaggtemfifug@&;@iﬁgaﬂenwd from
tip shelf 19, thereby reducing the potential operating life of the bl ade."-

Al so, such t hienyinogmeantahenating ot oy fioosthiedamaged tiff bt absodrpmenutebiwalle ti p
repairs after |ater, engine operation..1 .. o The present jnvention

S oni 1 cant |y fteant PP Samee a4 s trom itin e A6 rPem BorhieBdS  ype. of
tip repair sy ﬁdt'ma&fdﬂ}e%ﬁ%qﬂ!aaafﬁoa,tﬁcﬁmg cah %50} & rédffovalling | P_coating.
As a result, when the present invention is prdcticed, such previously

requi red procethiining of the sutenwhall dnd gdgescpanti¢ularly ofithsbladebutewall t r eat ment s,

others, are noPRGNG ™A T Bh Shelt 1S ey TAIRLLE PyERADPSRIREHS cs 7
e L B s e e
as in Figure 2blatiéep depaixg afiertlater éfgindioperation. phantom in Figure 7, including
any of its mad herin I The Srtclsgn invention significantly simplifies the above described .

currently practiced type of tip repair by eliminating needless stripping or

removal of any tip coating. As a result, when the present invention is -

practiced, such previously required processing steps including pre-weld or

post-weld heat treatments, wall thickness or airflow inspections, and X-ray

15  inspection, among others, are no longer required.

Reference to the sequence of Figures 7 through 9 shows one form of
the present invention to repair the damaged tip 10 of the coated blade of Figure
1. Instead of first removing the coating as in Figure 2, the damaged tip 10
shown in phantom in Figure 7, including any of its adhering coating, was

20 removed, as shown in Figure 7, for example as by grinding, machining, etc., to
provide a preform end surface 24 which includes edges 26 and 28, respectively,
of the complex outer coating 14, 16, as well as the edge 26 of coating 14 in
open recess 18. The coating was retained on walls adjacent the damaged tip as
shown in Figure 7. .

25 In order to facilitate bonding of a replacement tip to surface 24, in an
embodiment in which surface contamination can affect bonding, the exposed
surface 30 of coating 16 was cleaned to remove surface contaminants, such as
oxides developed during engine operation, substantially without removing the

coating In this example, a clean substrate was provided for bonding, such as



20 renoved, as shown in Figure 7, for exanple as by grinding, machining,
etc., to provide a preformend surface 24 which includes edges 26 and 28,
respectively, of the conplex outer coating 14, 16, as well as the edge 26
of coating 14 in open recess 18. The coaL;ng was retained on walls adj acent
t he damaged tip as shown in Figure 7. 25 In order to facilitate
bondi ng of a replacenent tip to surface 24, in an enbodi nent in which
surface contam nation can affect bonding, the exposed surface 30 of coating
16 was cl eaned to renove surface contam nants, such as oxi des devel oped
during engi ne operation, substantially w thout renoving the coating In this

et ng. Such TRl HeHhE, Soc el o8 abmplRBE B such W eBiue et nois as a
li ght nmechani %&hbﬂ@&tdmkmécﬁﬁﬁ@ﬁmh%ngﬁfbﬁeﬁwwﬁﬁi@hom in Figure

8, a replacenent tip materjal 32 was bonded by fusion welding in a series
of wel ding steps ondsshovaf irkigend, 8 serlaccamenutip fatdriab B2 wiasgondedtlyangi ng t he

coating edges 26, and,.28. .Thi s, pravided the repaired nepbe form shown in
i ur 608" havi iR SEBRE 11 £rgieR of Heldits PR B SRR 2E: Cas shown | n
that Figure T gRRettafBing i gggégt ' BTG ; Spaved,
such as by%griﬁgii%gg‘, macﬂr?lﬁ inngégdthlgﬁ,g a szr?z)d\/[\‘nazigﬁ@égﬁ%‘é é?“’?(?egrovi de the
bl ade nmenber wmtimber prefosin shdwnaemFigure 8 padng afsecond lengtls pmater thahy t he

designed length L, ile retaignin oatin , 16 on the outer wall :
adj acent the r&s t!""r%‘hte?s }Y“gﬂgt‘aéhéﬂ"?‘hg %WP‘P%°€EP dibss 18.
In the enbodi nﬁBIetﬁf‘?Z"ﬁ ' Weltlg . i . WSWhid 1 P
material 32 was renobve #%@v@%ﬂsﬁgﬁuﬁgﬁ pr%’ﬁgg%aé’%gé’%?ve stu{ep 36

bet ween repl acEigand 9,itb pradddesthe blade neemabier mdth a repaiced hémbentiped34 o2l | and 14 on
the wall of )
10

substantially the designed length L, while retaining coating 14, 16 on the outer .
wall adjacent the repaired member tip and coating 14 on the wall of recess 18.
In the embodiment shown in Figure 9, the portion of replacement tip material
32 was removed in a manner which provided a positive step 36 between -
replacement tip 34 and the coatings: 16 on the outer wall and 14 on the wall of
15 recess 18. This was done to assure no wall thinning or damage to the surface
of such adjacent coatings 14 and 16 and for use in avoiding wall thinning in any
necessary subsequent repairs after engine operation: of the repaired tip.
Replacement tip material 32 can be provided from an alloy which is
resistant to environmental oxidation and corrosion during engine operation. In
20 such a case, repaired member tip 34 does not require additional protective
coating. However, in some examples where the material of replacement tip 34
has inadequate environmental resistance or the intended use is particularly
strenuous, an additional environmental resistant coating 38 in Figure 10 can be
applied.
25 In one specific example of the practice of the present invention, an air
cooled high pressure turbine blade from operation in a gas turbine engine was
inspected for damage and serviceability. It-was determined that the biade tip,
of the general type shown in Figure 1, was damaged and needed repair, and
that the blade could be returned to service after repair. The blade had been



15 recess 18. This was done to assure no wall thinning or damage to the

. surface of such adjacent coatings 14 and 16 and for use in avoiding wall
thinning in any necessary subsequent repairs after engi ne operation of the

repaired tip. Replacenent tip material 32gcan be provided froman all oy

which is resistant to environnental oxidation and corrosion during engine

operation. In 20 such a case, repaired nenber tip 34 does not require

additional protective coating. However, in sonme exanples where the materi al

of replacenent tip 34 has inadequate environmental resistance or the

i ntended use is particularly strenuous, an additional environnental

resi stant coat} I Ry; K it | ' specific

exanpl e of thebﬁggﬁf%gh%&ﬁ?@%ﬁem [ n%%ﬁr%g?o gsﬁkgxller Ngg(l)‘kghfaﬁﬁsgh

pressure turbi ofwhichckre desenibed it HS. PatenbSA782S5t Riobs etal.epgemed was i nspect ed

for damage and_serviceabilit t was determned that the blade tip, of the

y. Ity :
general type sBsapmber 32, 4892 Hor epxionmentabprotesiomsemplex@ating 14.9€dnt hat t he

froma N base USHrbaE eshal A ¥ B4 EiPcdmmdr il s8R pbBl ", 2%t
whi ch are deschivasiflidetokting apphie@ & the olutes wiliof théBlade, k sidwn inFikeetied

Decenmber 22, 1992. For environnmental protection, conplex coating 14, 16 ‘i n
t he draw ng corpd ageutes coatingt 16cefahe apvedlestribed dBCreoatinglof giroerdal pl ati num 5

al um ni de coatipg..appli.ed to e_outer 1) .pf. th | ade, as,.shown in
Figure 1, and éﬁg W@éﬁ%ﬁi@%@ﬁ%ﬂ&%&%@ﬁ%gﬁg’&“f@%au ng of
zirconi a stabi 'gbﬂ&ﬂll%& ﬁr&kkbk@depgﬁﬁnfgﬁﬁhﬁ}ﬂ%?kﬂéﬂ‘ﬂuﬂﬁidiﬁ%ﬁlbglalﬁ}im'ﬂfid, been
applied generally by first electrodepositing platinumand 1hen al um nidi ng
the plati num wiwith theabavsidentifitel Cadep edatligppcessaTheplatimguabisniniee pl at i num
2l um nide 19 GoR Saadet ith Hcbl 1b 65U Tetbobtle WaSappieaSa8) bl "2

outer wall, as shown in the drawing.

To prepare the blade for repair, the damaged tip was removed by
grinding without removing the coating on walls adjacent the removed damaged
tip, as shown in Figure 7. This provided the preform end surface 24 on the

15  blade. Then coating surface 30 adjacent end surface 24 was cleaned prior to
welding with a wire brush to remove products from engine operation, including
surface oxidation, corrosion, foreign particles, etc. In this way, the tip was
better prepared for fusion welding of a replacement tip material 32,

The replacement tip material 32 was applied by fusion welding with a

20  weld filler material of Rene' 142 Ni base superalloy, forms of which are
described in U.S. Patent 4,169,742 - Wukusick et al., patented October 2,

1979. Welding was conducted in about 3 welding passes, as shown in Figure
8, to provide a repaired blade preform. This was sufficient to create a
replacement tip material 32, as shown in Figure 8, of a second length greater

25 than the designed length L, which in this example was a length extending from
5 blade dovetail serration, generally radially in respect to the blade's intended
position in the engine. Evaluation of the weld area at preform end surface 24,
between that end surface and the Rene' 142 alloy weld material, showed the

platinum aluminide coating and the TBC coating to be intact. Any portion of



outer wall, as shown in the drawing. To prepare the blade for repair, the
damaged tip was renoved by grinding wthout renoving the coating on walls
adj acent the renoved danaged tip, as shown in Figure 7. This provided the
preformend surface 24 on the 15 bl ade. ¢gThen coati ng surface 30 adjacent
end surface 24 was cleaned prior to welding with a wire brush to renove
products from engi ne operation, including surface oxidation, corrosion,
foreign particles, etc. In this way, the tip was better prepared for fusion
wel ding of a replacenent tip material 32. The replacenent tip material 32
was applied by fusion welding with a 20 weld filler material of Rene

142 Ni base s < s\Whi ' ' nt

4160, 742 - iy Do it aldlt Buidlyiich A A5 bRSHH Rl Bl
conducted i n dasioh welding twashedrashesifaos obthowreld whefejtiwas fsmdved pyovi de a
repaired bl ade preform _This was sufficient to create a replacenment tip
material 32, &% t gripdingywhen the replacsmenttip matesiawas & 25 than the

desi gned | engt i }Qﬁ! in this exanple was a | ength extending froma
bl ade dovet ai I&ss%rrlra | g&"’ generally radially in respect to the blade's

i ntended pgsition iAfkh&cﬂh?,ﬁ%ot@@fﬂﬂe?ﬁc&ﬁeﬁt@M&Eﬁalaﬁﬁ&cﬁbv&f ef orm end

surface 24, between that end surface and the Rene" 142 alloy weld material,

showed the pl aey gunding eniatbeli@riaden to e designed lengtid.c Then, pgrtions pélateralact .. Any
ortion of 9 &h atinum al un ni coatin ich.diffused,int,o the weld
Ironatt elri al duri nMQ? EtWM%ﬂéﬁﬁtV@sm'@O Ie?é‘é“g‘l?af‘#é”ﬁ#’@dﬁher e it

was renoved bYﬁﬁgh,Sl%QHﬁthﬁﬁiﬁ%'k@E SWPB?WMO.%SEH&%&% ld%eieht 2l was
bel[ow. 5 AT t

shaped, as descri bed er welding, a porfion of the
repl acement t i mateatabB? ahd opatingdiGmndtic outer coated wall as well as coating 14 on

10  the wall 13 of recess 18, as shown in Figure 9. This was done to protect the

adjacent coated wall, to avoid wall thinning, and to enable any necessary later
blade tip repair by a process which might result in wall thinning because precise
location of the substrate wall might be obscured.
Because the environmental resistance of Rene' 142 material was
15  adequate for the intended use of the repaired blade, it was not nedessary to
apply any additional coating to the repaired blade tip. However, in another
example in which both the blade and the replacement material were from still
different Ni base superalloys, an additional environmental resistant coating, 38
in Figure 10, was applied to the surface of the repaired blade tip 34. In that
20  specific example, the Ni base superalloy from which the blade was cast was the
commercially available Rene' 125 alloy consisting nominally by weight of
about: 10 % Co, 4.8 % Al,9% Cr,2.5% Ti,3.8 % Ta, 7% W, 2 % Mo,
1.5 % Hf, 0.1 % C, 0.01 % B, 0.05 % Zr, with the balance Ni and incidental
impurities. The weld replacement material was the commercially available
25  IN 625 Ni base alloy which had insufficient environmental resistance for the
particular application of the blade. The additional coating 38 was an aluminide
coating, sometimes called Codal coating, applied from a shurry of powder and
heat treated at about 1900° F, generally as described in U. S. Patent 4,004,047
- Grisik, patented January 18, 1977.



by grinding on a belt grinder to the designed length L. Then, portions of

| ateral walls 35 of replacenent material 32 was renoved to provide a
repaired blade tip 34, leaving a positive step 36 of up to about 0.005™

bet ween repl acenent nmaterial 32 and coating 16 on the outer coated wall as
well as coating 14 on 10 the wall 13 ofldrecess 18, as shown in Figure 9.
This was done to protect the adjacent coated wall, to avoid wall thinning,
and to enabl e any necessary |ater blade tip repair by a process which m ght
result in wall thinning because precise |location of the substrate wall

m ght be obscured. Because the environnental resistance of Rene' 142
material was 15 adequate for the intended use of the repaired blade, it
was not necessary tlkhegpesent inmentiodprovidessd repainmiethpd: which eliminasdscesflybl ade
tip. However, jn_another, exanple in which both the bl ade and .t

repl acement mite8r FAY F%CW%W'IP"W ee?ﬂerﬁngc}ég@@gg'%ﬁ)’épé‘%ys, an

addi tional eny dHded "?(;Sgtg;c | i1 sF] pplied to
t he surface O;Hk{ e ’repalnrag%% a P?%i?ﬁagp‘ﬁg}té?]dé{édégaﬁg‘%é%%%@?ﬁnp| e, the
Ni base super gird¢seyt ihventionthas bednldesdrited én varmecticat with spdcific eamplesand| | y

avai l abl e Rene' 125 all oy consisting nomnally by weight of abqut: 10 % Co,

4.8 % A, § ycmbodimentsasitypical of rathertharyimany way iiniing op the sgape of they o4, C,

0.01 % B, 0.05.,9 Y t @,-]Fﬁm%gs ' ‘ﬂ[@:wﬁ!-ﬂ&ﬁ] j jles. The
wel d repl acen&rﬁ?@eﬁ{awg%%_‘\}gs e com%(g%dm al Ty aval ag %%&%ﬁ{#@% Ni base
al | oy whi ch hagith thisinvestictrthatdis icagublesstivatiatiems adanedifiations kathpay t i cul ar
application of the bl ade. The additional coating 38 was an al um ni de
coating, sonetdcparingfrom thecsseps oftheeppegdediglpimsed froma slurry of powder

and heat treated at about 1900[err] F, generally as described in U S.
Patent 4,004,047 - Gisik, patented January 18, 1977. 10




The present invention provides a-repair nethod which elimnates costly
- steps required T current—+repai+s; protects the operating life of the

repai red nenber, bsequent repair of the repaired nmenber after
use. The pr esent”ﬂ ﬂ@ﬂ ji *Eﬂllteen described in connection with specific
exanples and 5 "'« ypi cal of rather than in any way limting

on the scope of the present invention. Itlml| be understood by those
skilled in the arts associated with-this invention that it is capable of
vari ations and nodifications w thout departing fromthe scope of the
appended cl ai ns. 11 CLAIM5 1. In a nethod for repairing a damaged tip 10
of a turbine engi ne nenber having a designed length L, the nenber including
an outer wall 12 5 having thereon an environnental resistant coating 14,
16 extending at least onto the tip 10,CLABMSt eps of : renoving the damaged
tip 10 to provide a preformend surface 24 on the nenber, while retaining
the coating 14,16 on the outer wall 12 adjacent the preformend surface 24;

10 bondi ng rqpligg i Pﬁ’ﬁ | : d surface 24
to provide a repaired rreﬁggeﬁri&forderger m%%%%%dg%c%mnﬁﬁ%%gﬁg%at er than

t he desi gned | ewrgiber haviamal desigmed \lenpgh B, thermhémber drichidig dreputacwaient tip
material 32 to pr.ovide the nepber with a repaired nenber tip 34 and with
subst anti al Ty tmdngtherepnan epsironmenyalesistaghoating . hoestenpdingatdesst i ng 14, 16
(ini tnh\ih\lNilhl 120%1%%5%05%&&@%@% menber tip 34. 2. The nethod of claim

removing the damaged tip 10 to provide a preform end surface 24 on
the member, while retaining the coating 14,16 on the outer wall 12 adjacent the
preform end surface 24,

10 bonding replacement tip material 32 to the preform end surface 24 to
provide a repaired member preform hﬁving a second length greater than the
designed length L; and,

removing a portion of the replacement tip material 32 to provide the
member with a repaired member tip 34 and with substantially the designed

15 length L, while retaining the coating 14, 16 on the wall 12 adjacent the

repaired member tip 34.

2. The method of claim 1 in which:
the member is a turbine engine blade including a generally radially
20  extending damaged tip 10; and,
the coating includes an inner portion of an aluminide coating 14, and an

outer portion bonded with the inner portion and comprising a thermal barrier

coating 16.

25 3. The method of claim 2 in which:
an exposed surface 30 of the coating 16 on the outer wall 12 adjacent
the preform end surface 24 is cleaned prior to bonding while retaining the

coating 16 on the wall;



the menber I s—a—turbtnre-engi ne bl ade including a generally radially 20

- extendi ng da ' : the coating includes an inner portion of an
al um ni de coggﬂg lmg muter portion bonded with the inner portion
and conpri si ng wrer coating 16. 25 3. The met hod of

claim2 in which: an exposed surface 30 of,the coating 16 on the outer wall
12 adjacent the preformend surface 24 is %Ieaned prior to bonding while
retaining the coating 16 on the wall; 12 the replacenent tip material 32
over hangs the coating 16 on the wall adjacent the replacenent tip rmateri al
32; and, the portion of the replacenent tip material 32 is renoved in a
manner which retains a positive step 36 between the coating 16 on the wall

and the 5 repl ace i terj . t of .cl ai in which
an additional gnvi r gﬁ?r{éeﬁiaa?gmg%st?ps#‘g{ﬁpaégaﬁeﬁ}éqﬁHﬁs&ggﬁ F%ﬁh gt%Fe%"]‘l he
repai red menberadfacbntIfe repficement tip fRatetitl 32; 8R4 hod for repairing a damaged

airfoil shaped tip 10 of an air cooled turbine engine blade having a
desi gned | ength L exhepoitieg of trecneplatgment diipahdterial B32tihrensived é& 2 mannert er wal |

12 defining a hqgl.l.ow i.nterior, a tip inner wall 13 defining, a en recess
T5 in the tip POUCH AR A bostainsien 36 besern s cpatia 16 38 el et her con
envi ronnent gl rrgﬁ'hm;ﬁﬁ%'rwﬁﬂ, 16 extending at least 15 onto the tip
10, the steps of: renovi e damaged tip 10 to provide a preformend .

surface 24 on the blade while retaining the coating 14, 16 on the outer
wal |l 12 and tip inne . . . .
‘P '{ The method of claim 1 in which an additional environmental

resistant coating 38 is applied over the repaired member tip 34.

10 5. In a method for repairing a damaged airfoil shaped tip 10 of an air
cooled turbine engine blade having a designed length L extending generally
radially of the blade, an outer wall 12 defining a hollow interior, a tip inner wall
13 defining an open recess 18 in the tip 10, the outer and tip inner walls 12, 13
including thereon environmental resistant coating 14, 16 extending at least

15 onto the tip 10, the steps of: -

removing the damaged tip 10 to provide a preform end surface 24 on
the blade while retaining the coating 14, 16 on the outer wall 12 and tip 'm_ner
wall 13 adjacent the preform end surface 24;

welding replacement tip material 32 to the preform end surface 24 to

20  provide a repaired blade preform having a second generally radially extending
length greater than the designed length L, the replacement tip material 32
overhanging the coatings 14, 16 on the outer wall 12 and the tip inner wall 13,
édjacent the replacement tip material 32; and,

removing a portion of the replacement tip material to provide the blade

25  with a repaired blade tip 34 and of substantially the designed length L, while
retaining the coatings 14, 16 on the outer wall 12 and tip inner wall 13 adjacent
the repaired blade tip 34, the removing being in a manner which retains a
positive step 36 between the repaired blade tip 34 and the coatings 14, 16 on

the outer wall 12 and on the tip inner wall 13.



wal | 13 adj acent—the preformend surface 24; welding replacenent tip
-material 32 to the preformend surface 24 to 20 provide a repaired bl ade
pr ef or m havi n?@”ﬁﬂﬁ@,ﬂ”%ﬂzn Iy radially extending | ength greater than

t he designed | acement tip material 32 overhanging the
coatings 14, 16 on the "ut®er *wal | 12 and t he tip inner wall 13, adjacent
the replacenent tip material 32; and, renadi ng a portion of the replacenent
tip mterial to provide the blade 25 wth a repaired blade tip 34 and of
substantially the designed length L, while retaining the coatings 14, 16 on
the outer wall 12 and tip inner wall 13 adjacent the repaired bl ade tip 34,
the renoving being in a manner which retains a positive step 36 between the
repaired blade tip 34 and the coatings 14, 16 on the outer wall 12 and on
the tip inner wall 13. 13 6. The nmethod of claim5 in which an exposed

face 30 of th t] - yall 12 adi t f d
Surface 24 (s ol sanc el f it in o Pl fitect &6 obltei ng 14 10

on the outer waloatidPon the duiter Wil IDadjaéent R greBrin RniiEitedd igéﬂ%ﬁédonal _
environnental resistant coating 38 is applied over the repaired blade tip
34. prior to welding while retaining the coating 14, 16 on the outer wall 12.

5 7. The method of claim $ in which an additional environmental

resistant coating 38 is applied over the repaired blade tip 34.



