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Repairing hollow fan blades under currently available processes suffers from a few drawbacks. Many

current processes may not achieve a re%?ﬁ%ga‘géﬁ% @g similar fatigue life to an originally
manufactured blade. Further, it is desirable when repairing Tan blades that the internal vacuum of the

hollow portion Ehm@rﬁﬁd@_m&f@ﬁﬁaﬂiﬁmibﬁ $seaficationg el sosigmbgiamicreagisicd@mnand for
further iMprAYEHRRNGINGH)FRrea iEaEMSber 4, 2008, which is incorporated herein by

reference.

The present application is related to the U.S. Patent Application No. 12/157,330
entitled “SYSTEM AND METHOD FOR COMPONENT MATERIAL ADDITION” filed on
June 9, 2008 and incorporated herein by reference. The present application is related
to the U.S. Patent Application entitled “SYSTEM, METHOD, AND APPARATUS FOR
REPAIR OF COMPONENTS” filed on June 12, 2008 and incorporated herein by
reference.

Backgroun‘d
Repairing hollow fan blades under currently available processes suffers from a
few drawbacks. Many current processes may not achieve a repaired fan blade having
similar fatigue life to an originally manufactured blade. Further, it is desirable when
repairing fan blades that the internal vacuum of the hollow portion of the blade meets
manufacturer specifications. Accordingly, there is a demand for further improvements in
this area of technology. '



Summary In one aspect of the present invention, there is provided a method, comprising:
providing a blade including a hollow portion and an opening to the hollow portion; placing a plug in the
opening, the plug having a cross section smaller than the opening; evacuating at least a portion of a
gas in an enclosure defining the blade; sealigg;maagrtetween the plug and the opening using a fibre
laser; and wherein the blade comprises three material sheets, the %hod furthee{ comprisin

machining al8IGNR FersEidel R rRiRseRLITYETIRR dhae SoPidretR MEBREnIFYTPIS8another

aspecl gl iamgresendeventionidhese i movidesiamap e yperrgoiPmdding avbladetinguding a
hollow portion and an opening to the hollow portion; placing a plug in the ogening theﬁﬁg having a

crossRiasith amieinias arelshing BlEhainpa RRSSSE6Hohralls hasihe &-defining

the blggs:$5aa%e BARDLMSEBNST Blugans Hedrenitgcisithmglrelatedeardanaghingag a slot in
the blade wherein a bottom face of the slot intersects the o‘ening?;{whe,rei thg bgttom face of the slot
is lowBPNER™ R WHIEA RIRER MM LF RS IR IASR0VARY ¢ 5%%57&. lade SRERRISdiment is

uniqug, hall oy fastiBlagedsRai ey Siesmh SEher e dimentmin caenimisy easysiens sl biedieods to

add and/or repair the fan blades without internal stress risers and with near-original fatigue life. Further

embodineEaia Fhatopirce kel InlRraRes e 2858809 and benefits shall become apparent from

the following;gessiitian aRpEEaNIRTme MP2AHY/ QRGIREE TR 3009/Qa601bBrief Brshdgtion of
the Drawings The description herein makes reference to the a comganﬁig]%(grawin%&herein like
(2

refercFRIBPRISHGaIRREING fk&'BdRSMRIHINROA IREW RS IR AT 19 WU hematic

illustrafip, BRYSIINYSE WNE A VFENIHE iha BRIPWAMG a cross section smaller than the
opening; evacuating at least a portion of a gas in an enclosure defining the blade;
sealing a gap between the plug and the opening using a fibre laser;, and machining a
slot in the blade wherein a bottom face of the slot intersects the opening; wherein the
bottom face of the slot is lower than a blowpipe; and which further comprises removing
the blowpipe.

One embodiment is unique hollow fan blade repair system. Other embodiments
include unique systems and methods to add and/or repair the fan blades without
internal stress risers and with near-original fatigue life. Further embodiments, forms,
objects, features, advantages, aspects, and benefits shall become apparent from the

following description and drawings.



blade. Fig. 2 is an illustration of three material sheets and a blowpipe. Fig. 3 is an illustration of a
machined slot. Fig. 4A is an illustration of a D-shaped cutout. Fig. 4B is a second illustration of a
D-shaped Cl&s)él%oll:{(%%. 5 is an illustration of a hollow portion of a blade. Fi% 6.is a schematic block

. 28102 : :
diagram of a’procedure 16r sealing a vacuum in a hollow fan blade. WO CT/US2009/055811

2010/028102PCT/US20091055811 Detailed Description

Brief Description of the Drawings

The description herein makes reference to the éccompanying drawings wherein
like reference numerals refer to like parts throughout the several views, and wherein;

Fig. 1 is a schematic illustration of a system for sealing a vacuum in a hollow fan
blade.

Fig. 2 is an illustration of three material sheets and a blowpipe.

Fig. 3 is an illustration of a machined slot.

Fig. 4A is an illustration of a D-shaped cutout.

Fig. 4B is a second illustration of a D-shaped cutout.

Fig. & is an illustration of a hollow portion of a blade..

Fig. 6 is a schematic block diagram of a procedure for sealing a vacuum in a
hollow fan blade.



For purposes of promoting an understanding of the principles of the invention, reference will now be
made to the embodiments illustrated in the drawings and specific language will be used to describe the
same. It Wi”&%"%ﬁ%}ezlg%%% be understood that no limitation of the scope 0‘;@1@,{} g&}g}iog isl thereby
intended, any Aterations’and further modifications in the illustrated device, an any(ﬁfr%er applications
of the principles of the invention as illustrated therein being contemplated as would normally occur to
one skilled in the art to which the invention relates. Fig. 1 is a schematic illustration of a system
100 for sealing a vacuum in a hollow faqﬁlao@%&% The system 100 includes a vacuum box 104, or
enclosure, sufficiently sized to contain a 13 REiRERY A hollow portion and an opening to the
hollow portion.Fsnvpoguosebat fibistilgstrated dostaaning exitestbah eipdessititbern@mjimmment and can
oe suigleaiyrpean R EAempig BHICE R IRLOIRES 9aduiialales, Pub ol
components are fully contemplated in the présent application, including at least man sctured parts
that are lan@agewitidie ussiblo, dasdibaltee srmeling wihnatssthedespdesmiaraioas dhalsidual opening

from magigiibAAILn: RerraBMRIAaISneaBanan iR LlRpRlagHally hollow

and have a later formed opening (for example dr hrough the component and connecting to a

hollow poRATatiersdntiiafisadiesgpyice. anbamciuinesepriratinnsc{diedrine@erests, includes a
door 10eHdipushivhishithetkiaste B PAssas: ddttarasksn Raxvidd Hbeedanembadignts, further

includes a window 108 positioned such that a re%i?on of interest 110 on the blade 102 can be accessed
optically SR TSR TR BIEIHER AMAWPBSK'F8E: The region of interest 110 may be a position on
the blade 102 wigereia HlsmpipatRirrgesiandier sysegion 0@ & theatipgringdndheisenaioent 102. In

certain embodiments, the system 100 further includes a laser osition device 112 capable of being
postionZE AR JUeal SREL of e LTS G 1AGIOEL D26 Sats BIRdEstts, SHETOR drstance o
the lasesidepdsitionidevick!dd® Hpimetslingom hbhiaypeodidaserdrathepgenneetd 112 andaw certain
embodi he, laser is.afibr £ VL focal di : | The window
0B el B R R B DB ossent
laser to aRestsrkaRuifitigriyeatrshi® sersiowiatrriherabliofy ridkise pard®hat prevents

excessivi Beatd ildupi RS PR drars iR ranesniiest dﬁﬁrthe J)l‘é‘s%%@téiﬁb%%eﬁime”ts’ the laser

deposition device includes a laser that aims through the window and a material addition device (e.g.

metal pdifde? 08 RIdRABIcTRRBY Rt SRiuRar B iBRAPHD AT FRAIPAEAN IR REdU it ertain
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visualizl vice to ease deposition operations without direct visyalization.,, n certain
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box 104 of a suffici vacuum to meet a manufacturer specification for recommended vacuum
in the hollow fahhilxgeuLo? bpxceHaiin eattsidienelpesimenimdodndpampiaansistcisabi of delivering,
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the valve 117 may hold only a substantial vacuum for a specified period and/or at an acceptable

leakage RAEORT ENEAMMIRIRABHEN A EUEIAI§298 ehipigieshi JRendifRREatdPar lower levels
of vacuugarakR alseeestesprlaing hateiregiodboes I ueanRdine Hex essyskRMelhfdrther includes

a cutter 118 and/or other machine tool, which may be a machine cutter, laser cutter, a clean carbide

cutter, aftif5PBh &P E0REPE FRAGTHIRA AN HAohLONEP 18 ROWRIBR RS HaBAME Re blade 102
or portiorsRirtihedacke dikhitg tetarcembamerts, thecutten ditbaddielagetheldestérot shown) work
together with sufficient control and precision tg machine a slot through a selectable number of layers of
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of interept L ceraamRomanis. e Hlededog Andio e el ddmaybe e, while other

devices may be mo e cutter 118 may comprise other machine tools for cutting and
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blade 102 includes titanium and/or a titanium



WO 2010/028102PCT/US2009/055811 alloy. However, the blade 102 or other component may be any
material known in the art including at least steel, aluminum, a composite, a superalloy, and

combinatio H;%r f Fig. 2 is an illustration of three material sheets %q%fz 4 % nd a
blowpipe 28@. é%gilzgvlvﬁpzipe 208 is illustrated as not inserted into the threPe ma egr}f)ag’(@5 g}‘eﬁs 202, 204,
206. In one embodiment, the three material sheets 202, 204, 206 are stacked, and the blowpipe 208 is
inserted into the stack, for example in a slot configured to give the blowpipe 208 access to a hollow
region within the stack. In the embodiment, the three material sheets 20% 2(904 8;)6 are placed under
omt andPTRL8A SORIL LI SREP oG A O i SHadid e R S ang then
pulsed gasvsritjeotesstive gzt ildevypip éh208nadivthrerstbets #G2n 284, 1266 expand to conform to a
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and the gmbodiment o drigom 5 RAeYHed 28I ASeRE BXaMPI&rtain EiSbctimBRtd UaEaH9s Of a

machined slot 302. In certain embodiments, the slot 302 is formed by the cutter 118, and may be

formed ERREEIHEILES GFaifeWiipRRI XA 18 B%iﬂi@ﬁe@ﬁﬁ PRWAEHHR HERMEE I certain
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an , but not In 202). In one embodiment, the slot is formed from side only, or from
emovon oL T R RS 0 R b B R Bb  tA HEmateril
removed Tidoatadesopashting tpebing BBdatd telthng ensipdiicantsathaiopertingR841i84ncluded in
more than one layer, af.the blade 102, In. certain embodiments, the slot 302 is formed from any number
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206 includesLat' purshddédcommatod afwriahing vides amceis fothte ddroldied 268flalissdly removed in

the lustiggio-el g dhiedrs hellnaragien Qldipdifsie dP fedB thediueiafien ahfipy s the

"D"-shaped cutout 304 is an opening to a hollow portion of the blade 102, but any opening known in
the art iS'alswdanteirftated-hér&er teinmbRiERspGiFReMaCHE SRt A 16 deARRRIDVES the opening

304, butdbe,&ii33AMA% el MEisRIBRCNEMRRG DR GhashORRFIUOR LY RRiIcHYR). _
2010/028102PCT/US2009/055811 slot 302. In certain embodiments, the opening 304 is formed with a
A

machindt¢sr@inyeiaosintentsr 8 arive o AfeAmeEaNB0e RUksiFE vachregﬁr fh embodiments,

the slot gPgdsidarpeeid® BHEFDr abaveathehalimvEarine 286 d0e TORAIMEIMSIPRCNRY, OhiRmlade 102
forming the hollow re%lon. In certain embodiments, the hlowpipe 208 and the slot 302 are at a blade tip

region aPd P CPHBRIA RiBBR-BOGLEPR BrIRYa0S VRIS BHATETLBH ASALs, the slot 302 is
formed tepintetmghen et Gidosntace 306 that may be flat. In certain embodiments, the bottom face 306

g“erseds the ?@gg‘ n38§'1'blcr)] ;r%réﬁlg %%bé)%i eﬁg‘i%ot%?rr?@} s uifeg?rar%e%é‘r‘%'%‘é‘ﬁ g or more
eveled edges . Thebevel angle 0 ay be any angle, including 90 degrees {i.e. unbeveled). In
certain erfissdirachnits &, adooh 45aycegeesiachine cutter, laser cutter, a clean carbide cutter,

andfor other cutter 118 known in the art. The cutter 118 is structured to machine the

blade 102 or portions of the blade 102. in certain embodiments, the cutter 118 and

blade holder (not shown) work together with sufficient control and precision to machine

a slot through a selectable number of layers of material sheets that make up the blade

102. In certain embodiments, the cutter 118 is further structured to machine the

blowpipe, the opening, and/or other portions of the blade 102 and the region of interest

110. In certain embodiments, the blade 102 and/or the cutter 118 may be static, while

other devices may be mobile. Further, the cutter 118 may comprise other machine tools

for cutting and removing material of a type comprising the blade 102, and the functions

of the cutter 118 may be performed by multiple machine tool devices. In certain

embodiments, the material comprising the blade 102 includes titanium and/or a titanium



In certain embodiments, the bottom face 306 of the slot 302 is positioned at least 0.01 inches below or
beyond the depth of the blowpipe 208. In certain embodiments, the bottom face 306 of the slot 302 is
machined s%gég?%ﬁpgemglowpipe 208 is removed by the formation of the glot 3922.0”/1 certain
embodiments, the blowpipe 208 is removed before or during the forming of H8>4830% 1n certain
embodiments, a blowpipe 208 remainder is in the opening 304 or elsewhere in the blade 302. Fig.
4A is an illustration of a D-shaped cutout with an inserted plug 402. The opening 304 includes an
inserted plu 2 having, a cross-section smaller than the opening 304. In the illustration of Fig. 4A, a
blowpipﬁgﬁiﬁ?&?\’%%ﬂ? @%@%ﬁ%ﬂ'h%?%%&%m@%?ﬂgmggP?%“%W%'BT&E«@H’EHP riila? In certain
embodiraerits)dtimplagerd? sy edumiform, a gappbaltde astdheod oy sl hetweeattbesplug 402 and at
least on of the opening 304. In certain embodiments, a shim 404 is positioned between the plug
402 and the at least one edge of the opening. The shim 404 should not completely seal the opening
304. In certainfEthBodiaTeigstraticmnph thceehnstangidiest 2868t 2082 Aithasd athiougtivte shim 404
may be gy siae.tBRiiBecasaNe MARAR hRIWsERLBRR UG Srandb adar plihe opRRing 304

without seali(%the gap. In certain embodiments, the shim 404 is positioned over the blowpipe

emaincehaciian EebiFEIBEMARh AN Bh aeoaLSheati AR e DB ARk 208,
Fig. 4B isasecanskiiusinatinscley e aped cakout withandnselted tdea mlded e distration of Fig.

4B is co(r?siste,nt ith an embodiment of the, illustration of Fig, 4A wherein an excess plug portion is

removed WHH'R ASEERIP ML CRRIPT 1IN R &30 01D 238 PR F 18P0 88108881 1 certain

embodimemnésishpreade XehT0H@tiomis plaoge maiethdatcanthnepbedinEnisntedyug=402 and/or
shim 40%gre @acqig? to_conform with the battom f?ce 306 ql}the sl?t 302 howe.vegt e plug 402
m r

and/or shi r}ﬁay becalso be gﬁiigrhﬁys FRIget aérti%(’ac"parteessaencij EARCRR 8%%&%&‘&1.91%8 306 of the slot
302. thnowghtéin olowodin2atytie thacshaatpddp, 206, ARoates dtiteash@potbcndé imefgas in the

vacuum e SAREIBFR b Seedabeeen e A A07 800 e oneglaa Bddaseged. n certain

embodiments, the vacuum boX 104 is evacuated after placing the p utt cuation may

occur at¥#iesrHE Pt SRRERsifhge orawiian is mbkripieetdnthe it aoth iy herRiedspseod - for

example,aporimintiesreRiere i ReRingriane et p&ﬁfﬁ%l%ﬂ%ggﬂ‘éﬁfﬂﬁw%ﬁcuum is a

substantial vacuum, but the vacuum may be any level of vacuum as specified by the manufacturer
and/or RRTGIREMGFRY BRI PE6P eI PRI R i LJaamRdded ot ERANAg (i.c.

"microngjatipiertain embodiments, the laser deposition device 112 or other capable device seals the
gap 406 between the plug,402 and the edge aof th ing 304. . In certain embodiments, the
blade 102 (or diercB APHENELH) L I0Ted e L LHbANd CarR PR AITALP dSctRion
operatiod02ncntaiacchylibdimeigs | A8aseati depp Sitidoroperatibarutdizirgditafianther-itasidoralloy
powder | . restqQr erial.r for the slgt.and/or to add any other
materiaI,ge*ft?}(%élTr{iéc%eoéj Bﬂﬁ&%ﬁé}%qgﬁ“e%%&t@ée to¥ %{? Fé%%b t%@ %%@c’ﬁ% §§S C%&éo%?% %bge'?ta?ﬁr%?ngbodiments,
some mfiféﬁéﬁmamémﬁﬁbﬁ%éf@wéwafféﬁmmﬁi(ﬁl@p@ét&mﬂ {@0rikbgtthet ire2le21.02 into
conformangeadibg seaeified S0IHY s forrilh ﬁdﬁa%&'%%%ﬁg%@fﬂa?#QWé@%QE&iQ#ade 102.

The hollow portion(s) 502 are formed between material sheets 202, 204, 206 in the illustration of Fig.

5. The HEABMTEEIS0BHAROIEY (ARSI ARRRIMDREM Rite SbBURIRAHSHALIE MY ALY be

above thehokgerporiaRO8-uhd muthensidnahtambire @3, imEsollnw Rertiomaoaddie. the
sheet 202 and sheet 204 in the]gaxamyi)le of F%. E{jls not impinged by the slot 302. The opening 304 is
Fity. 88RitHop

illustratelB AR BATLO SR & SRS R ASHENPBEHitIS St98 302 is formed

from any number of layers, including up to all of the layers of the blade 102. |n certain
embodiments, the center sheet 206 includes a "D"-shaped cutout 304 which provides
access for the blowpipe 208 (already removed in the illustration of Fig. 3) o the hollow
region of the blade 102. In the illustration of Fig. 3, the “D"-shaped cutout 304 is an
opening to a hollow portion of the blade 102, but any opening known in the art is also
contemplated herein. In certain embodiments, the slot 302 is centered over the opening

304, but the slot 302 may be formed to include the opening 304 at any position in the



The schematic flow diagram and related description which follows provides an illustrative embodiment
of performing operations for acid fracturing with scale inhibitor WO 2010/028102PCT/US2009/055811

control. Operati i ated are understood to be exemplary only, and ' be combined
Sl RS,

or divided, orremoved, as well as re-ordered in whole or part, unless's explicitly to the
contrary herein. Fig. 6 is a schematic block diagram of a procedure 600 for sealing a vacuum in a
component, which in one example may be a fan blade. In certain embodiments, the procedure 600

includ ' 02 ide a blade includi hol [ dan. ' he holl

portion 1R 6ol AU RS e D13t R U0 a R TEQAN SR Lot 15 Machine a oo

intersepﬂmgcﬁhtéeopéﬁmm meaﬁladesaqidt@@bﬁmfam%% to remove a blowpipe_. In certain _

embodiments, ihe rgeghire GO0 MUNRIInldes AGRRIRLaN A8 B AIass ARl dhs ppening. and
e plug. in

an operation 610 to remove an excess portion o . In cer urther embodiments, the
proced BEBO0GACIOHEILMOE ST AyPE ITetb paeifior BEhing teevedawneiry dndanadge of the

openinge IERAAhATRRUBARBDEPIRReHI SI8090bHRSLINCLIdRS AP RRRSANN Rif-a gyacuate gas

in an enclosure defining the blade, and an operation 616 to hold the vacuum for a %eriod of time. In

certain SiAHBdHRIR RpdYHbERRIB IO RurtRetarBI0 RERRa R i dhesY 8B Bk ls 19'GafFd8tween the

plug anghihadens mivgoM BeEBDcembad e Tidhel piasesiHrentithiniEhes inrdusitomantageration 620 to
form the_blade intoﬁ?s ecified .con{;ggrwith laser metal depositi%? and/qr inin%excess material.

ac
As is ev Y&seahR i&ﬁggrﬁ'ﬁ% t‘p'r‘?egg 8%’5’5\9«9,@%?19 eo§ig GRS ccording to the
present impledtienone eonsepiiekd edgksBUBeXRBpareiembROIIEN rtambthashiaelyides providing a
blade including a hollow portion and an opening to the hollow portion, placing a plug in the opening,
i A discrdd fo

the plug MAYATSRIY GEIGESiBIF sHIRFHERDY e S NEPItatRy & B 6%% gas in an
enclosure definingstheifanivadenaid, sralingtergdpdecin@en ey gGm hesarerinausng a fibre

e Ao BN B Ta T o BTS2 Pe UMD 17 e B LA bERIBFUE R machine 1o,
positionihg adcthom bete8ea tif¢helsipphBdzhe rablrastoseddipa ohihblopeipad, Gihid/ czrfavamg the
e R e ORI A I g o
2010/028zorP o TUSTEDYE (Bmeng of the slot 302. In certain embodiments, a blowpipe 208

remainder is in the opening 304 or elsewhere in the blade 302.

Fig. 4A is an illustration of a D-shaped cutout with an inserted plug 402. The

opening 304 includes an inserted plug 402 having a cross-section smaller than the

opening 304. In the illustration of Fig. 4A, a blowpipe remainder 208 is shown, but the

blowpipe remainder 208 may be present or not. In certain embodiments, the plug 402 is

sized to form a gap of at least 0.002 inches between the plug 402 and at least one edge

of the opening 304. In certain embodiments, a shim 404 is positioned between the plug

402 and the at least one edge of the opening. The shim 404 should not completely seal

the opening 304. In certain embodiments, the shim 404 has a width of about 0.02

inches, although the shim 404 may be any size that reduces the gap 406 between the

plug 402 and the edge of the opening 304 without sealing the gap. In certain

embodiments, the shim 404 is positioned over the blowpipe remainder 208. In certain

embaodiments, the plug 402 is positioned in the blowpipe remainder 208.

Fig. 4B is a second iliustration of a D-shaped cutout with an inserted plug 402.
The illustration of Fig. 4B is consistent with an embodiment of the illustration of Fig. 4A
wherein an excess piug portion is removed with a machine tool (e.g. the cutter 118). In



and holding the substantial vacuum for about 10 minutes prior to the sealing a gap between the plug
and the at least one edge of the opening. In certain embodiments, the blade includes three
material she 8,2%{})q0t%g?0£neth.od further inpludes m'achining a slot in the %ggjﬁ}g\é&}erfe%gﬁfbottom fgce
of the slot intersects theé Opening. In certain embodiments, at least one side Tace of the Slot comprises
a beveled face, and in certain embodiments the beveled face is about 45 degrees. In certain
embodiments, the bottom face of the slot is at least about 0.01 inches lower than a blowpipe, and/or

he b f f.the.slot is flat. | baodiments, the slot is f f ial d
rom oAt oF TR Wt Ef PRl Th o B RSB ATES i ARAEH. L EgiRprise on

of titaqiuhe ahabedi@aiuaroabbim d0ze i mrermiiziodﬁﬁemsmtbﬂrphdgw_imaimﬁdimft_am 3mpfdhat least _
0.002 IncheSBeiHsaR e ALAANH st PRRAARRONINAIPIIIG. L SRTiA mbpAiments, the shim

comprises a wid o ain embodiments, the syposmoned in a blowpipe
remaindégpressesheeigtvmsidhe dotiodifecat 39@ e siohdRilling a vacuum box enclosing a blade,

the blade incluging.adiolnpertienangavaRRMNg IR ihe Bllpyw padion idassfeRgsigon device

positioned at a distance from the o1p , Wherein the distance from the opening is not greater than a

focal lerBaTa D 118 SPaRBhAN 06 e B 64106 Ratveandne alecd 02208 02" gap

betweer i ply B aiderst one:adse ehiBePRNRI Wb eBdheRINEXS 08081408018 aReping. In a
further e boding}snt,'theﬁ\@g%um box includes a window interposed between the opening and the laser

depositiBRFEgidRe piug, RS REHHAIE "Ry SUSHEALEMREMA AlRHS BERINgE plsition device
structuregrtaifosmiioebledes ite aspeaiiedreotura the ibhdddnelusingeonieoat titunintagd a titanium

alloy, the vacuum pump having.a vacuum capability of less ttLan about 0.001 umHg, and/or a machine
ool s e B B o R LI o e PR e U RV S P ociments
the bladesiciclindebithifee Yageren meatddahshdets) ohaeinnheshpdsifiethiadive omdy tiacof¢ne three

| d ia| sheets. ' i - the pl
oo e T o e the o
least pnarﬁ_mm@, ‘W@rgga’b/dmmmzm@m_%ﬂaser Wohileling ireetidn has tiden
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limited to the disclosed embodiment(s), but on the contrdry, is intended td cover various modifications
and equﬁ%ent arrangements included within the spirit and scope of the appended claims, which scope

is to be accordprdfiedeasisshinairrainionas asiq@nassassneAadificalinnmagdesdivalent
structures as permitted under the law, Furthermore it should be understood that while any
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contrarylntglGavesmance with the specified contour.

Fig. 5 is an illustration of a hollow portion of a blade 102. The hollow portion(s)
502 are formed between material sheets 202, 204, 206 in the illustration of Fig. 5. The
bottom face 306 of the slot (with the plane of the bottom face 306 shown in Fig. 5) may
be above the hollow portion 502 such that the skin of the blade 102 in the hollow portion
502 (i.e. the sheet 202 and sheet 204 in the example of Fig. 5) is not impinged by the
slot 302. The opening 304 is illustrated in the embodiment of Fig. 5, which opens into
the hollow portion 502.

The schematic flow diagram and related description which follows provides an
iliustrative embodiment of performing operations for acid fracturing with scale inhibitor



1. A method, comprising: providing a blade including a hollow portion and an opening to the hollow
portion; placing a plug in the opening, the plug having a cross section smaller than the opening;

evacuating %@ﬁ'szto%ﬁ?&ion of a gas in an enclosure defining the blade; ;8%}' g%gg(ggstj‘)gween the
plug and the opéening using a fibre laser; and wherein the blade comprises three material sheets,

the method further comprising machining a slot in the blade wherein a bottom face of the slot
intersects the opening. 2. The method of claim 1, further comprising forming the blade into a specified

e A M e el M SR ierl e fce o
about 45rdgdre esmbirideameithioedo bokdiad dedvirereimotredb et ovelfase ebitidersdtinsvet déast about 0.01
inches I%\ggr Hﬁ?&g &Q‘é’g i@)?piicitly to the contrary herein.

Fig. 6 is a schematic block diagram of a procedure 600 for sealing a vacuum in a
component, which in one example may be a fan blade. In certain embodiments, the
procedure 800 includes an operation 6802 to provide a blade including a hollow portion
and an opening to the hollow portion. In certain embodiments, the procedure 600
further includes an operation 604 to machine a slot intersecting the opening into the
blade, and an operation 606 to remove a blowpipe. In certain embodiments, the
procedure 600 further includes an operation 608 to place a plug in the opening, and an
operation 610 to remove an excess portion of the plug. In certain further embodiments,
the procedure 600 includes an operation 612 to position a shim beiween the plug and
an edge of the opening. In certain embodiments, the procedure 600 further includes an
operation 614 o evacuate gas in an enclosure defining the blade, and an operation 616
to hold the vacuum for a period of time. In certain embodiments, the procedure 600
further includes an operation 618 to seal a gap between the plug and the opening. In
certain embodiments, the procedure 600 further includes an operation 620 to form the
blade into a specified contour with laser metal deposition and/or machining excess
material.

As is evident from the figures and text presented above, a variety of
embodiments according to the present invention are contemplated.

in one exemplary embodiment, a method includes providing a blade including a
holiow portion and an opening to the hollow portion, placing a plug in the opening, the
plug having a cross section smaller than the opening, evacuating at least a portion of a
gas in an enclosure defining the fan blade, and sealing a gap between the plug and the
opening using a fibre iaser. In certain embodiments, the method includes forming the
blade into a specified contour with a laser deposition operation, removing a blowpipe,
removing an excess plug portion with a machine tool, positioning a shim between the
plug and the at least one edge of the opening, and/or forming the opening with a
machine tool. In ceriain embodiments, evacuating at least a portion of a gas in an

enclosure defining the blade includes introducing a substantial vacuum in the enclosure,
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6. The method of claim 5, further comprising removing the blowpipe. 7. The method of claim 1,
wherein the bottom face of the slot is flat. 8. The method of claim 1, wherein the slot is formed from

material rem‘c&)]}sez%lfg Orzrél?}gly two of the three material sheets. 9. The metrll)odfof glgirgs% wherein the
material sheets comprise one of titanium and a titanium alloy. 10. The method ot 3{a|h$]f, further

comprising removing an excess plug portion with a machine tool. 11,The method of claim 1, wherein
the plug is sized to form a gap of at least 0.002 inches between the plug and at least one edge of the

O S AT i R B B SHRS SIS RS RS o g and the a
between the plug and the at least one edge of the opening.

In certain embodiments, the blade includes three material sheets, and the
method further includes machining a slot in the blade wherein a bottom face of the slot
intersects the opening. In certain embodiments, at least one side face of the slot
comprises a beveled face, and in certain embodiments the beveled face is about 45
degrees. In certain embodiments, the bottom face of the slot is at least about 0.01
inches lower than a blowpipe, and/or the bottom face of the slot is flat. In certain
embodiments, the slot is formed from material removed from only two of the three
material sheets. In certain embodiments, the material sheets comprise one of titanium
and a titanium alloy. In certain embodiments, the plug is sized to form a gap of at least
0.002 inches between the plug and at least one edge of the opening. in certain
embodiments, the shim comprises a width of about 0.02 inches. In certain
embodiments, the plug is positioned in a blowpipe remainder.

One exemplary embodiment is a system including a vacuum box enclosing a
blade, the biade including a hollow portion and an opening to the hollow portion, a laser
deposition device positioned at a distance from the opening, wherein the distance from
the opening is not greater than a focal length of the laser deposition device, and a plug
structured to leave at least a 0.002" gap between the piug and at least one edge of the
opening when the plug is received in the opening. In a further embodiment, the vacuum
pox includes a window interposed between the opening and the iaser deposition device;

In certain embodiments, the system further includes the laser deposition device
structured to form the biade into a specified contour, the biade including one of titanium
and a titanium alloy, the vacuum pump having a vacuum capability of less than about
0.001 umHg, and/or a machine tool structured to form a slot centered over a membrane
*D-shaped” cutout. In certain embodimenis, the blade includes three layered material
sheets, wherein the slot is formed in only two of the three layered material sheets. In
certain embodirments, the piug rests on the D-shaped cutout when the plug is received
in the opening. In certain embodiments, shim(s) are positioned between the plug and
the at least one opening.

16



13. The method of claim 12, wherein the shim comprises a width of about 0.02 inches. 14. The
method of claim 1, wherein evacuating at least a portion of a gas in an enclosure defining the blade
comprises irwr gflhjl%imgg%nsubstantial vacuum in the enclosure, and holding the substantial vacuum for
about 10 minutes prior 1o the sealing a gap between the plug and the at | 55{%%%8"%/8@%1; the opening.
15. The method of claim 1, wherein the plug is positioned in a blowpipe remainder. 16. The method of
claim 1, further comprising forming the opening with a machine tool. 17. A method, comprising:

oporing, the pIUG U] 41468 BASIoRF S ERE RRAT B SEEHIAG HEVAEEATHG AFBSEPApiRon of &
gas in ait isrtclosureddesiniog that hedeysetdindsmga heflvesadhe plegirnbEae opening using a fibre
laser; angd MAGHIINGS B4R e BadR R SIRARHRIL3ee AL DSSIRbIHRRRES Ig

equivalent arrangements included within the spirit and scope of the appended claims,

which scope is to be accorded the broadest interpretation so as fo encompass any

modifications and equivalent structures as permitted under the law. Furthermore it

should be understood that while any characterization of a feature in the description

above indicates that feature so described may desirable or present in certain

embodiments, it nonetheless may not be necessary and any embodiment lacking the

same may be contemplated as within the scope of the invention, that scope being

defined by the claims that follow. In reading the claims it is intended that when words

Ll 1]

such as "a," "an," "at least one" and "at least a portion" are used, there is no intention to
limit the claim to only one item unless specifically stated to the contrary in the claim.
Further, when the language "at least a portion" and/or "a portion” is used the item may

include a portion and/or the entire item unless specifically stated to the contrary.
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opening; wherein the bottom face of the slot is lower than a blowpipe; and which further comprises
removing the blowpipe. 18. The method of claim 1, wherein said evacuating comprises introducing a
substantial vacuum in the enclosure and holding the substantial vacuum prior to said sealing. 19. The
method of claim 1, wherein the blade comprises one of titanium and titanium alloy; further comprises
forming the blade with a laser deposition operation; and further comprises removing at least a portion
of said plug. 20. The method of claim 17, further comprising removing an excess plug portion with a

machin;ettm 1. The method of claim 17, wherein the plug is sized to form a gap of at least 0.002
inches the plug and at least one edge of the opening.

1. A method, comprising:

providing a blade including a hollow portion and an opening to the hollow portion;

placing a plug in the opening, the piug having a cross section smaller than the
opening;

evacuating at least a portion of a gas in an enclosure defining the blade;

sealing a gap between the plug and the opening using a fibre laser; and

wherein the blade comprises three material sheets, the method further
comprising machining a slot in the blade wherein a bottom face of the slot intersects the
opening.

2. The method of claim 1, further comprising forming the blade into a specified
contour with a laser deposition operation.

3. The method of claim 1, wherein at least one side face of the slot comprises a
beveled face.

4, The method of claim 4, wherein the beveled face is beveled at about 45 degrees.

5. The method of claim 1, wherein the bottom face of the siot is at least about 0.01
inches lower than a blowpipe.

8. The method of claim 5, further comprising removing the blowpipe.
7. The method of claim 1, wherein the bottomn face of the slot is flat.
8. The method of claim 1, wherein the slot is formed from material removed from

only two of the three material sheets.

9. The method of claim 1, wherein the material sheets comprise one of fitanium and
a titanium alloy.

10.  The method of claim 1, further comprising removing an excess plug portion with
a machine tool.

12



22. The method of claim 17, further comprising positioning a shim between the plug and the at least
one edge of the opening. 23. The method of claim 22, wherein the shim comprises a width of about
0.02 inches. 24. The method of claim 17, wherein evacuating at least a portion of a gas in an
enclosure defining the blade comprises introducing a substantial vacuum in the enclosure, and holding
the substantial vacuum for about 10 minutes prior to the sealing a gap between the plug and the at
least one edge of the opening 25. The method of claim 17, further comprising forming the opening

with a machin e claim Wherem d eyvacuatin rises i ucing a
Substantal vac TS & B0 AHACR RN RUCImBEE s (e APERer & S Sbit, 27 The
method l@ﬁb%rﬁ@ﬂ&ﬁhé‘ﬂ@l@‘ﬂ%%éc@ sasiPiRe SogR of trameniagd titanium alloy; further comprises
forming the blade with a laser deposition operation; and further comprises removing at least a portion

of said pllgg. The method of claim 1, further comprising positioning a shim between the plug
and the at least one edge of the opening.

13.  The method of claim 12, wherein the shim comprises a width of about 0.02
inches.

14.  The method of claim 1, wherein evacuating at least a portion of a gas in an
enclosure defining the blade comprises introducing a substantial vacuum in the
enclosure, and holding the substantial vacuum for about 10 minutes prior to the sealing
a gap between the plug and the at least one edge of the opening.

15.  The method of claim 1, wherein the plug is positioned in a blowpipe remainder.

16.  The method of claim 1, further comprising forming the opening with a machine
tool.

17. A method, comprising:

providing a blade including a hollow portion and an opening to the hollow portion;

placing a plug in the opening, the plug having a cross section smaller than the
opening;

evacuating at least a portion of a gas in an enclosure defining the blade;

sealing a gap between the plug and the opening using a fibre laser; and

machining a slot in the blade wherein a bottom face of the slot intersects the
opening;

wherein the bottom face of the slot is lower than a blowpipe; and

which further comprises removing the blowpipe.

18.  The method of claim 1, wherein said evacuating comprises introducing a

substantial vacuum in the enclosure and holding the substantial vacuum prior to said
sealing.
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19.  The method of claim 1, wherein the blade comprises one of fitanium and titanium
alioy;
further comprises forming the blade with a laser deposition operation; and
further comprises removing at least a portion of said plug.

20.  The method of claim 17, further comprising removing an excess plug pottion with
a machine tool.

21.  The method of claim 17, wherein the plug is sized to form a gap of at least 0.002
inches between the plug and at least one edge of the opening.

22.  The method of claim 17, further comprising positioning a shim between the plug
and the at least one edge of the opening. '

23. The method of claim 22, wherein the shim comprises a width of about 0.02
inches.

24.  The method of claim 17, wherein evacuating at least a portion of a gas in an
enclosure defining the blade comprises introducing a substantial vacuum in the
enclosure, and holding the substantial vacuum for about 10 minutes prior to the sealing
a gap between the plug and the at least one edge of the opening.

25.  The method of claim 17, further comprising forming the opening with a machine
tool.

26.  The method of claim 17, wherein said evacuating comprises introducing a
substantial vacuum in the enclosure and holding the substantial vacuum prior to said
sealing.

27.  The method of claim 17, wherein the blade comprises one of titanium and
fitanium alloy;
further comprises forming the blade with a laser deposition operation; and
further comprises removing at least a portion of said plug.
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