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Background
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.



The description herein nmakes reference to the acconpanyi ng draw ngs wherein
| i ke reference nunerals refer to |ike parts throughout the several views,

and wher ewp:20f/g8102 i s a schematic illustration of a syecemstaw/ossal i ng a
vacuumin a hollow fan blade. Fig. 2 is an illustration of three materi al
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. 5 is an illustration of a holl ow
portion of a blade. Fig. 6 is a scﬁgﬂgpﬁgyb!ock di agram of a procedure for
sealing a Wéﬁ?ﬂo@irﬁerﬁl%'uﬁﬁdeaﬁblwmﬁ%-_ dairéeslr Besten. RbtHR ehtodiveRfases of
pronoting an understanding of the principles of the invention, reference
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device, and any further applications of the principles of the invention as
i |1 ustfellaveng desedptiprentgrawngenpl at ed as woul d normal |y 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 vacuumin a holl ow fan bl ade
102. The system 100 i ncludes a vacuum box 104, or enclosure, sufficiently
sized to contain a blade 102 including a hollow portion and an opening to
t he holl ow portion. A vacuum box 104 is illustrated, but any device that

encl oses the conponent and can be sufficiently sealed is contenpl ated
herein. A hollow fan blade 102 is



illustrated, but other conponents are fully contenplated in the present
application, including at |east manufactured parts that are at | east
parti al | ywbabiomegioand further including nmanufactured paPrC3/ushab/obsie a
resi dual opening from manufacture. Additionally, in certain enbodi nents,
conponents that are at |east partially holl ow and have a | ater forned
opening (for exanple drilled through the conponent and connecting to a

hol | ow portion) are cont | ated her.ein.  The vacuum box 104, in certain
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In certain enbodi nents, the vacuum box 104 includes a vent 114 and a val ve
117 capable of venting the box 104 and holding a significant vacuumin the
box 104. wbeosyes®m 100 further includes, in certain empoiuseowds58a1 vacuum
punp 116 . The vacuum punp 116 is capable of creating a vacuumw thin the

box 104 of a sufficiently high vacuumto neet a manufacturer specification
for recommended vacuumin the hollow fan blade 102. In certain enbodi nents,
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and can be sufficiently sealed is contemplated herein. A hollow fan blade 102 is
illustrated, but other components are fully contemplated in the present application,
including at least manufactured parts that are at least partially hollow, and further
including manufactured parts that have a residual opening from manufacture.
Additionally, in certain embodiments, components that are at least partially hollow and
have a later formed opening (for example drilled through the component and connecting
to a hollow portion) are contemplated herein.

The vacuum box 104, in certain embodiments, includes a door 106 through
which the blade 102 passes. The vacuum box 104, in certain embodiments, further
includes a window 108 positioned such that a region of interest 110 on the blade 102
can be accessed optically from a region outside the vacuum box 104. The region of
interest 110 may be a position on the blade 102 where a blowpipe emerges, and/or a
region near the opening in the component 102. In certain embodiments, the system
100 further includes a laser deposition device 112 capable of being positioned within a
focal distance of the region of interest 110 on the blade 102. The focal distance of the
laser deposition device 112 depends upon the type of laser in the device 112, and in
certain embodiments the laser is a fibre laser with a focal distance of at least several
centimeters. The window 108 includes an optical quality capable of transmitting the



enbodi nents, the material conprising the blade 102 includes titani um and/ or
a titaniunmall oy. However, the blade 102 or other conponent nay be any

mat eri al wWoawv/isioehe art including at | east steel, al uRCmOISR0/08IBNPOSIte,
a superall oy, and conbi nations thereof. Fig. 2 is an illustration of three
materi al sheets 202, 204, 206 and a bl owpi pe 208. The bl owpi pe 208 is
illustrated as not inserted into the three materi al sheets 202, 204, 206.
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hollow fan blade 102. In certain embodiments, the vacuum pump 116 is capable of
delivering, and the valve 117 is capable of holding, a vacuum of 0.001 umHg (microns).
In certain embodiments, the valve 117 may hold only a substantial vacuum for a
specified period and/or at an acceptable leakage rate. In certain embodiments, vacuum
pumps 116 capable of producing greater or lower levels of vacuum are also
contemplated herein.

In certain embodiments, the system 100 further includes a cutter 118 and/or
other machine tool, which may be a machine cutter, laser cutter, a clean carbide cutter,
and/or 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 nore than one | ayer of the blade 102. In certain enbodi nents, the sl ot
302 is fornmed fromany nunber of layers, including up to all of the |ayers
of the blwdeokdR2siokn certai n enbodi ments, the center sheetr/Re@viosssiudes a
"D'-shaped cutout 304 which provides access for the bl owi pe 208 (al ready
renoved in the illustration of Fig. 3) to the holl ow regi on of the bl ade
102. In the illustration of Fig. 3, the "D'-shaped cutout 304 is an opening
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not provided. The blade or component that is at least partially hollow may be any other
part formed by any other process, and the embodiment of Fig. 2 is provided only as one
example.

Fig. 3 is an illustration of a machined slot 302. In certain embodiments, the slot

302 is formed by the cutter 118, and may be formed either before or after the blade 102
is positioned in the vacuum box 104. In certain embodiments, the slot 302 is formed
from removed material from only two of three sheets (e.g. 204 and 206, but not in 202).
In one embodiment, the slot 302 is formed from one side only, or from removed material
from one side including any layer having an opening 304, but not from material removed
from layers past the opening 304. In certain embodiments, the opening 304 is included
in more than one layer of the blade 102. In certain embodiments, the slot 302 is formed
from any number of layers, including up to all of the layers of the blade 102. In 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) to 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



Fig. 4Ais an illustration of a D-shaped cutout with an inserted plug 402.
The openi ng 304 includes an inserted plug 402 having a cross-section

smal | er twerrotoeswpeni ng 304. In the illustration of Fi @CTAA2002/08380WpI pe
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by the formation of the slot 302. In certain embodiments, the blowpipe 208 is removed
before or during the forming 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
embodiments, the plug 402 is positioned in the blowpipe remainder 208.

Fig. 4B is a second illustration 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 plug portion is removed with a machine tool (e.g. the cutter 118). In



before the sealing is perfornmed. In certain enbodinents, the vacuumis a
substanti al vacuum but the vacuum may be any | evel of vacuum as specified
by the nawmof2antazs®e and/ or designer of the blade 102. FecTasamplosssit he
vacuum may be specified as 0.001 mmHg (i.e. "mcrons”). In certain

enbodi nents, the | aser deposition device 112 or other capabl e device seals
the gap 406 between the plug 402 and the edge of the opening 304. In
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um Hg (i.e. “microns”). In certain embodiments, the laser deposition device 112 or other
capable device seals the gap 406 between the plug 402 and the edge of the opening
304.

In certain embodiments, the blade 102 (or other component 102) is formed into a
specified contour with a laser deposition operation. In certain embodiments, a laser
deposition operation utilizing titanium or titanium alloy powder is performed on the blade
102 to restore material removed for the slot and/or to add any other material required to
build the blade 102 up to at least the specified contour. In certain embodiments, some
material may be removed before or after the deposition operation to bring the blade 102
into conformance 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
illustrative embodiment of performing operations for acid fracturing with scale inhibitor



part, unless stated explicitly to the contrary herein. Fig. 6 is a
schemati c bl ock di agram of a procedure 600 for sealing a vacuumin a
conponentwowhioohision one exanple nay be a fan bl ade. |In eerts2ovpnisodi nent s,
t he procedure 600 includes an operation 602 to provide a blade including a
hol | ow portion and an opening to the hollow portion. In certain
enbodinents the procedure 600 further includes an operation 604 to machi ne
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porti placing a plug 1'n the opening, the ing a Cross’ sectlon
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an edge of the opening. In certain embodiments, the procedure 600 further includes an
operation 614 to 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
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 fan blade, and sealing a gap between the plug and the
opening using a fibre laser. 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 certain embodiments, evacuating at least a portion of a gas in an

enclosure defining the blade includes introducing a substantial vacuum in the enclosure,



opening using a fibre laser. In certain enbodi nents, the nethod incl udes
formng the blade into a specified contour wwth a | aser deposition

oper at i onwonrerm2swg a bl owpi pe, renoving an excess pl ugPporusan/opssih a
machi ne tool, positioning a shimbetween the plug and the at | east one edge
of the opening, and/or form ng the opening with a machine tool. In certain
enbodi nent s, evacuating at least a portion of a gas in an enclosure
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opening. In certain enbodi nents, the bl ade i ncl udes three material sheets,
and t he netlhedrtaurembedimearntadbe br@dﬂwinnlud@sdh@ajmateﬂal sbedlsaded Weerei n a
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bl owplcpglpr&ﬁé/&bbe\tﬁ%d RS, gndfineertain emeodimants g bayeled fageasistagioyt 45
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one of|n¢hdsaowerrtrm”lrdabldwpb|aeland/at ir@ybottdmmdaﬁmemodrﬂa’enmwrtm plug is
| east 0.002 .i nches bet ween the nd at | east

i zed
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bl owpi pe remai n enbodi nent is a syst m I ncluding a vacuum
box eraridostitagium lallage In cen’ealblanlleodlmelnmmtng pwgnelshzmi jodptr@ngamdf ahleapeni ng

By I ko
a focambsiigiehtthé BRinh 86@bridePashibitrrar ssoit@e2 ﬁf{&%eé. plwaertam
embodiments, the plug is positioned in a blowpipe remainder.

One exemplary embodiment is a system including a vacuum box enclosing a
blade, the blade 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 plug and at least one edge of the
opening when the plug is received in the opening. In a further embodiment, the vacuum
box includes a window interposed between the opening and the laser deposition device;

In certain embodiments, the system further includes the laser deposition device
structured to form the blade into a specified contour, the blade 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 embodiments, the blade includes three layered material
sheets, wherein the slot is formed in only two of the three layered material sheets. In
certain embodiments, the plug 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.
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structured to | eave at |east a 0.002" gap between the plug and at |east one
edge of the opening when the plug is received in the opening. In a further
enbodi mrenwg 20tv28@euum box i ncl udes a wi ndow i nt er posed Po@tuse@/0533¢1 openi ng
and the | aser deposition device; In certain enbodinents, the system further
i ncludes the | aser deposition device structured to formthe blade into a
specified contour, the blade including one of titaniumand a titanium

L e R R BB e REPHRE PRR el B BB,
menbr ang to BeSiHRestood WhAthe idveriBhlighbt @@é’ﬂl‘nrféatté thd BRclJsgde i ncl udes

three layered material sheets, wherein the slot is fornmed in only two of
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enmbodi nents, it is to be understood that the invention is not to be limted
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spirit and scope o ai ns scope i's Sorded t he

br oadmvemmcmettlaau feature sasdds@rlbedmmadssmme tmdrésetnatn cgrtaiand equi val ent
structures as Per mtted under the law. Furthernpore it shoul d be understood

t hat \RAMPIIREPIS, NGRS IFSHMAYMNYONCELEANLANH 2PN EMRAHNERE lAGkingrBG
| ndi cabase Fr%‘?/tbef E@rﬁtér‘rﬁ)ezﬁ@d %%%EHnt??rﬁ’e g@d o&FtheaRl&ntiin, Prﬁaei%%B e(;ié ”a' n

enbodi ments, it nonet ess may necessary and’ any | acki ng
the s Mnedy)yljbe @tmrmsrtbahfoﬁdwasln \neadhng thehelaamepies Gﬁtemd\@d thatwitemmordshat

scope bej ng defj ned, t cl ai np_t hat OW, nms it is
"t o ah vl ‘Roleast S0Enan "atyoasta forAs arq uEf thd SRR N dbs ' o
porti Qifnit MieIABEE odlPONR itetn DAIdsBIPREIfiRAI 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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limt the claimto only one itemunless specifically stated to the contrary
inthe claim Further, when the |anguage "at |east a portion" and/or "a
portion" We pedstoke item may include a portion and/ or PhE/US2A0NESSILE em

unl ess specifically stated to the contrary.Clains Wiat is clained is: 1. A
met hod, conprising: 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 snaller than tlh.e openi ng; evacuating at |east a
portion of a gas in an enclosure defd MY the fan blade; and sealing a gap
bet ween the plug and the opening using a fibre laser. 2 . The nethod of
claim1, wherein the blade conprises three materi al sheets, the nethod

f ur t ndWhabigpelaned isachi ning a slot in the bl ade wherein a bottom face of
the slot intersects the opening. 3 . The nethod of claim?2, further
conprising formng the blade into a specified contour with a | aser

deposi ti on 10p&neéthed; campriding; Net hod of claim 2, wherein at |east one side
face of the slot conprises a beveled face. 5 . The method of claim 4,

wher ei n thé)r%‘éd@lge%lgg@@énﬂgdlﬁ‘@v%h@'&PVépoﬁt%lﬂndlgn@@Qﬁ@@s’fp tge hotfpw nastioid of

over. ¢ han PRI A Bt e ST e shAEp SRk 1 oS peftiL s aliindnils | "o

r enoviopgninge bl owpi pe. 8 . The nethod of claim2, wherein the bottom face
of the slot is flat.9 . The method of claim2, wherein the ]§Iot i.s fornmed
f r om mat er iEYRCHalRg aljepsiygportion of a gas in an enclosure defining the fan blade; and

sealing a gap between the plug and the opening using a fibre laser.
2. The method of claim 1, 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.

3. The method of claim 2, further comprising forming the blade into a specified

contour with a laser deposition operation.

4. The method of claim 2, wherein at least one side face of the slot comprises a

beveled face.

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

degrees.

6. The method of claim 2, wherein the bottom face of the slot is at least about

0.01 inches lower than a blowpipe.
7. The method of claim 6, further comprising removing the blowpipe.

8. The method of claim 2, wherein the bottom face of the slot is flat.
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only two of the three material sheets. 10 . The nethod of claim2, wherein
the material sheets conprise one of titaniumand a titaniumalloy. 11. The
met hod ofwol2aiom24102f urt her conpri sing renovi ng an exces®CPlusgooposisipn Wt h
a machine tool. 12 . The nethod of claim1l1l, wherein the plug is sized to

forma gap of at |least 0.002 inches between the plug and at | east one edge
of the opening. 13 . The nethod of claim 11, further conprising positioning

a shim bet t he  pl nd the at |east one edge .of the apening. 14. The
method of oal i TSGR EF SRRN 2narhersimias siof 1S SEMEd, foim i g Ssovs dosom

i nchegniylfvo of the tREIR@t&Hal Ghakf® 1, wherein evacuating at least a portion
of a gas in an enclosure defining the blade conprises introducing a

substantial vacuumin the enclosure, and hol ding the substantial vacuum for

feast one dihe 1 FiaRepErRAG 2 5Bk fe HERARH'SERE: G RpBod SnB Xt o1 ug
IS po;dnuia)ﬂ@(ﬁhiljrﬁaﬂop_l owpi pe remai nder. 17 . The nethod of claim1, further

conprising formng the opening with a machine tool. 18 . A system
conpri sing:a vacuum box encl osing a bl ade, the blade including a hollow

portion and .a I h oIk Lt ice
osi 1 onod e et R bPolaNT 1 Rirr B cBierlsl i AE pn (GRESS LA pat T
openi wgth & madhirgs ail.er than a focal |ength of the | aser deposition

12. 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 opening.

13. The method of claim 1, further comprising positioning a shim between the

plug and the at least one edge of the opening.

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

15. 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.

16. The method of claim 2, wherein the plug is positioned in a blowpipe

remainder.

17. The method of claim 1, further comprising forming the opening with a

machine tool.

18. A system, comprising:
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devi ce; wherein the vacuum box includes a w ndow i nterposed between the
opening and the | aser deposition device; a plug structured to | eave at

| east a OwoOQBio/gspm2bet ween the plug and at | east one edgeTafS2a400@538pENi Ng
when the plug is received in the opening. 19 . The system of claim 18,
further conprising the | aser deposition device structured to formthe bl ade
into a specified contour. 20. The system of claim 18, wherein the bl ade

conprises one of titani um and titgniumallqy.. 2 1. The system pf claim
18, furt her® YT BPRENSOs T Ridtend BlPR N A0d8 AR IS RBION 3D | ess

t han %%H;nqotoqgé HO6W- potfon;The system of claim 18, further conprising a
machi ne todl structured to forma slot centered over a nenbrane "D shaped”

cut out. 23.a [@Rer dgpasitinrotievtaipasitienediat palisianoe fromathe opaninglesheneirethe

thy e StgRrEloRb g g, KR YrdaleP Tl et RIS 138! Yahdfufth tne b ug
rests gewidehe D-shaped cutout when the plug is received in the opening. 25.

The system of claim 18, further conprising at |east one shim positioned
bet ween t havharaly thryacHemapoX Bghidesrewiision ngerposed between the opening and

the laser deposition device;
a plug structured to leave at least a 0.002” gap between the plug and at least one
edge of the opening when the plug is received in the opening.

19. The system of claim 18, further comprising the laser deposition device
structured to form the blade into a specified contour.

20. The system of claim 18, wherein the blade comprises one of titanium and a

titanium alloy.

21. The system of claim 18, further comprising a vacuum pump having a

vacuum capability of less than about 0.001 umHg.

22. The system of claim 18, further comprising a machine tool structured to form
a slot centered over a membrane “D-shaped” cutout.

23. The system of claim 22, wherein the blade includes three layered material

sheets, wherein the slot is formed in only two of the three layered material sheets.

24. The system of claim 22, wherein the plug rests on the D-shaped cutout when
the plug is received in the opening.

25. The system of claim 18, further comprising at least one shim positioned
between the plug and the at least one opening.
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