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ROTOR BLADEs\\J

The" present 1nventlon relates generally to

lncrea51nq.the durablllty of blades in gas turbine
engines. In partlcular, the 1nvent10n relates to a
déformable protectlve coating applied to shrouded _
blades to reduce susceptibility to blade airfoil damage
caused by t e,lmpact between the shroud and airfoil of

adjacent bl des. The coating acts as a shock. absorber
by deformmﬁg{on impact so that the 1ocallzed impact

energy transmltted to the airfoil is reduced.

compressors frequently use mid span shroud projections
to prov1df“damp1ng or reduce blade airfoil vibration.

ompressor blades have airfoil sections
extendlng radlally from a rotor disk. The shroud
extend c1rcumferent1ally from each blade

jectlons on adjacent

blades durlng englne operatlon;' The adjacent shroud
pro;ectlons have opposing matlng faces that are in

abuttlng engagement during englne ‘operation. Together,
the shrcudf]o”

Eall the blade a1rf01ls engage during

on to form an’. annular stiffening ring.
ds have commonly been used on high aspect
d;compressor blades. High -aspect ratio
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blades are relatlvely long and narrow, having high span
length to chord w1dth ratios.’ - Such blades are

_2._

espec1ally susceptlble to aerodynamlc flutter, and
typlcally have low resonant frequen01es which may be
excited at rotor. operatlng speeds. The stiffening ring
formed by the mid- span shrouds prevents blade
aerodynamlc flutter,'and increases the resonant
frequency of the blades..

- Examples of blades with mid span shrouds are shown
in U.s. Pat. Nos. 3, 734, 646 issued to Perkins May 22,
1973, and 4, 257, 741 1ssued to Betts et al March 24,
1981. The Betts patent describes a shrouded blade with
a'pad applied to“Shroud mating faces. However, the pad
in Betts is wear resistant rather than deformable, and
does not address reducing damage to blade airfoils due

to impact between the shroud and airfoil of adjacent

blades.

During englne operatlon forelgn objects may be
ingested by the fan and compressor. sections. The fan
and compressor blades must be de51gned to withstand
such foreign object;ingestion-with minimum damage to
the blade airfoils. During a severe ingestion event,
such as a bird lngestlon, the blade struck by the
forelgn object canfbe damaged.: In addition, the sudden

loading on theﬁ*lade can cause the blade shroud to

: hroud on the adjacent blade and
slide forward to' i pact agalnst the adjacent blade
airfoil. The 1mpa f of the shroud agalnst the adjacent
blade airfoil can‘r;sult in severe localized impact

loads and a1rf01l damage requlrlng the adjacent blade
to be replaced.

_h’extreme cases, blade failure can

occur,'re@uiring gine shutdown due to. vibration

caused by out of ahance loads.
approach to- ‘reducing airfoil damage
durlng foreign object lngestlon is to thicken the

One pos51bl_
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airfoil'section} However, thlckenlng the airfoil’

able because it adds weight to the
engine and-Can*a" ect the aerodynamlc performance of
the blade_airfoil{f As a resuit, engineers and
scientists continue to seek better methods for
lncrea51ng the forelgn object damage tolerance of
blades used 1n gasfturblne englnes.

SUMMARY oF THE INVENTION

it is therefmre an object of the present 1nventlon

to provide a means : for m1n1m1z1ng airfoil damade from
shroud 1mpact durlng foreign object ingestion.

It is a further object of the present invention to
provide a means for minimizing airfoil damage from
shroud - 1mpact whlch does not adversely affect blade
performance or 51gn1flcantly ‘increase engine weight.

It is a further object of the present invention to

provide a means ffr mlnlmlzlng airfoil damage which

does not add mechan1cal complexxty to the engine.

It is a: further object of the present 1nventlon to
provide a means;fog mlnlmlz;ng airfoil damage which is
easily and:inexﬁensively adaptable to existing engine
hardwareff ' ) | .

It is a further object of the present invention to
prov1de a means;

or mlnlmlzlng airfoil damage which is
durable and- subje t to mlnlmal erosion or service

deterloratlon u”ed by air flow through the blades.
TheuObleqts f the 1nvent10n will be more fully
understOodzfro he drawings and the follow1ng '
description;jﬁBd fly, the present invention is a
relatively:thfn, eformable protectlve coating applied
to a locallzed:a a on shrouded blades to reduce blade
airfoil damage"'a sed by the. mpact between the shroud

and alrf011 pf djacent bla es.' The coating can deform

in resPQnse{to'Uﬂpéct_betweenfthe shroud and airfoil of
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adjacent.bladesthfg;duce the 1ocallzed impact energy
transmitted to the-

fcll and hence reduce airfoil
gembodlment the deformable

protective coating*inc ndes an aluminum layer applied

to a corner.face 6ET' itanium'alloy shroud.
BRIEF DESC_IPTION OF THE DRAWINGS

A more complet_"u'derstandlng of the invention will

be galned from the follcw1ng detalled description which is

glven in connectlonimlth the accompanylng draw1ngs, in

Figure’ 1 is a s1mp11f1ed schematic of a gas
turbine engine cross .section.

Figure 2 is an‘en arged cutaway view of a bladed
rotor in the fan secrvon which includes fan blades with
mid span shrouds.

Figure 3 is anﬁiehﬁtaken along lines 3-3 in Figure
2, looking radlally 1nwardly along the blade airfoil
axis, and shows thef:_;atlve motion of adjacent blades
orelgn object.

due to 1ngest10n-0f;:
Figure 4 is a_é;_wmof enlarged area 4 indicated in
Figure 3,'showing tﬁi;locatlon of the protective

coating on the. shroud corner face.

cross sectlonal view of the
he corner face of the shroud

taken.along liné n Figure_4.

Figure 6 is a 1larged view of the relative

es shown'in Figure 3, and also
ng of the corner face of the
airfoil: on the adjacent blade

he\proteétive coating.

motion of adjacent 'bl:
shows the relativ 5
shroud relativeiﬁc"”
during deformation
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_ Figure.ifiSfa;simplified“schematic of a typical
gas turbine engineflo. Engine 10 includes a fan
wsection 14, a'ééﬁpréssor section 16, a combustor
sectlon 18, a. h1 hfpressure turbine section 20, and a

low pressure turb;ne sectlon 22, all disposed in a
-serlal relatlonsh1p in an axial flow path, and

=genera11y concentrlcally arranged about a longitudinal
axis 12. Durlng englne operation air, indicated by
arrow 9, is pulled into fan section 14 and is
compressed by fan ‘bladed rotor 15 and compressor bladed
rotor 17 in the fan section 14 and compressor sectlon

- 16, respectlvely.d Compressed air exiting compressor

section 16 fl_ws 1nto combustor section 18 where- it is

mixed with fu_l and burned to produce a high pressure,
high temperature gas stream. The high pressure, high
temperature gas stream exiting the combustor sectlon 18
is expandedyphrough the high pressure turbine bladed
rotor 21Eanddiowﬁbressure bladed rotors 23. The high
preSsure turbinewbladed rotor 21 drives the compressor
bladed rotorf;l"tﬁrough a core shaft 24, and the low
pressure turﬁine'bladed rotors 23 drive the fan bladed
rotor 15 through a fan shaft 25, which 'is generally
coaxial w1th*shaft 24. The airstream 9 enterlng the

englne may 1nclude one or’ more foreign objects 11. For

.instance, bllds or other forelgn matter, such as dirt
and debris,

ia_e sometlmes 1ngested by gas turbine
engines. I 7

Figure'z-shows a cutaway view of fan bladed rotor
is. Bladedir'“or 15 includes a generally axisymmetric
rotor disk 30 and a plurality of blades 36 mounted on a
rotor dlsk'r' '32 on the perlmeter of rotor disk 30.
The blades 36 are mounted on disk rim 32 by means well
known to those_skllled in the art, such as by fitted
engagement w1th dovetall slots on the disk rim 32. The

Hy
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blades are mounted_on the rotor disk rim 32 in a

generally unlform,Lklrcumferentlally spaced apart
manner, as shown Fxgure 2.

alrf011 sectlon 38

Each blade 36 includes an

_;xtendlng generally radially
outwardly from dlsk 30.

During engine operation, the
fan bladed- rotor rotates about engine ax1s 12, as’

1nd1cated by arrow 49. : :

Each blade alsoﬁlncludes a shroud 50 which extends
" circumferentially: from the blade airfoil,

so thag the
shroud 50 1s generally perpendicular to the blade

airfoil. - Shrquds qﬁ@adjacent airfoils extend between -

the adjacent'blades,f During engine operation the
adjacent shreuds arefin abutting engagement, and the
‘adjacent shrouds 50,..when taken together, form an .
annular shroud ring”Sl which extends circumferentially
aheut and ‘in spaced relatlcnshlp to,

the rotor disk
30, as shown in Flgure 2.

Flgure 3 1s a view taken along lines 3-3 in Figure
2, looklng radlally 1nwardly along the blade airfoil

axis of two adjacent ‘blades 3°a and 36b. As shown in -

Flgure 3, the alrf01l section includes a leading edge
41 formlng the. upstream edge of the airfoil 38 and a

trailing edge 42: formlng the downstream edge of the

airfoil 38, A generally convex suction surface 44 on

one side of the alrf01l 38 extends from the leading

edge 41 to the tra'l;ng edge 42. A generally concave

pressure surface 46 oh the other side of the airfoil 38

extends from the - 1ead1ng edge 41 to the trailing edge
42. ‘

‘Each bla_de. s
a first SthUd pr
circumferentially’f;
airfoil and a.é?¢ i

:h 50 on each blade 36 can include
htion 54 extending generally'

f; the suction surface 44 of the
‘'shroud prejection 56 extending
generallyfcirCuﬁfereﬁtially from the pressure surface
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46 of the airfoil. ffhe first shroud projection is
generally triangulariand includes a first mating face
64, an upstream facel84, and a first corner face 74.
First corner. face 74 is adjacent first mating face 64
and extends from tne“first mating face. 64 to the
upstream face 84. The second shroud projection is
generally tr1angular and includes a second mating face
66, a downstream face 86, and a second corner face 76
extendlng from the second mating face 66 to the

K

downstrean face 86. The second shroud prOJectlon 56

" also includes a generally concave cutback surface 77
adjacent the second matlng surface 66. An airfoil

transition surface’ 79 extends intermediate the cutback
surface 77 and the alrf01l pressure surface 46. The
alrfoll transition surface 79 provides a smooth,
aerodynamlc tran51tlon from cutback surface 77 to the
pressure surface 46.

Referring agaln to Flgure 3, during engine
operatlon the flrst matlng face 64 .of first shroud
progectlon 54 on each blade is in abutting engagement
with the=second;mating face 66 on the second -shroud
projection 56 of theyadjacent blade. Due to the'blade
rotatlon 49, a forelgn object 11 entering the engine

along a1rstr_gm 9- may impact agalnst the pressure
surface 46 of a blade, such as blade 36b. . The impact

causes dlsengagemen'fof the flrst matlng face 64 on

blade 36b from the second matlng face 66 on blade 36a,
and can cause blad“*36b to sllde forward, along the
interface between f_rst matlng face 64 on blade 36b and
& 66 on blade 36a. The displaced

b is shown in phantom in- Figure 3,

second matlng fa

p051tlon of blad :
and is 1nd1cated:asN36b'

The motlon o blade 36b relatlve to blade 36a
results in- the ‘corner face 74 of blade 36b 1mpact1ng
agalnst the a1rf011 of blade 36a. . The impact point on
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the airfoil tran51tlon surface 79 is 1nd1cated at p01nt
90 in Flgure 3.

against blade 36a can: result in severe airfoil damage
on blade 36a, and ;'“extreme cases, blade failure.
closed in this appllcatlon
prov1des 1ncreased damage tolerance of blade airfoils
: ign object ingestion. The

increased damage tolerance is provided by applylng a

The 1nventlonfd

in the event of fo:

deformable protect1 e;coatlng to each blade. The
protective coatlng 1s ‘located to reduce airfoil damage
caused by impact between the shroud and airfoil of

adjacent blades dur_n” dlsengagement of the adjacent

blade shrouds. The@
impact, thereby absorblng energy and reduc1ng the

_”otectlve coating deforms during

impact load’ transmltted to the airfoil.
Referrlng to~F;_ure 3, in the preferred embodiment
a protective coat1ng’95 is applled to the first corner

face 74 of the first shroud progectlon 54 extending’
from each blade alrf011 suction surface 44. - Figure 4
shows an enlarged v1ew of the coating 95 on corner face
74. The coating extends over the portion of the corner
face 74 whicéh contac S'the adjacent blade airfoil

during forelgn object 1ngestlon. The view in Figure 5

-5 in Flgure 4, and shows the
protective coatlng- tendlng across the thickness of

the first shroud”pro ectlon 54 from a shroud pro;ectlon
bottom edge 53 t_ hroud projéctlon top edge 55. 1In
a preferred embod nt
blended smdbtn W t#e corner face surface 74, the top
edge 53, and botf

. the prgtectlve coating is

edge 55 to. ellmlnate steps or'

-dlscontlnu1t1es W kS ﬁcould dlsrupt airflow over the

corner face 74. In.a referred ‘embodiment the
protective. coatlngid_es not extend onto first mating
surface 64, nor onto upstream face 84.
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Alternativelyfﬁghe protective coating could be

located on the airfoil surface, such as at the impact

point 90 in Figure 3. However, locating the protective
coatiné-oﬁ thefaiffoil.surface could result in a
detrimental effeot'ou the aerodynamic performance of
the airfoil, sinoéfﬁﬁe,airfoil transition surface 79

' hlauséd by the coating thickness.

would. include a hump. _
In addition, the COatang would be subject to erosion by

the air flow over the airfoil surface. Locating the
coating on the shroud corner face does not 1mpose as
great an aerodynam;oﬁpenalty, since the coating can be
smoothly blendéd to Ehe shroud corner face. Locafing
the coatlng on the shroud corner face also reduces the

coating’s suso6ptib'*'ty to erosion by the air flow

over the blade airﬁo S.

In a préférred mbodiment the blade 36, including
the shroud projections 50 and airfoil 38, is a titanium
alloy-forgihq, althoﬁéh the blade may be cast or made
from other metals_or¥bomposites. The titanium alloy
blade has a nominal‘éomposition by weight of about 6%
aluminum, and- about 4% vanadium with the balance .
essentially tltanlum.; This alloy is commonly referred
to as Ti-6-4.. o '

The protectlve coatlng may 1nc1ude multiple
coating layers. Because .blade materials such as

tltanlum alloys cannform adhesive oxide coatlngs, it is

difficult to obtaln good adhe51on of some coatlngs.
Thus, it is usually‘necessary to include a first bond
‘with the blade material and

coat layer compatlb

' compatible with a Second coat layer. For example, the

protective coatln 95 can include a first bond coat
layer, such. ‘as” a” ckel- alumlnum alloy bond coat layer
97, and at 1east_a%ssoond coat layer, such as an
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aluminum outer layer 99 placed over at least a portion
of the first bond ‘coat 1ayer, as shown in Figures 4 and
s. ' _ '

The flrst nlckel aluminum bond coat layer is
preferably a 004 1nch to .006 inch thick layer applled
to the shroud corner.face by, for instance, a
conventional plasma spray process to form a plasma

 sprayed layer on the 'shroud corner face. The first

bond coat layer 97 can have a nominal comp051tloh by
weight of about 5% alum;num with the balance

-essentlally nlckel._:A nickel aluminum alloy

commerc1a11y available as an alloy powder and suitable

" for plasma spraying is Metco 450 supplied by Metco, Inc.

In a preferredkembodiment, the second coat layer
is an aluminum outettlayer 99. which can be a .016 inch

to .020 inch thick'iayer applied over at.least a
portion of first bond coat 1ayer 97 by a conventional

plasma spray-progessfto form a plasma sprayed layer on
the first bond CQatﬁlayer_97. In the preferred
embodiment, the aluminum outer layer is at least about
99%-alumingmfby weight, the balance being incidental -
impurities. A sditable'aluminum composition in the
preferred’eﬁbodiment'is commercially available as a
powder for plasma spraylng, such as Metco 54 supplied
by Metco, Inc. '

., Tests to determlne the damage tolerance of blades
durlng forelgn object ingestion are ‘required for fan

blade certlflca ion, and are typically conducted by

firing progectl ;nto rotating blades during engine
-' Shducted on blades without the

protective coatlng showed that the shroud corner face
74 digs 1nto th_,_ rf01l transition surface 79 at point -
90 on the adjacent blade, so. that the impact energy is

concentgatedﬁat the ' 1mpact point 90 in Figure 3. The

testlng. Test
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tests exhibited alrf01l damage exceedlng that allowable
for certlflcatlon.'

Tests conducted on blades with the protective
coating showed that on 1mpact the protective coatlng

deforms. The defo} atlon 1ncluded not only compression
of the protectlve coatlng but also a shearing action,
or smearing of the protectlve coatlng, allowing the
'shroud corner face to slide sllghtly relative to the
airfoil surface on the adjacent blade. As a result,
impact energy is . abserbed by the deformation of the

coating, and the load~transferred to the airfoil is
. dlstrlbuted over a larger area than the localized
impact point 90. Test results showed that the
protectlve coatlng reduced airfoil damage to a level
allowable for certlflcatlon.

The energy absorb1ng and load distributing
. features of the deformable protective coating are due,
at least 1n part, to’ the low shear yield strength of

the protectlve coatlng as compared to the shear yield
'strength of the blade airfoil material.. Shear stress
typlcally results frpm traction forces applied parallel

to the surface of'anfbbject.' The shear yield strength .

of a material 1s_th_“level of shear stress at which the
material w1ll und go. permanent set, or permanent
6 4 blade alloy, from which the

;;e formed, has a minimum.shear

deformatlon.-ii_
airfeoil and shroud
yield strength exceedlng 60 k51 (60,000 pounds per

~ square 1nch) ‘s preferred that the shear yield

strength of the .oute lumlnum layer applled by plasma

spray should- no' eed apprékimately 5 ksi. A plasma

spray 1ayer gen y;includes voids or inclusions
~ which reduce the ength of the layer. In the

' Preferred embodw”,“jﬁthe protectlve coating shear yleld
strength is less than about ten percent of the airfoil

material sheax yleld strength.
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Referring-to'rigure 6, the shroud projection S4
will generally inpgct against the adjacent airfoil such
that the impact force includes a force component
perpendicular to the airfoil su:face and a force
component parallel cc the airfoil surface. For
instance, the tangent to airfoil transition surface 79
at 1mpact p01nt 90 1s indicated by an imaginary axis
- 104 in Flgu;e.s, Durlng forelgn object ingestion,,
first Shrou&,prOJec#;On 54 slides along an imaginary
axis 108, which is generally parallel to first mating
surface 64 on'blade;ﬁsb and second mating surface 66 on
blade 36a. Angle 102 formed by the intersection of
axis 104 and axis 108 is less than ninety degrees. As’
a result the ‘shroud progectlon 54 1mpacts at point 90
with a component of . force parallel to the airfoil
transition surface 79r as well as with a component of
force perpendicular'to airfoil transition surface 79.
On blades without the protective coating, the titanium .
shroud corner face 74 digs into the titanium airfoil
transition surfaqe 79 at point 90. The high shear
yield strength_of'the.airfoil resists deformation and
does not permit sliding of the shroud corner face that
would otherw1se ;Lnduced by the force ‘component
. parallel to the alrfoll surface.

' In contrast,_tne low shear yield strength of the .
‘protective coatinq’gg-allows the coating to deform by
shearlng, or- smearlng, on impact at point 90. Shearing
of the protectlve"oatlng permlts the shroud corner
face 74 to sllde;aefng the alrf011 transition surface
79 to a p01nt 91_d;splaced from 1mpact point 90 due to
the impact force omponent parallel to airfoil
tranSLtlon surface'7é. The displaced position of blade
36b due to thlsrslidlng motion is indicated in phantom
as 36b" in. Flgure 6. Deformation of the coating
absorbs 1mpact energy In addition, deformation of the
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coating and thé:éiighggslidihg of the shroud corner ,
face relative'tqgﬁh§ $irfoil:result in distribution of

the impact load o

er a larger area on the airfoil
transition surfac 9. Therefore, localized impact

streés_on-the éitfq;l};which'is a8 measure of force. per

unit area, is reduced.

C embodiment of the present i

| égribed, it will be appafgnt to
those skilled in_tﬁghqﬁt that various ﬁodifidations can
be made without_depétging from the scope of the
inventidn_&s;rébiféuaiﬁ the appended claims. Foy
instance, the ipvéptidﬁ has been described in relation
to a:shroud p;otééf _1boating on a fan blade, but the
invéﬁtién is also'a_'ﬁﬁﬁble-to shrouded compressor or

invention has been d

turbine blades. $iﬁiia;ly, the invention was described
for titéhium~allo?ﬂbla§es, but other applications coulg
inclﬁde a shfoud'?tfngétive coating on a blade having a
different metal c§'§§siiion,-or on a blade having a
composite ﬁatériaifq;h$;ructién. Further, other
applications ¢§Q1dﬁi@§l§de different combinations of
shroud coatiﬁg materié;iand airfoil materjal, where the
shear yield streﬁ@ﬁh;oflthe protective coating is low
compared”tﬁ'fhéﬁéﬁééri_  t

leld strength of the airfoil
material. -~ = . 'i_ R
The pfeééﬁfliﬁVé'tion hasébeen described in
connection-ﬁith é scif y
embodimeht.__ﬁéy
skilled in the ar

ecific rep?esentative‘example and
- will be understood by those
hat ‘the invention is capable of

other examples and. en "dimenté;
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1. A bladed rotor comprising:

a) a rotor disk; _

b) a plurality of blades generally qniiornly
circumferentially mounted on the rotor disk, each blade
including.an airfoil extending radially outwardly from
the rotor disk, and each blade further 1nc1ud1ng a
shroud extendlng c1rcumferent1ally from the alrf011.
wherein shrouds of adjacent blades are in abutting
engagement, and _

c) a deformable protective coating applied to
each blade, wherein the protective coating is located
to reduce airfoil damage caused by impact between the
shroud and airfoil of adjacent blades. )

2. The bladed rotor as recited in claim 1,
wherein the deformable protective coating is applied to
the shroud. ’

3. The bladed rotor as recited in claim.1,
wherein the deformable protectlve coating has a shear
yield strength 1ess than the shear yield strength of
the airfoil material. .

4. The bladed rotor as recited in claim 1,
wherein the shear: yleld strength of the. alrf01l
material is. at least ten tlmes greater than the shear
yield strength of ‘the deformable protectlve coating.
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5.  The bladéd rotor ‘as recited in claim 1,
whereln the blade,_lncludlng the shroud and airfoil, is
a titanium alloy, and wherein the deformable protective
coatihg includes at least an aluminum coat layer.

6. A blade ‘for mounting on a rotor disk in a
substantially uniférmly and'circumferentially spaced
apart relatlonshlp ‘with other blades on the rofor disk,

- the blade comprlslng.

a) an.al;f011 section extending radially
outwardly from the-disk,andﬁhaving a pressure surface
and a suctlon surface,

b) a flrst shroud progectlon extending
circumferentially from the suction surface of ‘the blade
airfoil section, the first shroud pro;ectlon including
a first mating- face and a corner face ad]acent the
first mating face.~:

c) a segoﬁd shroud projecfioq extending.
cifcumferentially ffom the pressure surface of the
blade airfoil sectlon, the' second shroud projection
including a second matlng face, wherein the first and
second mating faces;of adjacent blades on the rotor

disk are in abutt_nq engagement, and
d) a deformable protectlve coating applied to
the corner face on the flrst shroud projection, wherein

ective coatlng is located to reduce
_d by 1mnact between the first

shroud projeption'and alrfo;w;of adjacent blades.

the deformable pr
airfoil damage ca

asBeemR.T“Wad

\\ll\l\\ il I Tl
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7. The blade as-%ecited in claim 6, wherein the

deformahle protectlve coatlng shear yleld strength is

.less than the shear yleld strength of the alrf01l

material.

8. The blade as recited in claim 6, wherein the
airfoil material has;aﬁshear yield strength at least
ten times.the sﬁearHYiéQd strength of the deformable
protective ;oating.. . !

9. The blade as fecited in claim 1 or 6 wherein the
deformable protective coating includes an aluminum

layer.

10. The blade as recited in claim 9, wherein the

aluminum layer is a pia§ma sprayed. layer.

11. The blade as regited in claim 1 or 6, wherein.the
protective coating inéyhdes a first bond coat layer
compatible with the shﬁ?ud'material and applied to at
least a portion of the éorner face on the first shroud
projection, and a second coat layer compatible with the
first bond coat layer and applied to at least a portion
of the first bond coat_;ayer.

12. The blade as- rec1ted in claim 11, wherein the

flrst bond coat layer. and the second coat layer are
plasma sprayed layers.fi

13. The blade'aSj%ecited in claim 11, wherein the

first bond coat layer is a niCKél-aluminum'alloy having

a nominal composxtlon ] weight of about 5% alumlnum

with the balance essentlally nickel.
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14. The blade as recited in Elqim 13, wherein the
second coat layer is at least about 99% aluminum by
weight, the baléﬁég being incidental impurities.

15. The blaﬁécas-recited in claim 12 or 14 wherein the

first bond coat
inch and .006 inﬁh;thick, and wherein the second coat

:gyer is betwéen approximately .004

layer is bgtweén?éﬁproximately .016 inch and .020 inch

thick. ' e .

16. The blade as recited in claim 12 or 15 wherein the

- blade, including;tﬁe airfoil and shroud, is a titanium

alloy forglng hav1ng a nominal composition by weight of

" about 6% alumlnum and about 4% vanadium with the

balance essentlal;y titanium. -

This Sheet Has

i mm i f"l




