Engi ne conponent for a gas turbine The invention relates to an engine
conponent for arrangenent in the gas flow of a gas turbine. Engine
conponents of gas turbines, such as jet engines for aircraft, have a
defined shaping which is adapted to,
0, the respective intended use in the gas flow of the turbine. The shaping
of the turbine blades or vanes in the conpressor stage and turbine stage of
a jet engine, 10 in pagtineUkampohsnerist ad d« aghiewkng a hi gh degree of
efficiency of the engine. During operation of a gas turbine, foreign
bodi es such as sand or ice which are sucked in with the air flowresult in
er osi on on"the engEre conpongrites, and &hi sechangescthecistended shape
and/ or surtage,qualdd vi.andnean thenefor s i gpajls thedegr eq.of: ef fici eney.
Furtherpore, inpurities and/or conbustion residues introduced together with
the air®fl oWRANEad®20 Géposits 6 't he Slir ficel dF &HEiMeS cémponent s such
as turbi neabtadges: orraanes, cmidehesednikew we dhangeatihptgas bl ow at t hese
component s and tBgrefore iopakkckhe,degege ol efiicigngy. . The gaxi mm
service life of a"gas turbine is reduced by such erosion and/or soiling. 25
The use of “&hithh- priés SUrPEWat & | 0 7CFe&n - -éf2Engin&8=FE kRown from
evi dent prtios daserckgptrheraporeanyaridusne oatdgs 0fa met-akhizentur bi ne bl ades
or va ar ) -and ace_primrily intend to.i.ncrease _the. 30 thermnal
st abi Irlﬁtsy ”t'rgﬂe%r efo“:‘%m‘f%é’ i _ﬁ\%eﬁf"l{l%ggi” s“%aés\é‘dl%%%t & (?b@ljgg‘ct%egfe%r ®Vi ding an
engi ne conponeitenel PRetE§pe #ehti oned in the introduction which has
i nproved resistance to soiling 35 together with good wear resistance.
According to .the | ntion, .the object .i.s _achieved in that at |east part of
t he surfacﬂep"wo%gtﬁlg@é‘/’%gf“ﬁg o %or?gi%t ,“’q‘\t/\r/t}ﬁ% i §O§§58§e§0?6*% hé"Gas flow
during oper aidoh, hasarddifit edhydfoger<edntai niing: aiwr phiousfoar bon | ayer or
coating whihlics appbieek by BRARS=OforarivAC R GoakiRg teghnigue. 5 Firstly,
it is necessary to,explain some.ternms used within the context of the

ges ded Bhabe an r surface guallty an

. . Chan the" ntende
I nvention.
can  therefore impalr the degree of efficiency.
Furthermors, impurities and/or combustion residues
introduced together with the air flow can lezd o

20 deposits on the surface of engine components such as
turbine blades or wvanss, and thess lilikewise change the
gas flow at these components and therefore impair the

degree of efficiency. The maximum service life of a gas

turbine is reduced by such erosion and/or soiling.

25
The use of a high-pressure water Jet to cliean jet
engines 1s known £from evident prior use. Furthermore,
various coatings ©f metalilic turbine blades or vanes
are known, and are primarily intended to increaze the
30 thermal stabilitcy thereof.

The invention is based on the object of providing an
engine componeant of the type mentionad in the
introduction which has improved resistance to soiling

35 together with good wear resistance.

According to the invention, the obije

that at least part of the surface of the esngine
component, hich 1is exposed to the gas flow during



engi ne conponent for arrangenent in the gas flow of a gas turbine denotes
any conponent which, when 10 installed as intended, is exposed to a gas
fl ow over at |east part of its surface during operation. This may be the
gas flowin the conpressor part, in the conbustion chanber or in the
turbi ne part downstream of the conbusti on chanber in such a gas turbine. 15
The invention provides that at |east part of the surface of such an engi ne
conponent erably a rt of the surface exposed to the gas flow during
operatlon)ggéggbLgpdlflz 2 hydr ogéeh- conrgrnlndgﬁﬁﬁ?pﬁoﬁgnt%Wbﬁﬁ?Iayer whi ch
i s appli ed2ByrHeans @@“@OVaéaMﬁ¥c@étﬁ@g technirqué. itshexpgantexteof the

pr esent paheaisa@phgeﬁgwﬁwh dcheibermimodifd ed, hydrogen-containing

anor phous carbon layer"” is used in the manner defined in VDT Cuideline
2840, issue 25 Novenber 2005. Carbon | avers such as these are applied by a
vacuun1%oaflﬁ@wmechmrques Fhrgspref erablagtlakes Phacecatmeoati=-Ag

tenper at ures:iof; reemi.erperature.d o, ahout; 300C. 30 According to the
above-nentioned VDI Guideline, the anorphous carbon | ayers are subdivi ded
into seven types of |ayer denoted by the abbreviation a-C (a: anorphous, G

carbon). Te grows cforamorphoudsrcarbenckayetsicanhe gasaksgybgsreferred to
as Di anond. Li Carhan (PLG)., 25 different amorphous types of
car bon Iayerf%%%ur contain ﬁ@é}gﬁen %g 3 %% “rhefef ore f%gﬁﬁpart of the
present i nvereioRd 3531n“?ﬁ%m?ﬂv%ﬁHQ%ﬂ?3%§suﬂbébgﬁﬁz@dOWhaveSU@b a surface

modi fi cat ilemsmakesti bipoassi bhefde: reduce thetendency,of the ;surface of
ly.the_so-call ed anti-adhesive

engi ne conpenents -t er. de, L0 Itaneou§
ef fect of suc% a nogrflgd éérg%ﬁ%rggé? reduces “t'h& EeidBIey- ot sai d surface

t o become S$6{PBH. Wt hith tHe coHEBRe of Pae idwemtieny the hydr ogen-

cont ai ni ngoabs phauscicanhon lrayeeri s pasticubardy 10 preferably nodified
with a;non-netal, e.g. silicon, oxygen, nitrogen, fluorine, boron or

m xtures of these non-metals. The nodi fi ed, hydrogen-contai ni ng anor phous
carbon | ayéf F%ﬁWqQﬁﬂ@ﬂ|yyﬁm@ﬁéﬁab¢?a©0ﬁﬁ1|S@@Sa CoktSi and/-oe

a-C H Si: ©.Ac0f dNokyshi bni sn@quéf(g@rgiﬂj@,get&er Mdh sil &cgn Qr.Wth a

conbi nati op of, SI|ICOE and oxy % Such a partlcu arF eféfred carbon

| ayer is denotéd by %CFay§F fifber ©9. 75PR t &5Fe F—@W VB??@HEdellne 2840.
operation) has modified, hydrogen-containing

O amorpnous carbon layer which is appliad by means of a

39

vacuum coatbting technique. Within the context of the
present patent application, the cerm "modifi=qd,
hydrogen-containing amorphous carbon layer" is used in
the manner defined in VDI Guideline 2840, Issue
25 November 2005. Carbon layers such as these are applied
by a wvacuum coating technigque. This rreferably ¢
piace at coatin Cemperatures of room temperaturs to

aboul 300°C.

30 hAcoording to the above-mentioned VDT Guideline, the

amorphous carbon layers are subdivided into seven rvpes

J

of layer dencted by the abbreviation a-C (a: amorphous,
C: carbon). The group of amorphous carbon lavers can

also be referre te as Diamond Like Carbon (DLC). OF

H
B

ferent amorphous types of ecarben layer,

Fh

the seven Jai

tad
o

four contain hydrogen (a-C:H) and therefore form par:

0of the present invention.



20 The hardness of an engi ne conponent coated according to the invention is
preferably at least 5 GPa, nore preferably at |east 7 GPa and further
preferably at |east 10 GPa. Typical hardness ranges for an a-C. H: Si o0

| ayer nmay be, for exanple, 25a-C.H Si |ayer between 10 limts for the

har dness are between and 15 30, 25,- ¥ .and 9 GEa, for an GPa. Typi cal
upper 20 and 15 GPa. The hardness is oreferabEy neasured as HV30 accordi ng
to DIN EN 18Q 145/¢:1. .30 Ln.a preferred. enhodi ment . ofinvention, nodified
carbon | aver has%éféalegfﬁe, %%S\Aeg%”% ‘Ji_T ess thah 4G4/ Fm) St0°15¢ preferably
| ess than 3B RAY °10MEE2and of urdHero4sr efcer abliycd ess=t hana20cy

(m8/ Nm) . 10-d5 3beThe:er=asi obrr eshsidnCceadRnbe det.er m ned on %pg basis of a
al abrasion by a

rotary wearg;test. . This .invaolves the measurement of material é
rotating spshler:le or r%%]#erq“mﬁi q%ornqbé*‘a“gai"ﬁ&“f‘%e%h‘r’? acér=The %ear vol une
can be 7- £UCh fapediateed $30mn héapeesseycPrs essur e;ergeomet ries of the
sphere or relibesuang-4 he, Wealonkr ackadhe standard which is relevant for
this is ASTM 0 99. According to the invention, the nodified,
hydr ogen-cont ai ni ng anmor phous carbon | ayer has a Preferred degree of wear
of |ess th&ATA0" (MBfeMFoL0=15. Fur ther preferience kseginend.e-wear vol unes
of |ess thadn30: {IBNEMmoA0LE orcafd.ess than 20 (n8/Nm . 10-15. 10 An
engi ne £onpopent_ coat edqjagco ding.to the 1 nvention ef erably “Kas a | ow
surface energy. Thi's I"0W StT ade Ehef gy Hedlitd2that ¢t spursiitliiesndo not adhere
to the surfacesn orniddivere t Hénetdnto acrbnobrextientr=AS a kesult, optimm
flow conditiens-ware meiataiped:Ln thesaas turbine over a |onger service
life; a correspondingly slower ldﬂropn%tabgé ‘ﬂhcaolj‘s‘ta‘ .lEQT@FFBengH?e (EGT)
occurs. Sific & high “degrée*oFLef 1 cPents ats t Iveruby seet ai-Aed: over a | onger
period of aiger the TF:fe :on Wane (IO vof sj:et:enghnes; can.be, ..
15 with silicon or with a combination cf sillicon and
oxygen. Such a particularly preferred carhon laver is
denoted by the laver number 2.7 in table 1 of VDI

uldaline 2840,

2

20 The hardness of an engine component coated according to
the invention i1s preferably at least 5 G&Pa more

r IO RA
preferably at least 7 GPa and further preferably at

least 10 GPa. Typical hardness ranges for an a-C:H:81:0

=

layer may be, for example, between 7 and & GPa, for an
S P T .o 1 — - ! - [y
25 a-C:H:51 laver between 10 and 15 @ra Typical upper
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30 In & preferred enmbodiment of <the invention che
tion, the

40 {m°/Nm)- 10"

s
and further preferably less than 20 (m®/Nm) 10

m3 N -~ L= ) /
e erosion resistance can be determined on the basis

(€Y
o

ol & rotary wear test. This involves the measurement of
material abrasion by a rotating sphere or roller which

3 i~ 4o 4= ] 3 e o N T
ruos  against  the  surface. The wear volume can e



20extended. Preferred upper limts 45, 40, 35, 32, 28 and ranges accordi ng
to to 35 MV mfor an surface energy are 50, Tybical surface energy are, for
exanple, 30 and 22 to 26 nWm for an a-0:H Si:0 coating. The thermnal
stability of a coating according to the i nvention can preferably he
in the range of 400 to 30500C. Wthin the context of the invention, the
nodi fi ed, hydrogen-contai ni ng anor phous carbon | aver can be applied
directly to the substrate material of the 35 engine conponent or else be

t he topnnstC[éyéF%gf§a”ﬁPﬁrgf?TyQE?STé?%r§?e55?ﬁéfc@ﬁ@@ﬁttayercﬂtcording to
the inventi 6A® §Pappti ed bylieansndf taevacuum €oatid NG iechnigue.s i n which
the coatingwimterial rksefigst by copverted, ipto the ags phase and then
deposited on.the substrate. The vacuunlcogfrﬁbciéthn%ﬁ68r9$nﬁréPerably

sel ected from t he group tonsi St ng "6136Hys cal hvdpererdepasitinans( PVD) |
deposi tion

chenicaﬁ5vaﬁ@@f@@pﬁghﬁhdmm(GHQQrrﬂ&@n&-@&ék&k@gdph¥§i§@|oya%% r
jtibnﬁ(PA—CV%

depos

or a

(PA-PVD) ang: pl:aspe-asgl sted ghenjcal ;vapor.

10 The coating accordi'ng 10"t he- Friv/éittcon>Fs

conbi nati on Lﬂgr%pf. f t i
pref erabl y producéd”6y™a” combtnati orfssf tR¥D and (PA:@yploTheotayer thickness
of the nodif4sd,cthydEdgen-/wm) - 1071°.

1¢ AN engine component coated according to the invention
preferably has a low surface energy. Thiz low surface
energy means that dmpurities do nor adhere to the
surface, or adhere thereto to a mMinor extent Az &
result, optimum flow conditions are maintained in the
15 gas turbine over a longer service 1ife; a
correspondingly slower drop in the Exhaust Gas
Temperature (EGT) occurs. Since a high degrse of
efficiency is thereby retained over & longer period of
time, the Time on Wing (TOW) of jet engines can be
20 extended.
Preferred upper limits for +the surface energy are 50
3 ;
45, 40, 35, 32, 28 and 24 mN/m. Tyvpical surface anergy
ranges according to the invention arae, for example, ;O
25 to 35 mN/m for an s-0-H:.51 coating and 22 to 26 mN/m
Lor an &-C:H:51:0 coating
The thermal stability f a ceoating according to the
invention can vreferably be in the range oI 400 to
30 00°C.
Within the context of +the invention, the modified
e :
hydrogen-containing amorphous carbon laver «can ©be
applied directly to the substrars material of the
35 engine componant or slse be the copmost  laver of a

pilurality of layers.



15 cont ai ni ng anor phous carbon | ayer is preferably between 2 gmand 10 dm
further preferably between 3 um and 7 run. By way of exanple, it can be
about '1). The engi ne conponent according to the invention is 20
particularly preferably a turbine blade or vane since this is exposed to a
particular extent to soiling and wear -and, in addition, a change to the
contour or to the flow profile can contribute decisively to inpairnent of
the degree pf efficiency duri ngvogerag_i on 25 of a jet engine. This is
preferably aturbitié biEdé GFVane™? n ChéCorpre8s6en ot s conptesdor part of

the engi ne.by ndye | avent ioruahsoorelates.danra et engivie for-use in 30
aircraft, wisehphas,one Qr; nmore engine, coiponents acgcor dLng to the

i nvention. '[%emi nvention al so relates to a process “or coad i ng~an engi ne
conponent , S SFhiCH ' S oced¥ 53 “Fac iim doat Frgs 35 5r-0¢8ss Tacwsed to apply
a nodi f fed cohydrogeashoioniai i ngedroephous ccarhen kayer.»nJThe-engi ne
conponent isnikntended.to he arranged in the.gas flow of a gas turbine. The
process acgté))qugi %gnﬁ% tﬁgp%ﬁsvﬁer?tli g%%gén “éoose‘%tlf)‘ayégv?)or T 'He"ddhponent s: A
further th&3Broce88°aEEardi hg'Provie Heshew: partsed mis sficailshaghem process.
reconst r uctiepnsofi quchrengime aspestz o thes i HventdQn.is-to use to the

i nvention etroactivel h_a correspondi ng coating, and odtside the

act ual rog%‘g%;f o%l&AdQP\éntcg—g 0% aerﬁ)%ﬂg:l’%aﬁtjscpbf““teﬁénoprocess are described in
depen t clains 12 to 19. The process according to 10 the invention nakes

it possi bl end ocproduge stubbing; ceppanant spubich,are, p%&gkguggﬁl y resistant
to soiling and are.therefore also |ess susceptible to wear. The invention
al so relat®s 10 a process for  répaiti g -afendine’tonponent which is
intended to be arranaed in the aas flow of a gas turbine. The process

conpri ses tihe fob{oOw ngnstepss: a) peoviding ﬁgdgggéae CQ.UB,QQQGQ%_ havi ng wear
15 containing amorphous carbon layer is preferably between
2 pm and 10 um, further preferably between 3 um and 7

pm. By way of example, it can be abour 3 751

The engine component according o the invention isg
20 particularly preferably a turbine blade or vane gince
this is exposed to a particular extent to soiling and
wear and, in addition, a change to the contour or to
the flow profile can contribute decisively to

il

impairment of the degree of efiiciency during opera+tion

25  o0f a jet engine. This is preferably a turbine blade or

vane in the compressor or compressor part of  the

engines.

The invention alsc relates to a jet engine for use in

20 aircraft, which has one or more engine components

gccording ©o the invention.

The invention alsc relates to & process for coatincg a
engine component, in which process a wvacuum coating

e}

35 process 1= used to apply a modified, Thydrogen-

ontaining amorphous carbon layer. The engine component

0

is intended to be arranged in <the gas flow of & gas

turbine. The process according to the invention can bhe



20phenonena; h)working up the engi ne conponent in order to elimnate or
reduce the wear phenonena; 25 c)applying a nodified, hydrogen-containing
anor phous carbon layer as clainmed in one of clains 11 to 18 to at | east
part of the surface of the engine conponent, which is exposed to the gas
flow during operation. 30 Engi ne coapenents such as turbine blades or vanes
are regularly refurbished after a wear limt has been reached. Such
refurbishngq£7gggdcom%pisaﬁ%he nec ical. and/or.chenmcal remval of

"ON T es ) 35 the Tev T C i al Ténoval caused

cont ami nat i on resi dues and el "Ting-outof material

by erosi onCByrieehss of > appropti dEBSRACRENiFAa {(8vVeERtifit érs 41> Yseénovi ng
machi ni ng) -ae pyceanszefcrenewed appl iicathoncof -oateri@lsr g~ the wel ding
on of blade_or.vane_ material..The inxention enconpasses all of. this by the
. Provige hew TS Wit ooa crrespording m ooasting, .Aai

expr essi on”"Wor ki ng "up ‘He “engi ne cqqponen§ i'n~order toefinihate or reduce
the wear phenanedanisThedéheinon provideés thEt tdisator kimgugg iios fol | owed
byappl i cat pop-of= a nodi fied, hydrogen-containi ng anorphous carbon | ayer
according to the invention. Such a refurbished engi ne conponent nmay then

possi bly have a
Advantageous embodiments

claims 12 to 18. The process according

[N

of ths process are describe

t
8

in dependent

10 the invention makes 1t possible to produce turbine
components which are particularly resistant to soiling

and are thereicre also legs susceptible to wear.

The invention also relates to a process for repairing
15 an engine componant which is intended to be arranged in
the gas flow of a gas turbine. Thes process comprises
the following steps:
a) providing an engine componeant having waar
240 phenomena ;
b) working up the engine component in order Lo
eliminate or reduce the wear phenomena;
25 o) applving a modified, hydrogen-containing amorphous
carbon laver as claimed in one of glaims 11 to 18
to at ieast part cof the suriace of the engine

component, which is exposed to ths gas filow during

operation.

Engine components such as turbine blades or wvanes are

regularly refurbished after a wear limit has been

Such refurbishment can comprise the mechanical

raachad.

and/or chemical removal of contamination residues and
a5 the levelling-cut of material removal caussd by srosion

by means of eappropriate machining (e.g. material-

removing machining) or by means of renewed applicati

o
the welding on of blade or wvane

jle]

cf materisl, =.



| onger service |life than the new part which is not 10 coated according to

t he i nventi on.

of engi ne bl ades or vanes,

it can provided to elimnate

the erosion not deburring but also by providing the or vanes with an

opti m zed shape.
means that the shape of this

Si npl e of uneven sections on the surface of the or vanes

surface deviates fromthe ideal shape, and

the opti mum circunfluence of the blade or vane profile is 20 disrupted.

Therefore, it may b%
vane proflTﬁfiaN§¢|

advant ageous to_chan
A Fegf 8&?& “Whi'
t her eby ensuressetvter weikcuaf huenhee @ﬁ@@h@C@ﬂ@Kﬁ@mbladeoamevane

bl ade or
in order to
Wthin the

to_ch ge t he cogtoHr of th
cR aPEP Rt S af fect 8d by~ Br 6€i 6R°

context of_the invention; the. 25 .eng pe-coppgpent nmay be worked up in an
The

aut onat ed manner,

for exanple by neans of suitable handling robots.

inven ion is descrlbed by way of exanple below with 30 reference to the

appendéed drawiingeantoonpthel dasisnaof @nadvantageays ientodi meat .
i gure. 1a§§0%%%rexsﬂpga%da” apgenent, Of LW eng) 1

invention, of

drawi ng:

vanes, to t

accordlng

In the
blades or

a conpressor stage. In |guretmo

englneace§”6ﬁ?ﬁéﬁ§sc%%%ﬁﬁch?@ﬁ%é*rﬁ%éﬁﬁ?bwe 6f*ca *EdRpresSorS'stage 2 are

fitted onza r=@Gt:0riSnéddndryrimdi catredenitn nbhe cdeawbBg}ikly have &

longer

10 coated according

In the Ccage

furthermeore be provided to eliminate

}—.J
m

only by simp

engine blades

[
in

levelling out of

engine blades or

surface deviates Ifrom

clrcoumfluence of

20 disrupt
“he

regiong which

contour of
thereby ensure

or wvane., Within

.
angines

b
[E

Manner, for

robote.

The invention 1z described by way of

to the app

shows an

In  figure

according

service life

to the

deburring buz
vanas with
uneven sactlons

vanes eans

the

Therefore,

component  may
example

Hodiment.

exemplary arrangement
blades or wvanes
of &

COMPressor

than the new part which 1s not

inventicn.

blades or vanes, it

the ercsion

also Dby providing

an optimized shape. Simple

that &£he shape

the ideal shape,

blade or vane

it may be advantageous

oy vane profile even

Tected by erosion, in order to

circumfluence of the sngine blade

context of the invention, the

be worked up in an automated

by means of gultable handling

exgamolise below with

nded drawing and on the basis of

In the drawing:

according to

stage.

or wvanes 1,



Engi ne bl ades or vanes are generally orovided over the entire rotor 3. For
reasons of clarity, however, the IlustrationC dd restricted to two
exenplary engine 5 blades or vanes 1, 1'. The direction in which the gas
flow fl ows over the conpressor stade 2 shown is indicated by the arrow 4.
In the regions 5, 5 delimted by the dashed border, 10 the engi ne bl ades

or vanes |, |' are provided with a nodified, hydrogen-containing anorphous
car bon Iayegitgbgsgﬁrggtgp§w5,“52 conprise exactly those points at which
foreign substances aré worn off if"the &Agraectl adesrer danes:ar.e not

coat ed. Cor FédpondiirgisEs wontammaticonrdsedaidicaled byt he-batched areas 6,
6'. These cemtand nati@ns:6, =6+ nadonger pccur _on account of the coating 5,
5' according]t%ﬂghg4inveptiop.thé#gﬁgﬁp érgggﬁﬁbﬁinéﬁVeﬁﬁkcrﬁﬁﬁd here
concerns an 20 enginé bl ade OF° Varfe 6f &°r of6P. Pheminvent koniean equal |y
be appl Ped, P¥aiecsexanpleeest ol enyi neTibt ades=or: anes of: gui de. wheel s or the

i ke. By wayiQf exanpl e,.Lhe component s ma be .used in a high pressure
conpressor (NMPG) or, Iomﬁgressufe.conﬁfgégﬁ%.(ﬁpéf? |t 257P€al 9 possi bl e
to coat thé WaRShst'Sad-st FHeradtual engine bl ade, f or

exanpl e. Correspondi ng engi ne conponents can be arranged in the Prinmary and

secondary chrcyds.. he stator.vanes may . be so-called fixed vanes or
variabig v%nesvgrofgﬁabTy ﬁou%te§“§%gfbrdvgﬁe§fﬁ 3RS e@ridmvol ve
so-cal fed i"Adi Vi§uaf Vvaressoriclimstesr Vanes. akt isocaksecpessible to coat

conponent smofi fhed f ahyandgef of oexaml:€; Qﬁo§£ﬁ%déMNCQQS§§L”f%y%%rbine (LPT).
NCSUP These regions &5, 5 comprise exactly those points at
which foreign substances are worn off if the engine
blades or vanes are not coated. Correaponding
15 contamination s indicataed by the hatched areas 6, 6.
These contaminations 6, &' no ionger occur on account

£ com & o ‘ ; - :
CGu Lh& coating 5, 5' according to the invention.

The exemplary embodimen® described here concerns an
20 engine blade or vane of & rotor. The invenrcion can
equally be applied, for example, to engine blades or
vanes of guids wheels or the like. By way of example,

che components may be used in & high pressure

compressor (HPC) or low preassure compressor (LPC) It

b S . e - oL

25 is alsc possible to coat the hub instead of the actual
engine blade, for example, Corresponding engine

components can ke ayranged in the primary and secondary
ks - 4 e

circuits. The stator vanes may be so-called fixed vanesz

Qr wvariable vanes (rotatably mounted stator wvanes)

30 Thils can involve so-calliad individual wvanes or cluster
£ e & el

VAaes.

It 15 &lso possiblie to coat comptnents of the fan and
Lar 1,

ror example, of the low pressure turbine (LPT)



- 9 - Patent clainms 1. An engine conponent (1) for arrangenent in the gas
flow of a gas turbine, wherein at |east part (5) of the surface of said
conponent, which is exposed to the gas flow during operation, has a

hydr ogen- cont ai ni ng anor phous carbon | ayer, wherein said | ayeri‘f'ficsgLHBdi fied
either with silicon or with a conbinatién of silicon and oxygen (a-C H Si
and/or 10 a-C.H S.1:0), and which is applied by a vacuum coati ng techni que,
characterized in that the nodif iFedehgdedbgems cont ai ni ng anor phous car bon

| ayer has the follow ng features 15a) a hardness of at least 5 GPa; b) a
.10-15; c) a surface energy of at

wear coefficient, of |ess than 40}%?4 N7)F

most 32 nN/ m 2072 5fe "éndiPHE e6Hponent T @S TIHHESYT dnaitheldas
characterized i nfihate® he oedi fhredinhydrogen-rcont aiakag aspt phous car bon
| ayer has a hardness ofsate-Leastk Zag?acoﬂﬂ&ﬁéﬂﬁﬂﬂﬁﬁi%%ckgg%&g%Qegpa' 25

3. The engi ne co%onent as (r:#ai med in one of clains aracterized in
that the nodified, hdrGgen-"coht®iri'dg “afdrpholis faFbénVayerchas a wear

coefficient of legsathang3®rad/rug. 10745 pleferablwhd-ess: t hand 20
(m8/Nm. 10* 30 4.The engifeicomponent,as ¢laimed,in, one of, clhaim 1 to
3,characterized in thatthe npdified, h%gro en-cont ai_ni ng anor phous car bon
| ayer has a combinat sopf At eS bty B A VWSSt (28T FNFin 2pfeferabl y at
35nmost 124 nN m 20CTHeSengi ne sconpenent as ckabbeddi oone otachains | to 4,
characterized '@ogbgﬁgth@eM@EP&@@Foaéﬁéghcféylﬁéd in that the

modified hydrogen-containing amorphous caropon

layer has the following features

15 a} a hardness of at least 5 GPa;
b) a wear coefficient of less than 40 (m®/Nm)-107%%;

o} a surface ensrgy of at most 32 mN/m.

20 2. The engine component as c¢laimed in claim 1,
characterized in. that the modified, hydregen-
containing amorphous carbon layer has a hardness
of at least 7 GPa, preferably at least 10 GPa.

25 3. The engine ccmponent as claimed in one of claims 1
or 2, characterized in  that the modified,
hydrogen—-containing amorphous carbon layer has a
wear coefficient of less than 30  (m’/Nm)-107%°,

preferably less than 20 (m®/Nm)-1071%,

30
4. The engine component as claimed in one of claims 1
to 3, characterized in that the modified,
hydrogen-containing amorphous carbon layer has a
surface energy of at most 28 mN/m, preferably at
35 most 24 mN/m.

The engine component as claimed in one of claims 1

n

to 4, characterized in that the vacuum coating



technique is selected fromthe group consisting of physical vapor
deposition (PIT), chem cal vapor deposition (CVD), plasna-assisted physical
vapor deposition (PA-PVD) and pl asnma-assi sted chem cal 5vapqgﬁghip

t' as

deposi ti on( PA- CVO) or aconbi nati on thereof. 6. The engi ne conpoh
claimed in one of clains 1 ““t'0 5, characterized in that the |ayer

t hi ckness of 20the nodified, hydrogen-containing anorphous carbon |ayer is
2 pmto 10 pm preferably i3 malicctdphrandthar thenpprefefablny alfout 5 pm

7 The engine copposent; asaghai mhahddang ofpehal Melrl3te 6 gharact eri zed
inthat it is in the iprn1o,hﬁDturane bl ade . or vane. 8. A jet engine for
use in aircraft, “Chatacteri z6din FhAPTPTRA5SRTY | SASF 6Re eHgioie conponent
(1) as 20cl ai nedd¢proinecof ¢Fatdwl)l tod7.pi%snApredessdaf ofhdntieapr oduct i on
or reconstructiopy©f angepgt pei sonpaorentyhl) as. cl ai med,jn one of clains 1
to 7, characterized in that a vacuum 25 coating process Is used to apply a
nodi fi ed, hydrogen="¢ortai ni ng anor phous carbon layer to at |east part (5)

of the surface of the engine conmponent (1), which is exposed to the gas

f1 ow duri ngs operadd Qfgin20.40-01be: Process; s, claird Jj GLajm 9,
characterized inthatthenodified, hydrogen-contai ni ng anor phous carbon | ayer
has a hardness of” at' I"€4SE 600" #v30:" ptletlerdbt yHaatct 43 k7505 HVB0 and

furt hert035pr ef ertdis! yncait fliedst 900030 orlikirnihe processuascelabmed in claim

9 or 10, Charach%@%%GQSiQiHﬂ@ttéhﬁﬁnﬁ%hfE@gfegggEQQ%nhm te 7 um

and further preferably abocut 5 pm.

~1

The engline compcnent as claimed in one of claims 1

15 to &, characterized in that it is in the form of a

turbine blade cr wvane.

g. A jet engine for use in alrcraft, characterized in
that it has at least one engine component (1) as

20 claimed in one of claims 1 to 7.
9. A process for the production or reconstruction of
an engine component (1) as c<claimed in one of

claims 1 to 7, characterized in that a vacuum
25 coating process 1s used to apply a modified,
hydrogen-containing amorphous carbon layer to at
least part (5} of the surface of +the engins
component (1), which 1s exposed to the gas flow

during operation.

30
10. The process as claimed in claim 9, characterized
in that the modified, hydregen-centaining
amorphous carbon layver has a hardness of at least
eC00 HV3G, preferably at lsast 750 HV30 and Ffurther
35 preferably at least S00 HV3D.

11, The process as claimed in claim & or 10,

characterized in that the modified, hydrogen-



MOSLLP cont ai ni ng anor phous carbon | ayer has a wear coefficient of |ess
than 30 (nB/Nm. 10-15, preferably less than 20 (nB/Nm. 10-15. 512. The
process as clainmed in one of clainse 9 to 11, characterized i Ma%iat the
nodi fi ed, hydrogen-cont ai ni ng annrphous carbon | ayer has a surface energy
of at nost 24 nN'm preferably at nost 120 MV m 10 13. The process as
claimed in one of clains 9 to 12, characterized in that the vacuum coati ng

techni que is seIeu$Emﬁﬁ$Uﬁ1Eh@rghoup coasbsti njapfr physi cal  vapar

deposi tion (PVD)..chem cal: vaper dagg§|tnqﬂN;5(@MP),; b agma-assi st ed
physi cal vapor de glthn PA-PVE?and sma- a55|§Ledc em cal vapor
deposi tion (PA-G%% 135 Yo ofiBP nBE ot & he? éHF The process as

claimed in one of clainms 9 to 13, 20characterized in that the |ayer

thi ckness Oiztheﬂﬁ@%éé%s fbysdrcogaq@ne@orﬂ@%élgoﬁﬁpw s carben layer is 2
pmto 10 pm preferably 3 n1an further preferably abolt 5 pm

2515. The proceégk&§“5ﬁ§ﬁﬁ§8 |h“on A9F cFBE ne" e tio of4, EwaFageeri zed in
t hat the engi ne worpanent iscdaphthe formmef aatarbinre biaderﬁécyane 16. A

process for repaiJfing at engifesCopongnt, <aze§9m§h ﬂngp “990' to be
arranged in theﬁgg Iom1of a gas turbine, conprising the | OW ng st eps:
a) providing an ﬂﬁine conponent (1) having wear phenonena; b) working up

t he engitne conponent (1) in order to elimnate or reduce the wear
phenomena; 3. rhe process as claimed in one of claims 9 to 12,
characterized in that the vacuum coating technique
is selected from the group consisting of physical
vapor deposition (PVD), chemical wvapor deposition
15 {(CVD), plasma-assisted physical vapor depcsition
{PA-FVD) and plasma—-assisted chemical vapor
deposition (PA-CVD) or a combination thereof.

l4. The process as claimed in one of claims 9 to 13,

20 characterized in that the laver thickness of the
modified, hydrogen-containing amorphous carbon

leyer is 2 pm to 10 pm, preferably 3 pm to 7 pm

and further preferably about 5 um.

25 15. The process as claimed in one of claims 9 to 14,
characterized in that the engine component is in

the form of a turbine blade or vane.

le. A process for repalring an engine component (1)
30 which 1s intended tc be arranged in the gas flow

of a gas turbine, comprising the following steps:

a) providing an engine component (1) having wear

phenomena;

Lad
N

b) working up the engine component (1) in order *o

eliminate or reduce the wear phenomena;



MC 31. 1.

| ayer as clainmed in one of clains 9 to 14 to at

-12- c¢) appl yi nganodi fi ed, hydr ogen-cont ai ni ng anor phous car bon

| east part (5) of the

surface of the engine conponent (1), which is Cexposed to the ga LQQOM/

during operation.
that the engine conmponent is in the fofm of a turbine blade or vane.

The process as clainmed in claim17,

17. The process as claimed in claim 16, characféfized in

10 18.

characterized in that the working-up of

t he turbine bl adel aropdanec nvol vesmadief prayduct hoar of«ra defdznednbl ade or

vane contour.

[&1]

amorphous carbon laver as claimed in one of
claims 9 to 14 to at least part {3} of the
surface o¢f the engine component {1}, which is
exposed to the gas flow during operation.
The process as claimed in claim 16, characterized
in that the engine component is in the form of a

turbine blads or vane.

The process as claimed in claim 17, characterized
in that the working-up of the turbine klade or

vane 1nvolves the production of a defined blade or

vane contour.



