-1- The invention relates to an engi ne conponent for--

2/{angerenc I the gas [low of 2 ga° tuy IIIIW@MIIEB@III@E
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“W%ﬁglne 10 |n partlcular is crucial to achieving a

bihgh degrgeioh efhiciency of dhe angide. Dddern- for
operation of a gas turbine, foreign bodies such as

@éﬁﬁnﬁ?m?ﬁe Wi chRgr §38uckEd | REwit hItRe &P 1A% Eagine
£85pbhehBserdsi gasontthei gagi neswonpasenis; angdihbiss for
changes_t he |ntend§$ sha Ape and/or surface crualit

dl—-
ganctheref oFe’S nPai CﬂeaP%Q*B? ¥ ety a9aptea to
Ehet hexgrpre; L varpumiddngdandser tontinst | gasr eSiaduest the

EQ%QQQCG%EO%%%&I%M*] the aitoflhowigan lead t\ﬁa@s in

eposits on the surface of engine conponents suc
thebFaerbRades Giaggnéedd My stddese Ch%ﬂg%ngh@

gﬁSDBke%a&avhe% conpananty anch theref of endidwahdgtbe o=
degree of efficiency. .The maxi num service [ife 6%

§asictErBYneti siFedBgdd ey such erosion and/ or
soiling. 25 The use of a high-pressure water jet to

l.ean jet _.engines is_k I Vi
Eheangl She 800I01es, 1 oo kigun L omer] d8lle ] UodiSE: such

beades:dbrovanes varieciknane, sandedr eliprvheni kel rtiendédow
L%shﬂEreqseekﬁéloﬁo<£heEHm SHpid | LYmbBRERCE. THE thnis

invention is based on the object of providing an
ERgnEBScoffoneRteBReEhEARSe FRA( %néa*’ﬁﬁf—?h@ualluy ana
ERLr odued  OFc b chdiasi 4 Nnpraved @estsd anee t oes0id @ﬁcy.
35 to et her W th ood wear resistance. cordlng

Ac
vBREtFon, 1 Tﬁﬁ%ﬁﬁ i 094 R ey PRS- 10n re9idues

1n,roduced ctogether wiitn the air flow can lead =to
deposits on the surface of engine components such as
turbine blades or wvanes, ana these likewlise change the
gas £f£low at these components and therefore impair =the
degree of efficiency. The maximum service life of a gas

turbine i1s reduced by such erosion and/ox soiling.

The use of a Lkigh-pressure water Jet to

engines is known £from evident prior use. Furthermore,
varicus coatings of metallic turbine Dblades or wvanes
are known, and are primarily intended to increase the

thermal stability thereoZ.

The inven:tion 1s based on the objec:t of providing an
engine component of the Type mentioned in the
introductionrn which has improved resistance to soiling

together with good wear resistance.

According to the invention, the object is achieved in

that at 1least part oI <the suriace oI £fhe engins
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that at l[eas- par- o- the surface o-- the engine
conponen-, which is exposed to the gas flow during 2
operation, has a nodified, ‘hydrogen-containi ng
anmor phous carbon | ayer or coating which is applied by
means of a vacuum coating teChnique. 5 Firstly, it is
necessary to explain sone terns used wthin the
EBRE@XECHBI t héldshvendi onMmofl eyl .ne compooeat-&orcaining
anbapgeaentca-Abdrhe 9as- f how Qf ¢ ; Jugbine denates .
an go onent whi ch%aﬁ\g/\hek 1C8§&|l nlg%g’gl Eagés*%ntaé)r? ed, Dy
'§%8%Xpdsed YB3 HMasOrFaRF oL At dueast part of its
surface during operation. This may be the gas flow in
%hgsggnprgsrson part, in the combustion chanber or in
e T UT bi e paft HOVRSTIEAmMTSt EKBLEBnbURRS off SEhanbesed
VhtBuchtae gasntexrbi né. ths Theehmyenti on provi des t hat
at | east part of the surface of such an engi ne
conponent (preferably a part of the surface exposed
4 BRElpascPMeRnémt fpr operandyemdnhasnachedighsediow of
1y dgagen=cent aieni NGO 0T phous ccarhon Layer whi ch s
%?%)J-"PP qit:y means of a vacuum coating technigue’™" ]

Hin $he?TonfeXPIBF t hE SFPeSEnt Ysattermasagpldvc atiemn,at
Tdest epan t nodi L tedsurliydeogeneentdidiaig RMMPRS oy be
%ébggsl gxgr" IS o sed in the manner defined in VD="

i del T ne 28407 i's8ue” I NoveRbeP22605 * chitSorr s st on
ShriPers tdeselmar eclappliwtbihy apamcuudideosdtdn o= <he

dashnd aus, s orefer ce _at coating
t enper at ur esﬁ%ﬁoﬂo{ﬁet%pn%%r%t %% ngg%a%%m 300C 30

According to the above-nenti oned VDI Cuideline, the

B! phokkh i ot RyRiss are subdivi ded dntq seven o .y
dypes. ol -layer denoted by the abbreviation a-C (&

afor phous, e APboM)T L TheCBr ot of (BAGF phRBbsY car et
dfayetsecasurdbse beexmferd edtbo ahdD agmand kike Carhkan,
Aﬂ%thioéq has a modified, nydrogen-containing
amorphous carbon layer which is applied by means of a
vacuum coating techniqgue. Within the context of the
present patent application, the term "modified,
hydrogen-containing amorphous carbon layer" is used in
the manner defined :in VDI Guideline 2840, Issue
November 2005. Carbon layers such as these are applied
by a wvacuum coating technique. This Dreferably takés
place at coating temperatures of room temperature to

about 300°C.

According to the above-mentioned VDI Guideline, the

amorphous carbon layers are subdivided into seven types
Fay 3 3 1 ) q

of layer denoted by the abbreviation a-C (a: amorphous,

C: carbon). The group of amorphous carbor layers can

]

o))
n

© pe referred to as Diamond Like Carbon (DLC) . Of
tne seven different amorphous types of carbon layer,

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

of the presen:t inventior.
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35 the seven different anorphous types of carbon.
| ayer, four contain hydrogen (a-C. H) and therefore
formpart of the present invention. 3 The invention
has recogni zed that such surface nodification nakes
it possible to reduce the tendency of the surface of
I ne. conponents to erode, and sinultaneously the
So6- cmﬁQﬁféﬁﬁWiadﬁﬁﬁlvee ePFREESDf Bhauchsachodefi edriace
cechdn daayer: resuses ithepdondency -of 5l suﬁiacgpggﬂc,
hecong soiled, Wthin the context of the invention, ]
t he hydTogen- 2Eont &t ni TS BN pHOTRCREHBon doavércids.  and
Fartilc@necug 1y10=peef g0 abh ¥ 1 padi dieid adtds arhormRtal | o=
@1 @n Sil N, Q%Y tr fluorine, boron or
n1xtur%sh%g'tﬁgéeQ%%gﬁgﬁeggg' The Wod fireg, -endency o
ﬁ?dﬁb&%hféeﬁtapnpﬁgoﬁﬁbﬁﬁhousi carbon | ayer
part|cularly preferably conprlses a- Cr:Siand/or
as C S : 0 Accordln%ﬁ¥ is nodified either 15 with
S|I|con 5Fwi TR e %0 nat1?ﬁ1(ﬁnWﬁqﬁl@@n afde oRygengen-
S@@haanpaptlemkamkyxprefeafed -canhker-l ayer 'ﬁard§881§91
by t:he ta er ﬁ nper .2. 7. 1n tabl e Of VDI, CGuideline
5840. 20" roness '9f “an endide Esfpeneft Scoabedi con,
aceeFEdi ng“lttéocﬁe@e iffvert imm, | sopoef erabliktalrdeast Shese
&Ba-maBLe s preke ¥ salg | RSk, I and further
Erv ferably at IESE% 10 Gpa ﬁr%ngﬁ: Hartmess? r ARgeRhous
8r P8R afEey: §RTOI quaypert Vne@#%ee”af@rv exanpt B5edes ween: S1
Znandx9 i}ﬁif1§m'oan 25c@ru¢qg§VS| J-ayex Qﬁﬁﬂ%ﬁyldﬂo gngcr
%g gPaslTyglcal upper_. limts for the har dness are
20°and 15 GPa. "rhe* hdr difieS9iP&t3Pef ePabl §1Abasur eard
a5YPWBO astur ci ngartac DUNrEN 1562 b5 38akBoB layer is
B ecked,empedi nent, of nvenLlon the . nodified
c§$%0n5|g§br %as a %ggré% £vvear ‘of Tesﬁa?han-49 (Y21
FREyeiine’ 28phFef erabl y Iess than 30 (n8/Nm) 10 and
further preferably less than 20 (nB/Nnmj 10-x'. 35- The

@ﬂOSIOﬂ reS|st?nce can be determ ned on the basis
€ nardness of an engine component coated according zo

I h

the invention is preferably at least 5 GPa, more

preferably at least 7 GPa and furiher preiferably a-=

least 10 GPa. Typical hardness ranges for an a-C:¥:8:i:0

e =17 ¥ £Aar+r - 3 7 i

layer mey be, for example, betweer 7 and ¢ Gpa, for an

&-C:d:51 Layer betweer 10 and 15 QgpPa. Typical upper

limits for the hardness are 30, 25, 20 and 15 GPa.

The hardness 1is preferably measured as HV30 according
- - -

tce DIN EN ISC 14577-1.

In & preferred embodiment of the invention, the
modified carbon layer has a degree oI weaxr of less than

N 3 ' —15 - - - -~ -
4C (m’/Nm) -10C preferably less than 30 (m’/Nm)- 10%°

and further preferably less than 20 (m/Nm) - 10727,

The erosion resistance car Dpe determined on the basis

f= ; . CT ' -
0L a rotary wear test. This involves the measuremen

=t

aterial abrasion by & roctating sphere or rollier which

1o : . —_ . = " -
rucs agalnsc the sSurrace. Tne wear volume can De
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of a rotary wear test. This involves the neasurenent
o= material abrasion by a rotating sphere or roller
whi ch rubs agai nst the surface. The wear vol une can
be 4 calculated fromthe pregsing pressure,
georretrl es of the sphere or roller and the wear
k. The standard which is relevant for this is
A(’Saﬂ/?lt}@f)e ACEEFdi RSt T et iy entisemre, heomddafregs of

hiyoke ogehaﬁentofm Nt dT0L S agRE PREUs M‘bogrégye %S m Lpgrdard

%’ ]\;%gred gr ee_of wear _of |ess than

ur eféréfite i gF%enh £6 BT V@ Elmas.—xof:olre'lssc to

tlgnm;sar(wﬁsimn,l 0 amef ~{cﬁ§sﬂlugﬁndzolyguygur;)_m]n aiding

RN n onent coated according to_th

i nventi on gag?@?agl‘%’ehas & | 8wp§§rfle<¥6§der%ﬁ’%’§/e° T s weax

1°F oeser f a@@’le A@nemgyNmeans that rhApueit s do-dMte i

afihese Ltcp“;e@er wirfage,or; adhene therefo to a. mnor _
xt ent result, ooptl mm ?ﬁlqoa‘vﬂ1 co {“fl/i\)]ﬁg ‘ale or of

Srﬁatlhr‘?é‘d 21Cn ThéNms - 48s t ur bi he over a | onger service

life; a correspondl ngly slower drop in the Exhaust

C,?,s % rature (EGT) occurs. Since a high degree of
ficiency | PREFBBY T & hed B9ER1IRTI dcr@getrn@ennudnoﬁ.on

tHRe e rlvd vTi s oa Womo ouEMY Bhejgl . end,; Nes,can, he ace

@l%engggnsPref Lregrngggggélﬁl mz‘tégan"ggtzta,he surfaczg o

enercgg are 50, ,
Iv'su?%'a@éiftﬁi%ir gyhﬁrah@estaccaor du_ngrt Oethent. as a

e tl, 0ot Bpurh oplge,@arqugﬁaq) M. m.for. an
%CH& coating and 22 to &ﬁsm “Forcan a-t6°h g grhe
6ati ngTPHE S he Y&~ st &bi | |3t<§FQﬁf a codrviee acchitkng =

tortrkepondingly slower drop in the Exhaust Gas

)]

Temperature (EGT) occurs. Since & high degrese of
efficiency is thereby retained over a longer period of
time, the Time on Wing (TOW) of Jer engines can be

extended.

Preferred upper limits for the surface enexgy are 50,
45, 4C, 33, 32, 28 and 24 mN/m. Typical surface energy
ranges according to the invention are, Zfor example, 30
to 325 mN/m for an -C:H:S1i coating and 22 o 26 mN/m
for an a-C:H:S81i:0 coating.

Thne thermal stability of a coating according *o the
invention can preferably be in the range of 400 to

500°cC.

Within the contex: of

T

he invention, <zhe modified,
hydrogen-containing amorphous carbon layer can be
applied directly to the substrate material of the
engine component or else be <+he copmost laver of a

plurality of layvers.
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i nvention can preferably be in the range of 400 to 30
500C. Wthin the context of the invention, the

nodi fi ed, hydrogen-containi ng anor phous carbon | ayer
can, be applied directly t95§h? substrate material of
the 35 engi ne conponent or else be the topnost |aver

of a plurality of lavers. 5 .The carbon |ayer
Jbcordinip olaheri aventiiongi $cappie ethvdy: eanss obpdlied
VAC UHR £0abieNG, T 66RNLAURH 1 Wi E&hﬂ? goating .. o .y
material is firstly convertedinto the Gras™ phase and
tRET 1 dEpoBPLEG-En t hE subSTEaye. Caneevardiurars ccoatienggoas
reehial qiel | snphefRidit el @ct edef rQmMIhe Y O0UR . vacuum

consi.stin f .physical_vapor deposition (PVD),
SHENM-CS) tgexfiﬁ‘&ﬂ%%ﬁo%i%%?%j , Sl ashad as5p®t e group
plysiicalingapdr prdeposil ivabdPASEVEY i 806n (PVD), chemical

' na- |st,ed. chem.cal vapar . depasition (PA-CVYD) or
Dy T St Tior dorD 10 TR Eodte g See i T A o VREO:

mbi nati on he co
FRPEREILAT s Prel'@labiyd prhedmeed sy saeconttianaitdadn o&por
B¥Boand i BA- Q¥R-cTRg layer cbhiakness of Hhe jxodi fi ed,

hydr ogen- 15 cont ai ni ng anor phous carbon laver is
preferably between 2 mand 10 am further preferably

abwessn Sinin ardordiam By wWal ofnexapphe, iidt ﬁlaélf@;eably.
hout 5. um The engi ne.conmpanent according to the
?ﬁ&é&f?SnDVSG EB”E%P F&ﬁggng‘ ef8Faby X2 ur bi ne

bl ade or vane since this is exposed to a particul ar

gxkent- 1.0..s0i |4, .. wege and, _in_additian, change
to the é%%tourrggﬂ?%g;thegfloagbfofFF%HE&ﬁ“Confﬁ¥?ﬁﬁ Sn
geEirsiery eaCrPResisr meabost heeeiy cereferdbixileacyeen

dunimngareper @t LAn 2%:0ha jwtefUWR, dBLSLS 3 um anag 7
prefg;ablg a_turbine blade or vané€ in the conpressor

BF - coMpFB¥sBr BAPT®OF t he CeRgPRe2PPHE PnyBntion al so
relates to a jet engine for use in

The engine component according to the inven=ion is
particuliarly 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 proifile can contribute decisively to
impairment of the degree of efficiency during operation
of a jet engine. This is preferably a turbine blade or
vane in the compressor or compressor part of the

engine.

The invention also relates to a je: engine for use in
aircraft, which has one or more engine components

according to the invention.

The invention also relates to a process for coating an
engine component, in which process & vacuum coating
process 1s used o apply a modified, nydrogen-
containing amorphous.carbon layer. The engine component
is intended to be arranged in the gas flow oif & gas

turbine. The process according to the invention can be
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30 aircraft, which has one or nore engi ne conponents
according to the invention. The invention also rel ates
to a process for coating an engine conmponent, in _
whi ch process a vacuum coatigg_ 35 process is used to
apply a nodified, hydrogen containing anmorphous carbon

| ayer. The engine_conponent is intended to be .
SFPaRYEE i "the &S f|BRFBERSATYAS1OPur brhe. STFE  engine
pbRSesenaecordirng -hert Rgdddrerdfl ahLahPdrid is -o use
Egulg) ed for the reconstruction & such engi ne

Entss R HeF &spedt® OfnY%“T%eh?IB T83forve-Y
psev1ﬁbe pewcessaccatidhngat acdheedgnreniionebazing, and
ret.roaci.i ve.. vi de new .parts ch Larres ondlpg _
C%%FIH R hgs flnlgﬁé en1t%LtS|gé “he acTuan“lo“
pr@@@@ﬁlon process. Advant ageous enbodi nents of the
process are described in dependent clains 12 to 19.
The process according to 10 the invention nakes it
PEYSFHRESPESprIURE T N8 - cITifonBRPSSHAI G Sar@escribed
par tde@dhalidny resisiant2 teosebli Nthe bR ther&fDI®y to
glso | ess susceptlble to wear. .The invention also

BFat 2BVEBEAOPr JEERS f dr- r &PAIT I8 aRT8fYFRe curbine
conmponent swhicihth satet padedlctivabéyareaigednicn ©d heodasng
bhfmeol. 2,038 (LcOLAR, THE-PLAGERS GOMRI LECEe LhC

| om ng ‘steps: providing an_"engine conponent

havi ng wear 20 phenonena b) wor~:ing up the engine

GOBPONGA N H b 0T dego t @c1gkbRl NAY ea%raedgge Ad1e Wedkiring
phenonena; 2.5 c) applylng a modifi

RYdFogenc G niTh g “é%hfphoﬁjslm‘c%?% fayed srangec in
chai etk | pione off £l abes thirbind8 The atrdweast PamnbroOkes
ge surface_of the engine conponent, which is exposed

ot he d8§ fFoﬁkgﬁFlng operation. 30

a) providing an engine componenz having wear
phenomena ;
b) working up <The engine component in order o

eliminace or reduce the wear phenomens;

c) applying & modified, hydrogen-containing amorphous
carpon laver as claimed in one of claims 11 to 18
to at least part of the surface o0f the engine
component, which is exposed to the gas Zlow during

operation.

Engine components sucn as turbine blades or vanes are
regularly refurbisned after a wear limit has been
reached. Such refurbishment can comprise the mechanical

£

and/or chemical remova. o0f contamination residues and
the levelling-ou:z of material removal caused by erosion
by means of appropriate machining (e.g. materiali-
removing machining) or by means of renewed application

blade or wvane

Ft

of mazerial, e.g. the welding on o
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Engi ne conponents such as turbine bl ades or vanes are
regul arly refurbished after a wear limt has been
reached. Such refurbishment can conprise the
nmechani cal  and/or chem cal yenoval of contani nation
resi dues and 35 the |evelling-out of material renoval
caused by erosion by neans of appropriate nmachining
riees g ianat eThal invenbubng emachiogissgs arlbyofeahssoby che
pl i f terpa he .wel di QOn ..
S bl ads o vane et a1 ThEThe, EofPoh Sncoriasse
el imgiathir FeGURe @)&Jr‘@%@r OPCRPIFRERG- up the engi ne
conmponent in order to elimnate or reduce the wear
henonena". 5 The jnventjon provides that this working
ﬁp@.%ﬂ%fwo%dvrw—%% aPPFi CAt o1 29 fised 0L owWed
WdFﬁger&;@ntc&ld”ildig oGy piﬁeaszﬁzaﬁbom\}c&yﬁ r&&&ﬁftﬁﬂﬁ@.:q
hrh | nventi on., Such _a refurbished, el q1 ne _canpon JM
%@f? i possi by fave a°“Ponger service T'1fe than the
;neve parki st hensimet comboseatedascchedi mwystso Htlye ! nave a
1Dt | QR il he: £aSei0f; engidnenbl,ades. O ¥aRes, (4! no:
can’ furthefnore be provided to ellmnate thé erosion
W*e%rﬁﬁﬁcﬁiﬂ@?m% e akr Y iy~ bet - al so by provi di ng
the 15 engi ne bl ades or vanes with an optim zed shape.
Sinple levelli ng out of uneven_sections_on the
Surf 588 of2FRe %engiTHEB%ded TSV an8E n¥ERESt hat ¢ he™ e
Elli‘hﬁ'@l@ﬂﬂflofé'll be strdac@edevicat esifinareheriadeakoshape no:
the optinym circunfluence ofthe | ad e
%’fl e |§’ %Edl sTUp len#h&?e\‘ ore’ g 8 8-\ 185 “?“
%mfa:n@ age@@@stg”chéﬁl@é; Ve~ cant ORE: mﬁZteﬁe Slé“iaa?d?e ¢yimpl
Vane1 pIod i Le- eyen i, el ans; Wi chh argenal;-abtected the
by erosion, in order to thereby ensure better
RF LU PUeREE oFT t RETERgi ABBF ad&ator “P8NELANT hPA tHES
st gxé¢ @bviheeknyenh Ahe th@=25 engbae @ﬁﬁp&fﬂﬁltoﬂﬁﬂnum
be worked up in an autonated . manner, for exanB 1 .
‘Frbjéﬁsmﬁu%u‘r? abPé handfi ng) “3%6bot 87 THESveREPom rs S

desctbbed. byhwayfoteexanplmbebowadwvbhtageous to change
the contour of the Dblade or wvane profiie even 1in
regions whnich are not aZffected by erosion, in order tTo
thereby ensure better circumfiliuence oI thne engine blade
or wvane. Within the context of the invention, the
engine component mav be worked up 1in an automated
manner, for example by means oI suitable handling

robots.

The inven<tior. 1s described by way of example beliow with
reference to the appended drawing and on the pasis oI

an advantageous embodiment. In the drawing:

figure 1 shows an exemplary arrangement o0i two engine
blades or wvanes, according to the inveniIiorn,
of a compressor stage.

In figure 1, =two engine Dbiades or vanes 1, 1',

according to the invention, ©I a compressor stage 2 are
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of an advant ageous enbodi nent. in the drawi ng: figure
1 shows an exenpl ary arrangenent of two engine bl ades
or vanes, according to the inyention, 35 of a
conpressor stage. In figure 1, two engi ne bl ades or
vanes 1, 1', according to the invention, of a

TEssOTr §t aget2r arfe (oBLY fiipférated aotbe FrEorlng) .
iEmdiicet eoll ades herdrvawerg)a rEngbier i ades. gr; yaneg ate .,
general Iy provided over the entire rotor 3. For - -
reasons of ~&f ari 1y’ Chowseons he? iddarstrat i baweser, the
restusitctegd o tiwo e:wqﬂiamecﬁngjﬁne vl %%%D?Fr\gan%%qine
Lizales T j ti;on 4 n ich the gas flow flows over
t he cgm%sgélﬁggt ége 5 's\lg\%&\)/\% FETSFhdClated By $hethe gas
8w £10WE t IRVeRgiohe Sgombrdsboni t edaby the dashed - o
herderteal®yt Re Lnging, bl ades or vanes 1, 1' are
provided witfh a nodified, hydrogen-containing
anor phous carbon layer. These regions 5, 5 conprise
éxactrs thgsenpoimnt ssat dmngrtg@rgi,g@hgut&{%&sbggger
WREN %gtHJ fhesengi ne bl ades or vanes are not S
coat ed.- Cot r espondi 1lg 15¢0Nt ani mat i BRSi PTONdidest edidy a
PReiRarchedhafieages; c6htaifbrge anstswbnat QeS8 6avex .
Maekangely QGEUr 50N Acc ~:Qf the coating 5 5 = .
agggrdi ng to the i nven?#%%.”#ﬁe EXenptiar yg8ﬁﬁoé?°rfe?rts at
Hestri bed e COMEETIS Sen 226 engimeolifade” orcheanengine

‘Biesdker. Jhe iwwestion.can ggual lcléatl%d"?‘pp'&gg o
g

for ..
?ﬁ%;}Fh@%at_ooengi ne, bl ades or ~ vanes of guide ger ¥Grne
he Tike: "By way ofExEie, Y t heecbrpenent aurtms e, 6
Usedei wom g priessure, 6oONpIESSORgbHPCL0L QW L ocouns
Qgegggrgoggg‘_ggeggo%.(%Pg%).v Iit 025 IS gl so_possible to
coat the hub Fn3tead of “the' d&t §al “"éngPHe™biade, for
exanpl e. Correspondi ng engi ne conponents can be

ahé angeshd Th4-he pridmry..and secaondary circuits. The
stator vanes may be so-ca Ieo%%“l"xlé)d“&/vaﬁéS“ concerns  an
a

= Tne I 7 = k 1 ]
ENnglile piade oOr vane o= rotor. Tne invention can

equally Dbe applied, For example, tc engine blades o~
vanes oI guide wheels or the like. By way of example,
the components may be used in a high ©pressure
compressor (HPC) or low pressure compressor (LPC). It
is also possible to coat the hub instead of the actual
engine blaade, Zor example. Corresponding engine
components can be arranged in the primary and secondary
circuits. The stator vanes may Dbe so-called fixed vanes
or wvariable vanes (rotatably mounted stator vanes) .
This can involve so-called individual vanes or cluster

vanes.

H

— 1 1 1N + = S
- 1S &a.sSC possible to coat components of the fan and.

th

Fh

Or example, oI the low pressure turbine (LPT) .
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or variable vanes (rotatably nounted stator vanes) 30
This can involve so-called individual vanes or cluster
vanes. It is also possible to coat conponents of the
fan and. for exanple, of theglow pressure turbine
(LPT) - 9 - Patent clains 1. An engi ne conponent for
arrangenent in the gas_ fl ow of a gas turbine,
characterized in that B8®BY| E48iMSar- of the suiface
of said conponent, which is exposed to the gas fl ow

duri ng, 0p iaqn, has a podified, hydrogen-containing
éhorphous%%géﬁgh c %é%?vﬁhic Ois‘%ﬁﬁ#&%ﬁ?ﬁﬁy alVacdtin 9as
coat | fglo% eeAniqueas1C2Zbifie enghneccerpeBéntiraStnat ar

clai mededdt clakmis -chagackerizgd in.that the .
hydr ogen- corit ai ni ng Hannrbh%g§“cgrb§ﬁ* ayefopgent, which
nodi f ited SHRIF Teashte ome AbAWNBtringlbodrafhern, has a

engi NenceIRaRENt agaebgbAtdohRaghaly 1 Hofonous  carbon
charag&g&h;ed in _that the QDdlfledl hydr ogen- o
cont ai'i’ng anbrpHdus=tar BBR1-&fer Ronpf i sB&CAUNC; Eogicing
and/ orftexh@in@i- O 20 4. The engi ne conponent as

clainmed in one of claims 1 to 3, characterized in

that the nodified, hydrogen-containing anorphous

car bofAeaveandigs a cirradreess ofs at cleastéd5 GPa, claim 1,
pref erakinp atedigast 7in25:-GBa and furt f er abl :

at least 10 GPa. 5. The,enggne c&#%qné.?%ggéglg%ﬁéﬁxpﬁng
one of TCFENTESL CROPA dRYPHcri®rmeEdtiadt Watht e least
nodi f icee, ndaydreagen- cont ai ni ng anor phous car bon | ayer
has a 30 degree of wear of |ess than 40 (n8/ Nm

10_||,
3. Tne engine component as claimed in claim i or Z,
characterized ir <hat <the modified, hydrogen-
containing amorphous carbon layer comprises &a-

C:E:81 and/or a-C:H:581i:0.

4. The engine component as claimed in one of claims 1
to 3, characterized in thac the modifiegd,
nydrogen-containing amorphous carbon layer has =z
hardness of at least 5 GPa, preferably at least 7

GPa and further preferably at least 10 GPa.

5. The engine component as claimed in one of claims
TO 4, characcerized in thac the modified,
hydrogen-containing anmr;hous carbon layer has a
degree of wear of less . than 40 Uﬁ/Nm)-lO’H,
preferably less than 30 (m®/Nm)-10"%° ang further

preferably less than 20 (m®/Nm)- -107%°,

€. The engine component as claimed in one of ciaims 1
to 5, characterized in that the modified

—_— =y

hydrogen-containing amorphous carbon layer has a

surzace energy oI at most 32 mN/m, preferabiv atc
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preferably less than 30 (nB/Nm 10-1-' and further
preferably less than 20 (nB/Nm 10 6. The engi ne
conmponent as claimed in one of clains 1 35 to 5,
characterized it that the nodifi_ed
hydr ogen- cont ai ni ng anor phous carbon | ayer has a
surface energy of at mpst 32 nN'm preferably at 10
nost ZE TN mPard fUur eRer pretaeablyr etermsty 24- mMbe: 24
7. Themengi ne conponent as clainmed in one of clains -
5to 6, characterized in that the vacuum coati ng
technique is selected fromthe group consisting of
éﬂwysi cale \@Em&nﬂi&m?idﬂm (£$/D%13g;laﬁai cal OMBPOE ciaims :
epositd o ML | asma- assj sted physj cal vapor ‘
deposif%o%f(Pjg%9%§ %%ﬁzb?asﬁh-a§§ﬁst%%ecﬁéﬁ¥%@l goacting
vapor ‘RPEsEiTicon g ZelMD)edr faceonhbnatbep cbhgI80f ny o=
8. Therwengide ceo ent . clajmed in one of claims ~
to 7,§Lﬁaracteriggggiﬂ£f a%*f%égFaV%%”VhiCﬁﬁ5§§°df vggor
t he nOFI%ed* Ry df bYeh- contasht ngs aherehopsiyearhdn vapor
| ayer depazitmoro 10zupvppr efgq aby i Z_um and.
furth%%cgﬁefe&gblg.gbout 5 um 9?%%%5’gﬁ%ﬁﬁée?On%%ﬁ%nfal
as clained i n“ona“ofeltai nk"4-C%9) to B, char actepizedion
in thatsnedis in the formof a turbine blade or vane.
10. Ajet engine for use in aircraft, characterized in
%hat it has at |east one engine conponent as 25
I ai NBdS FRERESoFoRPaneE -1 a0 G.aikled Arpracess f@laims -
coati mg an emrgi-ie-eenperent. whigch J N nggndgdbLo‘Qg -
d in the gas f|DMIO%“2hS§2 e%%n?ﬁ%ﬁ? Fhrcsness oo

arranggd in the ) s T ,
char act'er '26d it hat & APECUHATCGHE Wy 30nprdtess ¢s-bon
used favappliy & nodi fioed,o hydr oger=ccantai ning, .. - m
anor phgys -garhan Iggggvgoth | eas- _part “of the '
surface of the engi ne“conpdnBRPY whi &R i s

_ . . _ - -
S. -11& engine component as ciaimed in one of ciaims 1
to 8, characterized in =hat it is in the form of a

turpine blade or wvane.

(“ ) 3 - 1 = bl 1 3 4 = K
10. A je:t engine for use in ealrcrarc, characterized irn

- - L S - -
tnat 1t has at leas: one lgine component as

D

claimed in one of claims - to

Nej

1 hay r g T - 1
1. A process for coacting an engine component which is
lntended to be arranged in the gas flow of a gas
turbine haracter: S in ¢l a i
bine, cnaracterized in <tha:t & vacuum coating
process i1s used to appliv a modiZied, hydrogen-
containing amorphous carbor layver to at least part

=

O tieé surrace o: the engine COomponNent, wnich 1is

exposed to the gas fliow during operatior.
12 Tne c laimed '
12. tfie process as ciaimed in claim i1, characterized
. . . . L
in tnat the nydrogen-containing amorphous carbon

layer is modified with az leas< one non-metal
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exposed to the gas flow during operation. 35 12. The
process as clained in claim11l, characterized in that
t he hydrogen-contai ni ng anor phous carbon |ayer is
nodified with at | east one_non-metal. 13. The process
as claimed in claim11l or 12, characterized that the

i fi hydr ogen- contalnlng anor phous carbon | ayer
co%prlggg agregFﬁé 8fd/ St st o cbeim. The or iz,
pLocesihasaggarnBﬁiég égeLhEdCLths %kgt@;%& nydrogen-
charactgriz ~the modifie ydr ogen- )
cont ai ni ng an%é hous €%r on &y é?nEag' Har AT 1g¥s  a-
at | eaSt?69D éf-%(p?pqﬁecfema%iyOat | east 750 HV30 10
and further preferably at least 900 H7,73 0. 15. The
pﬁgcess as claimed in one of clains 11 to 14,

ract®ri PEACPES t AAt CLR&MRSdii athe r@ﬂdr@g@ms 11 to 13,

contalﬁmampéﬁﬁw$ﬁ§&m garb@ﬁataye&ohaﬁo@lgggaee %%dgégﬁu—
wear ofoless than_4 §H1 O pre: erably

than 307(FBINS FBOT 8u1sur°t€h‘"é?°ppré?7é?ablhfsl e@s hegigmess
20 (n&mm J1e)as 4®0 W&Oprpeessré{slgﬂ atnedakh 9”@ @f/3p
clainms 11 &;D cterl ed at _the

nDdlfled hydroge cont ﬁ’ng i) daron | ayer
has a surface ener gy of at nost 28 nmMN/'m preferably

ats mosth@dprod¥sr and Eupther prefgrably 0
m\Ym 25 17. The ocess as clalned'P% é%%tgg %2 e 14
%ﬁ% rifed F%athaPﬂ?hemvﬁéuyﬁﬁcoanwmgocﬁn—

tﬁchnliﬁﬁ?amﬁnﬁgﬂ&mmfmhém@n%abgogrQgpeQOQFk§téngeggge o
physi . pOSiti nmical . vapor

deposﬁ?f%n C%%?g fasngeas g%%d ys1cBF°v§p6Ph less
depositiash 30 (MJWID)T@nd pira%nauashest etk ctheriwa)l less

vapor +1i8posi tionfPA gMB) or a conbination thereof.
18. The process as clainmed in one of clainms 11 to 17,

characterized in that the |ayer thickness of the
leé. The process as claimed in one oz claims 11 to 15,

characterized in that the modified, hydrogen-
containing amorphous carbon layer has a surface
energy oif at most 28 mN/m, Preferably at most 24

mN/m and further preferably at most 20 mN/m.

1 ! ' 3 ' = 4
17. The process as claimed in one of claims 11 to 1c¢

characterized in that the vacuum coating tecnnique

1s selected from the group consisting of physical

vapor deposition (PVD), chemical vapor deposition
(CVD), plasma-assisted prysicai vapor depositiorn
(PA-2PVD) and plasma-assisted chemical vapor

deposition (PA-CVD) or a combina-ion thereof.

18. The process as claimed ir one of claims 1° to 17,

-

0]

characterized in that the layer thickness of the
mocdifieq, hydrogen-containing amorphous carbon
iayer 1s 2 um to 10 um, preferably 3 um to 7 um

ana

-t

further preferably abou:t 3 um.
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35 nodi fied, hydrogen-containi ng anor phous car bon

layer is 2 umto 10 um preferably 3 umto 7 um and
further preferably about 5 um 19. The process as
clainmed in one of clainms 11 to 18 , characterized in
that the engine conponent isin” the formof a turbine
b%ade or vane. 5 20. A process for repairing an engi ne
conponEtit WAPERSS| §5i pilended tio: benar vangediing the -gasi s
fl ow ofharacgasi te bine creonprisi ng ihe following .
steps.tgg Q£QV|d;n an_engi ne conpo ent having ar

10 phenonend;™ by~ vior Kyt 2 edengr neazenmponent in
order to elimnate or reduce the wear phenonena; 15

) appl v.ing. i fied, hydrogen-containing anorphous
c%cr bon’ |%l§‘§f§%§"%f3ai Wgai*%lgﬁe Bt SLPalfs COIPPEens tirich
at | east parendect he ser faceangbdt hien enge ngacormERENt ¢ -

whi ch d=s Q%gggggatqzrﬁﬁq_ s flow durjng operation. 20
21. The process as ci |‘nesg‘%%gh “crfeai‘rﬁugoc,“’%ﬂérsétﬁ?é?‘i zed.
in that the engine conponent is in the formof a

turbi re blrade Amgvang: 28nd2neThe Jif 5 as_claimed
in claim2l charqcterizedg in that % éﬁabrk?%bf%% of’=a=
the turbFAE BIEH& or  vane invol ves the production of

a defined bl ade or vane contour.

3 T 1 I 3
b) working up the engine componen:t in order o

eliminate or reduce *he wear phenomena ;

o Tving 35 £1 nvd
c) applying a modified, nydrogen-containing

amorphous carbon layer s claimed in one of

1= 4 " = -
clazms 11 to 18 to a*t leas: per- oZ the surface
©I the engine componen:, which is exposed to

the gas flow during operation.

- ~ . - .
21. -fie process as claimed in claim 20, characterized

in that the engine compornent is in the form o

I+
[o}]

turbine blade or vane.

2 ™ laid ' ' i ]

22. ~-fe process as claimed in claim 21, cnaracterized
L. P g e .,_ - -
1o chat tne working-up of the turbine blade or
vane involves the production of a defined blace or

vane concour.



