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ROTOR BLADES""· 

•, 

l~ Field, ."of the Invention 

The _p.l;"~serit invention relates ge·nerally to 

increasi11g:Otp:e durability of blades in gas turbine 

~ngines. ·tn. particular, the invention relates to a 

.5· dEJ,formable"protective coating applied to shrouded 

biades to r~duce susceptibility to blade airfoil damage 

ca.used by "th~ impa:ct b_etween the shroud and airfoil of 

adj a.cent bi~_des. The· coating acts as a shock absorber 

by defornd.)1<i on impact so that the localized impact 

10 energy transmitted to the airfoil is.reduced. 
. . . . 

2• .. Descri.ption of· the Known Art 

Gas. ~:U;rbine engines having axial flow fans and 
.. . .. ': 

compressorst"requently use mi~ span shroud projecti,ons 

to provid~·?-amping or reduc~ blade airfoil vibration. 

19 . The fan o.r:-c6~pressor blade$ have airfoil sections 

extending radially from a. rotor disk. The shroud 
:·· . .:·· 

.20 

25 

pr~jectiQns,·_~>;tend circumfere11t;.ially from each blade 

airfoil .Cind'.·pcmtact shroud prpj_ections on adjacent 

};>lades du~..ing.fengine operatioh. The adjacent shroud 

projecti.or1s have o:pposing mat{ng faces· that are in 

abutting·:··~ng~~~ment during engine· operation. Together; 

.the shro~ds -bn. ~11 the blad~ · a~rfoils engage during 

engine op~~at~<?IJ to form an:a~ntilar stiffening ring. 

Mid spa~· :~h.:t:·~ria~. have conunonty been used on high aspect 

ratio f~n ~-~d· 'compressor blaq~s. High· aspect ratio 
. . ~ .. : ;. 

.: ·::·. 
·: , .. · .· .!' :· 
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blades are rela:tively long and narrow, having high span 

length to chord \t,\'j,;~th ratios: ·· Such blades are 

especially susceptil:)1e to aerodynamic flutter, and 

typi_cai~Y have low, r·esonant .frequenci~s which may be 

excited ·at rotor. operating speeds. The stiffening ring . 

formed by the mid 's'pan shrouds prevents blade 

aerodynamic flutter, and increases the resonant 

fre~ency of the bi~des. . 

Example~ of bl~des with mid span shrouds are. shown 

in U.S. Pat. ·Nos. 3,734,646 issued to Perkins May 22, 

1973, and 4,257~141 issued tq Betts et al ~arch 24, 

1981. The Betts patent descri~es a shrouded blade with 

a pad applied to" .s}iroud mating faces. However, the pad. 

in . Betts is wear resistant rather than deformable, and. 

dpes not address r~ducing damage to blade airfoils due 

to impact betwee·n the shroud and airfoil of adj a cent 

blades . 

. Ollririg engin~·operation foreign objects.may be 

ing~sted by the .fall° and compressor. sections. The fan 
. . . 

and compressor blade.s must be designed to liithstand 

such fpreign object ingestion with minimum damage to 

the blade airfoils. During a severe ingestion event, 

such as a bird ingestion, the blade struck by the 

foreign: o_bject cart •be damaged.': In addition, the sudden 

25 loading on the ;:}:)i~ciE:! can ca us~ the blade shroud to 

diseng<.'lge from thk::~hroud on the adjacent blade· and 

slide forward ·to·· impact agai~s~ the adjacent blade 

.30 

35 

The i~pa'..~t of the shroud against the adjacent 

blade airfoil can ·Z:¢sult.in seyere localized impact 

loads and airfoil .··a~mage requiring the adjacent biade 

to be re,placeq. · 'tn 'extreme ~ases, blade fai"lure can 

occur, requi.ring;" e'~~ine shutdown due to. vibration 

caused by ~ut of'b*-iance load~. . 

o~~- ·possip:J,:Ea ~~preach to ··~educing airfoil damage 

during ··:foreign 9bj ect ingestion is to thicken the 

airfoil. 
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airfoil se.cti()n. < However, t}J.ickening the airfoil 

-, section is· undesit~ble becau$~ it adds weight to the 

.engine a:nd can at,£~ct the aerbdynamic performance of 

the blade ~irf9i1.· As a resu~t, engineers and 

5 scientists continue to seek better methods -for 

increasing:· the foJ:'.~ign _object:_damage tolerance of 

blades used iri ga~:;'- turbine engines. 

S~Y OF THE INVENTION 

It is: t~er~~qfe an object of the present invention 
·. . 

10 to provide a means{ for minimizing airfoil damage from 

shroud impact dtp::irig foreign object ingestion. 

It is a furt.her object Of the present invention to 

pr~vide a )nea.ns for minimi·zin:g, air-foil damage from 
shroud·i1tlpact ~hich does not ·adv~rsely affect blade 

·15 performance·. or slgpificantly i_ncrease engine weight. 

It is a further object of the present invention to 
provide a means ;fbr mi.~imizi~g ~irfoil damage which 

does not addntec~al'lica~·complexity to the engine. 

It ;i.~ ·a.f\li:'tl'ler object of the present invention to 

20 provide a means ,'.f();:- minimizing airfoil damage which is 
easily an~ inexi:le:n.sively adapt.able to existing engine 
hardware. 

It is a fur~l'ler object of the present invention to 
provid~ a mean,s:f()f. minimizi~~ airfoil damage which is 

25 durable and subt~6t to minima'i. erosion or service 
. . .. · .. ' . .· 

deteriorat..i¢n :c.~\.:lsi.~d by air f~ow ~hrough the blades. 
The .ot>tect$:of the inveijtion will be more fully 

understood fr¢~)t.hf:! drawings ·.:~:~d the following · 

description. .Briefly, the pt~sent invention is a 

30 relatively: thin;, :deformable pfote<;:tive coating applied 
. ~ . . . •" . 

to a localized at~a on shroucjEid blades to reduce blade 

airfoil d~mage'C:::~tised by th~;?imp~ct between the shroud 
and airfoil pf /~aJacent bl ad~~. The coating can deform 
in response• tq --~nipact_ betweetj , the shroud and airfoil of 

--~~;~~:~·z:r.,~~~ .. .. 
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adjacent blades tp ·redti'ce the localized impac.t energy 

transmitted to. the. iTr:fbil,. and hence reduce airfoil 

damage. In a. pref'e'~k~ci·, embodiment the deformable 

protective coating>.inc1udes an: aluminum layer applied 

to a corner. face o;f .a.>titanium alloy shr~ud. 
BRIEF o~stk:J:PTIO.N OF THE DRAWINGS 

·.·:·· ·. 

A. more complet~·~*(ierstanding of the invention will 

be gained from_thefqiibwing detailed description which is 

given in connection .. ~:i.t'h the a9companying drawings, in 
·:·.-: ·. 

10 which: 

Figure·l is a·si~plified schematic of a gas 

turbine engine ¢ro~s.· .~~btion. 
Figure i· is a·n ·~J'i~arged cutaway view of a bladed 

rotor in the fan s·ecticln which includes fan blades with 
. :·,·: 

15 mid span shrouds . 

Figure 3 is a yiewltaken along lines 3-3 in Figure 

2, looking r~dially: iffw~rdly along the blade airfoil 

axis,. and ·shows the re·l~tive motion of adjacent blades 
··· ... ·.·: . 

due to ingestion of ;~<fbreign object. 

20 FigQre 4 i.s ~· v.i'~~\ of enlarged area 4 ·indicated in 

Figure 3, ·.showing. th~··.l.(:.>cation o.f the protective 

coating on t:tie.shrol;id 9orner face • 

. Figure 5 :if; a;;c~o~s sectiol)al view of the 
protective coat.inc;f;oh'·fhe cornkr .face of the shroud 

25 ta~en. ,along 1iti~~·: .. ~L~\iri Figur~ 4. 

30 

. . ., .. · ;·. 

Figure 6 is'a'.J1~pl.~rged view of the relative 

motion of adj~cent);>iacl~s shown .in Figure 3, and also 

shows the reia:tive:.51'.fd.ing of t:PE! corner face of the . . ., .. , ... ·:··. . .. 

shroud 

during ::~::!::i=~~~~~@~~;=~~e~~i~:ec::!~~:t blade 
. ' ~ .· :. . : : . ... . . . .· •. 

. .. ' ~ 
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DETAILED•· DESCRIPTION OF THE DRAWINGS 

Figure i,ii ~simplified schematic of a typical 

g~s turbine eri~i:_n:e 10. Engine 19 includes a fan 

... section 14, a dc>inpr~ssor section 16, a combustor 

5 section ,18, a.liigµpressure turbine section 20, and a 

low pressure j:U:r~ihe section 22, all disposed in a 

serial relatidt\~l"li-p in an axial flow path, and . . ... ·~·. . 

10 

15 

·ge~erally conq~nt:r_ically arranged about a longitudinal 

axis 12. o-..iifi"rig engine. operation air, indicated by 

arrow 9, is. piiiled .into fan section 14 and is : " 

compressed p}r' fan bladed rotor 15 and compressor bladed 

rotor 17 in the fan.section 14 and compressor section 
·. ···::· ... 

. 16, respectfy~JY· · Comp~essed air exiting compressor 

section. ~6 floW,s :into-.combust_or ·section 18 where· it is 

mixed with fµei arid burned to produce a high pressure, 

high tempera~11rk _gas s.;tream. The high pressure, high 

temperature ga~· stream exiting the combustor sectioz:i 18 

· is ·expanded ·1:,tiroUgh the high pres~ure turbine bladed 

rot:or 21·and J,'..qw pressure ~laded rotors 23. The high 

20 pressure tur>pin·e-l:>laded rotor 21 drives the compressor 

bladed rotor '17,· through a core shaft 24, and the low 

pres_sure turbine bladed rotors 23 drive the fan }:)laded 

rotor 15 through a .fan shaft 25, which ·is general_ly 
. .·.· : .... 

coaxial. with··:shaft 24. The airstream 9 entering the 

·25 engine may ibctude one or ·more foreign objects 11. For 

. instaru::e, b~rds ·qr other foreign matter'· such as d.i.rt 

and.debris, ·ar~ ~ometimes ingested by gas turbine 
. , . .. .. . .. 

engines •. 

. Figure 2 shows a cutaway view of fan bladed rotor 

30 15. Bladed.fo~of 15 includes a generally axisymmetric 

rotor disk 30 ::~~<i a plurality of blades 36 mounted on a 
. ' . .· .. ·. : .· ~ 

rotor disk rim '3.2 on the per·~meter of rotor disk 30. 

The blades 3~·-:a~~ mounted on disk rim 32 by means well 

known to0.th6~e~~kill~d in the art, such as by fitted 

35 engagement with. dovetail slots on the disk rim_ 3.2. The 
>;:-: .. 

. ::· .. ·: 
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blades are mourite.d .on the· rotor di.sk rim 32 in a 

generally un~fo~, circumferentially spaced apart 

manner, as .s-hown :Figure 2 •. E~ch blade 36 includes an 
airfoi·l section 3:8· ~·xtending general.ly radially 

. . . ,. . . 

5 ou~wardly t:r;9m.d~$k 30. During engine operation, the 

fan bladed-r6tor I"Otate~ about engine axis 12, as· 
• • • • < : • .-··· •. ... 

indic.a ted by. arJ;"ow · 4.9 • 
Each blade a·lso· includes a shroud 50 which extends 

. .,· ... ,. 

circumferentially ti;6m the blade airfoil, so that, the 

10 shroud so is gene:tal,ly perpendicular to the blade 

air·foil. · ~}:).rquds o.f; adjacent airfoils extend between 

the adjacent bla¢ies. During engine.operation the 
.· .. 

adjacent shrouds are: in abutting engagement, and the 

'adjacent Shrouds so.,·:.when taken together, form an 

15 ann~-lar shZ"OUd ring ·51 which extends circ)lmferentially 

ak,,out, arid in space~ .. re,lationship to_, . the rotor disk 

30, as shown in Figure 2. 

Figure 3 is~ vj_ew taken along lines 3-3 in Figure 
. . 

2, looki.rig radially inwardly along the blade airfoil 

·20 axis of two adj~cent-·blades 36a and 36b. As shown in 

Figure 3, the airfoil section includes a leading edge 

41 forming· the.~J?str~am edge of th~ airfoil 38 and a 

trailing. edge 42, forJ,1i.ing the µownstream edge of the 

airfoil. 38 ~ A 9ezie~.#11y convex suction surface 44 on 

25 one s_ide of the air'fpil 38 extends from the ~eading 

30 . 

edge 41 to the trailing edge- ~2. 

pressure . surface 4.6 . ~h the other 

extends from th"e lead1ng edge 41 

42 •. 

A generally concave 

side of the airfoil 38 

to the trailing edge 

Each blade s'fit~~d 59 on each blade 36 can include 

a first shroud ·pr~j-~Ction 54 extending generally 

circumferentii:illy>t~-6~ the suction surface 44 of the 

airfoil and a .se:eond.<shraud proj·ection 56 extending . ··' . ·.· .. ·: :.:··· 

generall.y c:i~cumfel:-eritially from the pressure surface 
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46 of the atrfoil-. The first shroud projection is 
.. ~ 

genei:ally triangular_and inclu~~s a first mating face 

64, ail upstream face· 84, and a first corner face 74. 

Fi-rst co~ner. ·face 74. is- adjacent first mating face 64 

5. and ·exten4s from the ·'first mat~ng face. 64 to the 

upstream fa,ce 84. Tne second shroud projection is 

generally triangula:r:·and includes a second mating face 

66,· a. downstream face 86, ·and a second corner face 76 

extending from the second mating fac~- 66 to the .c 

10 downstream face 86. -The second shrou~ projecti~:>n 56 

also includes a geneJ;ally conceive cutback surf ace 77 
. . ' . 

adjacent the second niating surface 66. An airfoil 
. . 

transition .surface-79 extends intermediate the cutback 

surface 77 and the aj,rfoil pressure surface 46. The 

15 airfoil .. transition_ surface 79 provides a smooth, 

aerodynamic transiti9n.from cutback sur~ace 77 to the 

pressure ~urface 46. 

Referring again.to Figure 3, during engine 

operation the ~irst m,atirig face 64 -of first shroud -

-20 projection 54 on eacl1 biade is in abutting engagement 

with the-second mat,i.rig face 66 on the second ·shroud 

projection 56 of the ·adjacent blade. Due to the blade 

rota~ion- 49, a fOr~ign object ll entering the engine 
. . •... · .,., '·=·'•', · .. 

along airstre·alll 9 'm~y impact a9ainst the pressure 

25 surface 46 _of .~ biad~, such as blade 36b. - The impa~t 
causes disengag~mentiof the first mating face 64 on 

. . . . . ' .. . . 

blade 36b from the ~econd matiJ1g face 66 on blade 36a, 

and can cause l:>lad¢>36b to s1i4e forward, along the 

interface ):)~tween first matin~·face 64 on blade 36b and 
··:'< ··:' ... :: ':· 

30 second mating f~C:E! 66 on blad~ 36a. The displaced 

position. of bla.de .. :3.6b is shown in phantom in· Figure 3, 
~ . .. . . . . : ··, . :.· 

and" is indi'cated ~·s 36b'. 

The mot.ion of '.b.lade 36b 'relative to blade 36a 

result~ in-tl'),e·corn~r face 74 Of blade 36b impacting 

- 35 against the airfoil. (Jf blade 3.~a •. The impact point on 

·,._ 
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the airfoil trans.it:ion surf ace 79 is indicated at point 
90 in Figure· 3. , Th~· ,impact of the· corner face 74 
~gainst blade 3~a¥~~ result in severe airfoil damage 
on blade 36a, and in;extreme c::ases, blade failure. 

The invention ·.df~closed in this application 
provides increas~d q'a,'mage t:olerance of blade airfoils 
in the eve·nt of f6r:eign object ing~stion. The 
increased qam_age tc;)l~rance is provided by applyin~ a 
deformable p·ro~tec.tiy~", coating to each blade.· The 
protectiv.e coating is/ located to reduce airfo~l damage 
caused by impact ·betw~en the shroud and airfoil of 
adjacent blades dur:.ipg disengagement of the adj a cent 
blade shrouds.. ·The' pf:~tecti ve coating deforms during 
impact, thereby ·ab$()~~ing energy and reducing the 

15 impa.ct load· transmi~te'! to the airfoil. · 
Refe~ring to Fi.~U'.re 3, in the preferred embodiment . . _., ... '": . 

a protective c::oatin,g·:9,5 is appli~d to 1:he first corner 
face 74 of. the ·first ~hroud ,projection 54 extending 
from e~ch_ blade .airfgil suction surface 44. · F~cgure 4 

. 20 shows an enlarged ~ie.~ of the coating 95 on corner face. 
74. The coating extenc:Is over the portion of the corner 
face 74 which corita~t~ the adjac-snt blade airfoil ~ . . _.., .. :"·: . 

during foreign objept:,'_ingestion:. The view in Figure 5 
is taken aiong l~rie~·$--s in Figure 4, and shows the 

25 protective coating.~x~ending across the" thickness of 
the first ~hroll,P,:' proj~~tion 54 from a shroud projection 
bottom edge . 53 t;o· :,~--:/-~hroud proj'4!ction top edge ss. In 
a preferre.d e~ocliii~iit-~ the pr~tecti ve coating is 
blended s·mo.otll wl~h tlie corner .. face surface 7 4, the top 

30 edge ·53,. and bott~~:·~J.ge 55 to ·eliminate st~ps or.· 
discontinuities w~:~dh.<could di~rupt airflow over the 
corner face 74~·, _' .. fri :a·preferr~d.··embodiment the 
protectiv~ coat~n~:4~~~ not extend onto first mating 
surface 64, nor otjt? '·upstream face 84. 
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Alternatively;<the protective coating could be 

.located on the airfo~l surface, such as at the impact 

point 90 in Figure j~: However, locating the protective 

coating on· the airfoil. s~rface could result in a . ···· ... 

5 detrimental etf ect 9n the aerodynamic performance of 

10 

the airfoil, since the.airfoil transition surface 79 

would. includ~ a hUJ1lJ;(caused by t~e coating thickness. 

In addition, the co~f.ing would b~ s':1bject to erosion by 

the air flow:· over th~; airfoil surface. Locating \:he 
.·· . 

coating on the shrou~ corner face does not impose as 

gre~t an aerodynami<;:_penalty, since the coating can be 
·.... .. 

smoothly blended to the shroud corner· face. _Locating 

the coating on the_s,h;roud corner face also reduces the 

coating's susc·eptiblJ'~ty to er~sion by the air flow 

15 over the blade airf.6iis. 

In a preferred .-~~odiment the blade 36, including 

the shroud projectiori~ 50 and airfoil 38; is a titanium 

alloy -forging, alth_(;>ugh the blade may be cast or made 

from other metal~ or composites. The titani~m all°oy 

20 blade has a nominal composition by weight of about 6% 
. . ·:. 

aluminum,. and· about 4% vanadium with the balance 
' . . . .· · .. ··. 

ess.entiall:y titaniu~~ This alloy is commonly refe~red 

to as Ti-6-4. 
The protective _·coating ~ay include multiple 

25 coating layers. Because. blade materials such as 

titanium alloys .can.''.£6rm adhesive oxide coatings, it is 

difficult to obtairi·qood adh~sion of "som~ coatings.· 

Thus, it is usuall.:t/n~_cessary to include a first· bond 

coat layer compa.tfpl.Ei ·!o"ith the blade material and 

30 compatible with a. ·S,~cond coat layer. For example, the 

protective .coat.iric;f:·95 ca~ inclu,(je a first bond coat 

layer, such ~~·:a )lickel-aluminu:pi alloy bond· coat layer 

97, and at least ~·>second coat layer, ~uch as an· 

....... .;'· . 

.... ···: 

. .:·.:, 
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aluminum O\,lter .layel:' 99 placed over at least a portion 
' . 

of the first bond ·coat layer, as shown in Figures 4 and 

5. 

Th~ first nickel-a~uminum pond coat layer is 

5 preferably a .004 inch to .006 inch thick layer applied 

to the Shroud corner face by, for instance, a 

conventionai_piasma spray process to form a plasma 

sprayed layer on the shroud corner face. The first 

bond coat layer 97 ca_n have a ~ominal compositioh by 

10 weight of about 5% aluminu~ with the balance 

·essentially. niqke1. :A nickel ·aluminum alloy 

commercially (lVailab,le as _an alloy powder and suitable · 

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

In a preferre<i·~mbodiment, the second coat layer 
. •. . 

15 is an aluminum outef layer 99. which can be a • 016 inch 

to .020 inch thick layer applied over at.least a 

portion of first bond coat layer 97 by a conventional 

plasma spray ~ro9ess to form a plasma sprayed layer on 

the first bo~d coa~ layer .97. In the preferred 

20 embodiment, th,e alum:inum outer layer is at least about 

99% aluminum by weight, the balance being i,ncidental 

impurities. A suita_l:;lle· aluminum comp?sition in the 

preferre<i einbodi:ment is commercially available as a 

powder for plc\sma ·spraying, such as Met.co· 54 ·supplied 

25 by Metco, Inc. 

Te~ts to dete·rmine the damage tolerance of blades 

during foreig!l 6bj:ec:t;. ingestion are required for t'an 

blade certif-ication'., and are typically conducted by 

firing proje¢tll:~s·:111to rotating blades during engine 

30 testing• :Te~ttri~~qc:)nducted on blades without the 

protec;::~ive C()~t-irig ''showed that th.e shroud corner face 

74 digs into th~_»c:1..i;¢:foil transition ~urface 79 at point 

90 on ~h.e: acij(lceh:t blade, so. that the impact energy is 

concenti."ated at the ·impact point 90 in Figure 3. The 
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tests exhib_i~ed air(oil damage exceeding that allowable 

for certification. 

Tests conduqte·d on. blades with the protective 

coating showed that; 'on impact, the protective coating 
. ·. ~ 

5 deforms. The de:for:inc:ltion ~ncluded not only compres.sion 

of the protective co:~,ti"ng but also a shearing action, 

or smearing of the .pr.otecti ve coating, allowing the 

.shroud corner fade::.~~ slide slightly relative to. the 

airfoil su:i:-f~ce on t:,he adjacent blade .. As a result, 
. : . 

10 impact ei:iergy is abs9_rbed by the deformation of. the 

.. 
'•· ··.·. 

cqating, and the .loac::l transferred to the airfoil is 

distributed-over a.larger area than the localized 

impact -~oint 90. Te~t results showed that the 

protective c~ating r~~uced airfoil damage to a level 

15 allowable for certification. 

The energy absorbing and load distributing 

features of· the d~fo¥mable protective coating are due, 

at least in part, to'(~he low_.shear yield strength of 

the pro~ective coati~-~ as compared to the shear yield 

20 .. strength of the bla~~-- airfoil material.· Shear stress 

typically results fr6t_n traction forces applied parallel 
.. 

to· the surface of· ~n. object. The shear yield strength .. 

of a material is the·level.of -shear stress at which the 

materi~l- wi.11 :~u~de;-96:" permanent set, or permanent 

25 deformation:. Th~:ii£r~6-4 blade alloy, from whic~ the 

airf Oil . and S~rOUd .. a~e formed I has a minimum ·Shear 

yield strength exce!eding 60 ksi (60,000 pounds per 

square inch) • tt:, ~~ :j)ref erred that the shear yield 

strength.()f th~:~~t~:t,alumiJ;lrim layer appiied by_ plasma 

30 spray should ·not_: '~)(cead app·r~ximat.ely s ksi. A plasma 

spray l~yer gehe.~'ti_iiy:: includes voids or inclusions 

which red~~e tij.~·'strength · of t.he layer. In the 

preferred e:iiWoci~ih~ti~-the protective coating shear yield 

strength is les·s than about· ten percent of the airfoil 

35 material sheaJ; yield ~trength. 
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Referring to Figure 6, the shroud projection 54 

will generally i~p~ct against the adjacent airfoil such 

that "the impact force includes a force component 

. perpendicular to the: airfoil surface and a force 

component para_1lel tp the airfoil surface. For 

instance, the tangent to airfoil transition surface 79 
. . 

at impact point 90 Is indicated by an imaginary axis 

104 in Figur:e 6~ During foreign ·object ingestion,, 

first shroud.projection 54 slides along an imaginary 

axis 108, which.is generally parallel to first mating 

surface 64 cm blade :~6b and second mating surf.ace 66 on 

blade 36a. Angle 102 formed by the intersection of 

axis 104 and axis 10$ is less. than ninety degrees. As · 

a result, the·shroud,projection 54 impacts at point 90 
15 with a component of force parallel to the airfoil 

transition surface 7.9 ,. as well as· with a component of 

force perpendicular to airfoil transition surface 79. 

On blad~s without .tl).e protective coating, the titanium 

shroud corner face 74 digs into the titanium airfoil 

20 transition surf-aGe 79 at point 90. The high shear 

yield str~ngtll of the airfoil resists deformation and 

does not perm.it sliding of the shroud corner face that 
would otherwi$~ .. };'~:.·induced by the force component 

parallel to the ai:r1:6i1 surface. 
25 

30 

35 

In contrast, ·t~~ low shear yield strength of the 

protective coa:t,:ing-' 9~·allows the coating to deform by 

shearing, or. ·s:mear:irig, on impact at point 90. Shearing 

of the prote'ctiv~ cci~ting permits the shroud corner 
face 74 t.o· sli('.l~ ;~idng the airfoil transition surface 

79 to a point ·.91 (iisplaced from' impact point 90 due to 

the impact fq:t'c~. d'd111ponent parallel to airfoil 
transition surface 79. The displaced position of blade 
3!$b due t.6 thi~siiqlng motion is indicated in phantom 
as 36b" in_"Fi~re· 6. ·• Deformation of the coating 

. . . . 

absorbs ili.tpact energy. In addition, deformation of the 
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coating a-nd the sJigh~: sliding of the shroud corner faC~ relative tq f'h.e airfoil result in distribution of t~e impact load ove.r a. larger area on the airfoil transitiot) su;-.facE7 ;79:· · Therefore, localized impact 5 stress _on :th~ a.i~fq{l, . which· is a measure of force per unit are-a, i~ reducedo' · 
While. a spec:if_iC:: ~mbodiment of the prese11t . .· 

will be appar~pt 
invention ·has been described, it ,. . ··· ... ·.· .·· .. · to those skilled in the art that various modifications can lo be made without depa,rt,lng f+om the scope of the invention as: recit~d.in the appended claims. For . . ; ... ·· ·. ' 

15 

instanc~, the inv¢n::t:.ion has been described in relation to a.· shroud protect'i'7~: ·coating on a fan blade, but the . . ··.·.·. , 
. . invention is a1so·~ctci.pt;.able to shrouded compressor or turbine };>lades. Siniila~ly, the invention was described for tit~nitim· alloy-:~·~ades, but other applic~tions could include a shroud· pd:¥~c~ive co~ting on a -blade having a different metal c()~po_sition, or on a blade having a composi.t.e material cbnst.ructi.on. Further I other .. ·:. 

20 applications could iri,.clude different combinations of : . . . ' 
~hroud coa:ting mater"ia·~. and airfoil material, where t}?.e shear yield strength'.'of· the protective coating is low compared tQ the": sh~9~:y_ie1d ~~rength of the airfoil material.· 

25 The pres~rt'f fnv~ntl:on has been described in 

30 

connection with a -~ped.¥:f.ic r~p'resentati ve . example and embodiment. !f·p:w~v-~r). i.:P will l;>e understood by those skilled in 't;.he art· th-~t •the invention is capable of 
other ex(;!.mples ·and·'·:~~i;>6'<liment~·. 

·-~·:=.-'.;:, -:~·:-:-··!· .>:·.: ~ 

j 
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1. A bladed rotor comprising: 

a) a rotor disk; 

b) a· plurality of blades generally un~formly 

circumferentially mounted on the rotor d~s·k, each. blade . . 

5 including an airfoil extending radially outwardly 'from 

10 

the rotor disk, and each blade further including a 

shroud extending circumferentially from the airfo.il, 

wherein shrouds of adjacent blades are in abutting 

engagement; and 

c) a deformable protective coating app.lied 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, 

10 wherein the deformable protective coating is applied to 

the shroud. 

3. The bl~ded rotor as recited in claim.l, 

wherein the defotlnable.protective coating.has a shear 

yield strength le~s than the shear yield ~trength of 

15 the airfoil material. 

4. The blad~d rotor as recited ip claim 1, 

wherein the Shear'yield strength of the airfoil 

material is.at least ten times greater·than the shear 

yield strength of ·the deformable prote~tive coating. 
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5. The blad~d rotor·as recited in claim l, 

wherein the bla9,e,'includi1:1g the shroud and airfoil, is 

a titanium alloy, Cl,nd wherein the deformable-protective 
coating includes at least an aluminum coat layer. 

5 6. ·A blade '.for mounting on a rotor disk in a 

·10· 

substantially unifprmly and circumferentially spaced 
apart relationsh~p with other blades on the-.roior disk, 

the blade ~omprisi~g: 
a} an airfoil section extending radially 

outwardly from the disk.and.having a pressure surface 

and a suction surfa,pe; 

b) ·a firs.t shroud projection extending 

circumferentially from the suction surf ace of ·the blade 

airfoil section, the first shroud projection inclµding 

15 a first mating·face~and a corner face adjacent the 

20 

first mating f°ace; · · 

c} a second shroud projection e~tending. 

circUlllf erentially ·from the pressure ·surface of the 

blade airfoii section, the' second shroud projection 

including a secorid mating face, wherein the first and 
. I: . 

second mating fac:e§ ·'.of adj ac:.ent blC!,des on the rotor 

disk are in abutt,tn<:f engagem~nt: and 

d) a de°fo:rlllable pr<i?tective coating applied to 

the corner face orf the first shroud projection, wherein 

25 the deformable pt~tective co~t.ing is located to reduce 
airfoil damage·· ca4s.ed by imp,~bt between the first 
shroud proj.e~tion'.:and airfoil, of adjacent blades. 

----- - --~---·- ·--·- . ___ _. ---·-----

i1iiUOf 
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7. The blade as ·recited in claim 6, wherein the 

deformab.le 'protectiv~>qoating shear y:ield strength is 

.less than· the shear y1eld strength of the airfoil 

material . 

8. The blade as:recited in claim 6, wl!erein the 

airfoil material has a·shear yield s~rength at least 

ten times.the shear .Yi~ld strength of the deformable 
protective coating. 

, 

9. The blade as recited in claim ·1 or 6 wherein the 

10 deformable protective ~eating includes an aluminum 

layer. 

10. The blade as ):·eci ted in claim 9, wherein the 

aluminum layer is a pla~ma sprayed.layer • . .. .' 

11. The blade as reqited in claim 1 or 6., wherein the 

15 protective coating includes a first bond coat layer 

compatible with the sh:f.c;md material and applied to at 

least a portion of the corner face on the fJrst shroud 

projection, ·arid a seco~d coat layer compatible with the 

20 

first bond coat layer <lbd ~pplied to at least a portion 
of the first bond coat·iayer. 

12. The blade as, recited ·.in claim 11, wherein th«: 

first bond coat layer.and the· second coat layer are 

plasma sprayed layers,. : :: 

13. The blade as ·recited in claim 11, wherein the 

25 first bond coat layer.is a nic~el-al~inum.alloy having 
a nominal compositior1:_~~ weight of about 5% aluminum 
with the balance essenti'.,ally nickel. 
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14. The b~_aci0, as recited· in claim 13, wherein the 
.. . 

second coat l~yer is at least about 99% aluminum by 
weight, the bal~tj¢e being incidental impurities. 

1s. The blade as· recited in claim 12 or 14.wherein the 
5 first bond coat ·i.a:yer is between approximately . 004 .. . 

inch and .006 inch thick, and wherein the second coat 
layer is b~:tween'approximately .016 inch and .020 inch 
thick. # e 

16. Th.e blad~ a:s recited in claim 12 or 15 wherein the 
fO blade, including'the airfoil and shroud, is a titanium 

alloy forging having a nominal composition by weight of 
about 6% aluminum.and about 4% vanadium with the 
balance essentially titanium. 

r··--··-·---- -


