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BACKGROUND /”M ON The present invention is drawn to a process for
di sassenblin mm//! E ructure and, nore particularly, a brazed structure
conprising a hol I,go\(/)v C nent having a cl osure conponent bonded thereto by
a netallic brazing B oy for closing off an end of the holl ow conponent.
Brazing processes are known in the prior art for form n(gca netallic bond

bet ween two metal SROCECEsFOR PEFAFIEMEE NCURLPRBZERGP ARECTUREY heavily on a

nunber of brazing processes. For exanple open-face honeyconb structures, or

air seals, are ;razed for use in hi Bh t enperat ure heat-resi stance
appl i cati ons on |ightwei ghtBA&KCEPENP @RgFHesINVERE 19N que characteristic of

such air seal T8br UELWERS invddtabnt RS GPEEn St UCtIN R RI0¥Ldes an effective
seal for a stream of hot gas. Several nethods are known in the prior art

for chenidididspenbpandtd iRy anesz 64 re6hpoRem S, MRS PAFprodenbs. wilize
| eachi ng and st i PRENGr S Udid QRS ngTHERS B oS H & O8RSt A l%o%isdc Jgult to

control and often lead to damage to the base netal. Such t are
di scl osedorfreneakahphésd jthayeso pat entetdl birg 908z ing 30202460 apldbsing

4,324, 626,¢ U3 RAt EPtL s %%9}],1@%7 nggo§ 841,139 discl ose processes for
i alToys fr M Dr &:

renmovi ng netallic brazing razed jointS by packing the joints
with netallicBpendegsparrkddes lairkeknNabuial tlys priawuwlrd berhfgihingesi rabl e
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engines rely heavily on a number of brazing processes. For
example, open-face honeycomb structures, or air seals, are
brazed for use in high temperature heat-resistance applications
on lightweight aircraft engines. The unique characteristic of
such air seal structures is that the core structure provides an
effective seal for a stream of hot gas.

Several methods are known in the prior art for chemically
separating brazed components. These approaches utilize leaching
and stripping solutions. These methods are generally difficult
to ceontrol and often lead to damage to the base metal. Such
methods are disclosed, for example, in U.S. Patents 4,274,908,
4,302.246, and 4,324,626.

J.S, Patent 5,439,637 and 5,871,139 disclose processes for
removing metallic brazing alloys from brazed joints by packing
the joints with metallic powders and the like.

Naturally, it would be highly desirable to provide a
process for removing metallic brazing alloy from honeycomb

structures as defined above without the requirement of chemical

acid stripping and the like.

SUMMARY OF THE INVENTION
The foregoing object is achieved by way of the present
invention which provides a process for disassembling a brazed

structure (for example open face honeycomb structures which are
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acid stripping and the |ike. SUMVARY. OF THE | NVENTI ON The foregoi ng obj ect
is achieved by way of the present invention which provides a process for
di sassenbling a brazed structure (for exanple open face honeyconb
structures which are static parts and act as sealing surfaces in jet
engi nes) conprising a hollow conmponent having at | east one holl ow el enent
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t ranspor defaher bal cperd fardea tled lnet Ahewrecddberf mhteprasent nnaeadrdance
with the present invention, the wire transport terial conprises a packing
of metal SFEE G AT DS Rapas CARATE ot WhiceH f Br HEERpT 114y Tpassages at
t he i nt engitietriall, | 6@ ianrs dhet ween theedav €l WHitht Befeod] ecirs: @iter
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advant ages of_t?e Eresent inventiog mﬁll a
DESCRI PTIGGCOETHER ERIMEIIES TR G 60% FELh Tt (ORIt S5E8t FBhal 8 de vi ew of an
open- f ace rhoBeyeonba b mizad Sindudkdtenyhticd HEIYL dwe cdhnpassentded in

accordance\¥¢klthe rocess of ghe resent invention. Figure 2 is a partial
top vi ewSoF ftfdeBpehSTRFTE Wofe VOGRS -8t FRR (MR 0 FPEartNd . A Fiyurfdossi s a

view si mthabud Eheuiere Shewpaget Retepestf acr ereyeasbnstd UGHWee | oaded
with the wire transport material and netal wire fiber material in
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open-faced honeyconb structure or conponent 12 and a 2
various shapes and sizes which form capillary passages at the
interstitial locations between the wires.
Further objects and advantages of the present invention

will appear hereinbelow.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a partial sectional side view of an open-face
honeycomb brazed structure which may be disassembled in
accordance with the process of the present invention.

Figure 2 is a partial top view of the open-face honeycomb
structure of Figure 1.

Figure 3 is a view similar to Figure 1 showing the open-
face honeycomb structure loaded with the wire transport material
and metal wire fiber material in accordance with the process of

the present invention.

DETAILED DESCRIPTION
With reference to Figures 1 and 2, a brazed structure 10

includes an open-faced honeycomb structure or component 12 and a



cl osure conponent 19 which are bonded together by a netallic brazing alloy
16 to define a plurality of cells 18. Wth reference to Figure 3, the cells
18 are packed with a wire transport material 20. The wire transport

material fills the cells and may slightly overflow the cells. As used in
the instant specification, wire transport material neans a packing of metal
wires of vaydueus gtng&sewdmm% WhECHoAQEIN (CRRItHAT byPasSReges @t the
interstitial Iocatl ons between the wires. The wre transport mat eri al

conpri seLTRZHBCaR LAY ek d1° KRfilng a RePFRhEtY erfp@edtlsr d8great er than t hat
of the netallig¢RrazidgeAld @6 F8qusedst ochondd ihe jRonexcgaby &4 rvfﬁctture 12 to
the closure component i4. The wire transport material 20 nust al'so
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| nventi Orpnd & Wisr gl IFUNSRONI HTRLEGYEL (IBY 6 fQNMTRA Ohsa, BB 8l 6l ect ed
fromthe group consisting of "alum num cobalt, copper, iron, nickel, their
al | oys, cdrfemtseeerifkiadiifness igeesiransplont Wafregs-athaeens . a Raadkicw arl y
sui tabl e Y t | ess n e t ed above,
the wire C{?g%st%ér ngg%er;fsa‘lpétﬁso% orsr%rggg %né‘ ﬁcpagw ?@é%gf ?égxplé? 3 q‘haar Pes and
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of up to nd_an | erstl ween .0..000Q tQ,0.015". In the
preferredp a% ﬁ? %%m?; Qg%aner?eetralofnabéatrﬁéénh% Y019 to 0.030"

a Iengthnm‘ltumgt Oeﬁp5ﬂiﬂ‘urai’l@br&latlem‘t ehshi cieatofothethweert@100t "bitae ihdd07" . The
|nterst|c acin |s suc hat it acts as a_.capil ass gevva f or
the |iqui lbrajl ng>&f 15y bospc{/]\ﬁ% 55‘8“8?’%8‘&]%59 i l}% g% E)L%c ' 6h top
of the cejdmgmrnelmneycorrthestwnm transpors raaﬂmt;ail \mor mufstbetsdmterl aI 22

whi ch con t V\nretra Ror mat er i e netal, wire fib

nat eri al “f%ct r“«?f g?’abh s §a5188n%l33r%¥ al d‘rﬁ‘&goﬁiégtevﬁﬁbﬁh rﬁi’t eri al
of bet mmémaolandn#ﬁon Thﬂtestweerle mahspat'ermaadeﬂiaa fadi Beef &fmeaf dret ween
0. 0006" to 0.0Q8" '{ﬁeﬁtr nsport materj 20 creat es a differential
pressure aoé‘t%ensﬁt'@c'b t I eh T EBP C??Ttlesgt’étgalolf E1BRA2 MRy H9%0y-r16) and
the metalcopge,fiibeh, 3nicwat erdnali r231069s pi daddee ditieker eptiahigyessure is
between 2.5 psia to 12.6 psia. The purpose of the differential pressure

will be &3 red Wt“hulf%‘t dreteetto FRECHFOTRSY gyidapleoPeteher ei nbel ow.

The processciQfdet BeaPrESENts ddBMRNEINAN cEOPHH | Steselie BERSLOl ahSFAL it in a
cell a wre transport materi al, coverlng the cell wwth a netal wire fiber
r

mat eri al Wi T@SAPAEE SMAYRE Vil & St FAREEDr oL Rl AlireReafi KIS cell to

suf fi ci endndyanat i gephergid rdeft@ 1mat abl i ga b aiane takkoy £ f bowsedhr ough
interstice of the wire transport material and onto the netal wre fiber
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brazing alloy can be renoved (either before or after separation of the
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per formed. d my aponghl, 2 AYH QOGN 1¥e VRCHEMEL NRGR 18t #RSPhpe i N |ider to
reduce oxi dati on and pronoting wetting of the wire transport material by
the |iquikhtiazstiieg arl epaciGhamsalsugh that débragtishg st enpePalbi?®Yi s not
Substant'Z@A de getoth@ﬁetﬂeqtﬁra @ 23linhr azi g dennanabyr 8; 88dsdsqg normal Iy
bet ween ve the original brazing tenperature. Tenperatures

signi fi caltﬂltq#fmeéﬁgr ch@c%ﬂqderort KepPmetfakhar e thlo s hoBeyGPRP pEBperti%es of
the conp ngd; adver alhegl phe MRAPAYGalRreperLigs. It has
been fougi@}ﬁt]lhat 5‘{?2 ?otg[agcyc e ﬁarrerl s generally bent vvecen 10-30 m nutes at
the debrazizmpretpertenial Jhe divef aeted warerfidler feterhalwefe transport
mat eri al LRon | e l; 18 0 Fhe, wige
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0. 001" t codxwkes!' #0p0ef endb¥ 4. Omsue@lOWQOY 'matisd ihaserstisestaetofas
caplllary assa an J1ed,in o] I o4t he
netallic r%%?enrg%2®¥§6 %err% E!al Ti %ht?r z‘g?% Qgﬁ%%}#{l (%‘\Pﬁaé:teug\g\ér% as a result
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dlfferentl etweent at .t br aII d the wire
fiber mat g\"l%l 8%633 tﬁ’éaélerll?sa édr 3\?vdt Eﬁe eattzjl d raz%ﬁggl | oy onto the
netal wire fiber material (by pI’OVI d| ng a w cking affect) where the brazing
material is solidified. The brazing matgrial is then renoved fromthe

hol | ow conponent by sinply renoving the netal wire fiber material. Upon
removal of sufficient anmbunts of the brazing material, the conponent parts
may be di sassenbl ed. EXAMPLE A fifth stage | ow pressure, outer air seal
honeyconb segnent of a PW4000 jet engine was sel ected as a candi date
conponent to utilize the thermal brazing process of the present invention.
A set of 20 engl ne run parts were cI eaned per UAL GN/MVI4 0 06 process 2N
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The cut wire fill area was sprayed with a standard braze powder bi nder and
allowed to dry for 45 mnutes. The air seals were inverted and checked to
insure cut wire did not fall out. Three conmercially avail abl e pads of
#0000 steel wool were placed (lengthwi se) on top of cells containing the
cut wire. All cells were covered wth steel wool and overhang was tri mred.

The air B£edr SEIMENLSe WihhtBé 68l f sDQIntakliaphedsu Meres Heagedni . @ vacuum
furnace with honeyconb face down. Strips of fiber frax cloth were cut to

di mensi oPS¥A (R rich 8 eAgeh aRdle PUTEPS ©OFf KER i HETHd Y RERASWIRr the air
seal . Fibef) fgdx g QlilehSwiieRdrd fo kGRR ldcdWhd PraZssdeialsetr epifl owing in

unwant ed regi ons. "Another air seal, containing cut wire and steel wool, was
pl aced ofe¥ointedidwowed by anot her sheet of fiber frax cloth. Four stacks of

five air seals d 6PRLALEH rPYHE! Ol dYe WETiG RhREEA &Mﬁ%efsrrtﬂacgt%é’?i ghts
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chi sel . The worponemisppatt savereal hand separ ahednede wimeettiben wi I | be
further described wth reference to the follow ng exanple. is to be
understo%‘?ié?ﬂla?bl tWeerien\Féﬁt ibﬂuf %ro Zlﬂgn‘iagégyt %)St%%i(licpj;pt{}'s,'t rk%‘?ons descri bed
and showschesesnt s WieC hhateadeenesegar iedrandl yhé | hetstlr atiiree fabet he best
nodes of carrying .out the inventjon, and whi are syscepti bl e of

todi 11 cobr ot AT P cbioso IUFThHGE e o pliel Gt Keraneaedt Coper ati on.
The invenéioer dd®Ire ri BF€8HeskpOr fNcOITRES §haldompeten@iakteat i ons which
are withinits spirit and _scope as defi ned b¥8the claims. 6 VWHAT | S

CLAI MED 1S: 17N BRAGESSs Of oF i RESIWHDI WG4 1 BF ax 2 PR 715F@PdYe conprising a
hol | ow cpapadamdd haviahg iak ot fagyd esgehdd ewcalenentnadw AmckpadEe coNMponent

bonded t et 8t O Y, ST AiibSe Do24AS i i |
promoting wetting of the wire

transport material by the liquid brazing alloy. Generally, the
debrazing temperature is not substantially higher than the
original brazing temperature and is normally between 25-50°F
above the original brazing temperature. Temperatures
significantly higher can alter the metallurgical structural
oroperties of the component parts and adversely affect the
mechanical properties. It has been found that the total cycle
time is generally between 10-30 minutes at the debrazing
temperature.

The preferred materials for the wire transport material are
carbon and stainless steel wire. As noted above, the wire
transport material is packed into the cell to form interstices
of between 0.001" to 0.015", preferably 0.001" to 0.007". These
interstices act as capillary passageways and are filled in
seconds upon melting of the metallic brazing alloy. The
metallic brazing alloy flows upward as a result of capillary

action. The metal transport material which creates a



alloy for closing off an end of the at | est one hollow element so as to
define therewith an open faced cell, conprising the steps of: (a) l|ocating
in the cell a wire transport material; (b) covering the open faced cell
with a netal wire fiber material which penetrates the cell and contacts the
wire transport material; (c) heating the hollow conponent to sufficient

t enper at ug ef PSR i 1t B%H@&@élb@tm@zltm 2lhayat! ens MHM@%&@ WL 8
transport material and onto the netal wire fiber materi al )(/j
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structure having a plurality of hollow elenents. 3. A process accor |ng to

claim 2, WhefEih atfecs) osieee compdiaing sessrdet bn sndddfiadpl uPadity of
the hol | %ﬂ%%&e‘%ﬁaﬁhﬁs hﬂ’f'&ﬁf%v%tdr lfgbh\r @he4holbl<ﬂ~r %ﬁ\?ﬁn@ﬁg%d' ng to

claim1l1, wherein the netallic brazing alloy solidifies on the netal wre
fiber nmat@&kngdy @moﬂlpgoéb%sm%t%%br‘fduwg ftidee| aphediaherdsion menatalice fi ber

material wiihyd mtsglmbqhtgegf "Bl Al L T AFLRE 8L OYeh S JaRYed: from L he

hol | ow conponent
may be dlsassembled

EXAMPLE

A fifth stage low pressure, outer air seal honeycomb
segment of a PW 4000 jet engine was selected as a candidate
component to utilize the thermal brazing process of the present
invention. A set of 20 engine run parts were cleaned per UAL
GN/MM 4-0-06 process 2N. The air seal segment parent material
was AMS5536, the honeycomb was made of Hastelloy X and the braze
metal was AMS4777.

The honeycomb cells of the segment were filled with 510
grams of cut wire. The cut wire was made of carbon steel of
0.0l4-inch nominal diameter that conformed to AMS2431/3.
Honeycomb cells were filled to the top with some allowed
overflow. Specific preparation attention was focused on the
edges of the segment to insure peripheral cells were filled.
Loose cut wire was removed from all non-honeycomb regions to
prevent unwanted flow locations.

The cut wire fill area was sprayed with a standard braze
powder binder and allowed to dry for 45 minutes. The air seals
were inverted and checked to insure cut wire did not fall out.
Three commercially available pads of #0000 steel wool were
placed {lengthwise) on top of cells containing the cut wire.
All cells were covered with steel wool and overhang was trimmed.

The air seal segments, with steel wool attached, were
placed in a vacuum furnace with honeycomb face down. Strips of

fiber frax cloth were cut to dimension (10 inch length and 3-1/2



7 6. A process according to claim11, wherein the wire transport materi al
conprises a netal material having a nelting tenperature greater than t
of the metallic brazing alloy and is wettable by the nmetallic brazing
alloy. 7. A process according to claim6, wherein wire transport nmateri al

is a net
copper,
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0 050"+ SRbeh PR el o FRTBRE S e e (Pltine B on S bt HE (eng oF Rt weo

0. 001" t@thk:@@?t':'o e'lrﬂsuré BE;O@ES{Sra@@@féild?g steecl @aben 1, wherein the netal
wire fiber materi conpri sis a commer ci al grade steel wool material.

process accor i ‘{rdlaEIeaF%F
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mat eri al
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has_a di aneter of between 0.0006" to 0.008". 14. A process
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di fferenhiatedressus -petveenrt he Bo-rliaziang ALLQYr&®J heniptal wire
fiber material of between 2.5 psia to 12.6 psia.

The lcad was cooled to 1800°F * 25'F at 15°F/min and then quench
cooled to 300°F.

Honeycomb, cut wire and steel wool with the brazing alloy
was easily removed from the air seal segment with pneumatic and
hand chisel. The component parts were than separatedl

The invention will be further described with reference to
the following example.

It is to be understood that the invention is not limited to
the illustrations described and shown herein, which are deemed
to be merely illustrative of the best modes of carrying out the
invention, and which are susceptible of modification of form,
size, arrangement of parts and details of operation. The
invention rather is intended to encompass all such modifications

which are within its spirit and scope as defined by the claims.
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{(b) covering the open faced cell with a metal wire fiber
material which penetrates the cell and contacts the wire
transport material;

(c} heating the hollow component to sufficient temperature
wherein the metallic brazing alloy flows through the wire
transport material and onto the metal wire fiber material; and

(d) separating the hollow component from the closure

component.

2. A process according to claim 1, wherein the hollow
component comprises a honeycomb structure having a plurality of

hollow elements.

3. A process according to claim 2, wherein the closure
component closes off an end of a plurality of the hollow

elements of the honeycomb structure.

4. A process according to claim 1, wherein the metallic

brazing alloy solidifies on the metal wire fiber material.

5. A process according to claim 4, wherein metal wire
fiber material with the solidified metallic brazing alloy is

removed from the hollow component.
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7. A process according to claim 6, wherein wire transport
material is a metal material selected from the group consisting
of aluminum, cobalt, copper, iron, nickel, their alloys, carbon

steel, stainless steel and mixtures thereof.

8. A process according to claim 6, wherein the wire
transport materiel is selected from the group consisting of
carbon steel, stainless steel and mixtures thereof.

9. A process according to claim 1, wherein the wire
transport material comprises a metal having a diameter of
between 0.005" to 0.050", a length of up to 0.500" and an
interstice of between 0.0001" to 0.015".

10. A process according to claim 1, wherein the wire
transport material comprises a metal having a diameter of
between 0.010" to 0.030", a length of up to 0.500" and an
interstice of between 0.001" to 0.007".

11. A process according to claim 1, wherein the metal wire

fiber material comprises a commercial grade steel wool material.

12. A process according to claim 11, wherein the

commercial grade is between #0000 and #4.

13. A process according to claim 11, wherein the steel

wool material has a diameter of between 0.0006" to 0.008".

14. A process according to claim 1, wherein the metal

transport material creates a differential pressure between the



10 101 : s109&' ()-410%& ()-j 4;5666U77WU3~\:! 6! 109&' ()-f!1

109& ()-,! -109%& ()-S!'s(3"10%&' ()-g! 1109k ()-! L109&R ()-777778!8~\:!"6!10
& ()-f!'1 109%& ()-,!s10% & ()-&&!10% & ()- 10 10 10:s10%& ()- Normal"

"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default

Par agr aphraz@Ay Tay Gb) /b t52@RPEE]" wi B&' {)ir tmak&tial of between 2.5
01j47'8*+, - ./ 012%4&678,96Ti nmes New RomanAri al Couri er New'h Root

Ent r yWoP§B8c GRent 6% PS 12 #$9& () *+, - ./ 0123456789: ;



