H GH MODULUS METALLI C COVPONENT FOR HI GH VI BRATORY OPERATI ON 5 BACKGROUND
OF THE I NVENTION This invention relates to a netallic conponent such as an
aircraft engine turbine blade that is forned with a high nodul us orientation
of a netal being aligned in the radial, i.e. primary, direction of the
turbi ne bl ade. Machines that utilize high speed conponents, such as an
aircraft engine, 10 produce high frequency vibrations. The high frequency

vi brations are typi calli/ on the order kilohertz and i se a variety of
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of ten expensiv hi ghly conplex analysis and experinentation, and
may i npai r highespped foompenee iothighheydleifdigne sbkssddVhile the present invention is

described in the context of a turbine blade, it will be recognized that the invention is
15  not so limited.

Conventionally, the life of high speed components, such as a turbine blade
employed in aircraft engine, is enhanced by designing the component to resist or
minimize the imposed stresses. This involves designing the turbine blade so that the
natural vibrational frequencies do not match the vibrational frequencies produced by

20  the high speeds. A turbine blade designed in this way minimizes the stress amplitude
by avoiding a resonant effect that amplifies the stresses. It is not always possible
however, to design a blade that has adequately different natural vibrational
frequencies from those produced by the high speed motion.

Another turbine blade design approach attempts to dampen the vibrations at

25  critical locations on the blade. Various damping designs, such as friction damping or
the application of damping coatings, are available to help reduce the stress amplitude
at the critical locations. Damping is often expensive, involves highly complex
analysis and experimentation, and may impair the performance of the turbine blade.
Accordingly, a metallic component, such as aircraft engine turbine blade, that

30  provides enhanced high cycle fatigue life is needed.



Accordingly, a netallic conponent, such as aircraft engine turbine bl ade,
that 30 provides enhanced high cycle fatigue life is needed. 1 SUWARY OF
THE I NVENTION I n general terns, this invention is a directionally solidified
metallic conponent, such as an aircraft engine turbine blade that is forned
froma base netal that has a high nodul us crystall ographic orientation

aligned with the radial, ISEMMARY ORTHE INVENtIION of the turbine blade. In
one exanpl e, the engine turbine blade is fornmed froma si n?I e crystal of N
1
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structure and the primary direction of the columnar grain structure is aligned with
the primary direction of the turbine blade.

15 In another example, the engine turbine blade is formed from a Ni based alloy
and the <112> high modulus crystallographic direction is aligned within a cone of
about ten degrees of the primary direction of the turbine blade.

In another example, the engine turbine blade is formed from a Ni based alloy
and the <123> high modulus crystallographic direction is aligned within a cone of

20  about ten degrees of the primary direction of the turbine blade.

In another example, the engine turbine blade is formed from a Ni based alloy
and the <110> crystallographic direction is aligned to within about ten degrees of
the primary direction.

In another example, the Ni base metal that forms the engine turbine blade

25 that has a high modulus direction aligned with the primary direction is a Ni
superalloy.

In another example, the engine turbine blade turbine blade is heat treated to
recrystallize the base metal with a high modulus direction aligned with the primary
direction of the turbine blade.

30 In another example, the engine turbine blade that has a high modulus

direction aligned with the primary direction is in an aircraft engine.



25 that has a high nodulus direction aligned with the primary direction is a
Ni  superalloy. In another exanple, the engine turbine blade turbine bl ade
is heat treated to recrystallize the base netal with a hi gh nodul us
direction aligned with the primary direction of the turbine blade. 30 In
anot her exanple, the engine turbine blade that has a high nodulus direction
al i gned Wi th thahpraffBliyfedivi@Cindonivhaitaidd ENhiiihGémioh iMgbdtemeZpp@nyar i ous
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Figure | |beanempaawﬁeaimqmabwyjem/of an aircraft engine. Figure 2 is a
schematic cross sectional view of an aircraft engine turbine blade; 10

Fi gure 3 is a sketch of a single crystal unit of a base netal; Figure 4 is a
m croscopi ¢ sketch of ure 5is a

m croscopi ¢ sketch of gﬁlgm S]g%?gpl c(ﬂq g@ﬁpﬁwon §FI gure 6 is a

m croscopi ¢ skeFidurol isa siosgdeetional steal ofNin dirtat enponid.i on. 15 DETAI LED
DESCRI PTI ON OF THE PREFFERRED EMBODI MENT Figure | shows a cross sectional
schemati c vi ew 512U Zalric FEICMABAGIPRE SOUoMTE V&iVY Of apt iRyt 5B tHdIRfdes an
engi ne casipg.3 that houses a fan 4 and conpressor 5. The conpressor 5

i ncl udes |npef1ers 6 that pressurize air in the aircraft engine 2. The

inpel | €0s 6 ar e Faduras hedsketcheofraofimdlablystabtvaif of a/bdsbatetslpt at es around axi s S.

When 20 the shaft 7 rotates the inpellers 6 rotate. A caonbustor 9 is in
fluid comuni cafigwe 41s a microscopic sketch of an equiaxed Ni metal portion;

Figure 5 is a microscopic sketch of an anisotropic Ni metal portion;

Figure 6 is a microscopic sketch of a single crystal Ni metal portion.

15 DETAILED DESCRIPTION OF THE PREFFERRED EMBODIMENT

Figure 1 shows a cross sectional schematic view of an aircraft engine 2. The
aircraft engine 2 includes an engine casing 3 that houses a fan 4 and compressor 5.
The compressor 5 includes impellers 6 that pressurize air in the aircraft engine 2.
The impellers 6 are attached to a rotatable shaft 7 that rotates around axis 8. When

20  the shaft 7 rotates, the impellers 6 rotate. A combustor 9 is in fluid communication
with pressurized gas that exits from the compressor 5. The combustor 9 combusts
the pressurized gas. A turbine 10 receives the combusted pressurized gas and
converts it into energy that is used to rotate the shaft 7 and power the compressor 5.
The turbine 10 includes a rotor 11 that is attached to the shaft 7, and turbine blades

25 13 that are attached to the rotor 11.

Inside the aircraft engine 2, the turbine blades 13 operate at high rotational
speeds as the combusted pressurized gas from the combustor 9 expands. The high
speeds cause vibrations in the aircraft engine 2 and impose high frequency fatigue
stresses on the turbine blades 13, i.e. high cycle fatigue.

30 Referring to Figure 2, the turbine blade 13 has base portion 14 and tip
portion 15. The turbine blade 13 further includes an associated primary direction 16

that extends from the base portion 14 to the tip portion 15 and a substantially



Wi th pressurized gas that exits fromthe conpressor 5. The conbustor 9
conbusts the pressurized gas. A turbine 10 receives the conbusted
pressurized gas and converts it into energy that is used to rotate the
shaft 7 and power the conpressor 5. The turbine 10 includes a rotor | |
that is attached to the shaft 7, and turbine blades 25 13 that are attached
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15 All alloys and metals are crystalline and therefore have an associated crystal
structure.

The example in Figure 3 refers to a sketch of a single crystal unit of the
crystal structure of a base metal used, for example, to form the aircraft engine
turbine blade 13. The single crystal unit 19 has known crystallographic directions,

20 for example the <100> direction represented by the line 20, <110> represented by
the line 21, <111> represented by the line 22, <110> represented by the line 24, and
<123> represented by the line 26. For engineering purposes, the crystallographic
direction refers to the approximate coordinate direction within about a ten degree
cone angle 28 of the exact direction.

25 Each crystallographic direction also has an associated elastic modulus and, if
at least one of the crystallographic directions has an elastic modulus that is not equal
to the elastic moduli in the other crystallographic directions, the single crystal unit
19 is anisotropic with respect to elastic modulus.

In one example, a Ni based alloy is the base metal. At room temperature, in

30  the <100> crystallographic direction the Ni based alloy has an elastic modulus of
about 20 Mpsi, in the <110> crystallographic direction an elastic modulus of about

34 Mpsi, and in the <111> crystallographic direction an elastic modulus of about 44



15 Al alloys and netals are crystalline and therefore have an associ at ed
crystal structure. The exanple in Figure 3 refers to a sketch of a single
crystal unit of the crystal structure of a base netal used, for exanple, to
formthe aircraft engine turbine blade 13. The single crystal unit 19 has
known crystall ographic directions, 20 for exanple the <100> direction
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properti es osigntatias 3f aorregpondingcton®diylstadlographic direction such as referred to in
Figure 1 for example. The crystallographic orientations 34 of the grains 32 are
15 randomly oriented, i.e. equiaxed. Therefore, the elastic modulus and other properties

of the equiaxed Ni based alloy portion 30 are the same in all directions.
Figure 5, however, shows an anisotropic Ni based alloy portion 36 of an
article or component that was solidified in a controlled manner during forming, e.g.
with a controlled heat gradient. The anisotropic Ni based alloy portion 36 is
20 comprised of a columnar grain 38 structure having a primary direction 40 and a
transverse direction 42. Each columnar grain 38 has a crystallographic orientation 44
that is aligned in the primary direction 40. The elastic modulus and other properties
of the anisotropic Ni based alloy portion 36 are therefore different in the primary

direction 40 than in the transverse direction 42.

25 As shown in Figure 6, a single crystal Ni based alloy portion 46 also exhibits
anisotropic properties. The single crystal Ni based alloy portion 46 was solidified in
a controlled manner using the known process of seeding, for example. The single
crystal Ni based alloy portion 46 contains a single crystal 48 structure having a
primary direction 50 and transverse direction 52. The single crystal 48 has a
30  crystallographic orientation 54 that is aligned in the primary direction 50. The
properties of the single crystal Ni based alloy portion 48 are therefore different in

the primary direction 50 than in the transverse direction 52.



For exanple, Figure 4 shows a mcroscopi c sketch of a known equi axed Ni 10
based all oy portion 30 of an article that was solidified in an uncontroll ed
manner during formng of the article, e.g. without a heat gradient. The
equi axed N based alloy portion 30 is conprised of grains 32. Each grain 32
has a crystallographic orientation 34 corresponding to a crystall ographic
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the primary direction 50.

In one preferred example, a Ni based alloy is used as the base metal forming
the turbine blade 13 and has the <111> crystallographic direction aligned with the
primary direction 16. Ni based alloy is preferred, but alloys of Fe, Co, Mo, Ti, Nb,

20 and Al could alternatively be used. As is known, a high modulus direction for cubic
crystal structured metals, such as Ni, is the <111> direction, but one skilled in the art
would recognize the high modulus directions in base metals having other crystal
structures as well as other high modulus directions in cubic crystal structured metals.
It should be understood that one of ordinary skill in the art who has the benefit of

25  this disclosure would recognize the applicability of aligning a high modulus
direction with a primary direction to articles other than an aircraft turbine blade such
as, but not limited to, industrial gas turbines, aircraft compressor blades, and
generally any high speed component having an aspect ratio greater than one.

In another example the base metal of the turbine blade 13 has a columnar

30  grain 38 structure. A high modulus direction of the base metal is aligned with the
primary direction 40 of the columnar grains 38. The primary direction 40 of the

columnar grains 38 is aligned with the primary direction 16 of the turbine blade 13.



i nvestnent casting may yield columar grain 38 structure because of a
cooling gradient during the solidification process. This process results
naturally in the 5 columar grains 38 having a crystall ographic orientation
44 in the <100> low nodulus direction (i.e. the primary direction 46).
Since NI based alloy netal has an elastic nodulus of about 20 Mpsi in the

<100> directi onJn bhGhépreRire@Rkemple, FRIAGe nRtdl s RRIHglOPra#b4hasucdiee! astic
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Ta, 3-7% Al, 0-20% Co, 0-0.1% C, 0-0.02% B, 0-0.1% Zr, 0-2% Hf, 0-2% Nb, 0-

1% V, 0-2% Ti, 0-10% (Ru+Rh+Pd+Os+Ir+Pt), 0-0.25% Y, and the balance Ni. In

this composition 0-10% (Ru+Rh+Pd+Os+Ir+Pt) means a mixture of any or all of the

six elements but not exceeding 10%. This composition is known in the aircraft

20  industry to be adequate for forming turbine blades that have the low modulus <100>

direction aligned with the primary direction of the blade but not for any high

modulus directions such as <123>, <112> and <111>. One specific superalloy for

the high modulus turbine blade 13 is of the composition 5.0% Cr, 10%Co, 2.0% Mo,

6.0% W, 3.1% Re, 5.6% Al, 9.0% Ta, 0.1% Hf, and the balance Ni. Another specific

25  superalloy for the high modulus turbine blade 13 is of the composition 2.0% Cer,

16.5% Co, 2.0% Mo, 6.0% W, 6.0% Re, 3.0% Ru, 5.65% Al, 0.15% Hf, 0.004% B,

0.05% C, and the balance Ni.

An aircraft engine turbine blade 13 that has a high modulus direction aligned

in the primary direction 16 is particularly well suited to lower stresses imposed by

30 high cycle engine vibration, i.e. high cycle fatigue. In one example, the engine

turbine blade 13 is formed with a Ni based alloy and has the <111> direction aligned

with the primary direction 16. The engine turbine blade 13 has a higher natural



30 grain 38 structure. A high nodulus direction of the base netal is aligned
wth the primary direction 40 of the columar grains 38. The primary
direction 40 of the <columar grains 38 is aligned with the primry
direction 16 of the turbine blade 13. 6 In another preferred exanple, the
base netal has a single grain 48 structure. A high nodulus direction of the

base netal vilsra@bd Gogekndy tthunt Heurbink BMde @it RGtthe 160> dpkcridicalsinealeingr ai n 48.
The primary direction 50 of the single grain 48 is aligned with the prinmary
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cone angl e aBgneaff wiithe ther primayy direeodn 06 Hdgaudenthenoiveemeex @aping, fdrhendNi base

metal is a known superalloy. The 15 conposition, of the superalloy is 1-16%
o, 0-3% w,rocgﬁﬁg@y&l&ﬁyaﬁ-rsg RS they<jfez 8W%Et109- Gnog With. he oprATy litgHon C,

0-0.02% B, 1@- M&%%{,,th&&?/onk&ul&-dﬁ?fch@n <Qo?>1‘%<9a§/¢hc9rg%?/qube 1 Bt Resion
(Ru+Rh+Pd+Cs+l r+Pt), 0-0.25% Y, and the balance NN.” In this conmposition

0- 10% (&u+Rhedode-QseAhibiRY pthoe fnsrablavpripertes cluclany thermall Imavhanibg fagpgwe el enent s
but not exceeding 10% This conposition is known in the aircraft 20 industry
to be adeql¥Er forning turbine bl ades that have the | ow nodul us <100>

direction ali gnedi it Ainb&mRhi Jﬁﬁﬁﬁéglﬁkfh%ﬁbif fiinfhe Lo DhRdRd Ry prodate 40T any
hi gh nodul us directions such as 23>, <112> and <111>. One specific

super al | oy afromft ¢rgineniugbineddadeuls3 that hiasie lopadeodidus dirgftionhdignedmpogid i on 5. 0%
o, 10%%, p%in%(;/?/ Ic\{lt%éction 16. Generally, investment casting involves pouring a molten metal
15 into a mold and cooling the mold in a controlled manner so that that the molten
metal solidifies in a controlled manner. This processing method can be used to align
a high modulus direction with the primary direction 16. Those skilled in the art of
metal forming would recognize the processing steps required to produce an engine
turbine blade according to the invention. That is, a turbine blade having high
20 modulus properties is novel and inventive, however, a worker of ordinary skill in the
art would know of the investment casting process to produce it.

A seed may also be used in the investment casting process to produce a
component with a single crystal structure rather than a columnar grain structure. For
example, a <111> oriented Ni seed would be used to induce single crystal growth in

25  the <111> direction for investment casting a single crystal Ni base metal turbine
blade 13 that has the <111> direction aligned with the primary direction 16. It
should be understood that, while a turbine having high modulus properties is novel
and inventive, the methods of investment casting and seeding are known to those of
ordinary skill in the art of metal forming, the details of which are hereby

30  incorporated by reference.

A turbine blade 13 that has a high modulus direction aligned in the primary

direction 16 can also be formed by a known machining process. In the machining



6.0%W 3. 1 %Re, 5.6%At, 9.0%Ta, 0. 1 % H , and the bal ance Ni. Anot her
specific 25 superalloy for the high nodulus turbine blade 13 is of the
conposition 2.0% Cr, 16.5%Co, 2.0% Me, 6.0% W 6.0% Re, 3.0% Ru, 5.65% At,
0.15% Hf, 0.004% B, 0.05%C, and the balance Ni. An aircraft engine turbine
bl ade 13 that has a high nodulus direction aligned in the primary direction
16 i s partipesdesy, the aelrdft sntibedhribife bRdeN 3 $4 medses! fromasast iByot. $0e tggh cycl e
engine vibration, i.e. high cycle fatigue. In _one exanple, the engi ne

t ur bi ne bl atest 305 gamploafithp RO fireqyga ebheapniggryadieschan 16 9é therturbine.
direction ' ' 1,105 [N [ i he bl ade
13 has a hl%zlj dg?%ﬁgt%\drcg{heg%ﬁgélgmﬂnel raetg@airr]dgg d’% gﬁgggteﬁﬁg?ﬂglg%rgggdﬁ hat has
t he <100> dlircetddn. dhisatesgimeioh the t< 11+ héghpmiodaluy ditectént bang dbgnebhwghnlesul ts in
a reducéi on in stress aI litude fromhigh cycle vibrations and thus

enhanced hiP§MEYereEedtidgue 1ife. An aircraft engine turbine blade 13 that

has a high nodulyg t@b[&%lé&ﬁﬂhb%qr?igh fngdﬁlt]?di?éd'tf&rak'iﬁﬁéd RiGhé ?Hm]a@y s

counter to the current practice in the industry. Curre practice utilizes
aircraft engecteont U6 tamedsot batfornadeby e konowmpdedess oflitiltég itencerf@rent al i gned

with the primary direction 1 ecause the investnment castipg . formn
process nattiFas IC9St51rgo%’€’€§ Stoﬁgl L300 (e ragﬁia?to?‘?%érfq aﬁ@aejaﬁ%@ﬁ {iénaﬁ/r ]i’ergrar y
direction (lfd aWQBf‘aﬁié%[ar ahBR eRWyERsHeUsredtib®oF h QBoFADIradvas sb vighd to be
the best design 10 because it exhibits other favorable properties such as

t her mallO me dfgininodulus dirdcgion is alignied vaicbe primknyodirectioy é6t ment casti ng met hod of

form ng can be ilized.to, prooduce an. aircraft. engi ne turbine blade 13 that
nas & B gh modul i WEFERISERGRed Nist phEN T, brfilRy Wbt §F Hatt

General |y, direy@st MeNtartasdd e fonel Ve tROUKAdWh rodks edF FRk@hallkzationt o a nold
and cooling the nold in a controlled manner so that that the nolten netal

sol i di f i es Rearystalizatiow invelvegdnaidreatiTp e sagrasceoughigurpencnbldde tnfopa nesed t o
?lni ?E e 2 r ,[]ig r1]nsr‘r}%(qurjll tHe gPaih{setﬁgti a?r%aé{\g} E)plsttecril %ef%?ei {E%rh)éatqirga?r%lilt%lhél' IGIéW E?aggse skilled
15  have a high modulus direction aligned with the primary direction 16.
The invention has been described in an illustrative manner, and it is to be
understood that the terminology used is intended to be in the nature of words of
description rather than of limitation. Obviously, many modifications and variations
of the present invention are possible in light of the above teachings. It is, therefore,

20  to be understood that within the scope of the appended claims the invention may be

practiced otherwise than as specifically described.



metal form ng would recognize the processing steps required to produce an
engi ne turbine blade according to the invention. That is, a turbine bl ade
havi ng hi gh 20 nodul us properties is novel and inventive, however, a worker
of ordinary skill in the art would know of the investnent casting process
to produce it. A seed may al so be used in the investnent casting process to
produce a conponent with a singleLarvs al structure rather than a col umar
grain structure. For exanple, a <1 1 1> oriented NI seed would be used to
i nduce si ndY&clgiMistal growth in 25 the <111> direction for investnent
casting a single cry bl ade 13 that has the <111>
direction allgngd MA?H%%%§k€??§g$ﬁﬁﬁﬁﬁg%#?oﬁ%%gg shoul d be under st ood
that, while a turbi nebhsaporgomamgha tipgoitios; propertles is novel and
|nvent|ve t he net hods of investnent casting and seeding are known to those
of ord?nary skill iA PHBanyr direptiopethal exEpds dpm tspid QatcapPRions onpdid hiRyr e
hereby 30 lggﬁrgﬁfated by reference. A turbine blade 13 that has a high
nodul us dlpectlon aligned in the primary direction 16 can also be forned by
a known machi ni ng pr egéssurbine mhdewmemgnﬁbgnﬁiprcessmethEuﬂlmmmahhsemglne

turbine blade 13 is machined froma cast i The i ast, for
exanpl e, rtyﬁtaéo&riiﬁlﬂg Plenkdionpppid fﬁléﬁtagﬁgﬁ@é’ﬂ BT“F‘B@W%H IBE ¥ ﬁ‘tgﬁem?‘éﬂllﬁ? ne

bl ade 13 i g fRoR @ﬁﬂreﬁ{[saﬁﬂﬂ R¥dIRd¥redidd ik kg rﬁé?i%tl%ﬂ& ?ﬁnﬁ?}ghﬁe&%nt he i ngot
<100> direction: IS resu ts in the <111> ht gh nmodul us direction being
alignetOwith the 5 prlnary direction 16. The tur bi ne bl ade 13 that has a

hi gh nodul us di ectl S,B%all n the pr

t|0n 1
formed by the k dudbin glafiFIElsl ’i’?ﬁ‘t‘? é’ﬁ‘ﬁ L’eW erely Spigh lég Durl ng

solidifi CaHfr&ﬂpon 1&191@&8% azﬁthlrﬁd“&&rfa%ftaH&R'té}?d%r@e%f%gid £ dlrEétlotned at a
particular angle relative to the direction of a cooli radlent so that the

10 high nmodulus direction is aligned with the primry d| recjtl on 16. The
turbine bl ade 1%. t harThQ ?usrb%e%lgcﬁ argD r(g(%llltelésmdcllarlglcil Oﬁerg'llnl s%ch gas‘enméta 1s'a f:emar y

15 based alloy.

4. The turbine blade as recited in claim 1, wherein said base metal is a Ni
based alloy.
20 5. The turbine blade as recited in claim 4, wherein said Ni based alloy is a

superalloy composition comprising 1-16% Cr, 0-3% Mo, 3-13% W, 0-8% Re, 0-14%
Ta, 3-7% Al, 0-20% Co, 0-0.1% C, 0-0.02% B, 0-0.1% Zr, 0-2% Hf, 0-2% Nb, 0-1% V,
0-2% Ti, 0-10% (Ru+Rh+Pd+Os+Ir+Pt), 0-0.25% Y, and the balance Ni.

25 6. The turbine blade as recited in claim 1, wherein said base metal is a Co
based alloy.
7. The turbine blade as recited in claim 1, wherein said base metal is a Mo
based alloy. |
30
8. The turbine blade as recited in claim 1, wherein said base metal is a Nb
based alloy.

10



direction 16 can also be fornmed by the known process of recrystallization.
Recrystallization involves heat treating a cast or wought turbine blade to
formnew grains fromthe grains that already exi sted before the heat
treatment. The new grains 15 have a high nodulus direction aligned with the
primary direction 16. The invention has been described in an illustrative
manner, and it is to be wunderstood that the term nology used is intended to
be in the nature of words of description rather than of limtation.

Obvi ousl y, many%nodi fihe &trbimgdladechsvagifestin shém lofwherran priddwpg mek) énart 8h are
possi bl e iﬂ:%h%nB of the above teachings. It is, therefore, 20 to be
under st ood that Wthin the scope of the appended clains the invention nay be
practiced otherw se than as specifically described. 9 CLAIMS 5 10 W claim
1. A high nodul us turbine blade conprising: @ a base portion and a ti

portion® a primdfPy difhedipis Rlada aseieeissrhiar ¢pigml syhercpniaed Base meial 1502 Eai dtip
portion; aggwﬁghgyturbine bl ade being fornmed of a base netal that has a
crystal |l ographic orientation, said crystall ographic orientation having a

hi gh modul us direction, wherein said high nodulus direction is aligned with

said primary direction. 2. The turbine blade as recited in claim1l, wherein
sai d hi gh nodul && difPecesoss bladeps geied toclpin Hi wheredp saiddprbing biade das

degrees of i i Yo o LA i g cl aim
1 her of "SR Pl AR GHBRRIAR: o LI PR O8RS oA chhep G 7
recit eth i nwithaawh ptimavpeire¢tionsai d base netal is a N

11



based alloy. 20 5. The turbine blade as recited in claim4, wherein said N
based alloy is a superalloy conposition conprising 1-16% Cr, 0-3% M, 3-13%
W 0-8%Re, 0-14% Ta, 3-7%Al, 0-20% Co, 0-0.1%C, 0-0.02% B, 0-0.1% Zr,
0-2% Hf, 0-2% Nb, 0-1%V, 0-2%Ti, 0-10% (Ru+Rh+Pd+Cs+lr+Pt), 0-0.25%Y,
and the balance Ni. 25 6. The turbine blade as recited in claim11, wherein
said base netal is a Co based alloy. 30 7. The turbine blade as recited in
claim1l1, wherein said base netal is a Me based alloy. S. The turbine bl ade
as recited in clld m 10 SR ERSIBGFIMPAYRS et al is a Nb based alloy. 10 9.
The turbine blade as ggited in claim1, wherein said base netal is an Al
based alloy. 5 10. The turbine blade as recited in claim1l, wherein said
base metal is a Ti hasetpredsboin.at ldast phnéal fluidoéorembhiaaiéorasith eddtfad i n cl ai m
1, wherein said turbine bl ade has . been heat treated to recystalljze the
base mefal with sai dah?%bmupﬁiméncpmqwﬂam 4214 1GPMRrEROS BPHIOBr i mar y
direction. 444 5 12. An aircraft engine conprising: a fan; a conpressor in
at |east partial fluid conmunication with said fan; a conbustor in fluid
communi cation with sai dirbioapnefsidr cpomunieatiommdth said combustor, said turbine

comprising a rotor having at least one high modulus turbine blade that has a primary
direction that extends from a base portion to a tip portion of said high modulus turbine
10  blade, said high modulus turbine blade being formed of a base metal that has a
crystallographic orientation, and said crystallographic orientation having a high
modulus direction, wherein said high modulus direction is aligned with said primary

direction.

15 13. The aircraft engine as recited in claim 12, wherein said high modulus

direction is aligned within about ten degrees of said primary direction.

14. The aircraft engine as recited in claim 12, wherein said base metal is a Fe
based alloy.
20
15. The aircraft engine as recited in claim 12, wherein said base metal is a Ni
based alloy.

12



a turbine in fluid comunication wth said conbustor, said turbine
conprising a rotor having at |east one high nodulus turbine blade that has a
primary direction that extends froma base portion to a tip portion of said
hi gh nmodul us turbine 10 bl ade, said high nodul us turbine bl ade being forned
of a base netal that has a crystallographic orientation, and said

crystal | ographi deori éieatuibine bladd asgreeitdl iglelaimoidy whsretn k4 Nibaseddiioyes B sai d
hi gh nmodul us di rectl on is aligned with said mary direction. 15 13. The
aircraft erfgpaalloyscomapgsitin ?qmliﬂ%ﬁgﬂtﬂ?% {red- 3‘7%1\%|3d 13 i RofaiRes O-Hi% ect i on
| 21 gned 14 & hion ARRRYI N 040, D.0026% . AIIRE . S BCHIBPNGE. v, The
aircraft engine as recited’in c alm erein sdid basée netal 'I's a

based al | 0Y-2%9i, OFh@%aRueRa#Pd-eOgi Pt 9-0.25% e dind thechadame N4, wher ei n sal d
base rregal is a N based alloy. 12 16. The turbine blade as recited in
claim 183, wherein said Ni based alloy is a superalloy conposition

compri sing 1169701 1 3 erbid336 Wi AP0 Rn 10 MeiT Suid Fuddirbly 00 20%
Co, 0-0.1% C, 0002%B - Zr, 0-2%Hf, 0-2% Nb, 0-1%

0- 10%(Ru+|@®#ﬁdedbllldyr+Pt), 0 0 25%Y and the bal ance Ni. 5 17 The alrcraft
engine as recited in claim12, wherein said base netal is a Co based all oy.
18. The aircraft engine as recited in claim12, wherein said base netal is a
10 M based all qy. 1%"heTah[%réﬁ ESGiRS bs RRAEN S 8Rirk 921 WREreid sl HafB Adral WY €1 N
said base netal is a Nb based alloy. 15 20. The aircraft engine as recited
in clailth 1Mo bisedellay.sai d base netal is an

19. The aircraft engine as recited in claim 12, wherein said base metal is a
Nb based alloy.
15 20. The aircraft engine as recited in claim 12, wherein said base metal is an

Al based alloy.

21. The aircraft engine as recited in claim 12, wherein said base metal is a Ti
based alloy.
20
22. The turbine blade as recited in claim 12, wherein said turbine blade has

been heat treated to recystallize the base metal with said high modulus direction aligned

with said primary direction.

13



Al based alloy. 21. The aircraft engine as recited in claim12, wherein said
base netal is a Ti based alloy. 20 22. The turbine blade as recited in
claim12, wherein said turbine blade has been heat treated to recystallize
the base netal with said high nodulus direction aligned wth said primry
direction. 13 23. A nmethod of tuning the natural vibration frequency of a
turbine blade conprising the step of: increasing the elastic nodulus in the
primary direction of the turbine 5 blade, wherein the primary direction is
a direction that2¥xt ehdacthedef AUBBg éhepBatifabyibraion frequensyrafiorbine tde

t ur bi ne bl 24 .hod as recited in claim23, further including the
step of alﬁgﬁ?ﬁéﬂggﬂagﬁﬁgﬁndulus direction of a base netal within a cone of

about ten degrees of ihbreasid® thy ey nhiduke tin afe @rinidi¢ ditechibmer bhadabind5. The
nmethod as recited in claim23, wherein the base netal is selected fromthe
group canpriladenyheein the prispary iirectigy is jysliregpon yat peerds f5pm gyhase partipn to a

tip portion of the turbine blade.
24.  The method as recited in claim 23, further including the step of aligning
a high modulus direction of a base metal within a cone of about ten degrees of the

10  primary direction of the turbine blade.

25. The method as recited in claim 23, wherein the base metal is selected

from the group comprising Fe, Ti, Co, Ni, Mo, Nb, and Al based alloys.

15
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