METHOD FOR MANUFACTURI NG GAS TURBI NE COVPONENTS AND
CORRESPONDI NG COVPONENT [ 0001] The present invention
relates to the nmethod for manufacturing conponents,
nanely vane segnents, for a gas turbine, in particular
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segnent, for a geoRRIEYPOMEDINGAIMPMERNT gas turbines, in
particular aircraft engines, nmust fulfill extrenely
demanding requirenments with regard to reliability,

wei ght, perfornmance, econony, and service life. In recent
decades, in particular in the civil aviation sector,
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manuf act'uri ng vane$, 1n particular gu
role. aircraft engines are known fromthe related art. Known,
rel ated-art nmethods for manufacturing vanes, in
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uide vanes for the turbine are i'nvest rrent casting
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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




[00051 On this basis, the object of the present invention
is to propose a novel nethod for nmanufacturing

conmponents, nanely vane segnents, of a gas turbine and a
correspondi ng conponent. [00061 This object is achieved
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segnents having at least t vanes~via po
compomgneéct i on nol di ng the manufacturing costs may be
Si gni ficantly reduced. Preferably the guide vane segnent

es t of, four ide vanes. .[00071 Accordin 0 a
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present 1 nvention, 1 n or anGf act ure one vane
segnent fromat |east two vanes, nolded bodies are
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invention, in order to manufacture one vane segnent from
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the vanes undergoing a separate debinding process, and the molded bodies for the vanes then
being joined together to form a molded body for the vane segment. The joining together of the

- vanes to form the vane segment is performed in the pre-sintered state.

| [0009] According to a third, alternative preferred refinement of the method according to the

* present invention, in order to manufacture one vane segment from at least two vanes, a shared
- molded body for the vane segment, i.e., for all vanes of the vane segment, is manufactured via
_ injection molding. The joining together of the vanes to form a vane segment is performed via

injection in a tool.




injection in a tool. 2 [0010] The conponent according to
the present invention is defined in independent Patent
Claim 13. [0011] Preferred refinenents of the present
invention are indicated in the dependent clains and the
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present "1 nvention are described In greater ase
13. on the drawing, without being limted thereto. [0013]
Fi gure 1 shows a block diagramillustrating the
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0015] The present invention relates to manuf acturi ng

ane segnents_of a gas turbine, in particular an
©
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e r tion nolding is also known as
the drEGHiY %ltﬁg'let?%eu Lokt ddtﬁérgﬁ)(M M. The details of the method

according to the present invention will be described
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I ection nolding are described below, with
m(’ld‘%fﬁ@#@ﬁég%?uaﬂél gure 1. [0016] In a first step 10, a netal
powder, hard netal powder or ceram c powder is prepared.
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plasticizer, e.dg., a wax, is prepared. In nethod step

inventign. t he net aI powder prepared in method step 10 and the
bi ndi ng agent and plasticizer prepared in nmethod step 11
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[0016] In a first step 10, a metal powder, hard metal powder or ceramic 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 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 homogencous 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




is subjected to further processing via injection nolding

in step 13. During injection nolding nolded bodies are

formed. These nol ded bodi es al ready have all the typical

features of the conponents to be manufactured. In
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10019} Bplipsping g binging RO HEeRy %‘Eéh? Bplsed %@318%‘-’6&%%?@ in step 15.
. . ¢ oo . . . . .
DurinEH1 48 8 1A oSO e REORPY oy s oY
geomdtnc propertids. Muriigomsenig, thvemnided bodiboslirmk accordimglynk beingriegessary

in all, thr S i.al diregtions. . De din .he,.
for the hripigneiic TR BaCies oI R ey Py LR BEF Bi0A G near
Deperdig dH®E 8indndolehetent A4 ABdicERYeontért! BE liRsarMBMnlge @ Bween
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10% apd 20%%. Smmaﬂd&zgqcmbd owi in ghespraseaes pigvarione pratesitiyh gases or in

conponent is ready, as shown in step 16 in Figure 1. If
VatWlifacessary, following sintering (step 15), the conponent

may be subjected to a refining process in step 17. '
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compamehiiorg reddyrdientl n gftigrewdeningret al | urgy i njecti on nol di ng
with joining together a plurality of individual vanes to
nment s
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plural#PER¥MESE 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




three or four guide vanes to form one gui de vane segnent
manuf actured via powder netallurgy injection nolding.

100221 Thus Figure 2 shows a vane segnent 18 havi ng four
gui de vanes 19, the four guide vanes 19 being joined via
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i nner “cover band 0 and of outer cover band 21 are
theretysfoimymg danosagaeht {Rii de vane 19, the four individual guide
vanes 19 being joined via the respective sections of

i . d.20. and, out band 21 h b
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~_ _inmpact on the joining result. Howevér, satisfactory
joining @ik pse-piteredl 8¥ebe achieved via joining in the
pre-sintered state. [0025] In the case of the first
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nuf actured separately via_injection nolding for each |
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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




of the vanes, the respective adjacent sections of the
outer cover band and i nner cover band touching one

anot her. The secure positioning of the nolded bodies for
the individual vanes relative to one another may be
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the case J;dglmn in the pre-sintered state, to
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e i dual bod| vane nmust.
moldettpgy Rt Ao PRANC CpRPRUERL P 5 B R Rt B BBcted o
uniforfléfierin®| Diathhvstbese, fiey mblded bédlesfod Ua) indidRRE] wRBamakttekecured
undergo a debinding process in order to dewax the nol ded

or ﬁxqﬂdaupégltlaﬁ eelatbrego ene peothernEhin graadrermecemplisipd fricspmple usingplamps.
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during siﬂjeﬂngi lbattemaﬂﬁ& abd schipvebls iwithgoRthsahe gieeh ytateBhisad wigh joining in
pre siptering, there i no shrjnking process i,e., the
the prersiniseel g B cppstiEts @%9@4 PR HtedregAYmf grvemeRturing sintering may
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t.he vane_.se nt t hen sub |for |nter|ng
wall iglieb s SF e dRE et soumhRB e i s whlh iy o i
compHRAEHVEHS be Rikes BfESB&Dunt during the debinding process, in partlcular durmg
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 moided

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




or fixed in position relative to one another. This may be
acconpl i shed for exanple using clanps. However, as the
cl anps nmay pl ace constraints on the freedom of novenent
of the nolded body during sintering, better results are
' fOllOV_@éamR?S\ﬁﬁggqﬁeW L&Lli'foi'rﬁ 'sfﬂ'tﬁ_@ﬁ)tg! ﬂlsg he t&rc%gfpoﬁthﬁto tibR AR St difent bond
joining i the pre-sinfered state. The constraints
betweph #edddividuaheanks wey benwhufaotoesrent during sintering may
in fact result in undesirable deformations and cracks in

fini shed, conponent.. . However [;0l ni.n | ded. bodi.es
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manuf actured nore quickly. [0027] Another option is to
[0029l3ﬁ_ri§ BhiBriaat f e Wafit iUREHIse Blsh FeRiHIORthin tRe §ddBe 6888 iffention to

his option, in order to manufacture one vane segnent
manufacion eneptane at¢gnognt Gomy/ian essmpde fairvanesphsiegltvioshp-fane-stgreents each
. vane seqnent, .i.e.., for all vanes. thereaqf, is
includifi SR dare dtrp St v seBiientt S i e b S rpebe body
manuffaBturddfer 8finple vivamectiRaiRRboll theld SR sﬁlutgegﬁblgsi gféﬁ Rink 6Bk to
y

unit to a uniformdebinding process followe
each oy de heeareen miate. D thersdombinatiogs ataladse feasiblpe case of this
option, an excellent bond between the individual vanes
ousu[ e PR BHCHEN Dt RORE SR QAR P Sl R
turbinvsftera a glavalitygpfivahesgrie powdelinjegrichackiglgs The paree sepimsit ivprdferably
.Step, a vane half is manufactured., This vane half and a
a guidg §pke sRRIER! e BHEEOR! sua%: YRS FRE188 alPRli gt ed into a
nmol d cavity for injection nolding which is subsequently
filled conpletely. The core is then nelted out,
manuf acturing the nolded body for the vane segnent.
After insertion of the one vane half into the nold cavity
and before filling of the nold cavity, the already
i nserted vane half may be pre-warned to inprove binding.
[0029] It is inportant to note that it is of course also
feasible within the scope of the invention to
manuf act ure one vane segnent from for exanple four vanes,
usi ng two sub-vane-segnents each




I

including two vanes. The two sub-vane-segnents each
i ncl udi ng two vanes may be nmanufactured for exanple via
injection in a tool, these two sub-segnents then being
joined to each other in the green state. O her
What $O0RIA&d jsons are al so feasible. [0030] The present
i nvention proposes for the first tinme manufacturing vane
segnents for gas turbines froma plurality of vanes via
1. péviethoil fpravanudacturblegiomponaiie namely wng segmerits fpaegasitubing, in

a [ ane se nt. having a plurality of guide vanes
F B S PP RE™ 7 e Pl o G i ted 19 A ot hod

f GaraderidedGh tHat BEhGANP PBINS incNRABEAY edsb ey GRGHRINH She F:0E ségment
gas turbine, in particular for an aircraft engine, )
c Fapapegtueed dropa piyealiteal yangs Hia posgsemetal gy dajaetion mplding
two vanes, and the vane segnent is manufactured from a
p ' f kg powder metallurgy injection

2 nlgﬁgﬁr%l{.dﬂzag & ‘ﬁgﬁ%g dgg lés recited in daimi,
c bizeracerezed 2e that thetviand sdgirentmrdesigeerhasrd guide has isggeeht asd icludes
gui de vane |, e%ment and includes at |east two guide
V3H8%S?t‘§9g‘=}*ﬁ% f¥thod as recited in daim2, characterized
in that the guide vane segnent includes three or four

3. OTh&meHRARS reched TDElTNOD as recited in one or nore of

~ Cainms 1 through 3, characterized in that, in the case of

t phargresiired imBregibe gpigly viang ergmieshinebidds thege driowaguidecyings.  a
nmet al powder having a binding agent is first mxed to
f : |al . e nol ded body

4 BRI B of s 1SBRMR T Tl vi o
| cheeadttérivad inmiatiimthe chiveofid pewiddranbtalbirgemidetion hdddingdd particular
t hen agei ng subjected to a debjnding _ process, the nolded

b BYFie0 PORHEAYHIERINHBE PE T ShiilsbmiTeyd e fgPea herpogangous material, at
SicRit@nk bl Ay bcfd? It RBnAeir ?rhed’ﬁ@m@ﬁ ﬁoxﬁ@%ﬁﬁ@ﬁs AHAG, i Bfection
desired geonetric properties. b5. e method as recited’in

Omnaldmg} 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.

5. 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.

6. 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.

characterized in that in order to manufacture one vane
segnment fromat |east two vanes, nolded bodies for each
vane are manufactured separately via injection nolding,
the nol ded bodies for the vanes being joined together

p'l"h@fne&%d%@%ec%@hﬂélaﬁﬁ sRirgcess to form one nol ded body
for the vane se ment. 6. The nmet hod as recited in Caim

Sehagicigrivet én thatthis moldndbodsher ths! viod staveting is ther sublrsteddn as

are d ether |or to.the debinding process in
R BERPE o8 WPl sPles boay for Lhe vane

segment 8 7. The nethod as recited in Claimb5 or 6,

ciTh¢ aeitRdiad edtited it QAImYhi s nol ded body for the vane
segnent (i s . then subjected to a wuniform debjnding proces
apfErramierizse in tahtogparactye opp¥anseAmANtLEom ablca 49 yargsaigided

4bodi@§"1[o?fé c%rJaﬁggre'Iﬂa&u%EmE@F%E%%lg%% J%c &?m‘égﬂﬁg, HROUEREd

east two vanes or e vane are
naodiésdot thesdneapalcaionigya selparatmgleéutdmgpmcﬂssl,l ang ;the inelded bddids for

bodi es for the vanes under 0|n a,.separa
ﬁw@g%s B R B SRR £ oPmicnE TIAGEOeM g e vane

gently joined together to formone nolded body for
th vane segnment. 9. The nethod as recited in C aimS8,
characterized in that the nolded bodies for the vanes are
thmmthOdgétﬁétﬁdinﬁlah‘QSpr e- sintered state to form one

B b AR RRIER i s el A e pre-
nEth@ed dedio foarh onb enoldddehode gomethe viuse demBntsubj ected to
uniform sintering. 11. The nethod as recited in Caim4,

characterized in that to nmanufacture one vane segnent

f Tormsthod ea secitedun Gl S ora: j oi nt

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 (18) includes at least two vanes (19), and the vane
segment (18) is manufactured from a plurality of vanes (19) via powder metallurgy

injection molding.




14.

15.

16.

nol ded body for the vane segnent, i.e., for all vanes of
the vane segnent, is manufactured via injection nolding.
12. The nmethod as recited in Caim1l1l, characterized in
that the nol ded body for the vane segnment is subjected to
aTup chapientlaichieidig (Raigcess and uniformsintering. 13. A
conponent, nanmely a vane segnent, for_a gas turbine, in
paharacienized in ghat the vane eaeatent (19 i designedas medide vanscegmentiangd
t udes at | east two vanes (19),
anﬂ%l"{(ﬁg%\}g%g%@gmﬁ%%m(s2%) is manufactured froma
plurality of vanes (19) via powder netallurgy injection
nithel corgpor@nfldk redikee] indlizenbht as recited in G aim 13,

c aracterlze that the vane se is d SI ned
%aﬁ%rﬂf&é 1@/&%3@ man%lﬁﬁegmqnhewﬁ@g%&aqe rdaureu f-de
vanes (18). 15. The conponent as recited in Caim 14,
c |Tﬁé 86thpdrichesh k&tédhﬁ'bn& Blemaw SECIMAe] @At 51 ncl udes
hree or four guide vanes. .. The conponent as recited
| phagaaterered mthet tislﬁ va]lmqgmenBIStnﬁmmfﬁghqucSyla@hmth@d agcppdil forpne or
n&& Lheang sq&gq&; is manufactured via a nethod
acco Sj?o one nore of Clainms 4 through 12. 10
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