VEELDI NG REPAI R METHOD OF AN | NTEGRALLY BLADED ROTOR STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 5The gover nnment nay have
certain rights to this invention pursuant to Contract No. F33657-99-D 2051

awarded by the United States Air Force. BACKGROUND Thi s di scl osure
rel ates tOWEI_\/MNEMF&H@ME?PHUIP@FQ&NQNTEGRA@.WBLADED@O&WD| e, on an
integrally braded rotor. WElding TTxture 1s also disclosed for use in

produci ng a wel ded bl ade accordlng to the disclosed repair nethod.
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from tdtani um Thsl Brecrrmearsy BI9Y yhavs C@@é@r@t&é@dhlsblfh@é‘&oﬂ ipprsgantof®r bl ade
of an int %ﬁalc‘%l\lblcﬁ’sggg% P?tﬂﬁpﬁgwgﬁgdﬁg%%&et&ég SRl Fgcd Ot or assembly

nmust be replace rel repeat a nmethod of repairing a
- damaged rotor bl ade using beanlwelding SUMWARY 20A net hod of repairing a
rotor blade includes preparing a surface on a danaged area of the bl ade.
The bl ade has first and second aBALCIKGROVNBces adj oi ning the prepared

surface that ar d apant a, di st e f R, uts_ t he

pr epar ed surfacﬁl?gi fcﬂﬂe ]éeaées\/\éq & Yvﬁl{a&gf ’éﬁ?&lrd[&?ﬁﬂg g}a% a}é’%g’lﬁg% ﬁa

First 1and sxempnd oﬁ@ﬂﬂ{te%mebﬁdé@@mc tA WeldingoReteAiB alsBQlidcldsed for rmde ﬁﬁCOﬂd
airfoil surfaces. The 25 first and second cover sheets adjoi-n the edge and

the first ma@ogquldadbladcacmlﬂabe@edmb)sbimpelrn@h%h and f| rst and

Toi nt at the drreibdnrdo ot MRt PG Sty ' O

substanti %h%duﬁﬁ@&uéﬁgndlﬁg trE(ﬁalfljr loutw#aH %ﬁpﬁdﬁ)&iﬁhﬁzﬁy bf sh@ frg@@qlusubs equent
to the welding operation in the exanple. d cl anpi ng device is used

during t hdnmra&lwn@aéqdercaonsme oftee  wettuated dipinn ditabewn c eUnhkd weteevably st and
S econquorste&?rQ& ro(igrnt]; es ¥ a ro or tl%?ad% rotf%rrl]%%ggrgl?f Jgltaded rotor becomes damaged,

the entire rotor assembly must be replaced. Currently, there is no repeatable method

of repairing a damaged rotor blade using beam welding.

SUMMARY

20 A method of repairing a rotor blade includes preparing a surface on a
damaged area of the blade. The blade has first and second airfoil surfaces adjoining
the prepared surface that are spaced apart a distance. An edge of a patch abuts the
prepared surface to provide a weld interface defining a welding plane. First and
second cover sheets respectively overlap the first and second airfoil surfaces. The

25 first and second cover sheets adjoin the edge and the first and second airfoil
surfaces. The blade, patch and first and second cover sheets are welded along the
welding plane providing a welded joint at the weld interface. The first and second
cover sheets are substantially unsecured to the first and second airfoil surfaces
subsequent to the welding operation in the example.

30 A weld clamping device is used during the welding operation. The weld
clamping device includes first and second portions configured to be arranged about

first and second parts, for example, the patch and the blade. A first slot is arranged



first and second parts, for exanple, the patch and the blade. A first slot
is arranged in the first portion and is configured to expose the weld
interface between the first and second parts. A first clanping feature is
configured to secure the first and second portions about the first and

second parts. l.ocal.in eat ur.e i rovid on,at .| east _one he first
and second peedsnE i hd KsiEutsR B R ars oaf e RS aefika the E8Fona
parts in ahwt s®ohd (Rakat | X EifkOclanPimN e idtotiBirdftdl stk ittt aghiher
cl anping features are used to |locate the first and second cover sheets

rel ative tgecoh@peiivhs st dre firsteand se@RIAFRIDESCRFRMZERAIDR iT PP VBRAWNNGS 10The
di scl osure, can bhe [ r ynderstood' by reference.to the foll.omn

detai od dSTRrmRrotdHe (g GRETHoREHoRs A R R RRERA IS it A S 80 Ay i ng
drawi ngs WaRbRd Partsiif Uibtitrkerdt Srefhtis6 BB noth&VatofhedReldNin®@tak! Y Oleaded
rotor. Figure 2is a schematic, cross-sectional view of a weld clanping
devi ce 15atlampinggfestupeatachuseddo flogase thadstsmd sachndosprer divetstrelatied ttthee to a
rotor bl ade.  Fi %urﬁ 3 is an el evational view of the weld cl anping device in
an open poBithRd{orblade. = g re 4 is an el evational view of the weld

cl anping device in a closed position secured about the patch, the first and
second cover sheets and the rotor 20 bl ade. Figure 5 is a schematic,
cross-sectional vi ew GREEFWBENMRIFIEAON ORFTHEBRAWINGSe wel di ng operati on.

Figur e1 06 's a Sﬂ}ee rg?sfciocsu%/ei gr:ﬁ/l %]:3 1%rtilg %}1 eggtogé‘ab%le'reference to the following
detailed description when considered in connection with the accompanying drawings
wherein:

Figure 1 is a schematic view of an integrally bladed rotor.
Figure 2 is a schematic, cross-sectional view of a weld clamping device
15  affixing a patch and first and second cover sheets relative to a rotor blade.
Figure 3 is an elevational view of the weld clamping device in an open
position.
Figure 4 is an elevational view of the weld clamping device in a closed
position secured about the patch, the first and second cover sheets and the rotor
20  blade.
Figure 5 is a schematic, cross-sectional view of a welded blade subsequent to
the welding operation.
Figure 6 is a schematic view of a repaired blade.
Figure 7 is a schematic, cross-sectional view of another example patch and

25  cover sheet arrangement.

DETAILED DESCRIPTION
An integrally bladed rotor 10 is schematically shown in Figure 1. The
integrally bladed rotor 10 includes a rotor hub 12 from which circumferentially
30  spaced blades 14 extend. An integrally bladed rotor 10 that has been in service may

include one or more damaged blades 16 having a damaged area 18 caused by debris



Figure 7 is a schematic, cross-sectional view of another exanple patch and
25 cover sheet arrangenent. DETAI LED DESCRI PTION An integrally bl aded rotor
10 is schematically shown in Figure 1. The integrally bladed rotor 10
includes a rotor hub 12 fromwhich circunferentially 30 spaced bl ades 14
extend. AnngétteR0imd |ay ghd aaBthe eigifie MAtHiMavhibiRIhdeRRgtally SElEdEAC eotbRYs | ncl ude
one or nore danaged blades 16 having a damaged area 18 caused by debris

i ngest ed iaasged.gas turbine engine within which the integrally bl aded rotor
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10 is constr 0 tanjumalloy. Oher materials may be
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wel di ng processes do not lize a filler material as do TIG and MG

wel di ng protesses all@ea@thmlmhtﬂgals:amymeawaé,esmhaemhebor mctctleallws dAar ea
creating areas of.the weld v% Olf rial \i\h mat eri al r}’bejzﬂ]ﬁa
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15 nmean "in contact with" and “I'n very close proximty to," for exanple,
| ess t han andéMit citehding paocesskes] Bmm&ﬁhng:ca:rsprodmt welenmth indhewekiret s 26, 28

are arranged on opposite girfoi u s 30 in abuytnment with the edge 24
2 the. arrme 558 ohied 4 ol gfara @P?i@f%rwate%l §46 s 0 be used in
proximty to th @Qﬁ%z%& J“‘ﬁﬁéﬁh %éi@fs%?rakgeéigs ggﬁﬁeﬁoﬁ&?gag méiit Wil exanpl e

shown in Fi gure t he edge athic greater an a di stance
bet ween t hhe eprep‘amd sumﬁcbames T3@. tetms t‘abugmentinEengapérmentatantl “28joiding’st and

second cover sheets 2 ﬁ 8 and prepared surface 20 provide a weld interface
defi n|1r§g J06an ‘dp ﬁzﬁntaptawg 3 nd/or 1n Very close proximity to,” for example, less than

the width of a weld beam 36. First and second cover sheets 26, 28 are arranged on

opposite airfoil surfaces 30 in abutment with the edge 24 and the airfoil surfaces 30.
Other sheets 27, 29 can also be used in proximity to the edge 24, as illustrated in
Figures 2 and 4. In the example shown in Figure 2, the edge 24 has a thickness
20  greater than a distance between the airfoil surfaces 30. In this manner, the patch 22,
first and second cover sheets 26, 28 and prepared surface 20 provide a weld interface
defining a welding plane 32.
A weld clamping device 38 maintains the patch 22, first and second cover
sheets 26, 28 and damaged blade 16 in a desired orientation with those parts in
25 engagement with one another. A welding device 34, such as an electron bea%n
welder, provides a weld beam 36 in the welding plane 32 to provide the welded
blade illustrated in Figure 5. The welded blade includes a welded joint 41 at which
the first and second cover sheets 26, 28 and prepared surface 20 are fused to the
edge 24. The first and second cover sheets 26, 28, however, are substantially
30  unsecured relative to the airfoil surfaces 30, as illustrated in Figure 5.
With continuing reference to Figure 5, undercuts 90 produced during the

welding process are arranged outwardly from the airfoil surfaces 30. The airfoil



A wel d cl anpi ng device 38 maintains the patch 22, first and second cover
sheets 26, 28 and danmaged bl ade 16 in a desired orientation wth those

parts in 25 engagenent with one another. A welding device 34, such as an
el ectron beam wel der, provides a weld beam 36 in the welding plane 32 to

provide th Iq r i r I i ncl udes
a wel ded | %rf}ﬁ?lasi?&igfg 1\?\%%5%(r:("l‘r%i Jtohltgg Tdfq ltrnggedaﬁlgg% gg&ﬁ%%&%g?d gﬁ{ehgﬁg‘t%aﬁ% and
prepared swatlda@g2Wagiiee fitss &l e0ofideoved sleceBR6, ZR@N iHespatei 2 ®asovide cOver
sheets 26, 28, however, are substanti allg 30unsecured rel ative to the

airfoi |l sutfepaised Blade 48 withimashined surfages B2 casrilugirated in Figwe 6h cont i nui ng

reference to Fi . B er cut 0..produc ring the | di r.ocess are
arranged out vvarg?{?%?n t%uﬁ%'éreg:éféﬁoﬁ%le su‘g’?ea\évggi cggmp e&eg%cf }'%115 Sﬂgﬁﬁflgces 30
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machi ning away the first and second cover sheets 26, 28 and the patch 22 to
provi de a ¢mugatioadelatizelto aue gothernddhivald chinmingdeyvia238 weludes Gestraded in

Fi 6. Referring to, Fj 2- 4 | | d,cl anpi.ng devi e 38 i
Shown | n 5RBTLPHEPE P A0Piraeh dscued toIRne teroasanaes S bPEe I8 i nt ai n
the parts Tre 86 hfi®SbcOhd BoHiBhS M) 4r6§irél¥éte\ﬁ_ﬁedﬁ1@ﬂ@se@gﬁsﬁ%-(ﬁ ge PpRWAEK Cl anpi ng

device 38 includes first and second portions 44, 46 pivotably secured
rel ative tafissieclampnpdeatate inclidingecljrops60 48t cphperhier with datdhesetSndhpor ti ons

.44, 46 t ai.ped . i. I | L. Fi 4). Wit first [ ‘
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50 each i ngldddgethd@ndpespl that is rotated to the position shown in Figure

4 to secure the clanmps 50. A pocket 52 is provided in the first and
second port i onsAgbckete2fis pravedes inithe fismdnd eexand portione 4pa4@ for2eceiviihg pocket

52 includes fjrst and seco s 54, _56 providing ., |ocati feature that
Tocat s a Gt losatgg Hertg £ B8, PoRRFicH? MERHPS R S eERID UGS s hdow 82
in the firstRod i Wtafifle Wdihrelhs 1ME1tEs £lcammet egit alté}?zlégﬁwhf&htilé‘%is%wsed

position (Figure 4). The second portion 46 i1ncludes a l'ower slot 58 aligned
with tHe whidighg window &2n thaifitst pbrtionedabitlethearkdd 6Bnpiny dalecea3 Smatbad

clanping feature and are arr ed near the | ower slot 58 for_clanping the
cecond covansdrstondFiaie bl SEnt PATOR AnEoRdges Wgr s PEER 22, as
i |1 ustrat egth And @iy ptand BS. %@um?ftsm@()a@é adSPYE Brovites Jedoig gg@ﬁ@gg cover

sheet 28 by rotating ah adjustnent screw 64 associated wth t he
pads 60. Tetuadlpndsénemniangal war 6 lawesslags8 fxtclanpiag ¢hbRcofid tdver skasdnd

portion 46,_Jn a simlar arrangengnt . the first rtion.44.includes novabl e
bads 68 pr VIR AREACT AR tacdre 24 ARG erRachHh as fIRistrpied & Fiegtier Theet 26
into ag‘?ﬂg A . : shown
in 25622?9 esf’éz() é\fr? %?%h%gt@ﬁgoggﬁv%gﬁhégrbc}auggﬁ{g ?%ggju%lﬁlkn

adj ust nent scsew 6dvagdciatedassio cachtofdhepads 60aclheaidjushrempadswabaccigaimsgai nst

the face 70 _to piv the pad 68 out paint 67 and app force.to, the first
cover sheet fa56. A0€"itfﬁr§5m& wwl?z,g- ARG 1B IAE e gsen t@ Qﬁﬁsim&%é%ure, is

arranged | ﬁC%ﬁe%ggﬂjéé b\gs (f%”pr&’&idfn@ed thirfi $4anR@'ahd Gkt fidtd HOArdd BARE sfidept 84

al so acconmpdat es t
26 into engagement with the edge 24 of the patch 22. Supports 66, best shown in

25  Figures 2 and 3, support the pads 68 and provide a face 70. An adjustment screw 72
is associated with each of the pads and acts against the face 70 to pivot the pad 68
about point 67 and apply force to the first cover sheet 26.

A clamping bar 74, providing a fourth clamping feature, is arranged in an
upper slot 84 of the first portion 44. The upper slot 84 also accommodates the weld

30 beam 36. The clamping bar 74 is arranged over the first cover sheet 26. Screws 76
exteﬁding from the first portion 44 receive adjustment nuts 78 that , when turned,

force the clamping bar 74 downward into engagement with the first cover sheet 26



30 beam 36. The cl anping bar 74 is arranged over the first cover sheet 26.
Screws 76 extending fromthe first portion 44 receive adjustnent nuts 78
that , when turned, force the clanping bar 74 downward i nto engagenent with
the first cover sheet 26 maintaining the first and second cover sheets 26,
28 into tifgiThtaf RGP HRMESE and debodd&vat EHeRts 265 28fiReash8engagementSRith it ews 80
are provided in each of the first and second portions 44, 46 in the exanple
to provi deirdoil purfdeeeGinpi ng feature. The set screws 80 are rotatable into 5

t he pocket 52 i nto.engagenent .with t atch.22 t sitign the patch
251 b & dest 1 odbRIEIE A0 PORIPEIGAY it st it RO G e obf e 4 46 B of

al ternat i ge Baingdle dlgrobRielal ﬁﬂ’fﬁ&lﬁﬁbﬁ% festufel ItHeSet/ scries P aleGbtateble infte| udes a
machi ned recess providing the edge I24. The first and second cover sheets

126, 128 dhepockeed? and yniprangaghatbnthiwtith thh afsht22ntolRBitionitbe wetcli22gingd ane 132
is provided along 10. the edge 124, whi ts the prepared surface 20.
Al t hough &Eﬁ#ﬁ%@&irglémétoﬁé?/galﬁ%g@ﬂ%gq‘égl%osed, a worker of ordinary

skill in this a4 aWﬁgleg{%%gﬁﬂi@ iffhteASh Pl TOAEI G 1@@%11%19&% cone

within the scope o alns. For exanple,” nore or ‘fewer clanping
features trhahimtidsedesspavidiyg the edgeil4. Allsofirsearhsecomhquivegsteestl2oel2tay onl y

enpl oy a single clanping. 15 nmber. rather than | tiple clanping nmenbers
(e.g. the %¢ Hygsalbpproyided y ‘@sr}ﬁ@se%tdeé%n@ﬂe W@l%érar%i@& is @&V.TE ORghat

reasonq t | ow Rg: & .ai ied to determne their true
scoperlgndq@%%t enlg\.m’ &%fﬁla@é%iﬁ%rg%gﬁgﬁ%?gbai ring a rotor bl ade
conpri si ng: Although eRamplRenabrlithé@s davnbeenddisaiged, amveakafofcortliinatde, t he

bl ade havi nq first and 5second airfoil surfaces, adjoining the prepared
surface t I#kill gy Bisph cepld prcpgnige that certain modifications would come within the

scope of the claims. For example, more or fewer clamping features than disclosed
may be used. Also, each clamping feature may only employ a single clamping
15  member rather than multiple clamping members (e.g. the clamps 50, the pads 60, 68
and the set screws 80). For that reason, the following claims should be studied to

determine their true scope and content.



di st ance; abutting an edge of a patch to the prepared surface to
provide a weld interface defining a welding plane; over | appi ng
first and second cover sheets respectively over the first and 10 second
airfoil surfaces, the first and second cover sheets adjoining the edge and
the first and second airfoil Surfacﬁiﬁﬂﬁ@ﬂ wel di ng the bl ade, patch
and first and second cover sheets a e wel ding plane providing a

wel ded joint at the weld interface. 15 2. The nmethod according to claim1,
wherein the edge has a thickness greater than the distance; 3. The nethod
accordi ng to cl Aimethod ofwepairing ametof blade cemprisiegond cover sheets are

substantially unsecured t the arfoil surf s,suybs ent .to.the | di ng
Step. 20 4. THECRUTHGSUES o/ %%alta&eé eEaRLR Dladsihs Bdds Davine ARt agdt ne

pat ch and {dagnd iafirdil %ﬂ?fa%c Vﬁ{e ﬁ&?ﬁﬁeﬁ §Lﬁfa%éttﬁ5tda1tehgpefcbﬂsépaﬁ”9 SeCO”d
airfoil surfaces to the pat prov e a repaired blade. 25°5. The nmet hod

accordi ng distagéei m 1 wher ei n the bl ade, the patch and the first and second

cover sheets in Iude t|t ni u 6. . The net hod according to claim
conpri si ng cl an%t g5 diRateha i ithes prepa é%?et t Rrogidesy wéa The

met hod accﬂﬁgﬂﬁgﬁéﬂmﬁ gwﬂ%ﬁn%ﬁgﬁpr|5|ng clanplng the first cover sheet

agai nst the patc a sec cl anpi ng feature.
overlapping first and second cover sheets respectively over the first and

10 " second airfoil surfaces, the first and second cover shéets adjoining the edge and the
first and second airfoil surfaces; and
welding the blade, patch and first and second cover sheets along the welding

plane providing a welded joint at the weld interface.

15 2 The method according to claim 1, wherein the edge has a thickness greater

than the distance;

3. The method according to claim 1, wherein the first and second cover sheets
are substantially unsecured to the airfoil surfaces subsequent to the welding step.

20
4, The method according to claim 1, comprising machining the patch and the
first and second cover sheets to extend the first and second airfoil surfaces to the

patch and provide a repaired blade.

25 5. The method according to claim 1, wherein the blade, the patch and the first

and second cover sheets include titanium.

6. The method according to claim 1, comprising clamping the blade with a first
clamping feature.

30
7. The method according to claim 6, comprising clamping the first cover sheet

against the patch with a second clamping feature.



8. The method according to claim®6, conprising clanping the second cover
sheet against the patch with a third clanping feature. 9. The nethod
according to claim®6, conprising clanping the first and second 5cover
sheets respectively to the first and second airfoil surfaces with a fourth
cl anpi ng fgeat Ure mifod HEMIRENRCIEE 8! dhipritine AhIThE hE ERAl SoRe: ¢! aMPi NG
the patch in a desired position wth a fif ?anpl g feature .

wel ded bl atlect agaipstithé pagch withlaghiied blamping featust and second airfoil surfaces,
a patch secured to the blade at a welded joint adjoining the first and
second airfoil surfaces; and 15first and second cover sheets secured to the
pat ch at e wehfialohd Bleofflz (RS ¥hyrcith ENAIAAG: AEQMLLOR dEbged 1 o
over the first gecond alrt surtfaces 1 n-overlapping relationship
therets, tdoeer shicsts ARpectieclond mVﬁfst sdmaeée%oﬁdllaﬁf@ntsuﬁhdey whbecdseth to the
first and second airfoil surfaces. 20 12. The wel ded bl ade according to
clain111,<$@W$ﬁg§Wﬁ§&a hub, the blade integral with the hub. 13. The wel ded
bl ade according to claim 12, wherein the hub and the bl ade conprise
titani um

10.  The method according to claim 6, comprising clamping the patch in a desired

position with a fifth clamping feature.

10 - ' .
11. A welded blade comprising:
a blade having first and second airfoil surfaces;
a patch secured to the blade at a welded joint adjoining the first and second
airfoil surfaces; and
15 first and second cover sheets secured to the patch at the welded joint and

respectively extending from the welded joint over the first and second airfoil
surfaces in overlapping relationship thereto, the first and second cover sheets

substantially unsecured to the first and second airfoil surfaces.

20 12.  The welded blade according to claim 11, comprising a hub, the blade integral
with the hub.

13.  The welded blade according to claim 12, wherein the hub and the blade
comprise titanium.

25



25 14. A wel d cl anping device conprising: first and second portions
configured to be arranged about first and second parts, a first slot in the
first portion configured to expose a weld interface between the first and
second parts; 5a first clanping feature configured to secure the first and
second port' ons %?ﬁi‘yt the first and second parts; and a locating
feature provi ded SleMPEIEYeVIER SOPPTISNE i rst and second portions
configured to i i i i B : ive to
one anot her at t SQEI\?\%PQJ% P&n! fgﬂozltéquﬁﬁl%%%g&%%@a\%\%?dd Q%(?g%?qﬁ%{dd%e\%b@%

accor di ng fiantsch dirshslet,in ithecfitsd pogioa cvatigndd ¢d axjoseq Weldtiuteefacnbitudemng a
novabl e pad configured to be engageable with a first cover sheet, the first
cover shedbe&snangsecead pytubut the first and second parts. 1516. The wel d

over _shecbe _ he first and : arts. 151
nel neing & movkire e i oRpfod (O3t A8 ek Mol bR ey ©

sheet, thebsacodirgaauésccdheéphrtg@nfii gured to abut the first and second
parts. 17. The wel d cl anpi ng devi ce accor di n% to claim14, including a
fourth 20 cl anh Myating faafuse penndeguoredt teastraneanfnihe ifirsft andnyecerd: Boriond er

5. The et HEREnSH mifubite iR g SRESE PaRoin syl Frlfi o owdf O

cl anpi ng fR@dweEdGRRih@uUred to position one of the first and second parts
in a dl%sired 25orientation relative to the other of the first and second
parts. ' "

15.  The weld clamping device according to claim 14, including a second
clamping feature including a movable pad configured to be engageable with a first

cover sheet, the first cover sheet configured to abut the first and second parts.

15 16.  The weld clamping device according to claim 14, including a third clamping
feature including a movable pad configured to be engageable with a second cover

sheet, the second cover sheet configured to abut the first and second parts.

17.  The weld clamping device according to claim 14, including a fourth
20  clamping feature configured to retain first and second cover sheets about one of the

first and second parts at the weld interface.

18. . The weld clamping device according to claim 14, including a fifth clamping
feature configured to position one of the first and second parts in a desired

25  orientation relative to the other of the first and second parts.





