METHOD FOR SECURI NG A SHEATH TO A BLADE CROSS- REFERENCE TO RELATED
APPLI CATION(S) [0001] This application is related to U S. Application
No. 12/713,867, titled HYBRI D METAL FAN BLADE and filed on February
26, 2010, which is herein incorporated by reference. BACKGROUND
[0002] Titanium al |l oys and fiber conposites are the benchmark cl asses
of materials for fan and conpressor blades in comercial airline

engi nes. One reason for the materials being so broadly adopted is
that regulations require an engine in commercial service to be
capabl e of ingesting birds while allow ng for continued operation or
safe and orderly shutdown of that engine. Another reason is that the
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engine. Another reason is that the blades must resist cracking from nicks and dents caused by

small debris such as sand and rain. Engines with titanium fan blades as well as certain reinforced
fiber composite fan blades with adhesively bonded metallic leading edge sheaths are the only
ones that currently meet these criteria.

[0003] While titanium blades are relatively strong and light in weight, composite blades
offer sufficient strength and a significant weight savings over titanium. However, composite
blades are expensive to process. Further, due to their relatively low strain tolerance, composite
blades require a greater thickness than otherwise equivalent metal blades to meet bird strike
requirements. Greater blade thickness reduces fan efficiency and offsets a significant portion of

weight savings from using composite materials.

SUMMARY
[0004] A method for bonding a sheath made of a first metallic material to an airfoil made
of a second metallic material includes treating the bonding surface of the airfoil; treating the
bonding surface of the sheath; placing an adhesive between the bonding surfaces of the airfoil
and the sheath; and pressing the airfoil and sheath together so that the adhesive bonds the sheath

to the airfoil.



BRI EF DESCRI PTI ON OF THE DRAW NGS 100051FIG 1 schenmatically depicts
a cross-section of a turbofan engine. [00061FIG 2 shows a side view
of a blade and a sheath not yet bonded together. [0007]FIG 3 shows a
bl ock di agram of a nmethod of bonding a sheath to a blade according to
the current invention. [00081FIG 4A is a cross-section of the bl ade
and sheath shown in FIG 3 in the process of being bonded together.
FIG 4B is cross-section of the blade and sheath shown in FIG 4A
bonded together. [00091FIG 5 is a side view of the blade with sheath
shown in FIG 2 bonded gmgpt]jggcmpﬁ@l]@r@gmwﬁ% 10010]FIG 1
shows an exanpl e of a dual -spool turbofan engine. Turbofan engine 10
conpri §¥85kever aFlG é@?hmmal m@pma ¢ross-segtiorf ¢frasturiﬂ|0@w-qngmssur e

conpre secti gy se o hi sure e
comus OB ot i ot g e PRI BB ERAA T SR R0t BE s ™et cone

| ow pr 9@y e t ur Biches slecmtrs arbl&ik diaypas sf semkihod ofdontibigy PRBRSSULE a blade
shaft 26, nd hj gh pressure shaft 28. A portion of the atnospheric
air puPfREh %“Hb FOtRE YRR f an section 12 is directed toward first
conpr eg@s] sect i pits. kA, is Whkd 8- st n o7 MR KSR anldSh&ldh SEhAOint WAL Gh BYRASSss

section 24.
of being bonded together. FIG. 4B is cross-section of the blade and sheath shown in FIG. 4A

bonded together.

[0009] FIG. 5 is a side view of the blade with sheath shown in FIG. 2 bonded together.
DETAILED DESCRIPTION

[0010] FIG. 1 shows an example of a dual-spool turbofan engine. Turbofan engine 10

comprises several sections: fan section 12, first low-pressure compressor section 14, second
high-pressure compressor section 16, combustor section 18, first high-pressure turbine section
20, second low-pressure turbine section 22, bypass section 24, low-pressure shaft 26, and high-
pressure shaft 28. A portion of the atmospheric air pulled in by rotation of fan section 12 is
directed toward first compressor section 14, while the remainder is directed toward bypass
section 24.

[0011] Air directed through first compressor section 14 is further compressed by second
compressor section 16. Fuel is added and ignited in combustor section 18. Blades in turbine
sections 20 and 22 capture a portion of the energy from passing combustion products by turning
turbine rotors. Both fan section 12 and first compressor section 14 are rotatably linked via low-
pressure shaft 26 to first low-pressure power turbine section 22. Second high-pressure
compressor section 16 is rotatably connected to first high-pressure turbine section 22 via high-
pressure shaft 28. Thrust is generated in engine 10 by the force of the air drawn in by fan section
12 and pushed through bypass section 24 (less any bleed air used for other aircraft functions),
and by the force of exhaust gases exiting from second low-pressure turbine section 22.

[0012] Being designed to pull vast quantities of air through bypass section 24 to generate
thrust, blades in fan section 12 are the first line of defense for engine 10 and are highly

susceptible to both small and large scale damage from objects pulled in with the surrounding air,
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10011] Air directed through first conpressor section 14 is further
conpressed by second conpressor section 16. Fuel is added and ignited
in conbustor section 18. Blades in turbine sections 20 and 22 capture
a portion of the energy from passi ng conbustion products by turning
turbine rotors. Both fan section 12 and first conpressor section 14
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regardl ess of their overall strength. Additionally, unprotected

al um num bl ades are nore susceptible to unplanned failures from

| arger foreign object strikes, potentially requiring inmedi ate
expensive repairs, replacenent, downtine for the engine, or
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airfoi lFla%%s 52A, 52B connect to and extend from sheath 36 head section 50. Root 34 fits into a disc
(not shown) to rotate blade 30 within fan section 12. Sheath 36 can be a titanium alloy or other
material with sufficient strength to protect blade 30 in engine 10 when engine 10 is in operation.
Blade 30 with airfoil 32 and root 34 can be an aluminum alloy or a similar lightweight material
to provide a lightweight blade without a complicated and expensive manufacturing process.
[0020}] Leading edge 38 of sheath 36 can be fabricated in a variety of ways, including,
but not limited to stamping, electroforming or electrical discharge machining (“EDM”).

Fabricating by EDM often leaves a recast layer on titanium surface. This recast layer is a result
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according to the current invention. Method 61 includes process 62 for
treating bonding surface of sheath 36, process 63 for treating
bondi ng surface of airfoil 32, and process 64 for bondi ng sheath 36
to airfoil 32 of blade 30. [0022] Process 62 for treating bonding
surface of sheath 36 can include the follow ng steps: alkali clean
65, rinse 66, vapor blast 67, rinse, 68, renove recast 69, rinse 70,
al kaline etch 71, pressure rinse 72, desnut 73, rinse 74, dry
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80) works by form ng oxide on the surface of blade 30. The oxi de then
dissolved as it forns, lifting contam nants off the surface when it

di ssol ves. Anodi zing (step 81) can be done by making airfoil 32
anodic for about 20 to about 25 m nutes at about 15 volts in a
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flank 4 f d
oS SRS POSTIMEE sH RSB P QYIS SRR ROR LSS e
stri kepdied dstep (Sspm&]smnlenslayw of4spokervdilng dotrasien Sﬂubnppg)snatmalt mch as a

regul ar curvature Sheat h al?'} ion 5 ushed toward suction
sur f ac EMABALFEOR YA AIRAEdy Y @l?fslt HES St&ﬁég) from pressure surface

44. Thegeefpre, apsesdie f&%din% SNEAR 36 &F MrfbR 3D efdlsdes SHIQA dg Ahedite between
sheath 36 away fromairfoil I ncreasi nﬁ@t he Iikelihood that blade

30 canbiade aad etwatha%plraemgtshrakleon Plade vkt cdrtvten e wuriah B apsesily
to bla

b1 oy LfdenSullRfERent B b3 8. e QERGIE AN i ol O o P ol
al | ows slicath ithie airf@l 3F intdxe@emk neiospace adridiyonis) lacleémgndtlhn@mpaba&neuﬂm Suitable
sheat h i,nst ead nore expensi ve and heayi er, tanr um

She i PTSUES TeBe i sear B onbereeiraael sy heb mraid Beeid ga
sheat h 98 wid dMs S'?é/APQ@ﬂed pdxy ddesivdsg M Iekigh tadbafefiB foranghdt Jaa iRl @leea
maintain simlar levels of strength and durability of past (titanium

or conﬁegrltstéf)et &il%é?d in dombimgrelsfp fHeat 1 BHBRIS heatandauesspregsed & step
steps 83 dbolaSHidhifing bRALMGr MIRALD R0 UG (28, BE N HRIU CAkSLe, 250
t hr ough EDI\/l progess Steps 62 cou be adapted to surface treat a
sheat hdégbesilcatded® psn anot her manner. For exanple, if a sheath was
fabricated by stanping, steps for renoving recast (steps 69 and 70)




to sheath 36. Blade 30 in FIG 4A includes airfoil 32, suction
surface 42, pressure surface 44, tip edge 48, forward airfoil edge
54, prinmer 56B and sheath receiving surface 58. Sheath 36 incl udes
sheat h head section 50, flanks 52A, 52B, inner surface 53, |eading
edge 38, and prinmer 56A. FIG 4A also includes adhesive 59 and scrim
sheet 60. [0032] Sheath receiving surface 58 is |ocated on airfoil 32
prOX|nate | eadi ng edge 38 and includes a Fortion of suction surface

42 andl088ssur e Siferadeaang sisptadh apd @dfell Ag cuthels despseigalondygesprtaces
surfac t

e 393%1%3)%1&91%&@6 l%?gﬁjthoghépslﬂfle r?@rgn&eg gbslg %g%% b apgil‘l sft?nlgfﬁg & ahﬁnl 32
recei viongtamﬂhfeahéé?as profdctink shr&gshoatritle &8s blxd@ﬂdlsblaedmbc omrigeadO Surface
sectlo O of ﬁ gth 36. Sheat 36t|nner surf ce 53t€a§? 2en s rfa e h
treate 8 d ﬁag thETARET IR des B %l“?‘?fOFOélP TR PSR G Ve
pri mer erﬁﬁﬂcelaaahéea@rboa@%mdl t Surf208 Geatfigldfateiba p@cﬁceksea@bs%c‘eﬁ 400 22 rface
and fl anks 52A, 52B. Scrim sheet 60 .is_enbedded. in adhesive 59.

Adhesi VBicBgnhnges aghepive hapd S%@gabtobfé’ff%éﬁ é‘ﬁ%ta%o’éhow o prsyres thpbond
Adhesi y&wé& Q%fi?z%s@h&tﬁ% §Osuhi ik Rly! s34 t%th%@%ﬁpgqe?ﬁﬁ%mggﬁom

m ni mal anount of separation between shea 36 an _
bondedas #eid 38 miiyeisipaet Q@ntsaﬂszeascmbirdﬂtmI@ vhr tleteyvemf ofcoivrd rsikel proximate

avail a aeros - ity metal-hbondj esi ncludln

Sever aledpB e R Ha0 L SR U BAOCS AR and Rl A for shearn
enbodi s®NTEe ntoﬁen aﬂ bﬁaé 98 tdrls e fdreeCthe &kd\to amacutcmbxamq)x eysuletshfzm bending
S|n1Iar nmeans. | es. of suitabl e bondjng . agents include t

EA9628 1@%%90%1%@% ltwga%ﬁrlaﬁp@ FY5FR héwmm%?%rp&@heéﬁOWWssaﬂwn surface

Di Vi i @ipeRRye SR Mbaridedfidol: 52@%@%%&@5&&%3@6%@&%@ a@é’e@hle%hg is
from 3M Adhesi ves, Coatings & Seal ers D vi sion,

cert ai neoesﬁaudtmlss sheguind oh shdath §ﬁ@wm’|frpnFIa(1;f0114N, lia@ih@sng/éieﬂgwhhoqi that

flln] Eﬁde)&%%Qﬂ%E&hgﬂ%&§ﬁk§*rnnUte anount of thickness of bl ade

| n“oné” exanple, a layer of adhesive film59 is about 0.005-0.010

| nc h (f0029R 5 m‘TMethbti Gk of besig shehthgcadldlatle 8D alakédthe Kﬁ&f&he desireable light-
fil mbase dhesi ve 59 aIIo for general i

ni f orm appl ] cat.i on,
| eadi nyeteht AuprEwh aiehblads wit R‘ﬁ&%ulﬁlé’r%“&’éég @ BESHHlY. Ckgwdzqolr?dlows for

flanksrafe 30 %eiﬁﬁnmﬁ& R |bl§(§s the ¢ maﬁfﬁﬂ?%aﬂfmﬁbd’d‘c&‘ the 3RrPEQEhERE End
forward airfoil e 34] Scrim sheet 60 can be enbedded into

adhesi heavB9 t@wrprb ﬁ%jélsthﬁldéﬁﬁéé}ﬁ ¢ ragelpetreet joprropist Wedss i sobaling PRl
sheat h 3@, %‘AFQE %&ﬁ'té{ 38:' 1%%1?8&%1%241%&%%&%%&{5&6“ 0 ta?; Jnfn%rel@%els of

metal Surfaces o
scrln1mhﬂgﬂlﬁﬂxh&mdﬁyeﬁpdeﬁemnmﬂeﬁc@yWEHSHﬁaﬁpat|b|I|ty W th adhe5|ve

59, an [ ex I a fle | on- base Ia er with
t hi ckn§°§’§3ﬂet v ol B GRS GO egesm Sty telh a5 5067 shath 36
(0. 127 wieh HaRivekn fa}aggﬁgé- @Qﬂﬁ%hnEDM proead fieb62 Lo bE C&Hépt&?td"&drﬂce treaétoa

adhesi ve 59, and separating the di'ssimlar metals with scrim sheet
i mpr ovsheatheiabrieatedzis paether @#ﬂfm aler empigh&rp shretatias S@ricgtep by gtagwing, steps

separa(ﬁly and g%g?gga% §96&§ﬁﬁ§?r5déédfo'l 32 and sheath 36 are

proper y prepa eatnents describe in relation to
FI G 3][00sohpl ex RiyHA Mp.eraadmﬂsaed:tmnohfmgaiated?;o‘ orimsrginy pegssk® wronded

1 ow HoUrS: s 008 PP FRbeeT B ST RElRFY 42 SR PG Soa gt
t o sheafdy 46 forfoufd NEHIBER, 548rimer 56B and sheath receiving surface 58. Sheath 36 includes
sheath head section 50, flanks 52A, 52B, inner surface 53, leading edge 38, and primer 56A.
FIG. 4A also includes adhesive 59 and scrim sheet 60.
[0032] Sheath receiving surface 58 is located on airfoil 32 proximate leading edge 38 and

includes a portion of suction surface 42 and pressure surface 44. Sheath receiving surface 58 has
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menti oned above, scrimsheet 60 prevents gal vanic corrosion by
ensuring at |east a mninmal separation between sheath 36 and airfoil
32. [0036] FIG 4B shows a partial cross-section of blade 30 after
sheat h has been bonded to airfoil. Blade 30 includes airfoil 32,
sheath 36, |eading edge 38, suction surface 42, pressure surface 44,
sheat h head section 50, sheath flanks 52A and 52B, airfoil forward
edge 54, and sheath recervrng surface 58. [0037] Adhesi ve 59 bond
i nner BernrsuEfaceseatsd fenkondineda thegnethed despribesl in splgiandoddged .sad a\x}rnﬂrlrayer of
scrim i I i
bondedﬁl?‘gﬁtar ?Af)(lzr)lrgélqﬁééIh aB? %lgn%sﬂgéﬁl%%%%ﬁ%%g%\é%%&ﬁ ? %%%P%%% iend back
chor dwirsm heedisastion 5§ of shenthsite Shbath 86 ihrseeirfaonSHbast wemputfice aicdted aeceniie
40. Fl gnks 2B Gover of ) aon surfa 42. and
or esoulls TRFLIENLAR SR oG oY Binyd 458 PPt e PEEA 3R uruce 53
i ncr easEhdaanrditivg mWnﬁamﬁk@ﬂAryesaB sheiat fhe&%(ﬁ@@m@bdﬂeﬂhh adiksive 501 eathbdice
bond strength, Flanks 52A and 52B also(@rotﬁct bl ade. 30 from i ndirect

i npact 8° BRORFHASECS SABENBetwageshsath Shandyairen $i2o nddissive | Sqrkesds sheagdp to
52B capiiary deRRNGA% R skl il ﬁﬂ&'ﬂxr{t %F?éi')tdl%tloﬁ 9&%%@&%@&@ 6%@%1 foil

section 50 of sheath 36 extends forward (i.e., into the oncomng alr
streanﬁZamaWb@Kbﬁqarrforl 32 and forns Ieadrng edge 38. Sheath head

secti Oﬂlﬁggl provi t% ESI %gg O&55 oafl@:dof raevsahg Jyec { Xmm rcxenﬁr avaﬁ%tle g rcr)rgace-(t]ua(l:&y

or nea ect s fom & forerdgn

t he undetdl pomndingadiives, 3acluding sml&gbgdrm%$wlathSMe§e@ﬁlm In
50 repl aces E%FROHIO of ajrfopl Hear its forward edge, while in
ot her &BoEPRYHTENsHEE 4despEiiy e%@ure Srbauedayey qihgs %éﬂqaéﬁgﬁﬁa%rles

bl ade 3P saiaAd RABME! aRfitainchRle CHPE AN 56 3dLFRAS haRsiOE mggolt? SRdh Oﬂenkei
50. This ensures aerodynam c confinuity betweén airfoil portion

and shEamersiont Huwel 2avisipoo3o] Pelui Cabhand e 165 K onosheleevae ke from
coporeB M}Pe%fv%g ¢l 1}{%3 k. s%Ll%FLfi?i%%mn ‘sf"‘%%é@?/{ i 08 GRA o entd %,ﬁcl asis

severa nin ents an rsharp corners.
repair slncﬁvrcmrﬁfﬁntlAnadhleizamBQImd)ﬁlﬁedvkﬁﬂ}ﬂﬂﬁﬁcdnmhumra&ﬂmetetah&mm of thickness of

servic |l e life before bejng recycled.into new b intQ .o
SrtL ol BBGE FR ToSne RS aﬁ@éﬁﬁwes@gh%ﬁés Gonbp 05T 3b iudh § 22 3%m)
L m t echi@mubitdheONaRTRIMBRIRAR! 2 PEEIHSR Lheditesd ANSKE N gEH&ﬂaMﬁhhH&m
to reduce weight and the (g(?[ysr cal constraints of produci ng sheath

vm th | aprjsation, dedwsdo girgedirtele dadaiess ke apeaunted ffor imistrng ks |5aAmnéc$éB
nairfoil 32

pr ovr dgi&glggé h@%% aq*egglv\%iragg %ﬁ%%gﬁoﬁ%ggﬁ Esn(gfc%c?"ak i %r ng overall

streng{003ds previaisl gheeteé& ruabebb elibeddeduinsd adhésale G@iaght prosies niyﬂectric

provi des sone .| eeway he si,.ze. of sheath 36 to .be |ncre sed |
P hor s GEn ST el dPrHe RS Y e cutng £l EOTARYO | atererrcnﬁla%

wei ght dgRyémasetd] Buidcsl6f 86oil 30040 Iidath 36 THB OWierAl frfiengdcBWM Petlt0ad Bften
30 with sheath 36 bonded to airfoil 32. FIG 5
determined by its compatibility with adhesive 59, and can be, for example, a flexible nylon-
based layer with a thickness between about 0.002 inch (0.051 mm) and about 0.005 inch (0.127
mm) thick.
[0035] Bonding of sheath 36 to airfoil 32 with adhesive 59, and separating the dissimilar
metals with scrim sheet 60 improves several aspects of blade 30. When sheath 36 is produced
separately and the contact surfaces of airfoil 32 and sheath 36 are properly prepared for bonding
with treatments describe in relation to FIG. 3, complex high temperature bonding and forming

processes are not necessary. Thus, no deformation is caused around leading edge 38, allowing

airfoil 32 to retain its shape and integrity during bonding to sheath 36. Furthermore, as
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i ncludes blade 30 with airfoil 32 (with trailing edge 40, suction
surface 42, tip 48, and airfoil edge 54), sheath 36 (with | eading
edge 38, sheath head section 50 and sheath flank 52A), and root 34.

| nner side 53 of sheath flanks 52A, 52B and head section 50 are
bonded to airfoil 32, form ng an aerodynam c blade for use in fan
section 12 of engine 10 (FIG 1). [0041] Sheath 36 covers airfoil 32
proxi mate | eading edge 54, protecting airfoil 32 from foreign object
damage™gREpee 5@8"%@6‘9@ sheffe ﬁresvent@%e@gmswaer@ﬂe@ by Eying F‘clg?ﬁt aaiEuRel

of strggigglta{]mg&@gely\g}ggkh@,lﬁraﬁlglahﬁ,@l%g s made of a |ightweight and nore
ductile material like an alum numalloy. The nost protection of bl ade

30 is H¥dhl when KKkeaBlshass emlelmkj@roweseg@@l @ﬁjﬂ@teaaﬁ)taf@r Bl}eatMQSémn banded to

| engt h_.of ..l eadin 138 1:6d; e ortion of
ai rfoi Frpl dr S s e Aol E Rt ey Bt SRBG P e f R B dagl bsge
| n ot hﬁi’lfaem@,dlsl‘[&fht Eﬁad%hﬁiﬂnhS(B&h@a‘ih Ylagkd 674 3nd\eB, alrﬁx’iill‘ fon@zirdtddge 54, and

spanwi se | ength of ead' ng edge 38. [0042] I n sunmary, the bondi ng
met hodShSPUTREFTHDE Ffiee P venti on allows for the use of a |ightweight

airfoi '00‘3"7]t h a Sﬂ@?efsﬁe @dé’on% irfhed 5UrRESH JTRLEIH 3k 6 ‘alrfcﬁ’lrﬁ BorihAdRiee 54,
suitable for use in aerospace engines. Substitutin ht er

mat er i with ssu@ishae Ehenghing Aupnand csypalaltwnal rWinl shgat |3(6pltsdx¢éé‘3€b®t irfoil 32,

I()\r)le: ;la algk%\/\é%ﬂitag(i 5%*361%?6%@ u%%}%nt? (§I’i§é %aﬁ?&all i(’)foxgll ﬁ%gthr}%gé rggction 50

addi t i awakd uaﬂmgedgrf 4qurﬂhﬂcstﬁ2\,6eaxsfm EbV@ﬁp(}Snt}OKsl ofbduetian suirfacd 42 endvpuesbure

edge 54, while still j ng wei ght _over in bl ade

| ar ger SWHChIE P Ledie g‘}‘flggtg‘%engjlaﬁksng%‘%’r 52 neme@ﬁﬁ]&flwn@éu ce between
| eadi ngheafhoss 381 akbAWS, fiRfcabRE Boid %@Q@E}h Flaﬁiksf e lah&BQB' als9 ﬂr&%&t%lade 30
deterioration and |rrpact damage to 0, as well as extendin

servi c&aml @dirﬁ:qt emmct&apl@a@n@@ leading e@mm n@“ hﬁénmmxom OE frtksc@ At %réh%ﬂ:hgan
and pri reating and primng the airfoil, and

t hen bo AtH £ alrfoil ensures a reliable and strong
bond, [mBBhg thEShfﬁﬂl lodfad acdtiog MO shbadth SELm‘teﬂdB‘chﬁwalde(l k., witd thetdrkcamingnair

sheat h possi bl e. 004 0 | es, of . th e Siz of
e CoRBBRBIES,FOB At 28 U 1oRas (oot ot 15 | Shiak S Stshipb SDsPTaKGs
and cagiffieadbhd rRBicasiant 8¢ ek}MntQﬁ’ed 8iddh bededrtifebestAkd fbRN a For¥idhiodjeét add
engi ne and bl ade desi %émnﬂThe di nensi ons of sheath 36 will vary

dependimgmizes slamaaber | erbting airfoild a Sﬁgwtqﬂév@inz@t%ﬁhleaﬁhhiﬁé sggtion 50
bl ade 7 1acg.'§ 1%1%?1 o‘ii fo%lh@ﬁ“ea E)tsl? g"%e Qﬁ@@ﬁ?otﬁ‘%] Jl‘lﬁ)%dﬁ#l&l?s ﬁg&bsection
ten se y

oper at | enve ope o engi ne 15" 1t se ecte
t he pub@ hllaB‘GiSeSOlhe ehalr dwsw length anfi blde CSIOdi)t anubmburk i eqgalen ghoelwig. dimension of

égggfll %gadis ?eﬁutlﬁlﬂﬁg ﬂ?st gr?su}egaa:[ero ynzlmenoacontmul Y Qetween allf0118p0§1li](gl %r%j sheath

portion 36.

[0039] Additional material on sheath 36 also improves reparability of blade 30. Blade 30
can be repaired, often several times, by machining out dents and other sharp corners. This repair
is common in titanium-based blades to increase their serviceable life before being recycled into
new blades or into other articles. In most titanium blades or sheaths, there is often a limited
amount of excess material because of the inherent motivation to reduce weight and the physical
constraints of producing sheaths with large thickness via processes like electroforming. But in
blade 30, substituting a lower density metallic material in airfoil 32 provides substantial weight

savings without sacrificing overall strength as previously described. This substantial weight



di scl osure, this specification and the appended clains are not so
limted. The invention is readily adaptable to holl ow bl ades 30, the
use of which in conjunction with sheath 34 as described herein, wll
only add to the cost and wei ght savings achi eved. 100451Wile the
surface treatnment of alumnumalloy airfoil has been described in
reference to phosphoric acid anodi zing, other surface treatnents

whi ch prepare alumnumairfqil for bondlng w th sheath coul d be used.
Addi t i BAYAIES Provies) somenleewy forcte size At ibrath 3P terheainprensed B dif chardyyire,and

in ter ﬂ‘ﬁcl&gss%xﬁgisﬁgls \ﬂltlllé &l taélﬁ@.tlﬁ?ﬁéﬁﬁ&ﬁﬁ' L}&Qié?l?salérﬁf'gg il Qi fPare s heat h

for bonding with airf . AlternatiVve treatnments coul d incl ude
sol - ge{(mﬁﬂbc essi g éfshews hende brcm‘doﬂvj,amﬂr witle sheatly mbcmdgtﬁtozalrfgﬂ 82. tHa 5

ai rfoi l ncRidk %ﬁige 3&%616 }‘/%h 13 ?f ¢TE§1 tliar}l\{r?%n% g 4[0has‘1§ct1%1e1en1td% Oodlt in,\r/];\%égiirfoil

ref erence to exenp be unders
skil eddgerﬁct),hﬂleathtsa dvath Madih®udeeCtanpesh vyd Retdmse aﬁcneheeqluﬂamd PH)sand

may be substi t ut e for ts t ereQf wi.thout departing fromthe
scope &Pt Bﬁe ey & Lﬁfﬁgg %ﬁﬁ?dh’ﬁ@j Fchat 3@ nlml fgéo gl 32,
to adapimgn Jek&l%ﬁﬁlc%'léd‘é%ﬂ&@ npfan@@ét%h'lglof%ﬁ)gxﬁ@ﬁ) tgachyj ngs of the

I nvention mnthout departing fromthe essential scope thereof

Ther ef HHd1] | t i sSheathelfdenyerstradoit A2 prorinesit lesdingedad 4.l iratectang aidoid 2 from

par t1 cylgl, STRRALIRALL B barheed, sbully 483 Nadsn PR gflaitlymount of
£ gIBHL] BdspllbRiHBRES sitdly 583y T dtigllndhns ap

i ncl ude” &F cope of
cl ai s strer@ﬂlAIeNE’l v@henﬁaﬂ‘f&]ﬂ Mdlsf madebﬁfl dl lﬁ@t‘ae@hteaﬁdﬂ lmfd duﬁtﬂe aneitelﬁeﬂthke an

nmetal lic mater to an airfoil second I|c teria
the mefWBHHR PYsu FPéTaPﬁoﬁifo?‘Pmé’ ﬁ%ﬁ[ﬁ ﬁ% IS Sraz e e 38 5 B abross

treati %sﬁaﬂﬁalﬁpm‘é'eﬂgreﬂ%ﬁé@%@ léhfdlﬂgh&ig§ @%atllﬂ’ceﬁhﬁcénﬂﬂ)dﬁﬂerﬁéj heghalleportion of
bet ween the bondi ng surfaces of airfoil and the sheath; an

pressi Akjfoilerveard fedge S4ahims Hbgrqrmatlm&epﬁ blads deadingteden 38 a dh @dioy smbedicnents,
the s h?l?eta& Stéoonly extends over a part of the spanwise length of leading edge 38.

{0042] In summary, the bonding method of the current invention allows for the use of a
lightweight airfoil with a sheath made of a stronger material to form a blade suitable for use in
aerospace engines. Substituting a lighter material, such as an aluminum alloy, in airfoil 32
improves both initial raw material costs and engine efficiency by reducing the overall weight of
blade 30. The reduced weight also allows for additional volume of protective sheath 36
proximate airfoil forward edge 54, while still saving weight overall in blade 30. Having a larger
volume of excess high-strength material on sheath 36 at leading edge 38 allows for more strength
and resiliency to resist deterioration and impact damage to blade 30, as well as extending the
serviceable life of blade 30. The bonding method of surface treating and priming the sheath,
surface treating and priming the airfoil, and then bonding the sheath to the airfoil ensures a
reliable and strong bond, making the use of a lightweight aluminum airfoil with titanium sheath
possible.

[0043] The above examples of the relative sizes of the components of blade 30 is
included for illustrative purposes only and can readily be adapted by one skilled in the art for a
variety of engine and blade designs. The dimensions of sheath 36 will vary depending on a

number of factors, including the size and shape of blade 30. The size and shape of blade 30
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the airfoil. 2. The nethod of claim1l1l, wherein the step of treating

t he bondi ng surface of the airfoil conprises: phosphoric acid
anodi zi ng the bonding surface of the airfoil; and prim ng the bonding
surface of the airfoil. 3. The nmethod of claim2, and further
conprising: alkali cleaning the bonding surface of the airfoil before
phosphoric acid anodi zi ng the bonding surface of the airfoil. 4. The

nethod of clai€11 wherein_the step f treating. the baonding surface
of thedPERALR OHES F‘%‘Egperétﬂftaw?lﬁ’@loﬁ’ﬁ 5’8&‘6? 1§ whichde ésglf otteibsderdeq by the

and pgﬁﬁbﬂl@eﬁ&%n@gzﬂ#bf‘% §¥Ur£i@ﬁﬂ1£ﬁg dlpgnesfoeath. 5. The method of claim
4, and further ri sing: desmutting the bonding surface after the

st ep of0é4ichi ng Ity %ﬁpdlrw@edst!umf whide gf solidebladeed ks sl®WPhandndeshipbedom this
claim éiﬁclg&(lje ftI'Hg Epr%%lrﬁcgtlém gndschg %pended claims are not so limited. The invention is readily

adaptable to hollow blades 30, the use of which in conjunction with sheath 34 as described
herein, will only add to the cost and weight savings achieved.

[0045] While the surface treatment of aluminum alloy airfoil has been described in
reference to phosphoric acid anodizing, other surface treatments which prepare aluminum airfoil
for bonding with sheath could be used. Additionally, while the surface treatment of sheath in
been described in terms of etching, other treatments could be used to prepare sheath for bonding
with airfoil. Alternative treatments could include sol-get processing of either bonding surface
and/or anodizing of the airfoil surface.

[0046] While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential scope thereof.
Therefore, it is intended that the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments falling within the scope of the

appended claims.
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cl eaning the bonding surface in an alkali cleaning solution and vapor
bl asting the bonding surface of the sheath before the step of etching
t he bondi ng surface of the sheath. 7. The nethod of claim4, wherein
the etching is done using an al kaline etching solution. 8. The

met hod of claim 1, wherein the step of placing an adhesi ve between

t he bonding surfaces of the airfoil and the sheath conprises:

insertj scrimsheet into the adhesive. 9. The nmethod of claim8,
wher ei fr Sscrim sheet is made of a nylon material. 10. The nethod
of claiml, wherein the adhesive is a fil madhesive. 11. The net hod
of claim1, wherein the first netallic material is alum num 11.The
met hodlof cl ai m 4 mejitnskier bonding asveethdnade vah First metalley inglerigldo an piafoilumade

12. A e haghd B TRMLASA YR PouBy hpfigrged bl ade, the net hod

conprising: formng an alr rom ITst netallic mterial with a
| eadi ng edge, a trdasing thegoadige suidacs e tHeairfelyr f ace and a pressure

surface; treating a bgnding surface_qof the airfoil; formng a sheath
froma second ne %Wngwgﬁp _géwﬁﬁﬁyfﬁﬁsgﬁﬁ%ad section with an outer
side and an i nneglagihggn adhebibé BdtweBL@E BoddiAnk:irBRE oF BReSAFT as @B heath;
fl ank, both flanks extending chordw se reaiwardly fromthe forward

sheat h secti on; and
pressing the airfoil and sheath together so that the adhesive bonds the sheath to

the airfoil.

2. The method of claim 1, wherein the step of treating the bonding surface of the
airfoil comprises:
phosphoric acid anodizing the bonding surface of the airfoil; and

priming the bonding surface of the airfoil.

3. The method of claim 2, and further comprising:
alkali cleaning the bonding surface of the airfoil before phosphoric acid anodizing

the bonding surface of the airfoil.

4, The method of claim 1, wherein the step of treating the bonding surface of the
sheath comprises:
etching the bonding surface of the sheath; and

priming the bonding surface of the sheath.
5. The method of claim 4, and further comprising:
desmutting the bonding surface after the step of etching the bonding surface of the

sheath.

6. The method of claim 4, and further comprising:
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treating a bonding surface of the sheath; placing an adhesive between
t he respective bonding surfaces of the sheath and the airfoil; and
pressing the sheath and the airfoil together so at |east a portion of
the | eadi ng edge is covered by the head section of the sheath, the
first sheath flank covers part of the suction side of the airfoil,
the second sheath flank covers part of the pressure side of the

airfoil and the heath secured to th irfojl t he adhesj ve,

13, The et hod cfeafug s Bondigharrsinpel ﬁéﬁaﬁegea#{fi%éndo*fapeh'élasfmg the
airfoil includes the Ho%@ﬁ'g@&f%%@the%h@ﬂﬁbbi@& @ s F@f&k‘l‘ﬁh%% b%H&hBQCG
and a portion of the pressure surface of the airfoil. The t hod
of claim12, wherein suHecqdefrthe sheathal |ic material is an alunlnum
alloy. 15. The nethod of claim 12, wherein the second netallic
material is a titaniumalloy. 16. The nmethod of claim 12, wherein
the step of treaThagethodofndiingd, sulictat theefchingds donehBirg maiiatins eshing
phosphorlc aci d anodi zi ng the bonding surface of the airfoil; and
applylﬁﬁtﬁplner on the bonding surface of the airfoil. 17. The

met hod of claim 12, wherein the step of treating a bonding surface of

t he sheath conprises: etching the bonding surface of the sheath,;
8. The method of claim 1, wherein the step of placing an adhesive between the

bonding surfaces of the airfoil and the sheath comprises:

inserting a scrim sheet into the adhesive.

9. The method of claim 8, wherein the scrim sheet is made of a nylon material.
10. The method of claim 1, wherein the adhesive is a film adhesive.

11. The method of claim 1, wherein the first metallic material is aluminum,

11. The method of claim 1, wherein the second metallic material is titanium.

12. A method for manufacturing a reinforced blade, the method comprising:

forming an airfoil from a first metallic material with a leading edge, a trailing
edge, a suction surface and a pressure surface;

freating a bonding surface of the airfoil;

forming a sheath from a second metallic material having a head section with an
outer side and an inner side, a first sheath flank and a second sheath flank,
both flanks extending chordwise rearwardly from the forward sheath
section;

treating a bonding surface of the sheath;

placing an adhesive between the respective bonding surfaces of the sheath and the

airfoil; and
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desnmutting the bonding surface of the sheath; and applying a priner
to the bonding surface of the sheath. 18. The nethod of claim12,
wherein the adhesive is a filmadhesive. 19. The nethod of claim12,
wherein the adhesive further includes a non-electrively conductive
scrimsheet to separate the sheath fromthe airfoil. 20. A nethod of
securing a titaniumsheath to an alum numairfoil, the method

conprising: surface treating the handi ng surface of the airfoil. by
phosphori ¢ aci d %rﬁ%?mgztflﬁéwawﬂsFﬁ%ﬁlﬁ@?t%ﬁ'@hﬁﬁ%ﬁ GagR R %Jéf%@a@rlaadge
surface of the sheat hsbyveedddy 18 heOS IRt I dRALPHE Rl Shealt BEKRIvVAD
adhesive with a scrimsheet between the bonding surface of the

airfoil and the bondikwg oftis mesortide eiethe histatlhthe asrang slees i fiagktcheers part of
sheath and the airfoi &w hi Qﬁﬁe gﬂhg foﬂ%gggﬂee\ésgeazﬁ%yegdrgd Qﬂhg giritopi%gn

sheath to the airfoil a e scrim sheet Nl num separ-a
to prevent corrosion.the adhesive.

13. The method of claim 12, wherein the bonding surface of the airfoil includes the

leading edge, a portion of the suction surface and a portion of the pressure surface of the airfoil.

14. The method of claim 12, wherein the first metallic material is an aluminum alloy.
15. The method of claim 12, wherein the second metallic material is a titanium alloy.
16. The method of claim 12, wherein the step of treating a bonding surface of the

airfoil comprises:
phosphoric acid anodizing the bonding surface of the airfoil; and

applying primer on the bonding surface of the airfoil.

17. The method of claim 12, wherein the step of treating a bonding surface of the
sheath comprises:

etching the bonding surface of the sheath;

desmutting the bonding surface of the sheath; and

applying a primer to the bonding surface of the sheath.

18. The method of claim 12, wherein the adhesive is a {ilm adhesive.

19. The method of claim 12, wherein the adhesive further includes a non-electrively

conductive scrim sheet to separate the sheath from the airfoil.

20. A method of securing a titanium sheath to an aluminum airfoil, the method

comprising:
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surface treating the bonding surface of the airfoil by phosphoric acid anodizing
and priming;

surface treating the bonding surface of the sheath by etching, desmutting and
priming;

placing an adhesive with a scrim sheet between the bonding surface of the airfoil
and the bonding surface of the sheath; and

pressing the sheath and the airfoil together so the adhesive securely holds the
sheath to the airfoil and the scrim sheet keeps a minimum separation to

prevent corrosion.
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