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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the sheath to the airfoil.
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

P

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 [0005]FI G 1 schematically depicts
a cross-section of a turbofan engine. [0006] FIG 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. [0008]FIG 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. [0009]FIG 5 is a side view of the blade with sheath
shown in FIG 2 bonded grogetieycrIPEIAN KEDrRESGRL WINGY [0010] FIG 1
shows an exanple of a dual -spool turbofan engi ne. Turbofan engine 10
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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.
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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
%1 '. 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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[0011] 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
are rotatably linked via | owpressure shaft 26 to first | ow pressure
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[0013] Bl ades nmade entirely fromhigh-strength materials, such as
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titaniu are_usual heavi.er than her t| on
corrpom{nguaﬂe ??%C?” ef%‘ﬁ??‘? c%‘r?f“a\lll%eef‘éms BRAORIg S8y regtbgtlF% eIVt 4 Eﬁihﬂ}&w
its al blays,arbBeqihely aFfS@ b xAeashréBesbiag fcadls te@bB thdghdIRWCAVityad N ubier, even
bl ades, ecre se weight, but are not usually cost-effective in smal | e
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[ 0016] This deterioration occurs relatively quickly in unprotected

al um num bl ades regardl ess of their overall strength. Additionally,

unprotected al um num bl ades are nore suscepti ble to unpl anned

failures fromlarger foreign object strikes, potentially requiring

i mredi at e expensi ve repairs, replacenent, downtinme for the engine, or

catastrophic failure. In an exanple case of alum num alloy fan bl ades

havi ng addi tignal  protection, pitting and erposion can occur, thus
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unpr ot gGhReksk | ghthwei gRtaibkedesh. h{@%t?%ﬁﬁ&,ﬂﬁ%xﬁfeﬂﬁd af?%‘ﬂﬁl?lﬁ; GlitNdre more
o]

| eadi ng portions of a |ightwel %@ bl ade wth a sheat a stronger
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needs o resi st deterioration, to ensure
t hat t e esheplehcass of ehutialny dbydiad Hlalek Havinkadthe addienal @rdtbeioax pitgme and

envi ronnment of engine 10 and a possible. lifespan of 20-30 years .for
bl ade, SPRAN FP 5o A1t RESEHITPH e TOMEh BRI Skt LCPREN oIf forizons for

st r onQung9R&3H TiBRweht BERg figures show a fan bl ade nade of an
alum num al l oy and a titanium sheath, and describe the process of

secur el801Bbndi ngReiroregng asd progecting lagrimgeportéons o @rleghiweiglt blads) with a sheath
o oxanb shoRRY RAAl bRl bl nIN N A MR EREBREE, bOfcEne
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32, root 34, traili nglrrﬁgge 40, suction surface 42, tip 48, and

ai r f oi bf aithghing Ahe shpa Bee icHahle arkstioagidi ng edge 38, sheath head

sectio and s r .

258 or U8} 20 S ftlobd Ao fTatat e BUIC 840 AnR JB7RH, AR,
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is in operation. Blade 30 with airfoil 32 and root 34 can be an

al umi nadspsed By cagings Baving any nygbarodisgerls.ueie A SR Wity vingls sgool or three-

| i ght wei gt kadew thout a conplicated and expensive nmanufacturing
pr ocessf.) [lO%ZOI?Leerlldi ng edge 38 of sheath 36 can be fabricated in a

vari et Y0Pl ways, Fithcl sidiwsgs viswt ohoblalde and ebbattonstiatmbomdpd together. Blade 30

el ectrof orymng.o | ectrjcal...di scharge machi nin " 2) . Fabricati
by Eovisideh Hadl 28 25 Bt SERAA SR rEE e TR snd rluCEle
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resolidifying at the rface. The recast | ayer must be renoved prio

to bondihet é%alﬂf'éthzﬁgfé&é%% e Rat Histale &h Uik depirtions (SRayn dp kLGS 4§2‘?rB)-

Flanks 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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[0021]FIG 3 is a block diagramof a nethod for bonding sheath 36 to
airfoil 32 according to the current invention. Method 61 includes
process 62 for treating bonding surface of sheath 36, process 63 for
treating bonding surface of airfoil 32, and process 64 for bonding
sheath 36 to airfoil 32 of blade 30. [0022] Process 62 for treating
bondi ng surface of sheath 36 can include the follow ng steps: al kal
cl ean 65, rinse 66, vapor hlast 67, rinse, 68, rempve recast 69,

rinse 9iohe aﬁl%amie}ﬁlégélfleag gutting prcs high gesplidiang ot thejsfage. 73he pacax dayprmust
dry 75pe REdo¥E g@oﬁ@goﬁ&fﬁgem eﬁsmé\%g@&ﬁe&} ALMEn GRERAPs O ity be. done
by soaking sheath 36 I n |1 ght duty a for a water break free
sur f ac[5‘)0213]ny cl dfer3 gspprhim&ddrhglranusé aomtetthhé fopdonding shéattadioumn (idbil 32

ot her met a i.c) 6 is, made of ed. Rin
Cuter, BEbind iR Mo, EALE oF S e Bl el SR G PSR R
(step &héhthi 3, dedRsd 63 titertdting rdabing Wutaeeobdirfoll heal hré®ss ¥8F6T bonding
bl astlg}eé‘step 67), cleans the interior surface 53 of sheath 36 with a
fine abicadidpdo sty blads 3fat er propel l ed at high speed by air or

st eam nt eri f

| ef t orﬁmlz%)osenegpr??égénéggggrﬁgagl sl?}l%ﬁgl (S(slt?%geo%‘??‘)ea?’oozs Aglg%%%%dégm
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@ecess% 3/ to rem)v}%ét he recast fa Ri nsi ng g 70) cl
anyt hi PGB APPIGKES 108 4155 0B dhe FRYST Cr'étﬁwrh@r éll?éé%etf(l Ve Oagthh Sheath 36 is

[ 0024] Aakabt @511 6L GRed SRERINELYstepSed) SRR Ms! the FODE WednBr &of EH&QQ 36._ Vapor
al kal i ne etchant. For exa %e a Turco etching solution, such as Turco

5578- Lblaging (skep &7 uis ddnato th@mmmaégm fmg}3er;f§h@th B6.u¥apr bivistins (Spoif clbans

d F
aurt acts Bl sBR8Y s Jr T 38 wifl o5 3100, RUARAIR RLERE) RSpetlY iyen
bondi ngpekd byatrimer stean raf Gitbriedgefabdd Spf Hihdge (@éb b8) feeDyd ag pirliclcatdt or

| oose oxides _on the surface w thout damagi ng or changi ng the shape of
sheat h%%ene%ﬁ(?m\"@%@f‘%ﬁ‘g#fipé n often result in a black residue,

Commnr(lOZQ pl 1 ed sfentigddtaB6ves %fe@%ﬁeaﬂ{ 34 ﬁ%m Hedheal E%%lé@yfacﬂlﬁmé
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rinsed and. dried st 75) to prepare for primng (step
76) . ASl{eﬁth%% S?L’fen&vmrgerg?aﬁt% is applied to inside surface 53 of

Sheat hi@G4pnd cusrdlifsStRR (46 7t19)1§@amelllyza’or@nanmaeﬁ%gealmﬁe SIHEAC € For
f'or adhesive bondi n%Fto t he bl a The %ltgrrer is generally an epoxy
and ma§raEEnt ailyre dorrhatlyion ﬁwﬁhbqsﬂlﬁ@ dlp-i capldshecusedi gt zbout 190 degrees F
chroma n i c [ 6 e

cur 2Py OopraieR B CRIRARN. B iRk Rt b 9 phARI Mk
aci d amoticed Figof sheathdam saetdn @ atdehehibl flanks HBA sSI2BpOT baﬂxdqag io fohean aVqull

55" and i o 860F 6501 iR O BBy Curenoraf Suicha v elting S

li ght  ditngingltkedhiapé 6f dhesul3b. Et@hﬁF\(\@é@m)bfaﬁaheﬁ FREIt S1H blagEresidny, commonly
cl eaner appr opriate for use on alum numor alum num all oy can be

used. BB oy thestusiseaol theatheptd Hondhis gt ynpileesy iwervthvsmteﬁ@fes with
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aci d. QF e% 9 5‘%' c(acS:iEi%Proom temperature for about 30 to about 60 seconds. Next, sheath 36 is
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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

anodi c for about 20 to about 25 m nutes at about 15 volts in a

sol ution of about 7.5% phosphoric acid at about 77 degrees F (plus or
m nus about 5 degrees F). Anodizing (step 81) generates an oxide

| ayer aon hondi n%rsurface with a particul ar. norphol ogy that pronotes

adhesi VBseHoHEP {Dradd girigd (sgn 10ty P@Eaﬁeﬁ@rpl’f%mg i(Hieed0)( <t by B3s of fepinipiiagr
(step 84

o e F TRKE RGOS SL R pOig SR Guch 3R, RANIEE I rGOPE e
85) wi sihfage féni adhbsayeebondingep alyblade. hlle mmmus igemeralhhirbépokpgndratag cbathin 2
such as_a chr.o |t e- cont :l %COHP \{\/mch is then cured (step
86). [ DUZ7Prodesseas ¥ o S‘b"@ af g OEH‘éea‘E‘W BEUEEOBPTESI 1 32 i ncl udes:

pl aci ngoashesi verloedswes3n fdyl @elting ebnaih@aduifa8e ,of pll@gind@ siR@at 2 @enddhiades
wth ageswe bet ween 88 and CUI’I ng the assenbly under suitable heat
and pr BdLTRdeogy . PhppRiogg ey apedivng: aphoan wghds élveefﬁ%iogfmfgeﬂ@%sr]a%h clean 78,
secur el ge&%%éﬁ %ﬁsets)l ahddi do, Afsd 3 BXISLPE @%‘5’9&@

condi tions, including during i npact events.” Suitable adhe 5| ves

i ncl udé036li de valkabcieanihg Iﬁ$tgh?&)tqataﬁvgtdhnfepmg/a balstechlt)adh@stwrewlt in a water

i ncl udi n 3M t AF163 hesi ve Adhes

can oo FEM K E A ROER B0 ook for Wi o7 AR o AGIE R Tlgy AR BE

inr egEI‘ed)Sdiznglsla) 887an ‘t&ﬂdﬂ&bﬂl @ viagat odRehypr G&Sud’ampllts deodidiziag&pn 88 done
hesjve, and naterials used, but_ can

an vaw dependi n on t pe o; g
be an “éf UHERS FEiiletis [OF Ao omppafes at S5 su B EbER A fleggees F

sheat h(36 anginaé 5t 5 dégreé@rp)tlﬁ@Isnuﬁ&wp%wrese@@la@pﬁ&éwé aﬁ@(&l&a%gr(ﬁep
bondi ng together with adhesi've ensures a reliable bond of sufficient

st rengb® Werks diyripoming 3idewnrtbe giinface toé ldde 36. %em}@dee@pm dissaledoasgih burts,
t he ye b (@ e 10, rfa at, |

e A el B SISO ISy et G, Rl v
sur f ac elamng alr ﬁﬁn}mmeﬁ: faditest Metolxbodt 55 g Iat about f fedtstin @ablurign 6f about

airfoi rocess ep create surface |ch enhances hesi ve
bond st ks DR Bpody)7 dogrroh (Ges BoRUTRGOB edrsticas) Tt ReSena e
bet weeR) RidrRids 32006 158L8€8h hodfin} %u§wef With %n;sdrefc@atrrlﬁ&gh&@gwﬁah%}@}ﬂ&es

nor mal O eratin (? conditions as we as nan events such as a
T e efteaive pand sitonao ol 32 dish i imsed (Hep %})@mi i (CTendd) ngomdueaperid

fl ank d

for snSaRidt BHFRAUEE s Ustd B B, SR RN AOP, WMo FAFR then
stri lkepriined; Qst;a;t cSSpmgﬁsm;tlﬁnslny% oéf4qpob9ndt5h8g cbhade?] 3%‘11?1pﬂ@31|aﬁtﬁ‘181: Such as a
regul ar, curvature ea i on i s_pushed toward suction

sur f ac SMABRISA R NG HNRHL ’r‘lg]ﬂ@]?fslt W“ﬁ%sﬁﬁé& from pressure surface

44. Thegoafpre, apoesyse fHORding sREFIESE & YrfbD 30 e&dhfdes S dgmegt;e between
Sheath 36 away fromairfoil 32, increasing the |likelihood that bl ade

30 canblae h@%lwathaﬁ’f'bp}ﬂamgﬁh@aklbon blado withiadbrstyedetwien B8 el iwarinthdatapsegdly
to bla i t ]

b0l oy DfdengufERE et B MG ad Tie AAREHR e nc Ui SOl O hola
al | ows slicath Ithte airf@l 3 intdxeremk neospane adridiyonb) 1adeémgndtzn‘mg1rripattaﬂwen|m Suitable
sheat h i,nst ead of. the. nore ex ve a d heayi er, tanlu

he i AT DeBls e eetr® R ere A raneles) hehs mruhi Bourd ga
sheat ho8®& wid 3M&SJ?6/AP%B?1€€;)6>@/ ddResivds 9N MREIGE tarPbadefiB? forAthdt dAg i edl@feea
maintain simlar levels of strength and durability of past (titanium

or conpdET shoet plisgyesed ip éeisb]nvvﬁgn@s fef %&@1 Snihls heacaindauesspiegsed in step
st eps flab

Chr ougy E S eeated PETEIEY SIERL" 5P nhiurbl 108 UE A b87fk SZhfle 250
sheat hdéabgsilcatdedd gsh anot her manner. For exarrpl e, 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. 100321Sheath receiving surface 58 is |ocated on airfoil 32
prOX|nate | eadi ng edge 38 and includes a Fortion of suction surface

42 andl988ssur e Jikradeaang sicptadh apd @dfall Ag cautheicespsetiveabondingeurfaces
surfacsref&ega%&ﬂ%we HRPRsHL ghés{beteﬂ&lg% &ﬁ%@%ﬁﬁ& bP&Gadith s&&?ggﬂh?o@ h‘ﬁ)ﬂ 32

FIG 3, an aero rimer as been applie

recei viongtasmhl'eahé658 prdfdcank ﬁw@%ﬁomrthe 0% s blxdifemjlsbmedrvrbe omerigemd 0. Surface
secti op Z 36. ea’ifg 36 .i nner. surf ce 53 Eaé‘? en surface
P Ty T e LG R I R g A A

pri ner erfhadced aghdaBemoad Bhrérpeh. t Surfa0d @tathigrdraRHibid pﬂﬁcegﬁﬁ@s%@%éa‘ﬂﬁ a2f@rface
and fl anks 52A, 52B. Scrim sheet 60 i s enbedded in adhesive 5

Adhesi VBicBgnhages adhepive hapd stepaoiopitfoiken. dvethehoBbonsing & Pqus thpbond
Adhesi y&yedh Qﬁﬂg%Z%ﬁga}ﬁ&tﬁ% Esosu"l*ﬁ&élﬁfyl tx%ﬁ% Gs%ét xﬁﬂﬁcﬁrxfo&fe?%;l% Vﬁ?ﬁdﬁc}ns

m ni mal anount of separation between
bondedas welmasmuempaq %ntsasud)easmblrdﬁtrﬂa: vhrﬂeteyrentr oft rire rstilal pryximate

avai | apl aerosna ty netal - bond hesi ncludln

Sever aleSpB AR FERENAR ol sl e BAOCS RS and Rl for sheath
enbodi anﬂ“ﬁe, niotien aﬂbﬁﬁt 9@ tdnds e frceChE ®dd \th @trﬁﬁbﬁﬁh&‘é%r@h&m@tshﬂmé} bending
{élnllag nmeans. | es, of suitabl e bonding agents include ty

EA9628 %%%&Orwﬁlé%itwga%mra% hEHL MI&m%%@rp&ﬁheéﬁowwﬁvtwn surface

Di vi si Nperfddye £ Abarineddnk- SZB%Jyyfpcﬁn éféﬁﬁgsﬁ%éma%@l%;fa{@ I\fé’e@ﬁw%h@ is

from 3M Adhesi ves, Coatings & Seal ers Division
cert ai nﬁCéWbbdtOn@ﬁlﬁtsshesuw Oéshaaish %ﬁ@mmfmnﬂa@&)lm&z iadhssigy theStkeligol that

f| I m c t a m nute amount of thickness of bl ade
InW(;Jflleeénbe‘)‘igns"%lthS%I;llEi I}:’zﬁ][%lesr‘arl 5t adhesive film59 is about 0.005-0.010

[ nCh (002912. 5 m‘TMeﬂhhd 6k of basind shehthe6asidiatié O alakédthe kastIhe desireable light-
hesi ve 59 a for generally uniformapplicatiaon,

filmb d
Ilea(r;r nggkgg %umw elloab?! ééﬁtw r@ﬁg%,fguwr%ﬁafe%%ﬂw aessily- Method 4lrgilows for

fl anksta2ke @f‘@he@%ﬁ’nmﬁﬁl lbi2ks Wit éhﬂa&lﬁﬂﬁﬁr%atﬁfmﬁéardf&‘the RRrPEREhIRE fnd
forward airfoil e 54. 100341Scri m sheet 60 can be enbedded i nto

adhesi ikaveo ﬂaﬁﬁ!@mp)b pelessthgidéifiewlt rd maslefpﬁlﬂ!%@tqowwmble@ﬁ tri anbwiing BRtegiek
sheat h }%9 3%\?‘{19#15 ap'{rg}dg?:tg %%I iy g\%gl%%l ef'%etl\:l.’\% eref re maﬁ?‘faﬁl Erfﬁﬁarelevels of

nmetal surfaces o e
scri m sheeth #6d dlusabditjfeﬁpaie(te:{miixmedcdnypdstts) Wadepat i b| lity with adhe5| ve

59, an n be, [ ex I afle e nyl on-based | ayer with
t hi ckng’ggﬁlbet vvee% ahrrp Owl‘?c‘ﬁc E‘%SG’S‘i‘%ﬁ%ﬁte ; SHfacs . reBng %@ﬂth 36
{(0. 127wRith Habiben f&)ﬁ@é’t&l BQ@@hnEDM pPRRAL HepdB6X G bE AliAptdRiMuice treaécoa

adhesive 59, and separating the dissinmlar nmetals with scrimsheet
i npr ov&satheglicatedan pé@b@t rgnnst. aBer e3emplphidid shpashtvas Sdricated by dwowing, steps

separaoglré{nmg%;eg%%gsq %9 né%)f&t%ﬁﬁf Ofjdlg foil 32 and sheath 36 are

pr oper y prepa bon reatnénts describe in relation to
FI G 3[008binpl ex }FirrcgHAt@nwelaa:trmuseedmndrﬂagﬂmmﬁOfasrxmsm@ngrmqmab@ erended

11 ow FGa 61 P23 303 FRT P o LB Sy P 4 dUr TG Boha g
to s heédg!@ 436forkbidtNESiNRIR. 5488 rimer 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 airfoi
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,
sheath head section 50, sheath flanks 52A and 52B, airfoil forward
edge 54, and sheath rece|V|ng surface 58. 100371Adhesi ve 59 bonds
i nner BerrrsuEfacesteatsd farkondiness thegmethed desprilel in splaliandodidged.5ad awpfayer of
scrim i I
bonded t e ot orl 35 pf MR o R A0 s o BRS FER g 3Pl Riend back
chordmﬁséﬂﬁﬁéﬁmmpm590fﬂ@mh§ﬁe§hhﬁhééﬂngesnﬁmmSBmwﬂmwamdﬁmcaﬁMmhgmmmmg

40. Fl an 2 gver of s i,on surfa e, 42

or esoufls TRREIAR AR SR oG o Y oS Y58 AR pETrES B R Surfce 52
i ncr easﬁhéaarselcmg s's)mnﬁemﬁksbﬁmyeseﬁ Hegial theaGoRiR@mdeddediih ad2sivk B30I QARERNE
bond s anks 52A and 52B alsocﬁrotect bl ade 30 fromindirect

F
i mpact %)‘(‘?rﬁﬁts eqt @AMt WaResisath Sthandyrineh stonddhssive |58 heads sheaingp to
52B Caﬁ‘xrféﬁrﬁ. deRENAEA G0 BERA R Rhal ﬁﬂéfﬂn? %F%Elsdtim{l 99[%&%{%%%%3%{0;1

section 50 of sheath 36 extends forward e, Into the oncomng air
st r eany2 aherybéndsth ai rfoil 32 and forns Ieadlng edge 38 Sheat h head

sectio provi S and reS|I|e of a d|re
or neap) 02 ect s?‘ ﬁS%efgr%?nana S g aaRy é’? W&rcrlﬁ ﬁ.%ﬁ@%@ ° FARRGE-TH fily
t he undertal-$omtingadiesivks, 3zcluding sml QWIm&@bwlaﬁ@atwsﬁMeﬁe&ﬁhﬁm In
%0 repl aces ortlog%of ajrfojl aear its forward edge, while in

ot her SBOEPRYHTENtHag gdisspeiip e%ﬁuﬁe ireaeddaverfs othrs SHWNIAE angagh gErerpiples
bl ade 8P shivatdd RABHB! A Hﬂdalnch@ect?ﬁé Ay G s dERYShdMRsi9f NeAhiS Gl Ofgenka

50. This ensures aero nam c confinuity between airfoil portion 3
and sheamerasont Hpte! @@/rmpmm Ddati Chldthatid fyae édil é$K@po:sm&t:mv@@/aaw@o from

| mpr ov A%@fv@% doa@é%_fogc S%Ll%l%ei?légionlsg@ ggalslgl[ i, Inge 1“ta1%%al ﬁlér}en?s %Cﬂsas 18

sever a ent s an
repair shc@vrmnrﬁiGMA,mdﬂlbsh@mﬁmmaﬂaﬁﬁdlhh:lhmohmbu&@ I’a&ﬁhﬁﬁtetah@hﬁt of th1ckness of

11 of BB 7 80 E1iaie ot A1aQHar cHBLEhis OGP G05-0 0GP dah 0-272.5 T

LI m t eghiakMDeRhitcOthe Q4GRS Ral MBIcRAdsR! 2 NBEBHSRA Ahediftesd INSIER ggﬁéxle}ahhl@&m
to reduce weight and the phy5|cal constraints of produci ng sheat

with | aprieation, raiag o @mwdgﬂt@%@si@f&gessltk &e epaspnicd fovimisimng Buks ISaAtane\déB
su nairfoil 32
prOV|d§§&§L §?§%¥I auﬁ) é%xx£@ﬁéﬁ4 %ﬁgpgg (%%l%lng over al
strengtl®3ds pr evSmmlsyedeé@ rciaty elek. efﬁbech:leé uinst adlidsble §@iaghtprosided [gsectric
provi des s eeway . f ini

he ,size of sheath 36 to.be increased inits

Chor cuf SaPGRR bERTERALS! d rEHoTEHE nPro cais FAEHY GO PORER St
inei ght dFRWIND Bfbtal Burklcadsr 2oil BAAPLIRLE 35 T8O 0 Ritoral Rrilfhig BN BEetBoadStten
30 with sheath 36 bonded to airfoil 32. FIG

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

separatcly 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 | eadi ng edge 54, protecting airfoil 32 fromforeign object
damage™gBiées @éaveaﬁév@ shegfell} Rrezentyicplvanip| cagesion by aswyHI diclset aamiumel
of strggﬂ,gltahongé/tg,@ery\g}ﬁgth@%rag%irfo%%zl s made of a |ightweight and nore
ductile materi al ke an alum num all oy. The nost protection of blade
30 is E¥&6] when ‘@ﬁ-‘eéBh‘:h@@S e pttiagosereotss tsﬁhiateéj‘rﬁ)tafaf kheathiies bpdn omded to

| engt h_.of ..l eadi | | | i f
ai v o Tpir v S BN Bisroinsf Rh ey eGP SFEs, T ol R e ese
I n ot harrfaeah@gsmsem Iead SB@anhsBGhedth Yagkd EII‘d%n@MQB airfdl forwirdtdge 54, and

spanw se Iength of eadl ng edge 38. [0042]In sumary, the bondi ng
met hodSIRERETHN PRECE PHvention al l ows for the use of a |ightweight

ai rfoi FOO‘!W'[ h a sh@akfe H8ARnA! ifhes L RROSE JFRLEH 8b 1§ Qirf rj%}ﬁ)r@iuéde%ﬂe 54,

suitable for use in aerospace engines. Substituting a
mat er i &ith ssiiwtshae @neraluims normhdl eyparitienai Wiginl shBﬁhlﬂtﬁps dme@dbimtdnrfoﬂ 32,

over i IR B 52 0840 B Y B i PP o il T Eeton 50

addi t i meakd tsrmhugredgmfm)rldalﬁ@tﬂzmeaxﬁlf% Fov3OpRtion df&h@tl(ﬂll dukfatd 41 @I’fd/\@’éﬂ;ure
@dge 54, while still Ef’é |ng vvelght overall in blade 30. Having

I'ar ger WBFEME RPximate lading fiee dPenBlemkseder 140 l%e@ﬁé’aﬂﬁngﬁukﬁce between
| eadi nghea@lam AR AthOWS, fn@feaﬂé Sord Et?éi‘lgfhh ﬁl@ﬁi{sr% Lnlxdag‘fﬁl als8 tp?&@étsbtlade 30

deterioration and inpact danage to blade 30, as well as extending t
ser vi cBel iadireet émprictshirarienagoleading etigmdfl. nghadinkroeions OﬁﬂmfkadéAI Maﬂngan

and prM;gngetngqlé%g%ﬁdg,30%({%1%&%11&reat| ng and primng the airfoil, and
t

then b heat h he airfoil ensures a reliable and strong

bond, meS]ng t heShesd lehd gedtiog SOVefispdrth ab ericndinonarti@l.e., Mkd thetont@Ring Hir

sheat h i bl e 004 %ng ngo)?/e exa les. of the relative sizes of
sHaR 3d

the co @Y off I'Blaélr Hes éﬁi‘ peresieei3® usheath head srshem SEPrBYIHSH

and cagiffiRadhdd/reébBendant e ebéthﬂ"% St lnegedr rﬂure&%tr"i’ifet fr&‘ﬂra ﬁ)ré’igﬁ oBle¥t Ad
engi ne and bl ade desi'gns. The di nensi ons of sheath

dependmigméss demegroier the indeslying ajrfoil 32| Jdlsﬂ@leteh‘éﬂoémm’isaﬁi@aﬁh}maé sedtion 50

bl ade x%ﬁlacgshz? IEE 0??1 ﬁ%pl%agg P(J\),l\'ﬁg 6%96 ‘lgﬁ end()ﬁgl)n { hl])odlg}eg gd':l% section

operatihg. enve ope of engine
t he pubChasmecsohe ehadwiserlengfth afl bhide Gt)&)fyt anu:imd)unz |e@lgﬂ Ecmghcﬂﬁwils@ dlmensmn of

and
Ejgggﬂ e%igssihﬁ“'qﬂgg T[ﬂ?st gn?;ultf:?%%:ro\éhlalrr%c aéorsltcl)rlmlzgf b%ltvege?l z;\)i’rofofl Spo?tﬂ)?i\l\i% and sheath

f ' 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. [0045] Wiile the
surface treatnment of alumnumalloy airfoil has been described in
reference to phosphoric acid anodizing, other surface treatnents

whi ch epare al.um num airf for bo mﬁth sheath coul d be used.
Addi t i gﬂﬁarwmnﬂn W 5wy %rcféeter@aq D 30 rheamrrepsrdB el dRETinG b

in ter ffﬁcl&éss‘%ﬁ&@ﬁsﬁkﬂm v&?ﬁl"é%ﬁll taéiﬁ@%ﬁ?ﬂéﬁﬁﬁﬁﬂ ldidae sHSiRd it QlaB §Par e sheath
for bonding with airf ternative treatnents coul d include

sol - get008Pbcessi A éfShe‘Wé heide ygnvdphlgadedt wigh shaaty 3t bandod tfzrlrfgli ae. ﬂ@- 5
airf OI Cﬁlld%; Bfage 35%)1%}1611%”% 3‘3 @&1{ A4 1%%] % elntqu ﬁct%%enzigi X2 It QE% and anfori
0

reference 0 exe Be  tinder stood B
skill eddgerﬁzlt),hﬁleaamt%t Qvath Leadmgnégecmrxg&sh ead fetiomde aﬁdl@hﬁﬁuﬂslrﬁd ﬁnﬂt)s and

Ceopo. B! She 1 SKEI iR SRR S RBrPEE FEaR CBAEe Srebd Hlad 32

t o adapfrmingd dekdddh@hicHlddéabi @R 1P fanBE R 13l ofleReihb €0 Lig&CHY. ngs of the
I nventi on wthout departing fromthe essential scope thereof

Ther ef $1041] i t i sShastheFrieaversrariod A2 praximeie lesdinggdep 84 irafecténg aidodl Bé from

part ' C%r@i?n EHBR&%@ SHBQ%{ ﬁ?:sfc g Lﬂ?dsv%d Pééh} E@aévetshl%a& Qt éigﬂﬁx\ﬁr{g acrinount of

i nclude a |ng mnt cope- of
¢l ai ns strenGthi\ dvEn wan ArfoBtItod made ol ai ghttveight amg nmlb@undtnlagnaameﬂai@l& an

gof an rforI an al um num treatin

ur { e Al R Dl Gi0sh PRIEEPY LAt CIfrad d e BORCRrRngoL fitends across
bondi nguistihfidceuRfentiReles A8 aINe AN, RigesNOint deraPOBRJAt S, faaﬁﬁalp orﬁbﬂ? of
sheath; " placing an_adhesive between the bondi ng sur f aces of

ai r f oi PirlHldorwed shaafh formsdhy remaindey of thkadaileadiig edgadSs Heaarhﬁrtee@eflwts
so t hagy, 4,08 AGRE s disRRBOS p &G ROGAL sk el ALIE QY dase 338,

[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
o 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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2. The method of claim1, wherein the step of treating the bonding
surface of the airfoil conprises: phosphoric acid anodi zing the

bondi ng surface of the airfoil; and primng the bondi ng surface of
the airfoil. 3. The nmethod of claim2, and further conprising: alKkal
cl eaning the bonding surface of the airfoil before phosphoric acid
anodi zing the bonding surface of the airfoil. 4. The method of claim

1, and,further. conprising: .desnutting the baonding surface after e
st ep. o PEPL AL SHE B0 AATALS B IR0 COrnERe (Oneied, s Soe RBchaciiges by the
cl ai m Jurcipdser drisht e of ANBikdraf: NEhzifd &M ®.t he bonding surface in an
al kali cl eani ng solution and vapor blasting the bonding surface of

the shi8fH bef orké shewld deepptesk thet eilag tabid WadridPids shawmaerd describegl in this
sheat Ngisciofme, HIS Fg@g@gﬁ%ﬂnﬁ@wehedmﬁﬁ b 42 €0 ARG "End BvdRRE iHRLAS,
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
o 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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7. The method of claim11l, wherein the step of placing an adhesive
bet ween the bonding surfaces of the airfoil and the sheath conprises:

I nserting a scrimsheet into the adhesive. 8. The nethod of claim
7, wherein the scrimsheet is made of a nylon material. 9. The
met hod of claim 1, wherein the adhesive is a film adhesive. 10. A

nmet hod for nmanufacturing a reinforced blade, the method conprising:
formng an airfoil from an alun1nunb§g‘ dal, the airfoil having a

| eadi ng edge, a trailing edge, a suction surface and a pressure
surface; treating a bonding surface of the airfoil; formng a sheath

froma titagLuggnat ggi t he sheath having a head section with an
outer side ahd ﬁnﬁﬁh SOABPIESHIZ st sheath flank and a second
sheath fl anktrepimefad thkﬁdﬁmgemrfm:@ od sl sefoshmadd g farpaling: -

forward sheath section ia i ng a bonding surface of the sheath by
etching the boﬁﬂUﬁbn%%gﬁa@ of the sheath, desnutting the bonding

sy face of ttreathsata hondingpburfure of orsticarh thedou! adiminee
surfaces of t héﬁgﬁ@é‘{aﬁ béﬁ@%@ gltﬁﬁgb V\E% W@&Qé@?th@ &h gﬁ’d
e g g ot e sapticeupiLehbedd 1o e L
o e Y BT s A RS bRtV AE L e PRnding siudagcs obdhe
flank covers p@ﬂtﬁgﬂ;ﬁﬂé{&&ggh@ﬁﬁhS%ﬁgjof the airfoil and the sheath
's secured Orrtegﬁrfg' the airtdif Sheaty fogether 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 air-
foil; 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, and further comprising:
desmutting the bonding surface after the step of etching the
bonding surface of the sheath.
5. The method of claim 1, and further comprising:
cleaning the bonding surface in an alkali cleaning solution
and vapor blasting the bonding surface of the sheath
before the step of etching the bonding surface of the
sheath.
6. The method of claim 1, wherein the etching is done using
an alkaline etching solution.
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11. The method of claim 10, wherein the bonding surface of the
airfoil includes the | eading edge, a portion of the suction surface
and a portion of the pressure surface of the airfoil. 12. The

met hod of claim 10, wherein the step of treating a bonding surface of
the airfoil conprises: phosphoric acid anodizing the bonding surface
of the airfoil; and applying prinmer on the bonding surface of the

e, 17, Th mege %f%é?iﬁn%owﬁﬁ%”ﬁ%ﬁ?ﬁlﬁ@eéﬁ{ﬁ @%' ;
i ncl udes aadhesivechetweon thedvondingssurincteed the sapfotandrth
sheath ooyl dfhlices; 15, A eLhod of securing a 1 tan um sheat
bondi ng surf ansestingha seumraheet inte dhe pephoric acid
0 PR A AT B Bineheet e
Fa nylon material.
9. The method of claim 1, wherein the adhesive is a film
adhesive.
10. A method for manufacturing a reinforced blade, the
method comprising:
forming an airfoil from an aluminum material, the airfoil
having a leading edge, a trailing edge, a suction surface
and a pressure surface;
treating a bonding surface of the airfoil;
forming a sheath from a titanium material, the sheath hav-
ing 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 by etching the
bonding surface of the sheath, desmutting the bonding
surface of the sheath, and applying a primer to the bond-
ing surface of the sheath;
placing an adhesive between the respective bonding sur-
faces of the sheath and the airfoil; and
pressing the sheath and the airfoil together so at least a
portion of the leading edge is covered by the head sec-
tion 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 sheath is
secured to the airfoil by the adhesive.
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pl aci ng an adhesive with a scrimsheet between the bondi ng 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 scrimsheet keeps a m ni num separation
to prevent corrosion.

11. The method of claim 10, 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.

12. The method of claim 10, wherein the step of treating a
bonding surface of the airfoil comprises:

phosphoric acid anodizing the bonding surface of the air-

foil; and

applying primer on the bonding surface of the airfoil.

13. The method of claim 10, wherein the adhesive is a film
adhesive.

14. The method of claim 10, wherein the adhesive further
includes a non-electrively conductive scrim sheet to separate
the sheath from the airfoil.

15. A method of securing a titanium sheath to an aluminum
airfoil, the method comprising:

surface treating the bonding surface of the aluminum air-

foil by phosphoric acid anodizing and priming;

surface treating the bonding surface of the titanium sheath

by etching, desmutting and priming;

placing an adhesive with a scrim sheet between the bond-

ing 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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