5 January 2007 METHOD FOR MANUFACTURI NG GAS TURBI NE
COVPONENTS AND CORRESPONDI NG COMPONENT [ 0001] THswary 2007
present invention relates to the nethod for

manuf act uri ng conponents, nanely vane ~segnents; for a—
gas turbine, in particular for an aircraft engine.
Furthernore, the present invention relates to such a
conmponent, nanely a vane segment, for a gas turbine.

[ 0002] Mbdem gas turbines, in particular aircraft

en%hﬁﬁs nust fulfill extrenely demandi n

re

HAIAFORMANVESTURING GASSHITRBIVE GRVEONENTS AND
f , i i t
P tnen o TKRESPONIANG EBMEGSENT 1 ot or

aircraft engi nes have been devel oped which are able
to neet the aforenentioned requirenents and have

reached a high I evel of technical perfection. In the
ment of. aircraft anong ot her things

el o engi pe
000 iR RGFRG st iolrelales o teieiedt or BTG LB coBRPRS, gamely vane
segmbk, ot L& tumbisk, i BarfeARClbr fnl‘P ﬁﬁ&[ﬁ%’gg%{i&?ﬁagﬁ#%fg}g, the present

. met hods play a decisive role.
invengigp étlatanio sieh a epmpenansaumely a wanelsggrhent, far agaafirbine.
engi nes or other gas turbines are titanium alloys,

[ .as .superal |l o and )
AR R —
requirgardtsfwith ehatitio edlimbiing & ght érﬁﬁmﬁﬂd&)@&ﬁl@hﬁfﬁ_and service life. In recent

conpressor housi ngs and turbine housings. "Titani um
decadgs, 1p partigylar inihe elyfliayiation gecier, piseralt engingsdrave bapr dsstnped which are
ble 1§ | [ | or, th t, .
eble (EARRONE RN FemeMopEa kechive s BAERTH B8 ntl el g ohnica
perfestenhindbe forelopamui af divorafd gnyiasse smondlothar thire Hiay cHiied? material, the
vanes, for aircraft ngi nes_are known fromthe
scarcly § 5PN SUIAbIE TRa{esIS. aPd R Sach dor nesk WaBlfagtaring methods play a decisive
role. manuf acturing vanes, in particular guide vanes,
i nclude forging and investnment casting. Usually vanes
in the conpressor area are forged conponents, while
[0003} The mgetrigpartaniuhaterials usmhiungnilafee airemnft cpginde ov adesgds Alirbines are
o tur.bi ne,are jnyestment casting conponents, _
iy s R Sals8 KPP & st Plloh e Bt FSHh igel. The high-
streng(tEftddls 416 uaddsfor KIRAWEbrhcehis NBiveRbAp8Rerd, Lo %rqiogg%}é&and

.the related art, in the aforenentioned 5 January
turbine housings. Titanium alloys are typically used as material for compressor components.

Nickel alloys are suitable for the hot components of the aircraft engine.

[0004] Numerous methods for manufacturing vanes, in particular guide vanes, for aircraft
engines are known from the related art. Known, related-art methods for manufacturing vanes, in
particular guide vanes, include forging and investment casting, Usually vanes in the compressor
area are forged components, while as a general rule all moving vanes and guide vanes for the
turbine are investment casting components, Manufacturing vanes via electrochemical machining

(ECM) is also known from the related art. According to the related art, in the aforementioned



manuf acturi ng processes for manufacturing vanes, each
vane i's manufactured individually. The known, 5 January2007
rel ated-art nethods are expensive. [0005] Disclosed
herei n net hod for manufacturing conponents, nanely
vane segnents, of a gas turbine and a correspondi ng
conponent. [0006] Al so disclosed herein is a nethod
for manufacturing conponents, nanely of vane
manufadegrEnbaesse dor MargdR tiriag veams, cach vigrit Gt factufedindividually. The
aircraft engine, in which each vane segnent includes
known, ffllat?‘L“%fnef S 5 FEREISRe vane segment whi ch i ncl udes a
plurality of vanes being mnmanufactured via powder
[0005] DigélatddWegin n8ihed Fdr@maniRANRg cothporltas, Reedly {aeReeddhts, of a gas
manuf acturing vane segnents having at | east two vanes
turbine gpd- GOFREROPIRE CAPREGY i nj ecti on ol di ng t he
manuf acturing costs nay be significantly reduced.
[0006] DkeHREBRDhetdiCisGUhEBoVRP RS HINBNLe dIMPIHERS, nalleBT vafie
four guide vanes. [0006a] In a first aspect, there is
segmentp,fgy3 grsduipineetmsetionly faran airarefienging in @frhmhrf@m wane segredny
t t
includes a‘?ﬂe%st t\%rg gﬁ?gg e vzu%r se@rﬁar actléef{ 1:83%1[61%33 a H:ﬁtuﬁﬂ{y def gf%keg\r?g%
manufac&agdrenamowdeﬂ mcieliwgy injeedist mipliingy firtas bearfdumdwl@ mamdacturing

S nufactured from a pl ural.i nes via
vane sesiARIRving o IerT gy ik SEhoseBRaRgY TeRe o iRE e
manufach8FQRAsta 69 bk sighlTREML W@ VPrERFLE, 16O BAB @ite seHABR intl@les

vane segnent, for a gas turbine, in particular for an

thmeorgWFBWQPFmEﬁglne characterized in that the vane
segnent includes at | east two vanes, and the vane
[0006a} BEHNROhsplest, th@ﬁriyfn%gfd‘éﬂ @%eﬁﬁo@%ﬁn%ﬂiéﬁllﬂﬁ coﬁ‘fpoﬂ&ffse ﬁaﬁﬂ:@ vane
powder netal | urgy injection nolding. [0007] "I n order
segments, dorpgasfterbingr i parisulan frs ag@gmﬁtengm@m at Ieast t wo
epar :
characte A58 o B AR OOL R, Mo |IRANE SEIY 60 P00 Hiehu s

manufachuoed frtva avpdunrekity of @hieg v;aqmmldr ﬂnetgnﬁﬂgg finjgdtio imdlding
debi ndi ng process to forma nol ded body for the vane

00060 540 st G B SRS B
turbine, MtpattRuldr @108 airttAfi@ngiae, t o manuf acture one vane segnent

fromat | east two vanes, npl ded bodi es nmay be
characterized in that the vane segment includes at least two vanes, and the vane segment 1S

manufactured from a plurality of vanes via powder metallurgy injection molding.

[0007] In order to manufacture one vane segment from at least two vanes, molded bodies may be
manufactured separately for each vane via injection molding, the molded bodies for the vanes
being joined together prior to a debinding process to form a molded body for the vane segment.
The joining together of the vanes to form the vane segment may be performed in the "green"

state.

[0008] In order to manufacture one vane segment from at least two vanes, molded bodies may be
manufactured separately for each vane via injection molding, the molded bodies for the vanes

undergoing a separate debinding process, and the molded bodies for the vanes then being joined



manuf actured separately for each vane via injection

mol di ng, the nol ded bodies for the vanes underjbintgrya007

separ at e debi ndi ng process, and the nol ded bodies for

the vanes then being joined 2 5 January 2007 together

to forma nol ded body for the vane segnent. The

joining together of the vanes to form the vane

segnent may be perforned in the pre-sintered state.
tOgethel[tOm‘g] a plded Hedy foothewand sgtnene Thapiniagnwgstheriic fanesmo form

st two vanes, shar e | ded bod for the vane

the vane seém%% may. beéaerfa%?d 18% CRISS er? statg.. vang segment, nay

be manufactured via i njection nolding. The joining
[0009] hegdt hemanffadive ovanas stegmém rfﬂmaat\aaa’sem&ﬁgﬁwnh shge felded body
ot G5 GPIRELE, g o oGOl g1 By PG v e
molding mﬁéﬁtﬂﬂg"to?&h@iﬁfﬂtl{ﬁ%bﬁdf&%%’ ORAREmER LR be Ge@biMed 3a

[0011] Preterred refinenments of the presént invention
injectionging P@ldi cated i n the dependent claims and the

description below [0012] Exenplary enbodi nents of the

present invention are described in greater detai

based on the drawing, w thout being limted thereto.

[0013] Figure 1 shows a block diagramillustrating the

i ndi vi dual powder netallurgy injection nolding nethod

steps; and [0014] Figure 2 shows a perspective side

vi ew of a vane segnment according to the present

i nvention. [0015] The present invention relates to

manuf acturing vane segnents of a gas turbine, in

particular of an aircraft engine, via powder

metal lurgy injection nolding. Powder netal | urgy

injection nmolding is also known as netal injection

molding (M M. The details of the nethod

2a



according to the present invention wll be described
later; first, however, the basic el enments of polaapry 2007

metal lurgy injection nolding are described below, with

reference to Figure 1. [0016] In a first step 10, a
net al powder, hard netal powder or ceram c powder is
prepared. In second step 11, a binding agent and if
necessary a plasticizer, e.g., a wax, is prepared. In
method step 12, the netal powder prepared in nethod
step 10 and the binding agent, and pl asticizer )
[0010} Ths somponsnt aeaording &¢ Bi§ prascainvention i dafined émingepsngdent Patent Claim
13. SO that a honpgeneous material is formed. The netal
" powder preferably accounts for between 50% and 70% of
the volune of the honpbgeneous material. Accordingly,
[001 1] Fecforredprefinements bf thegresenoigeaeivusraimtizaied|in decdepaidet claims and
for .by ihe bi ndi ng agent and pl asticizer fluctuates
the deseriptiatibel®ighl y 30% and 50% [0017] This hormpgeneous
materi al which includes netal powder, binding agent
[0012} BXeRbR$} fibdBments DI pr8shSthvERidnUid &@serieécpﬁle%%_éatagdetaﬂ based on
via injection nolding in step 13. During injection
the drgyingi, wethowtdletngditaibes] Bsretg.e formed. These nol ded bodi es
al ready have all the typical features of the

- . particular, the T
0013} 3THRET ke £igEh SREHR Ehi e bC BT S o P peGiturey injection
moldiha metiiod s?e/andconmponent to be manufactured. However,

their volume is greater due to the binding agent
content and pl asticizer, content. [0018] In subsequent
[00144 Figgire 4 shawre? PRTSRECHYE sige NieWarfch Yame seamas peqoyding 49 the present
gyoved fromthe nolded bodies. Method step 14 is
nown as the debi nding process or dewaxing step. The
bi ndi ng agent and plasticizer may be renoved in
[0015) dhi presemayentidioralatts o mimdadteimoeoapdgnsdmedof/a gas turbine, in
. fractional . thermal dec osition or . evapgyati.on.
particilf 1T BT BRI NEA TG HE A IHVBIeCtn RG Oy fetalurgy
injectionGH§Aing G NsRIVEh A09Ba] ARKLLHBH ARIdifd FI\QI'M IStH&Metails of the method
capill ary forces, sublimtion, or solvents. [0019]
according twoihe prpsettaneabipn il he desscibed latem; st powdyert the basit diedhents of
baodi are.sintered. in step.15., . Duri. i nteri t he
powfigftrBl i l0h Bisiipk BrSA GBI petesy yilrrs e isgon e I
having the final geonetric properties. During
[0016} 4 €irst Bigp 10, remenal pewlddrOltir® Snesdd bbWeras @ofadiif gbwder ik prepared. In

beinq necessary . o .
second step 11, a binding agent and if necessary a plasticizer, ¢.g., a wax, is prepared. In method

invenE

step 12, the metal powder prepared in method step 10 and the binding agent and plasticizer
prepared in method step 11 are mixed and homogenized so that a homogeneous material is
formed. The metal powder preferably accounts for between 50% and 70% of the volume of the
homogeneous material. Accordingly, the proportion of the homogeneous material accounted for

by the binding agent and plasticizer fluctuates between roughly 30% and 50%.

[0017} This homogeneous material which includes metal powder, binding agent and plasticizer
is subjected to further processing via injection molding in step 13. During injection molding
molded bodies are formed. These molded bodies already have all the typical features of the

' components to be manufactured. In particular, the molded bodies have the geometric shape of the



for the dinensions of the nolded bodies to shrink
evenly in all three spatial directions. Dependi fgugy 2007
t he bi ndi ng agent content and plasticizer content, the

l'inear shrinkage i's between 10% and 20% Sintéring

may al so be carried out in the presence of various

protective gases or in vacuum [0020] Foll ow ng

sintering, the finished conponent is ready, as shown

in step 16 in Figure 1. If necessary, follow ng

sintering (ste 15%, t he conponent, may be subjected to
compgnentfq by Iﬁﬁé‘ffﬁ PHeve; Bpir Yolumsdgataster dup o ﬁxéﬁamﬁimggagent

contel&ra%z)ﬁ%ti'biﬁe%it&@m . It is also possible for an
[ t

I ns ation-ready conponent to be ready directly
after sintering. [00211 The scope of the present
[0018} hvsrbséquent step lidiebe himdinzagentrand die plasicizn ereyemoent from the molded

fr a, plurality of vanes via powder metallurgy e
bodies- Melhed 5P 18 Frk e R IRE AShrain g BIRGER: crdedprine §ipP. The binding agent
and plaSticeRt iy BERERIoREd W dabiohPivii I NlotAIBS H8Y is%c@n&gl?shé& Via¥actional

i ndi vidual vanes to formvane segneEnts nakes It
thermplglesprppesition e grapeiademtHuytherantions inghndedbe weniavgl efube thermally

. L Sy I ef 0.]0in together. threg.or.four quide

tiqueslg i uifil Foe AR Flat e flhod RS st sEiRBisk bl Aoy
powder netallurgy injection nolding. [0022] Thus

[0019FFglleeing tisddukindingy pidecss &g step 1 4,1 Be hd¥ddatbokifd larciihtéRd in step 15.
vanes, 19, the four_ guide vanes_ 19 being joined via

During siatering ope maldediboriespreicqnieressed s farmighe gomponentsdaringdhe final

i . : . ver 21 are
s PRAEHS 55 AR £y B ALy S BB, T s
for thedingasidnsoJthe uarlgedtddies to shrink-evenly-in all three spatial directions.

STt ---s- : vanes 19 being. joined via the respective
Deperging; grifhe bindiie esnt okt slhpastIies kentens the o chripkag is between
10% ahd 2094 hﬁ’ﬂ&%ﬁl HisH 8 ¥ e i i

’ ] Oi niong t oge hg”? g? ?nﬁﬂ?/cll gﬁtg Va%régenfégfgﬁloggﬁ?o\}%cﬁlge gases oran
vacuugegnent 18 via powder netallurgy injection nolding

may be carried out in three different ways. A first

tion for joiping.together the vanes to farmone. . ‘
10020 Eic%ns ool e Tk REOTE e vt meshgpac Sebdgan Figwre 1. 16
necessary, following sintering (step 15), the component may be subjected to a refining process in
step 17. However, the refining process is optional. It is also possible for an installation-ready

component to be ready directly after sintering,

[0021] The scope of the present invention includes manufacture of one vane segment from a
plurality of vanes via powder metallurgy injection molding. Combining powder metallurgy
injection molding with joining together a plurality of individual vanes to form vane segments
makes it possible to significantly reduce manufacturing costs. It is preferable to join together
three or four guide vanes to form one guide vane segment manufactured via powder metallurgy

injection molding.

[0022] Thus Figure 2 shows a vane segment 18 having four guide vanes 19, the four guide vanes
19 being joined via inner cover band 20 and outer cover band 21. A section of inner cover band

- 20 and of outer cover band 21 are assigned to each guide vane 19, the four individual guide



second option for joining together the vanes to forma
vane segment is known as joining in the pre-sihiasmay 2007
state, and a third option is known as joining via

~injection in a tool. [0024] Before the details of the
three options for joining are described, it is
inportant to note that joining in the green state and
joining via injection in a tool yield better joining
results than joining in the pre-sintered state. This
I s because when joining in the green state and j oi ni ng
V&neS\AS‘d?em&ﬁwajuVéﬂnthP gespeqtiyg|sections of innereavst bandgd gndiontsd cover band 21,
ct with one another, which has a
theretg;ﬁghgﬁq}aﬁégé n%ﬁﬁ% the joining result. However,
satlsfactory results may al so be achieved via joining
[0023] The []mnmgetegaﬂnﬁralf émllivithad] @andsAG26 ffornnvirtasegaett 18fvid b@wder
1{ irst.o t|o % obnlgg whi ch |s(§gomn as j oi ning
metallsgy ByiqEtinn G1olqie niay be hdisd Opb lFRLRFIER VA A VEFHPtion for
joining SFERNY: tifd Ve todlotth %he LincQboMBREGS kndBh 4 Cfﬂf?%i ¢ Bicn state. A
manuf act ured separately via i njection no Yor ch
secong gpion fig jeidinggogstker hepranps odfben scané sspmmenois kinhwn(asl j(ﬁmng in the
and er .cover band.., These. npl ded badi es,
pre-sifii sl i i B 1 Gt B5iMiiing HED PR ndeOlar 1 |
present, are then joined together to form one nol ded
[0024pBESoré te dehifls i thertBree bpiiensYBHHRthg arkQleB8GRRAP isShpbRht to note that
t he nol ded bodi es for the individual vanes are
Joining i thej gseeacstate and wwl@maam@tmrm@rtwles@ié bcﬁtcremwngemsults ¢han

i 3 BIBL A POIEE JEh SaS L B B e i
injectiottiwh t@dVhe sirfieds @tk jbineé ﬁreqﬁ\éﬁfselb@?ﬁhct (vt ORE BbtRGEwhich has a

%% ot her. The secure positioning of the nol ded bodi es
favorablgy imnset ome iginingresplindeweyes) selistagtorpreswiés mmoalbebe aghjeved via

Jommgﬁnuglg %Tpiﬁl%f?&pg?tgl a a device, e.g., via clanps. The

orne ded body for the entire vane segnent
is then subjected to a uniform debinding process to
[0025} bnthe easehd the fit oygicadenjoirang] whials isiknowaras joMiap ir the green state, in
d bi ndi ?gﬁﬁ%ent i S softe d angu noved fro the nol ded
ordet o JHRUIHRING O XRFeREeY Wit gnesume oliled bodiggare
manufh@HF s8p MRl V18 injédtioR ABIGRS %@éich Lo 1naﬂ§m%0tﬂ‘1é5%)gnﬂmgte sections

sui tabl e contact "surfaces are fornmed
of the puter eoner bend andl inaereovesdpandt Thepemokded bpdes,en athich the blndmg agent

and ISP s B o T Vs 2Es By B PraRnpey for the enire
vane sPgrfterd Tib BEdoRpliki eHis, thremomad Bodies for kb individual vandi ¥rePesikioned

mol ded bodies for the 5
behind one another or respectively next to one another in accordance with the desired sequence
of the vanes, the respective adjacent sections of the outer cover band and inner cover band
touching one another. The secure positioning of the molded bodies for the individual vanes
relative to one another may be accomplished via a device, e.g., via clamps. The thus formed
molded body for the entire vane segment is then subjected to a uniform debinding process to
remove the binding agent and plasticizer. When the binding agent is softened and removed from
the molded body, minor unevenness in the joining surfaces that touch each other is compensated
for, and thus suitable contact surfaces are formed. The molded body for the entire vane segment

. is then preferably dewaxed and pre-sintered. The bond between the individual vanes is already so

strong following pre-sintering that the means for fixing the individual molded bodies for the



5 January 2007 individual vanes may be rel eased.

After this, the actual sintering of the nol ded bapary 2007
for the vane segnent is carried out, until the vane
segnent to be manufactured is ready. Th thé case of ™
this joining option, it is possible to forma good

bond between the individual vanes of the vane segnent
which is essentially indistinguishable fromthe bond

in the basic material. [00261 An alternative to

. . joining in the green state is to join in the
indivgial iy R be S Ghsel Atierdhie thasetvalimigrisiectte waldetldody for the vene
segméi§s &irﬂé@(nﬁg\lnﬁﬁ @lﬁee?angge Qﬁ{ft?ﬁé H{aﬁlét?v@tﬁr \élgF Feﬁ@?-gféﬁﬂé case of this

~ "~ froma plurality of vanes,
joininigaypities, it Brpossilh tov foxm anpxedd Ednddebrechitiicsindivaimdf dgles beghe vane

separ.ately vi.a, .injectiqn di ng.. These nol ded bodi es
segmaif g s ekl e b om0 oo e dhedhssia matertl.
debinding process in order to dewax the nol ded bodies
[0026§2ch 41RFRNI9e I RIRADH 16 oAYA Rt % @Ji@ﬁhh& Eé%i tEfedBatd 16 the case
. .ol ded bodies for the individual Vvanes. Fur t hermor e,
of joirigg in the pic-sipterddi state, to aranaficture ondreanersegroend fivadh ehurdlity of vanes,

. indi vi k. vanes ,are pre-sjntered separate]y. )
the iR it R i ey s B et sl vi
injection@nol ding €THERE BRUNITHIRS FEIOhB Hdi GRS Rrh@é%%@pﬁ&ﬁlgzt Lgltdgrgo a debinding

signi ficant shrinkage. In this pre-sintered
processa opgsT fRedevipdhe g10idnd hodiesiand ramatigghe bindiog agent andiptesticizer from

for the. : .
e b BREGAER B Pl B APl ik By SR, e
moldeslHojdizs fadthé individidl oames ik prersintared Beifatdidy SN SF i)lrégbintﬁlki'l%, there is
e

gﬁ?ded bodi.es for the individual vanes nust be secur
no shrypking Rragessyi-codhs wpkied befigs do @ot experienca gy bignificani shrimkage. In this
o f . . ' I S.. weyer S
o ASEAUY R OSSR AP E TR e B o B
moldeddmd{?rﬁrrtth@ﬁarlbhggmmﬁg’lﬁhis hm:d%ed_ lsbdly ifRgrhe ivﬁﬁeﬁie bfgnt i6 Bdn@ibjected to
.. results are, achieyable wt oining in the green state
uniforfry Stetipg. VS ST en hetsRRldgd BOdFT 0B hedndividual vamhemust be sccured
fixe@aA PbibMtcta i bid%si
o i QAR PLAAAA 4 6, SRS | BRI, oG AR oS clumps.
Howevksf grthetlamps may glace aoksraims o theffravtish of moeememnestithe molded body
. However | oi ni.ng nol ded ,bodies, for, the individual . = = |
during SESTE, hetpr S Ai pIEp IS St iningn fhicersaite A58 Widhioining in
the pré-fifiteretdtdte. [The CkARESAS pRted HEthe TN BPEOQ&H@B%%E sfiing may
) not the wall thickness of the joine conponent ve
in factiresulidn ppdesivabla deformatinnstand gracks)int the fivishé chainmmnpnio Bles&yer,

Leul ar durin ewaxing. Thus in the case of
jind BORRASLERL 1 U o8P LS8 s o
wall thi¢kmesses of e iidiidual components and not the wall thickness of the joined

compenent have to be taken into account during the debinding process, in particular during
dewaxing. Thus in the case of joining in the pre-sintered state, less processing time is required
for the debinding process. Accordingly, in the case of joining in the pre-sintered state, the vane

segments may be manufactured more quickly.

[0027] Another option is to perform joining via injection in a tool. In the case of this option, in
order to manufacture one vane segment from a plurality of vanes, a joint molded body for the
~ vane segment, i.e., for all vanes thereof, is manufactured during injection molding. This molded

body for the entire vane segment is then subjected as a single unit to a uniform debinding process



for the debinding process. Accordingly, in the case of
joining in the pre-sintered state, the vane segfary 2007
may be manufactured nore quickly. [00271 Anot her

option is to performjoining via injection in a ool
In the case of this option, in order to manufacture
one vane segnent froma plurality of vanes, a joint

nol ded body for the vane segnent, i.e., for all vanes

t hereof, is manufactured during injection nolding.

Thj s | ded bqdy for the entire vane _segnent is then
followgpesibasivgat lant:ﬁrwgal@ew- Alicgingho ¢ of hicientiondimexeellent bond
betwdh LR vRIual VARN MY =Rdurf@lk@ned by subsequent

uniformsintering. "Also In the case of this option, an

excel I ent bond between the individual vanes may be
[0028}dihgfoption nyalvifOREhg Visdneptionon aitoelohay begugediim pagcshafor vanes

i A O B B S e et This vans bt
and a\6BFdwIEER Born® (Neged1iAg charR s RO b edduR@% mt c%vifg?& if@dtfon molding

..and a core which forms the cooling channels ar
which issubsegepntlitBled caipdetel nvThecoreis than meltddorit mandifanguring the molded

body fif¢\vln? s SHRSEVAE i o 50T 61 te B0 ol g and before
filling dfthy okl ceByERt alréidyensdries 94id 1IF Bhy bOBreORAmMEANS idiAobe binding,
into the nold cavity and before filling of the nold
vity, the already inserted vane half may be
[0029;3l s ‘l,{épcﬁ:@&t {Ool‘.lqt | ilds of qurs,q@_lso ffzg@gwthtn the sq:qp_g@f therinvention to
manuf‘a@tu?@&?efwﬁa?ﬁtgeérﬁeﬂt%oﬁ f&%y&ﬁﬁg#tﬁ'% gsaﬁéig% gwé\f/vl U Dl 8

scope O nvention to ufacture o gﬁ%vmwaegnmﬁsawh
includegiveriants. dinefrop sebamu-segheurs cdcnigsludiig 9@ Vanes may be

§%§&¥@ﬁe-se nts each .inclu&%ng two_vanes. The two .
ManuEGRIRIRES METUESHON PR 5 EF PR uPatsemeRighanebeing joined to
cach GG Bl AOT OBABRNBInMIAs bl Bl QN a tool,

these two sub-segnents then %elng joined to each

other in the green state. O her conbinations are al so

[0030} dhe pisrant ifvo0Re) propesesfestibafirst ivemarmfagurapoems ségments for gas
oebings Fgh rdboalily T AR VA P eV RS GRE hRigate selent is preferably
a guide PhRCIck MBnTRIviligOplufdlity ¥PORISRHBRTY ah%ir@faﬁf&gﬁfé! y a |

gui de vane segnent having a plurality of gui de vanes

for an aircraft engine. 7




5 January 2007 What Is Cainmed Is: 1. A nethod for
manuf act uri ng conmponents, nanely vane segnents,? fanuagy 2007
gas turbine, in particular for an aircraft engine,

characterized in that each vane segment incrudes at
| east two vanes, and the vane segnent is manufactured
froma plurality of vanes via powder netall urgy
injection nmolding. 2. The nmethod as recited in Caim
I, characterized in that the vane segnent is designed

s _a .guide vane segnment and includes at |east two
Whataﬁlpg"ég\?gi%s. 3. The nethod as recited in daim 2,

1,

characterized in that the gui de vane segnent includes

t j . recited, .. .
| o BRI oL UFpd BEonepft notily JRAS Rl BF 5 g fupbine i
t patticulan forren aimsaft afgindge powder metal l urgy injection

m)hdi ng.. [ Qﬁlrti ular a nmetal powder having a

iR izt ol Y Sheine 1RQiudes AhieastibRogRaterihe vane segment
Med @ahdthetudld frdf apl i LN i
fromthe hormgeneg)uusrﬁlggtog? %I%I%%Wﬁr%lgﬁbﬂ%ﬁcg?%%dmg‘

the nol ded body or each nol ded body then being

s Uibp astld asgeeitedddiGlailmly  process, the nol ded body or

e . then _being.c ressed vi.a sintering ..

¢ SfdtpiBtftn PR AR O L CRRES RS s e michad includes
gepkedtiwe gpidepandd. es. 5. The nethod as recited in

Claim4, characterized in that in order to manufacture

one vane segnent fromat |east two vanes, nol ded
bcnygF@? Qshasdggifedyn &8 nanuf act ured separately via

g : gt : 6 vanes
p P EE SR ATE O I i en R RS B o S B Rares
to form one nol ded body for the vane segnment. 6. The

néhtowthasl aseediteddn bre @ raomcs Claihsriahtoagh3ded in that

:)Eﬁi?asgc?!?rgz%g ng al%lt,ellsl tlIeocraset Qfethc\el S&% er%rrlgtafhg‘lg)rz] ?ncjjec}ti%%%tloqgizlg, in particular
a metal powder having a binding agent is first mixed to form a homogeneous material, at
least one molded body then being formed from the homogeneous material via injection
molding, the molded body or each molded body then being subjected to a debinding
process, the molded body or each molded body then being compressed via sintering to

form at least one vane segment having the desired geometric properties.

The method as recited in Claim 4,

characterized in that in order to manufacture one vane segment from at least two vanes,
molded bodies for each vane are manufactured separately via injection molding, the
molded bodies for the vanes being joined together prior to the debinding process to form

one molded body for the vane segment,

The method as recited in Claim 5,
characterized in that the molded bodies for the vanes are joined together prior to the

debinding process in the green state to form one molded body for the vane segment.



10.

11.

12.

13.

debi ndi ng process in the green state to form one
mol ded body for the vane segnent. 8 5 January 2&mmary 2007

7. The method as recited in Caim5 or 6,
characterized in that this nol ded body for the vane
segnent is then subjected to a uniform debinding
process and uniformsintering. 8 The nethod as
recited in Claim4, characterized in that to
Fesmoethed arrecitedan Claim Ssu@nent from at | east two vanes,

j for h.vane are nanufactured .
RSP B SR B0y RO Phoafe SRS s Sbined e
Hroforrh kiebiuding procexdand onifignesiserhas. at € debi ndi ng process,
and the nol ded bodies for the vanes being

b ntly |,0l ped together to formone nol ded body
flgerrﬁgtﬁgf ab redited é%g m 4

€ vane t? 9. The nmethod as recited in

dHagcriBed 16 Mgt achemifidee ofe Virtsefient BRhOR abadioandsOmolded

é?@ vanes are joined together in the pre- sintered
168 donach vanmapRanib el srpaspiehyyiadnectipn moldiag thamolded

Bedies ?Mh@%@@ﬁhcﬁéﬁ%oﬁ%ﬂ %eﬁ&a{erﬁeg ﬁiél@ Socls, ghd thﬁ molded bodies for

characterized in I's mol ded body for the vane
the yaneh being subeqyestiphjoist éepethor torfofmy one meldad bedyniyr thvane
Qﬁﬁmﬂethod as recited in GQaim4, characterized in
tAat to nmanufacture one vane segnent fromat |east two
vanes, a joint nolded body for the vane segnent,
Theaugthddoms redifed wa@kesn 8f t he vane segnent, is

factured yia inject | di ng. 12. The methqd
PR T the et e Sonlbs Yamtorewoobipeech imliame

sfetyd otk té Rem\cAB ehodRAHREY fdrihSdik86dnesht 0 a uniform
debi ndi ng process and uniform sintering.

The method as recited in Claim 8 or 9,
characterized in that this molded body for the vane segment is then subjected to uniform

sintering.

The method as recited in Claim 4,
characterized in that to manufacture one vane segment from at least two vanes, a joint
molded body for the vane segment, i.e., for all vanes of the vane segment, is

manufactured via injection molding,

The method as recited in Claim 11,
characterized in that the molded body for the vane segment is subjected to a uniform

debinding process and uniform sintering.

A component, namely a vane segment, for a gas turbine, in particular for an aircraft
engine,
characterized in that the vane segment includes at least two vanes, and the vane segment

is manufactured from a plurality of vanes via powder metallurgy injection molding.



14.

15.

16.

13. A conponent, nanely a vane segnent, for a gas
turbine, in particular for an aircraft engi ne,5 January 2007
characterized in that the vane segnent includes at

| east two vanes, and the vane segnent is nmanufactured
froma plurality of vanes via powder netall urgy

injection nolding. 9 5 January 2007 14. The conponent

as recited in Caim13, characterized in that the vane
Teqrramonery agemitghimdClaimm 83,gui de vane segnent and

I,ncl udes. . . east two 1de .vanes. 15 The conponent
Pty o e s PR 3 e yor spempRind chudes
gueRerwoanedesegeent i ncl udes three or four guide vanes.
16. The conponent as recited in one or nore of Cains

t hrough 15, .chargacterjzed in that the vane segnent
ﬁe Wﬁfi%ﬁf’ﬂfeéﬂe‘{jﬁ“aﬂﬁl“}%{’ hod according to one or nore
@faraCloRibBin4hds me%hm_ vhde scbbhent HAINUAT Hred 8P four ﬁ@ﬁé Laeh. of
the Disclosure e invention concerns a nethod for

king el ements, nanely gas turbine vane segnents, in
P aorPaRent a¢ weitehingne ef mpte PSuims P drauehrhe "i nvent i on
dallltﬁralﬁ{éﬁE%h Wt AR ahO sdobiftht B AGRUMBRRISEINRREnod %QJ%(glihg f0%ne or

east two vanes, One segnent belng produced

mefedf Clavms ddlubegnk- of metal powder of several vanes.
The invention also concerns such a vane segnent. 11
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