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1111111711212111211212111211211111111111 5 *G00002* Met hod for repairing sealing

segnents in the ro- tor/stator seal of a gas turbine 10 refers
to a method for repairing sealing surflaces of seal segne nwmmu d on
the inner circunference of a turbine casing section of a r sea
of a gas turbine. 15 In turbomachi nes, especially gas tu;iniﬂﬁiﬂﬂuﬂlgxij et
engi nes of aircraft, |eakage flows through gaps between interacting rotor

and stator conponents, which nove relative to each other. reduce t he

efficiency. In order. 20 to mnimze these gap |osses and th keep
the efficiency of the turbomachine high, it is necessary d m |m»
operation of the machine to mnimze the gap between the c

hi gh-speéd rotating rotor blades and the sealing surfage_gi_ilm@%&ﬁy4gkg—
which 25 sealing surface is part of the stator and enconpasses the rotor.

This is a probl ﬁ‘g}" gcgo%ogg %?%eqﬁe%ﬁ?.g_a%gﬁng?{t__g ﬁat%e rod| rection in

the case of hig Tt ess and as a result

of centrifugal forces, WREf&RtIMSBdsiofgaagas Fureirspe- 30 riences only
slight thermal expansion and thereby enl argenent of the casing ‘
circunference. The gap size is therefore variable during operation of the
gas turbine. In order to take into consideration these gap size 35 changes,
so-cal | ed afsdabeehedalrefgre Kitowa @MeShed2980:865kpaininti secedseg the bl ade

tips of the guMlces of seal segments, arranged on the inner cir-

cumference of a turbine casing section, of a ro-
tor/stator seal of a gas turbine.

15
In turbomachines, especially gas turbines such as jet
engines of aircraft, leakage flows through gaps between
interacting zrotor and stator components, which move
.relative to each other, reduce the efficiency. In order

20 to minimize these gap losses and therefore to keep the
efficiency of the turbomachine high, it is necessary
during running operation of the machine to minimize the
gap between the customarily high-speed rotating rotor
biades and the sealing surface of the 'casing, which

25 sealing surface is part of the stator and encompasses
the rotor. This i1s a problem since rotor blades elon-
gate in the radial direction in the case of high load
both as a result of thermal stress and as a result of
centrifugal forces, whereas the casing as a rule expe-

30 riences only slight thermal expansion and thereby en-
largement of the casing circumference. The gap size is
therefore variable during operation of the gas turbine.

In order to take into consideration these gap size
35 changes, so-called abradable seals are known (US
4,299,8€65). In this case, the blade tips of the rotor
are produced from a hard materizl or provided with a
hard coating and the abradable seal of the encompassing
stator is of & comparatively soft design. In different

40 operating states, cutting in by the blade tips into the



are produced froma hard. material or provided with a hard coating and the
abradable seal of the enconpassing stator is of a conparatively soft

desian. In different 40 operating states, cutting in by the blade tips into
the - 2. - stator seal can then occur and nmaterial renoval of the abradable

seal can take place wi thout damage to the bl ades occurring. 5 Abradable
seal s may consist of ceranmic or netaldic-ma-terials or a conbination thereo

f. They can atgeohaysa@ bam gk e do SLEHCLME e eansi t'f%no%lw%tﬁ'é and
ceram c mat erj §%b The invention is_based .on t ect of creating a

met hod of th% tof Ffed B | i fhe BLACRoIUSH G WﬁF@ﬁﬁénaﬁlégmh si npl e
and i nexpensbvedappbd¢oatiioy.of an abradabl e seal when renew ng or
exchanging a rotor/stator seal in the course of nmintenance or repair 15
of a gas turbjne. The method according to the invention has the follow ng
steps:  ° a) AREADYPIR) R iRAY (oM it Yeatdurpisurdracearadflirheseal
segment s wi t hethel exeept immahathenbaserast e- 28ké@l caf d41he spale segNENtS,

Ut eknss of -2r P Eted TRy iR o i Lo Rt h At B ot er
thi ck- ness BREEERiD 2 nn1 First of all, sonme of the terns used within the
scope of the invention are to be explalned.
10 The invention is pased on the object of creating a
method of the type referred to in the introduction
which enables a simple and inexpensive applicacion of
an abradable seal when renewing or exchanging & ro-
tor/stator seal in the course of maintenance or repair
15 of a gas turbine. The method according to the inven-

tion has the following steps:

a) Removing material from the sealing surfaces of the
seal segments with the exception of the base mate-
20 -rial of the seal segments,

b) Applying at least one metallic reinforcing coating
with a materizl thickness of at least 1 mm,

25 ¢) Applying a ceramic coating with a material thick-

ness of 0.3 to 2 mm.

First of all, some of the terms used within the scope
of the invention are to be explained.

30
A gas turbine is a turbomachine in which the thermal
energy of a hot gas flow, which is produced as a result
of combustion of hydrocarbons or other fuels, is con-
verted into mechanical energy. The invention is partic-

35 ularly appl¢“able in the case of jet engines . or *=urbo-

A rotor/stator seal seals components of the gas tur-

bine, which operate in a rotational motion relative to



30 A gas turbine is a turbomachine in which the thermal energy of a hot gas
flow, which is Produced as a result of conbustion of hydrocarbons or other
fuels, is con-vetted into nechanical energy. The invention is partic- 35
ularly applicable in the case of jet engines or turbo-prop engines of
aircraft. - 3 - each other, against one another, especially the blade tips
of a rotor against the circunference -o8 an encl osing turbine casing. 5 The

term turbi necgasi RELSECt iz@8 i WL high ot bﬁlocgglat,ext;, fcGhain 'JF, eg %_rd% to that
part of the turbine whi ch_has or supports the_stator seal enconpasses

the rotor. WTtRPn°the Qe ¥FIMFE FH@eﬁPFSﬁm~r¥e?%ﬁlQ&uﬁﬁn%ﬂq%Pﬂbe a nodul e
of a jet engiing, turbise clastihg.stator seal is 10 arranged. Seal segnents are
arranged on the inner circunference of this turbine casing section. The
term seal_segnments refers to renovable or individually exchangeable parts
15 whi ch 3 n &8€h €58 HIrRéng S§RELNC pEREFOAR OVLERER| Bher contewnf efence of

the turbine casimgl refadd iqol itdiaky pattseal ceegrERt e xiEng ower JLhe entire

nf bi f h
el 20 TheeBart o€ HE EORR0E eR R el eRtono R RRdC el g eose

surfaces whi Whtha%eblﬁles’»?@eoro tAecordengion. the ¢aversdegrialaymital |ic

reinforcing eoabiinleadd a geramhgiseat iAgwAkenappki @datort Bege seal ing
surface%_ Th%r%%n gan1ceranlc coating within the scope of the invention
refers to al naterials which have a portion of ceramic materials and
are suitable for formng a so-called abradable seal (cut-in seal). As a

rul e, these Qééﬁmségﬁ%é ngﬁea[aer,lé)ﬁgé&i 8A MRLeri s é&h&f&ﬁl& 702, 30 Al 203

and/ or ot her ge;gls t££§gﬁgtlona netal-, or _rare earth_oxides or m xed
oxi des. casing section. The term seal segments

refers to removable or individually exchangeable parts

15 whicn in each case line a small portion of the inner
circumference of the turbine casing. A multiplicity of
seal segments extend over the entire circumference of
the turbine casing section and together form the stator
seal.

20
The seal segments have sealing surfaces, these being
those surfaces which face the rotor. According to the
inventioh, a metallic reinforcing coating and a ceramic
coating are applied to these sealing surfaces. The

25 term ceramic coating within the scope of the invention
refers to all the materials which have a portion of ce-
ramic materials and are suitable for forming a so-
called abradable seal (cut-in seal). As a rule, these
ceramic coatings are based on materials such as Zr0,,

30  Al,0; and/or other metal-, transitional metal-, or rare
earth oxides or mixed oxides.

According to the invention, in the first step material

is removed from the sesaling surfaces of the seal seg-

w
wt

ments with the exception of the base material. This
means that any abradable seals (ceramic or metallic)
are completely removed so that the base material of the

seal segment is provided as a substrate for the me:tal-



According to the invention, in the first step material is removed fromthe
seal ing surfaces of the seal sea- 35 nents with the exception of the base

material. . This nmeans that any abradable seals (ceramic or netallic) are
conpletely renoved so that the base material of the seal segnent is
provided as a substrate for the netal- -- lic reinforcing coating which is

to be applied in the next step. The netallic coating which is applied in
step b) is 8~ 5gﬁ¥re %g as a:Lei phorging Q%@Hkn%ﬂélfgd fn topsignify

that this incredses the drmensiong of the seal segnent the radial
direction. M$XhP§Sease, it is not a case of a soft netalllc abr adabl e
coating but a reinforcenent of the base material of the seal segnent,

pr ef er a- a material which.s simlar. th me type as
t he base naFnggﬁ‘aFW*Fsc?%%l%%§gﬁ%%ﬁdT Eﬂgﬂhﬁgen% Sggbm%en %a??ylng out
t he repabr; ﬂa;rﬁéptac@SaW-ahﬂadabbengeapatmhgchnlQI@@mGLQSSpgnaFYveIy t hi ck

in the radi ghh Qi regti %cr@as@a %BBr@G?h\éHEYoﬁé“Bf\eﬁhéeééaﬁngegﬁlﬂﬁ‘-thl s
purpose, after renoving. the abradable seal orlglnﬁlleattached %and as a -
nent

rul e conpleﬁélyhUrIBE%F}a FyeRot - o tHESC o"PFr&t“BF<al
rei nforce the bassohat setal L of axma@&huc:mbananHNuunathelnadraé di rection

in f)rder to fhys cer eakephie haserfor Apnind neA thighage, cgraskezabradabl e
sea bly with a material which is similar to or of the same

type as the base material.

It is the essence of the invention, when carrying out
the repair, to replace an abradable seal, which is com-
15 vparatively thick in the radial direction, by an appre-
ciably thinner seal and, for this purpose, after remov-
ing the abradable seal originally attached (and as a
rule completely or partially worn) on the component, to
first of all reinforce the base material of the seal
20 segment in the radial direction in order to thus create

the base for applying a thinner ceramic abradable seal.

The metallic reinforcing coating preferably has a mate-
rial which is of the same type as the base material of
25 the seal segment. Of the same type means that it 1is a
material and/or a metal which is identical and/or simi-

lar in properties, or is a corresponding alloyv.

The metallic reinforcing coating can preferably be ap-
30 plied by means of a process selected from the group
consisting of welding, soldering and solder-diffusion
using a presintered solder preform. These technigues
are basically familiar to the person skilled in the art
and by way of example of the repair of turbine vanes
35 are described for example in Materials Science and
Technology, September 1983, Voliume I, 719. Under suita-
ble welding methods, tungsten inert gas welding and &al-

so electron beam welding may be exemplarily named.



The netallic reinforcing coating preferably has a mate- rial which is of
the sanme type as the base material of 25 the seal segnent. O the sane type
means that it is a material and/or a netal which is identical and/or
simlar in properties, or is a corresponding alloy. The netallic
reinforcing coating can preferably be ap- 30 plied by neans of a process
sel ected fromthe group consisting of swelding, soldering and
sol der-di ffusi,on_using.a presintered solder. prefo These_techni ques are
basi cal |y fatiiy %cé#%§£68?s8ﬁ°§EFFF§darﬁ Fﬁévaﬁggaaﬁa‘bﬁx%qugf exanpl e
of the repaiin 6fS tuBbiEnd0Vakes 35 are described for exanple in Materials
Sci ence and Technol ogy, Septenber 1985, Volume I, 719. Under suita- ble
wel di ng net hods, tungsten _inert gas welding and al- so el ectron beam
vel di ng nay BPREFamHS) SRaREdY 1B TR FEgBRe OsoltdEr LHY SPrdCBsses are
descri bed fors exepheplicddS o, IG3,H¥ Mrallic reinforcing coating
' by means of solder-diffusion using a presintered solder
preform. This technique is described for example in TS
4,634,296. For producing a solder preform, metal pow-
der of the base material (base powder) is pressed with
10 a low-melting metal powder {(solder powder). The solder

powder partially melts during the presintering so that

a solid substance (solder preform) results. The base
powder is preferably powder of a superalloy, for exam-
ple the nickel-based superalloy Rene 80. As solder

15 powder, nickel-based solders with an element which I1ow-
ers the melting point and has a high diffusion rate in
the base material (the superalloy), for example boron,

are preferably used. When carrying out the diffusion
soldering, the solder preform is deposited upon the

20 seal segment and heated to a soldering temperature
which allows the melting of the solder powder. The
melting temperature of the solder powder lies below the
solidus temperature of the superalloy so that this is
not melted during the diffusion soldering. In the

25 course of the diffusion soldering process, the initial-
ly liquefied solder solidifies isothermally on account
of the diffusion of the boron, which lowers the melting
point, into the base materisl. The solder preform
preferably has at least 40% by weight, preferably 50 to

30 85% by weight, more preferably 60 to 80% by weight of a
base powder of the same type as the base material oif

the seal segment, and a solder powder.

The metallic zeinforcing coating which is applied ac-
35 cording to the invention can preferably have a material
thickness of 1 to 4 mm, more preferably 1 to 3.5 mm,
more preferably 1.5 to 3 mm, more preferablyv 2 to 3 mm.
The said upper and lower limizs can be optionally com-

bined to form ranges according to the invention.



Especially preferred within the scope of the invention 5 is the application
of the metallic reinforcing .coating by nmeans of sol der-diffusion using a
presintered solder preform This technique is described for exanple in US
4,614, 296. For producing a solder preform netal pow der of the base
material (base powder) is pressed with 10 a lownelting netal powder sol der
powder). The sol der powder partially-nmélts during the presintering so that
a solid substance (solder preforn) results. The base powder is preferably
powder of a superall o%é for exanpl e the nickel -based superall oy Rene 80. As
sol der 15 powdeiS RFekeTi¥fhseiral déis SEAF Af AdeVSiHiER I6Wdrs t he
mel ting Poi nbeadeke h@@qulmggrtrra fiGinOR 1ot ing tah%cmseda&;t ard alp{(the

superal | oy), or-exarrpl e boron, are pref r.abl en _carryi.ng out the
di f f usi on so?%e‘rl ng’ t hesdl ér“rﬁr'ef ofm i ede%%%ftec’c?gﬁfﬁ?ﬁst he Zcpegeal

seyment dnd Pedtieeedsn afsdiderbordt ewgsr atsir er@ficchbal| dws the ml ting of

the sol der. pewsgler. IﬁrhﬁléfQJaIéengaft emebehar @oQi the solgdessrpamier 4 ies bel ow
the solidus tenperature of the, su era this is not. nelted during

the diffusi on-sot deTitHg-"9 rfnt Y8155 C‘OEIISS 8fe¥ Bdlafflflrstr%]n LI ng
process, thee@nftomlthe |gmuef icedssekdar 6l hdckeks ¢coither nafdry @n account
of the diffusiRp:ofcidhe o dhedthi chhlavers dhe eldig LOilpniyH O the

base material. The, sol der preform preferably has at |east 40% by weight,
pref er abty SWt%l%bc%'S%ady iBGRES ASr & Frafetastyr BTt B0 i ght of a
base povvder acﬂdittteorsaire by aso thecdxsee nEteriadicofartdee txealxisegnent, and

a sol der. he jetal l4.cJ fq[ci Ng Jed ac- 35
cording to t e mv%%tl oﬁplc%jn o edfnb y hﬂab\%le&%%tr?aterl s ﬁfﬁkness of 1to 4
nm nore preferabtienahly ?@ﬂﬁﬁd Ot GRS Sfamipshes seyeyingm it e

preferably 2nt@esSsdmy, Tb&ﬂﬁ@hdpﬂlaaﬁé aitsh dyawer tlmt&aeamb@mgmaonal |y

conbi ne d0 formr accordin the i n\qentl an, m t. is pref erred
wi thin the s%%%@’o??ﬁe [ nvengl o% %a Xt 5+e apmeyl rrr)g THe cerdmic coati ng

a bond coat $Brapingl i &d mtta&veesmbseraab 66r t Hee seend seqpreriss . e 5

thi ckness of ei&@of%’fhd Q@gir.&lﬁé@f 8b@8LY 8Onlan@ictL8s.pdde t hewgase of the

bond coat, it_is r a,MCrAll7 c tin n which Mis preferablya
metal sel ect@d FPOr gr‘;t}é; %GB *Bofs §?Tn§“a]0?eﬁ%i & cobalt, iron or

conbi nati ons of these. Ocher el ements such as hafnium 10 or silicon can be

added as @ sepcabhed; £Lactl Vs ELEJ’JEBE ?.ggbt%n EfAgonderc g siacrease the

resi stance to oxidation and service he bond coat. The bond coat is
preferably appFPedlsy Heanse an?%‘%f‘@l SBFayPTRPLY fPYieBE88Sr ¢L \Arcuum pl asma
sprayi ng (| awoseicanim pblase spraying (APS). During plasme spray-

ing, a plasme jet is used, the thermal energy of which
is created as a result of the recombination of a previ-
25 ously produced gas plasma. In the plasma jet, the mate-
rial to be applied is fed as powder. In the case of at-
mospheric plasma spraying, the removal of material is
carried out in normal environmental atmosphere. The
use of atmospheric plasma sprayving as a method for ap-
30 plying the ceramic coating has the particular advantage
that the turbine casing sections, which as a rule are-
guite laxrge, -do not have to be transferred into a con-
trolled atmosphere such as a vacuum chamber. The gqual-
ity of the ceramic coating which can be achieved with
35 atmespheric plasmea spraying is readily adeguate for the

purposesg according o the inmvention.

The turbine casing section, according to the invention,

for example can D2 z so-called high pressure turbine



15 spray, LVPS) can be used, hut also atnospheric plasma spraying. A
suitable material for the bond coat is for exanple a fine-grained powder on
a CoNi CrAl'Y base, such as nmdry 995, obtained from Sul zer Metco. 20 The
application of the ceramic coating is carried out according to the
invention preferably by means of atnospheric plasma spraying (APS). During
pl asma spraying, a plasma jet is used, 7the thermal energy of which is
created as a l he ombi nat | on of Levi- 23.0 duced gas
plasma. In thﬁl&sl aélr]r!iét&n5 u#ﬁg‘ﬁatogf al ’th begn ap|51 ied” i f’ecfx;*%rlgomder I n
the case of @@ s%ﬁ?ér%n@ SEASRE SPr aPEngchi AEinenoy %t‘alriatséﬁ—dtng s carried
out in nor magaEnytEerdEY ato atnesaheeatlaﬂecuﬁewetcnat megRher ife1 asm
sprayi ng as a rretlaq f or ap; f%%l the cerarrztfc coat| ng has tf

particul ar advantage-t hat tlh“‘? & Casi g sectidns, Hhi gf?réjs rule are
qui te | arge, €40l figindyawadt enbéueﬂaﬁsbeomtedaa; e ot @swidnt r diee¢<atamospher e.

such as a Vaf?élU&&hﬁ@%hlc?hel@%ﬁii’e&faéé@vﬁe{garﬂoc tf}féat iRgntigh can be
achieved with 35 atnos rlc ma sprayl ng is read |d>/ adeauate for the
pur poses accdr o Tgtd \thﬂsd'r‘f 7L PR S old EeppdESof a j et
engi ne. The possidtaplyod@d s:eaBlol%gbef 1've¢t1m$ t Beclachoews iy aforecxsiiml | seal i ng

gap accor di ng-49 ééteaagtve%eomhaar&e&%@é bbaeiheflts; esheahaldogd n the
hi gh- pressur ur bi ne, nproved 5 efficiency and in fuel "econony as a

result. %%‘?‘ ar? CDE%‘a“tq%gl%l %‘h“?%“eﬁdapl°'?]@’tft & ATRGSESLBRe | Mfenti on
prefer abI y h‘G}SP abpadostiy of kel arcki¥ hyaked uten s ew:DtIilef etabl v 20 to 30%

by volume. 3u Qr 0sd L.y %ontcrﬂeb ecsmthjdgjs%@q[n@g t,he_, ﬁ? %r &Qating

sufficiently sot 10 and t0 provi de T ts s6-calléed abra operties. |f
the bl ade tlh'l%flt h&or e?teord%%dcdﬁt a”dt“%%hwgﬁcﬁ“étcéfﬁ&ms@aeéétq ng, the
mat eri al pai ghrfhay cBﬁJbbm:ﬂgcﬁﬁmﬁi@gcba"iﬁoerd%SdcgﬂgdvenySUEhp&c\Aay t hat

t he seal.i.ng c§urface of Iteql%v %r%rﬁ‘l C COE%\'[I ng |s exg Iu5| \ﬁ_el Y- oréAp e-

dom nanj1 y renove P(d wear | 61r Tl f a1 it 1 e C“CLUr 5 the bl ade
tip. For achbesuniy Otrhehpopésﬂeyt-pt is preferred that the applied ceramic
material at the tinme of application 20 contains a .portion of a thermally
renovabl e m#]erl al..ln this case, it _can espem all¥?be a Iymer such as a

pol yester. THeT nBFEYSYoibyEBF e PRERRS ¥ hat™ Tt e nRF 8F Pt o sUpPl yi ng
t hermal energypliestapesafionmelherdeiamic tbat itignd aogela;prdno@mip:lnet ely

Wi thout esi due-and 25 %8v§£’of9'°b?9 ol e&&’eﬁﬁmabqfil Qﬁ%,,&)@étbtﬂ £€%nald g form of

pores. The renoval can be carried out %TLmeans of evaporation, sublinmation

or thermal dBLoMpSsitdth or b RS h’e°§a§‘eé1?slyﬁ‘r'6d§8f:§ 6 2
deconposi ti arolegssaE:ng. TArererddiyon-amesiadilentmeaesandha ti nher medicatie coat -

gl, when suppiving thermal energy, escapes from the ce-
ramic coating largely or completely without residue and

25 in so doing leaves behind cavities in the Zform of
pores. The removal can be carried out by means oI
evaporation, sublimation or thermal decomposition or
combustion, the gaseous products of decomposition es-
caping. An ercosion-resistant ceramic intermediate coat-

30 ing can optionally be applied to the bond coat using a
ceramic powder such as Praxair 1484. This is prefera-
bly carried out by means of atmospheric plasma sprayv-
ing, which restlts in a coating thickness of 100 to 300
um.

The ceramic material of the ceramic coating is based
for example on Zr0O; (zircorium dicxide) and can be doped
with rare earth metal oxides such as Y30; or others.

Suitable spravable ceramic powders can be based for ex-



30 ing can optionally be applied to the bond coat using a ceram c powder
such as Praxair 1484. This is preferably carried out by neans of

at nospheric Plasma spraying, which results in a coating thickness of 100 to
300 um 35 The ceramc material of the ceramic coating is based for exanple
on zr02 (zirconium di oxi de) and can be doped wth rare earth nmetal oxides
such as Y203 or others. Suitable spravable ceramc povvders can be based for
ex- - 8 - anmple on YSZ (yptria-stabilized.zir

exanpl e pol yaé e for %r od rlat e é%r?*ea por%%gl "{Bé'gqarg owder is
obt ai nabl e f¥om Stamele H\?B{}@ﬁtef”orfOéx@rf}@péClnﬁdeth%%o@é%i gﬁaftqw Met co

2460 NS. 5 The tmcg@%rg ;k%eapmsl ebreenanle epati Hg £an yuwierably lie
with the rangoe of 0.2 referal mm Such a

conpar at i vel ¥°% hT}f?I%‘r“amu@dz?Er érggbpegi:%%?rjnﬁ’ ﬁéaﬁ‘cr?otzggﬁd Bhicy or little

tendency 30 10 break away in conparison to a thick ceram c abradable

coating (formexampl g.d.4un ¢ hi gﬁg g}@bth&a@ePﬁn feptased, by-L4ne,net.hod

according to the 1 nvention. An exenpl ary_enbodi ment of the nvention is
descri bed 1587#Pthet ¥oIidv g e &8P Oh PefeFBnée™o TP BRATHS. I n the
drawi ngs: Figly 10shows a.6rosms sedddionat hoowghea ey twrip nesisectd on; 20

o0 L2 ho bl AN | S Olnch ot B2 BASLAG: oF) s i Shaadg, T eract fon
of turbi ne bl ade and sea surface quri ng _operati on.
break away in comparison to a thick ceramic abradable

coating (for example 4 mm thick) which can be replaced
by the method according to the invention.

An exemplary embodiment of the invention is described
15 in the following text with reference to the drawings.

In the drawings:

s section through a gas turbine

Fig. I: shows & cros
section;
20
Fig. 2: shows a plan view of a turbine casing;
Fig. 3: shows the interaction of turbine blade and
sealing surface during operation.
25

Figure 2 shows in plan view & turbine casing 1, on the
inner circumference of which holding segments 2 for the
seal segments 3 are arranged. The seal segments 3,
which butt against each other around the ciréumference
30 of the turbine casing 1, have sealing surfaces 4 on .

their radially inwardly pointing circumferential sur-

faces 4
In Figure 1, reference number 5 schematically shows the
35 rotational symmetry axis of the gas turbine. A muiti-

plicity of turbine rotor blades 7 (rotor blades or ro-
tor vanes) are arranged on the rotor disk 6, distribut-
ed around the circumference. The radizslly outwardly

pointing =ips of the turbine blades 7 seal against the



25 Figure 2 shows in plan view a turbine casing 1, on the inner
circunference of which holding segnents 2 for the seal segnents 3 are
arranged. The seal segnents 3, which butt against each other around the
circunference 30 of the turbine casing 1, have sealing surfaces 4 on
.their radially inwardly pointing circunferential surfaces 4. In Fiaure 1,
ref erence nunber 5 schematically showsothe 35 rotational symetry axis of
the gas turhine.. A nulti- plicity._of i ne ar sblades .7, (cator bl ades
or ro- tor vsaer?gle)ngarDél"érarcg% édb%ntﬁ%@%%q?'#%(&&?’ g%gt_grﬁBﬁt-géd ar ound
the circunf @®edaslufite ar &6RALRY 680 war WliCHothtFHEH RS0 T PRe TBEr bi ne

bl ades 7 sead; @uaidsl tJ¥ tire SratseakaBaususf ag@s theof-otBe sadliuseyments 3
and with these inglude a sealing gap 8 which Ls calculated fromthe
difference of°t he 8FafSrF Vadilus g =ard The 4%t %1’*?%‘ s 4. “HRe %8Fr ow 11
refers t6 t hdah médtarorilofvst hergash 5-Hd aeswitiugkiffows t hrough t he gas
turbine. Figure 3a shows the initial state which is also shown in Fiaure 1.
The seal segnent 3 in this enbodinment has a ceramc sealing surface. 10
During oper atiBH of>3 heRe¥yyi heS R attouhtaof Wﬂé?brmfseiﬁﬁgsisglﬁ "and/ or of
rotor eccentir citguredii.ch Ihe seheémaegmaht y3 showhiy edodirBpguhes3b,
cutting in of the tur @e%%iﬂbagﬁrgaé&to the sealing surface of the seal

10
During operation of the engine, on account of thermal
expansions and/or of rotor eccentricity, which is sche-
matically shown by 12 in Figure 3b, cutting in oi the
turbine blade 7 into the sealing surface of the seal
15 segment 3 can occur. As a result of the cutting in, a

cut-in notch 14, which 1s schematically shown in Figure
3c, is created in the seal segment 3 and the blade
length 15 is reduced as a result of material removal at
the tip of the turbine blade 7. An enlarged sealing

20 gap 8a ensues and the efficiency of the engine reduces.

For implementing a repair method according to the in-
vention, first of all the existing and completely or
partially worn abradablie seal (abradable coating) 1is
25 completely removed from the seal segment 3. In the ex-
emplary embodiment, it is &a porous ceramic coating
which is about 4 mm thick in the original new state.
This, or its residue, is removed Dby means of a high-
pressure water jet. If necessary, remaining residue of
30 +the abradable seal can be chemically and/or mechanical-
ly (for example by grinding) removed. The removal is
therefore carried out with the excepiion of the base
material of the seal segment 3, which is a nickel-based

superalloy.

2 check of the sezl segment is then carried out, espe-

cially & check for cracks by means of penetrating fliuo-

1]

rescent dye soiution. If cracks are indicated, these



15 segnent 3 can occur. As a result of the cutting in, a cut-in notch 14,
which is schematically shown in Figure 3c, is created in the seal segnent 3
and the blade length 15 is reduced as a result of material renoval at the
tin of the turbine blade 7. An enlarged sealing 20 gap 8a ensues and the
efficiency of the engine reduces. For inplenmenting a repair nethod

accordi ng to the in- vention, first -oficakl the existing and conpletely or

partially wo segneﬁ?&%%nc %%g&gd QIQ Q%b 9%¢o§n§5 %ng §%§Iy renoved

fromthe sea he exenplary I'S a porous
cerami ¢ coatd¥gy vﬁﬂnﬂ¢¢@§1abeuﬁca~¢ﬁn%nﬁny<gaﬁ ﬁﬁéféﬁﬁgw¢%@lqﬁﬂN state. This,
or its residue, is renoved by nmeans of a high-pressure water jet. |f
necessary, rena|n|€§%re5|due of 30.the abrqgable seal . can. be chenlcally

and/ or mecharTaf P (1r &% By Uis narhy) SFEfoved’  THEFBNSY&l is
thereforé cazremcadaooummthhehexexepep@nomof-rtehebMemnaeeth oefret he seal

segment 3, whi Gl 1% g, nickel- Q@Ssdlﬁa!pﬁ&aié»oym&ﬁ@%& gl-the jseal

segnent is then carrled out, especiall i a check for cracks by nmeans of
nenetrati ng T3 USSR WAE 1961 ut i DnSOFCETRERCH et ndftaled =fflese - 10

- can be rensched ayd neaiscredsss usf aoraskledi g, drer smedmmoplser fespeci al |y
tungsten . 'ngé]f 935 sy as,%%m\éﬁgdbng Jhsnéeéiflpgsl%&&ﬁvee%n% e gseal

segnent 3 are 5 renove t he exception of the base material, are
pr epar edChy h%ns Bte FRMdictg SPASAPRT §THig t HR GRS 1708 P8I WESRBIEng
coating. A sef derrnpsiedomnses tdafwd@esn R@dnslaapeoandntehsaiﬁaesgoes agttached to

the.sealing urface oi}3Q§ S€¢ g%gqggt Q¥¥%€§%§ %ﬁﬁﬂétgn%%gspot wel d-
tal'ns

10 ing. The a pl?%%KsoIJ%r-pre orm Co of “a nickel - based
powder (René3 ) Pyt weegmaneft ygekas Pﬁe°ﬁ|d%ékkﬁaSBHaé%hér§¥réy3of t he

seal segmentyBcanhbRR%aRY s WREORIn®fpdlirekelowased sgbder Praxair N1-173 with
bor on ais'a melting point |owering agent.
The seal segment 3 with the attached solder-preform is
taken into a vacuum oven and at a pressure oI 107 mbar
is heated to the soldering temperature of 1210°C and
held at this temperature for 15 min. The temperature
20 is ther lowered o the diffusion temperature of 1100°C

and held at this temperature for 120 min.

After cooling, a visual check and an adjustment of the
finel shape are carried out. This adjustment may in-
25 clude for example grinding or else hot forming of the
seal segments in a hot form press. A check for cracks

can again follow by means of fluorescent dye.

For preparation of the plasme coating (applying the ce-
30 ramic coating), a so-called activation radiation is
carried out. For this purpcse, 21,03 blasting medium of

grain mesh 36 is used.

In *<he next step, a bond coat is applisd. For this
35 purpose, a fine-grainsed powder on MCrAlY-based Amdry
995 is applied by means of vacuum plasma spraying. Tas
coating thickness of this bond coat lies between 100
and 300 um. An erosion-resistant ceramic intermediate

coating can be optionally applied te the bond coat us-



15 The seal segment 3 with the attached sol der-preformis taken into a
vacuum oven and at a pressure of 10-4 nbar is heated to the sol dering
tenperature of 1210C and held at this tenperature for 15 mn. The
‘tenperature 20 is then lowered to the diffusion tenperature of 1100C and
held at this tenperature for 120 mn. After cooling, a visual check and an
adjustnent of the final shape are carmled out. This adjustment may in- 25
clude for exanple grinding or else hot forming of t seal, .segnents in a
hot form prjexggéj . “A%(?ﬁ@énﬂcf (?rowéfeéck‘c’smcanasag%]i‘ﬁg?%ﬂ 6\%%%5/ msiamjssqofl °
f1 uor escent miyefefdrlypregarisid oerof DY heephasmd eFavisRget appbyiesgat he cc- 30
ianb c coatigayiheo-hdldred-aatidation: raghalh@nchscgaddd egzodlpo For this
Pur pose, Aa203 gl asting mediumof grain nesh 36 is used. In the next step,
a bond coat ¥S Hffpl4%d. For this 35 purpose, a fine-grained powder on
MCr Al Y-based ndry 995 is applied by neans of vacuum pl asma sprayi ng. The
coating thi cknesg, ofoLhi ét@andtﬁ@gacéaaeﬁ M%@a%ﬁ%d%@ﬂes%aﬁ%gp‘n |

erosion-resistant ceram c Intermediate_coating c e optiognally applied to

the bond coatttls-the dgsirghgafdedniT@iF6NEEF StckheayePrakarr 3P484. This is
preferably carmted qutcdy. rfeans tof taknmespherdcy prrasndrsmrayingaowhi ch
results in oatin ickness of t chnykh step, the

act ual ceraﬁ?%‘%%’ra a%)ltyggéggtai Iﬁg WEH 't %&ée%%gjs?rélgg Nn%tgsri a C%'hi ckness of
between1® 3 and 2 nmm (1.2 to 1.5 mmin the exenplary enbodinent) is plied.
As coating meh&r halily Mg :246Q:dNS ing usatacEhe: newbynhapphj eésgeal i ng

surface is ng{:amlr]yedgroefn%gcv%ll £¥cg£§§r@d} i f necessary.

By means of the method according to the invention, a

15 comparatively thick ceramic abradable coating (4 mm)

has therefore been replaced by a thin ceramic abradable
coating which is applied to a seal segment which is re-
inforced in the substance of the base material by means
of diffusion soldering.

20



By nmeans of the nethod according to the invention, a 15 conparatively thick
ceram c ‘abradabl e coating (4 nm has therefore been replaced by a thin
ceram c abradabl e coating which is applied to a seal segment which is
reinforced in the substance of the base material by nmeans of diffusion
soldering. 20 - 12 - Patent clains 5 1. Method for repairing sealing
surfaces of seal segnments, arranged-odZ2the inner circunference of a turbine
casing section, of a rotor/stator seal of a gas turbine, with the steps:
10a) Renoving material fromthe sealing surfaces (4) of the seal seynents
(3) with the exception of the base material of the seal segnents,

b) Applying at | east one netalliratentfetCinky coating 15with a materi al
thickness of at least 1 mm c¢) Applying a ceramc coating with a nmateri al
thickness of 0.3 to 2 mnmm 20 2. Method according to Claim1, characterized
in that the et ddthedr doif grepieng-uoaceadinassurnatesi af 8eathéesane type as
the base materi gler@ls ,t hg-rs@afese8iMne 2bnBer MRliReAmacesndbNngpt 02C aim 1 or
2, characterizeq:Ln%that t he nggg%lic rq%nfq;ciqgngoaginggi$ gppLied by
means of a process s&eSfEd Fr OnY rHE group” const <tfing 6f werdrng® sol deri ng
and sol der - di f f sisorugdiing . awprlesing ertessol der. Preform 30 4. Met hod
according to Claim3, characterized in that the solder preformhas at | east
40% by wei ght, preferably 50 to.§596b wei ght,_.nore prefera?li 6% to 80% by
wei ght of% a bagé RSRRYerSofarRE*3ant” U pe B Fisd 2hafer fal O5f the seal

segnent, and a the seal segments (3) with the exception of the
base material of the seal segments,

b) Applvyinc at least one metallic reinforcing coating

15 with a material thickness of at least 1 mm,
.c) Applying a ceramic coating with a material thick-
ness o 0.3 to 2 mm.
20 2. MNethod according to Claim 1, characterized in that

the metallic reinforcing coating has a material of
the same type as the base material of the s=al seg-

ment.

25 3. Method according to Claim 1 or 2, characterized in
that the metallic reinforcing coating is applied by
means of a process selected from the group consist-
ing of welding, soldering and solder-diffusion us-

ing a presintered solder preform.

30
4. Method according to Claim 3, characterized in that
the solder preform has at isast 40% by weight,
preferably 50 to B85% by welight, more preferably 60
to 80% by weicht of a base powder of the same tvpe
35 - as the base material of the seal segment, and a2

soldexr powder.

-

5. Method according to one of Claims 2 %o 4, charac-

terized in that the metallic reinforcing coating



solder. Powder. - 13 - has a material thickness of 1 to 4 mm preferably 1
to 3.5 mm nore preferably 1.5 to 3 mm nore preferably 2 to 3 mm 5 6.

Met hod according to one of Clainms 1 to 5, characterized in that a bond coat
(18) is applied before applying the ceram c coating. 7. Met hod
according to Claim6,. characterized in that 10t he bond coat (18) has a

mat eri al based on MOA'Y. 8. Method-aéeording to aim6 or 7,

characterized i pathat fhet:hi-ckirassn@kst kg bong, cgaa;nn( 18) ek s:-Qrinm or
less. 15 9. Method_according to one_ of c;ﬁaract erized in that

the appl i cation-of “¢ he ‘cerBhi ctoat Pn&rfziﬁ’l}s]lcéir rF2d odt™by™E&ns of

at nospheri c pl agprefsepedyyny {ARSmm.20 10. Met hod according to one of C ains
1to 9, characterized in that the ceram c coating (21) has a DOrosity of 10
to 40%% vol une, preferably 20 to 30% by vol urre 25 11. Method according
to d ai nP10,6 cHAFARE eRFRUAING tA0atonEh @ IGriEemey 1i $Oeff eCPEH2BFSE porti on of
a thermally rendvabl enrrahetl al pomc t beamplded ceppliiednbeepral ap30 12.

Met hod accordin har i.zed in that the thermally renovabl e
material is a pg)l é’omrslg @E era y’go(étﬁgﬁx ester. 35 13. Method according to
one of Clainms 1 to 12, characterized in that the ceramc material of the
ceramc coatﬁ.nge@@mahaaozﬁ@g to Claim 6, characterized in that

10 the bond coat (18) has a material based on MCraAlYy.

§. Method accordinc to Claim 6 or 7, characterized in

that the thickness of the bond coat (18) is (€.1 mm

or less.

(e}

. Method according to one of Claims 1 to 8, character-
ized in that the application of the ceramic coating
(21) 1is carried out by means of atmospheric plasma
spraying (APS).

20

10. Method according to one of Claims 1 to 9, charac-
terized in that the ceramic coating (21) has a po-

rosity of 10 to 40% by volume, preferably 20 o 30%

by volums.

11. Method according to Claim 10, characterized in that
the porosity is effected by a portion of a thermal-
ly removable material in the applied ceramic mate-
rial. '

30

12. Metnod according to Ciaim 11, characterized in <hat

the thermally removable material 1s a polymer,

preferably a polyester.

. Methed according <o onz of Claims 1 to 12, charac-

[WS)
w
[
)

terized in that the ceramic material of the ceramic

coating contains Zro,.



- 14 - .14. Method accordi ng to one of Clains 1 to 13, characterized in

that the thickness of the applied ceramc coating (21) is 0.2 to 2 mm
preferably 0.5 to 1.5 mm

- 14 -

.14 . Method according to one of Claims 1 to 13, charac-
terized in that the thickness of the applied ceram-
ic coating (21) is 0.2 to 2 mm, preiferaply (0.5 to
1.5 mm.



