NON- | NVASI VE THERVAL MANAGEMENT PROCESSES FOR  RESTORATI NG METALLI C DETAILS
BONDED TO SUBSTRATES FI ELD OF THE | NVENTI ON [ 0001] The invention relates to
restoration of netallic details bonded to a substrate, nore particularly,
to non-invasive thermal nmanagenent processes that allow netallic details
adhesi vel y bonded to substrates to be dlnen5|onall%gﬁestored while stil

bonded to the sub®t¥atBYABACKGRIERIY OF HECFIRAENTF F§§6§]Fgﬁhesive bondi ng

has been | ong eﬁ@b@@ﬁﬂT@ﬁGaMﬂﬁﬁﬂﬁléfDEEQEﬂSnQOﬁ§E9|TOCS@§§@Rh§ESO substrates
such as netallic, ceramc, wood or conposite surfaces. Wen the netallic

detail wears durlng use, dlnen5|onal restoration is typically achieved by

br eaki ng t he adhesi ve bond t%qﬁﬁﬁ?Qﬂs }&p%ﬁyﬁﬁ?foﬁr(nnthe substrat e,
an

restoring or replacing the net e d ai | re- bonding the detail to

the subsoool®. Thz iildwsiviaireddintdCSo A swndtiBrofod heetrilrc ardtaitii s
. process is prone to incurring danmage to the substrate 10 during netallic
detai | B9nFedobal 2 Sﬁﬁﬁﬁﬁétﬁaymeé@upa§9éﬁué§réyChﬁﬁgaoarlggaﬁéV?y 20 of the

fillet tﬁérméﬂdﬁgﬁa?eﬂéﬁpoﬁg?eés§§Qaﬁﬁhtogli§waﬁ £Q@1?8“ﬁ€€ﬁ&éé8 of the

fillet 14 and nmetalfic detail 12. Furthernore e nmet al etail 12 often
requi reschesivagytbobdedofrestbytreteastal beddimenshenpildpereboocatiion and

orientat on,t ubstr.a . 000 Therefore, there exists a need for a
process %ﬁg? EF%£§BEOH§?3|#Pc%gstgP$§§£8E83|ve|y bonded to underlying
"substrates to be dinensionally repaired, wthout degrading the function of
the adhesive bond, and w thout damaging the substrate with the heat

BACKGROUND OF THE INVENTION

[0002] Adhesive bondiﬁg has been long employed as a means of

- Joining metallic details to substrates such as metallic,
ceramic, wood or compogite surfaces. When the metallic detail
wears during use, dimensional restoration is typically achieved
by breaking the adhesive bond to separaté the detail from ‘the
substrate, restoring or replacing the metalllic detail, and re-
bonding the detail to the substrate. As illustrated in FIGS. 1A
and 1B of the prior art, this process is preone to incurring
damage to the substrate 10 during metallic detail 12 removal.
Damage may occur such as a change of geometry 20 of the fillet
14, and/or a disbond or separatioh 16 at the bondment 18 of the
fillet 14 and metallic detail 12. Furthermore, the metallic
detail 12 often reguires tooling to be correctly re-installed in

the proper location and orientation on the substrate 10.

[0003] Therefore, there exists a need for a process that allowé
‘metallic details adhesively bonded to underlying substrates to

be dimensionally repaired, without degrading the function of the
adhesive bond, and without damaging the substrate with the heat

" generated during the metallic detail restoration process.



generated during the netallic detail restoration process. 1 SUMVARY OF THE

| N\VENTI ON [ 0004] In one aspect of the present invention, a thernmal

managenent process for enabling the restoration of a netallic detail in the
presence of at |east one bonding material broadly conprises preparing at

| east one damaged area on a_netallic detail; disposing at |east one thernal
managenent conponent upon SXMBBRYI R§ MEEerNYENORON surface area proximate to

the bopehsg) MR Bhicak s Ahicgh chae Jretabki ¢ ndetaiibni S o @haedy 1masking at
| east the surface area and the bonding material with a masking agent; and
di nenshamad4nerestoréegs t her netablieg datai fedisposeesh oh 4 heetrlicte at a

processi ng. t enper.ature | ower than a _tenperature,which wul d, degra t he
Dond ngt HeEbr AT 2t Ho o LT (o eh oo T e BoadEit et Eet Hereton heon.
[ 0005] c&xhet sd € ap te®sri0d) £€t Sea @ntopevahages Hfed hen i aveatidDnicwi || be
apparent. fromthe description and draw ngs,_and fromthe clains. BRI EF
DESCRI $57 N: OF FTHER DRAI NGSL§ 89063 F| e dpt | Mand et asent ERPoORe®E WPtarticl e

of thea%éﬁcﬁin&”r%a@@f?éf.b'fg§r€\9%ﬂgcéjeélaéé B eopMal s e [090A e Fﬁ&d%is a

representation of an artic 0 e prior art show ng danmaege in red to
t he substentzl duriwyidet@ié meenblat ;d¢O000B] 1 Bikeds maslepr@sent ati on of

an article assenbly_for use in inplenentjng the exenpl ar rocesses of the
preseniea?mvg%ﬁi% ,face area and gﬁeebonélng materla WLtM g masking
- agent; and dimensiohally restoring the metallic detail disposed
on the article at a processing temperature lower than a
temperature which would degrade the bonding material, the

substrate, or the bondment interface therebetween.

[0005]1 Other features, objects, and advantages of the invention
will be apparent from the description and drawings, and from the

claims.

BRIEF DESCRIPTICN OF THE DRAWINGS
[0006] FIG. 1A is a representation of an article of the pricr

art before undergoing detail removal;

[0007] FIG. 1B 1s a representation of an article of the prior
art showing damage incurred to the substrate during detail

removal;

[0008] FIG. 2 is a representation of an article assembly for use
in implementing the exemplary processes of the present

invention;



2 [0009] FIG 3 is a representation of an article to be repaired using the
exenpl ary processes of the present invention; [0010] FIG 4 is a flowhart
representing an exenplary process of the present invention; [0011] FIG 5
is a representation of the article of FIG 3 being repaired according to
the exenpl ary process of the present invention; and [0012] FIG 6 is a
repr e3OR0R] ohlGf Anial2 eFparesenbdydi vemt cin ahkliake | kd dof repaE rad

il lustratin n Lt rf vai l.ahl t icle with an
interﬁgﬁggbgpguﬁggg‘%ﬁgggkg% eg%%%oﬁ%r?bgtBﬁ%ﬁggt[gﬁf%%%&ﬁ e reference
nunbers and designations in the various draw ngs indicate |ike elenents.

DETAI LED DESCRI PTI ON [0014] Referring to FIGS. 2 and 3, an article 30
conpri st t i i t via a
bondi %3%%&’?er’?a ’ 3%%%0%%%‘9%?%%i %ﬁéﬁs%% u%?e%g%ﬁﬁggg%r&é%% tach
cert aiof mekalplrecedeét dinlvend6 g under | yi ng substrates 32 conposed of
conposite materials and/or low nelting point netal alloys such as al um num
magnesi um and the like. Typically, these netallic details 36 have a

maxi mum servi ce use tenperature of no nore than about 300F. This maxi mum
use tl@dpddatif@. nakes & hecpisesehtasommno aditesi yesiclacht asIG ur 2tihaires,
epoxies and silicones, a feasible alternative to a?e%%gn o As a result, many

met al (FPOdEE PSCRECArE bonddd Fxegplary process esent

invention; and

[0012] FIG. 6 1s a representation of an alternate embodiment of
the article of FIG. 3 illustrating an additiocnal surface
available on the article with an internal aperture such as a

bolt or rivet hecle.

[0013] Like reference numbers and designaticons in the wvarious

drawings indicate 1ike elements.

DETATILED DESCRIPTION
[0014] Referring to FIGS. 2 and 3, an article 30 comprises a
substrate 32 and a'metallic detail 36 attached thereto via a
bonding material 34. Bonding material 34 is required in order
to attach certain metallic details 36 to undérlying substrates
32 composed of composite materials and/or low melting point
metal alloys such as aluminum, magnesium, and the like.
Typically, these metallic details 36 have a maximum service use
temperature of no more than about 300°F. This maximum use
temgerature makes the use of common adhesives, such as

urethanesg, epoxies and silicones, a feasible alternative to

welding. As a result, many metallic details 36 are bonded to
3



t he substrate 32 rather than being joined thereto by welding. For exanple,
substrate 32 nmay be bonded to an exterior portion of the fillet 38 with a
bondi ng material 34 at a bondnent 40, the bonding interface, and a netallic
detail 36 may also be bonded to an interior portion of the fillet 38 with

. the bondin mat erial. 34 at the bondnent 4Q. Wien netallic detail 36
sust ai'ms §%bF§§§Feoﬁ@ &&ﬁ&&édtQF@abﬁinaTJQlPESaFPe§P§8 R¥, verdinganmaged

f eat ure rarghepb1det aiyh sef-atet akl m%yd%feawon%@dn@s he ekeRraiiled F@@%gh
di nensional |y rest or ed using an exenplary thermal nmanagenent process as

descrPﬁé@hﬁeﬁéﬂﬁetwﬁﬁcWlé@oﬁd§Opﬁéngn@é@eﬁéaéh9§l@élByb§@§@ﬁ@ﬁe4@he metallic
det al 36, Lramhg - aubstrat e 32, [015) Beleccing ol Lo FLG o

fl owchart “repre neral” exenplary th er ma ment process of
the phesert tbnﬁ@ntl.h’lmlérfl(@rr m&ttaroalt io@n tcmfe nf&tlalelu @8deft1alhl sheondedihg a
substrate is_illustrated. The exenplarg t her mal _managenent _processes nmay

conpr P& ex1gdt 36t akurthgc boprasatatilon s 56 24nd Ca C€éE 1df & mensi onal

rest oly grslt%@n%t GRS 1@QstA%n‘é”%1‘élﬁatg%d0%‘?ce%f 120641 Baryskid Iy dcn Uhe apk, the
damaged area 42 may be prepared” prior to restoring a detail and/or feature

of thelamegad ifeatdetaisndd®r Tppiaddl lof, mehe lpiepaednidn Momeymie i nvol ve

first renDV|n% %Z-Ie t a porti.qn of %%? %ana ed area 42 of the netallic
det ai IF*88 1(88e *RLEC 3 1 NSHER 87 Yo SEFGT e gg FEmoVAT FPddess may be

acconphieshed HSnRgeaRY:tspirlaklse RRCRIcRIIG bepl 8eesS nkNenA dho =@ie def taedi nary
skill inthe art. Next, a first naskln% l%ent known to one of ordinary
He “art

ski | | Tiegd fre ahy s iesy) e SEPPITEGE ttHSt HE i€l glesgidt 36t dgButor FIG 4.
Maski Nyt rate 32,

[0015] Referring now to FIG. 4, a flowchart representing a
general exemplary Lthermal management process of the present
invention for restoration of metallic details bonded to a
substrate is illustrated. The exemplary thermal management
processes may comprise a set of surface preparation steps 50 and
a set of dimensional restoration steps 60. As known to one of
crdinary skill in the art, the damaged area 42 may ke prepared
prior to restoring a detail and/or feature of the metallic
detail 36. Typically, the preparation work may involve first
removing at least a portion of the damaged area 42 of the
metallic detail 36 (See FIG. 3) at step 52 of FIG. 4. The
removal process may be accomplished using any suitable machining
process known to one of ordinary skill in the art. Next, a
first masking agent known to one of ordinary skill in the art
may be applied to the article 30 at step 54 of FIG. 4. Masking
may be applied to at least the exposed proximate surface area 39
of the bending material 34 and the substrate 32. The first
" masking process may be accomplished using any suitable masking

process known to one of ordinary skill in the art. Once the
4



may be applied to at | east the exposed proxi mate surface area 39 of the
bondi ng material 34 and the substrate 32. The first masking process may be
acconpl i shed using any suitable masking process known to one of ordinary
skill in the art. Once the 4 exposed bondi ng material 34 and surface area 39
proxi mate to the bondi n naterhf 34 are_nmasked, the damaged area 42 may be

cl eansdRRTHY RORASRH t% atht rig DrotdSCq gt t3° P o2t dichdhye ski | |
in the,didd dedom ofg HiG fhs iR, eXRl&aded gel'ﬂéa bl As{dpgprocess may

be used to clean the surface of the netallic detail 36 requiring

di rrens@lﬂm’led astigratdron. suisfaleksver dsanirie Fraass sdaskiviy agente mdy be renoved
at ste Si41) SU|tabI S val ocess. k own to one
oréO nlanrail %kl#lﬁl nt hehegtr [&HOth] eE’fsrenr%jréfnEg;Iedrtrngﬁto &SH A and 5, at

| east it thiersming Wﬂﬁa;ﬁ%@m ey lkeromHonalt facd spposed upon at

| east a portion of, substantjally all of, or the entirety of a surface

ar ea geewfelrﬂé: tFREBondl o SRR iR Barenid ProoxirRe©@lrkdte area 39 of the

ticlger t fr &l |
artic qgu§-ffﬁéﬁ)ﬁggﬁiEﬁzé%eq(ng%ﬂ£@ﬁ?zreﬂ8ﬁ%%9%ﬂ?@§eﬁ??ﬁ?l ts

such as Chl| 70 are gener to one of ordinar in the
art. FoOIG exihrqﬂmq any | sastaloe odg K [ rdilookl 70 arms hekphac e direect y upon

the surf 9 and/.or bonding material 34 as well. Optionally
addltldﬂgf “h qaﬁsﬁ%'tbe pl aced in other areas proximate to the

substrate 32 and substrate surfaces substantially free of, or free of,
bondi ng material 34, such as the substrate surface 74 opposite bonding

naterifﬁof%ﬁ ﬁ%fggg%gg now to FIGS. 4 and_5, at least one thermal
management component may be optionally disposed upon at least a
portion of, substantially all of, cr the entirety of a surface
area 86 where the bonding material 34 and proximate surface area
39 of the article are exposed at step 58 of FIG., 4. Thermal
management components sﬁch as chill bleccks 70 are generally
known to one of ordinary skill in the art. For example, at
least one chill block 70 may be placed directly upon the surface
area 39 and/or bonding material 34 as well. Optionally
additicnal chill blocks 70 may be placed in other areas
proximate to the substrate 32 and substrate surfaces
substanfially free of, or free of, bonding material 34, such as
the substrate surface 74 opposite bonding material 34, as shown
in FIG. 5. Optionally too, additional chill blocks 70 may be
placed'proximate to and/or upon an edge 80 of a perforation 82
on the exterior surface 86 ef the metallic detail 36 and

opposite a dimensionally restored area 84 as shown in FIG. 6.

[0017] Referring again to FIG. 4, once such thermal management
components are in place, the dimensional restoration steps may

be performed. A second masking agent or series of second

5



in FIG 5. Optionally too, additional chill blocks 70 may be pl aced

proxi mate to and/or upon an edge 80 of a perforation 82 on the exterior
surface 86 of the netallic detail 36 and opposite a dinensionally restored
area 84 as shown in FIG 6. [0017] Referring again to FIG 4, once such

t hermal napagenent conponents are in place, the dinensional_ restoration

st eps MA§KiPE PEPRBFnRA. KACYBCHAJCRBSRIChY - ageht BReseFT eBakfPeeeBhdl &l

maski ng,agent s-ase knewgr LA-0DR$Khh | fnhhehbE: ALLnPBYREs2PRI LEG 40 2
surface 76 of the thermal managenent conponents 70 and the area of surface

proxi nareat oft her faee nakronamagenent toconpbaenel menaFamnsnsecondonaski ng agent
providﬁa ef fective grgtec%%on to sgrfacg.%G ang bogding na%er'al 3€ to
prevent "or mtTgate T heriar degPadht PHR" bt het ASsemBfyP30 o S P8 O
conponenkBacer76f anfiheohandyngztBteai ab4340 gduei8gtt be nestgaaki on

processes. [0018] When disposing the second masking agent at step 62 of
FI G 4thganphsdrgaraont rafepPfathRaysperdispdledrupbh EREPSURREEe Chrel to be

masked n : Ki n n : Lpary skill in
Tho. ar g by o3 o na F Aadl SPronerararrar. BroBr e e indi ng
materials approved for use in the aerospace industry are capable of

wi t hstandi ng tenperatures of ~ about 200F (93C) to about 600F (316C). For
Shom TqgPPIANes e en arad ham k slalle sldemeralyr sy v Lo shou
can w Fihst add speiasuhgtienpeaatules oygrbeatbvapob6@Fupl3iothe Senéaatly,
aer ospace i pdust ry_approved, bpndi ng meterials that tall ythin the
of ordinary skill in the art may be disposed upon the insulation
material. Typical bonding materials approved for use in the
aerospace industry are capable of withstanding temperatures of
about 200°F (93°C) to about 600°F (316°C). For example,
approved epoxies are.thermally stable at temperatures up to
about 300°F (149°C), silicones up to about 500°F (260°C), while
approved pdlyimides can withstand operating temperatures over
about 600°F (316°C). Generally, aerospace industry approved
bonding materials that fall within the aforementioned maximum
use temperatﬁre ranges include the following: epoxies,
polyesters, cfanoacrylates, polyamides, polyimidés,-ahd
combinétions thereof. The iﬁsulation material may be any
insulation material capable of withstanding temperatures highexr
than the adhesive or substrate, if necessary. Geherally; the
insulation material is present in an amount sufficient to
sufficiently reduce heat flow into the adhesive bonding material

34 or substrate 32 such that the respective maximum use

temperature 1s not exceeded.



use tenperature ranges include the follow ng: epoxies, polyesters,
cyanoacryl ates, polyam des, polyimdes, and conbinations thereof. The .
insulation material nmay be any insulation material capabl e of wthstanding
tenperatures higher than the adhesive or substrate, if necessary.

CGenera the insulation material is present in an anount sufficient to

|1
suffiéPex?ﬂyIwaauééﬁﬂﬁu6%qWR&a@ﬁc?%9ﬁ? Sl ENsorfisiFEHaterisitiosy or

subst patey3dpaughut-hab st Bger s8RACHLEVRATBXE UM USe, nefRQRa Y gyl S not
exceeded. 6 FOOlQ] During the exenplary processes of the préesent invention,
the t enpecaeure3df mhg bondbngteuedrizaing4a andventéerhgilngeviabstrate 32,

may be nonito usi.n cgpventi onal _devyi e. a thernocouple 72, or
infragég'fh%r%§%% é??gggekﬁgﬁmofolnoﬁgrgé §§%Fﬁg?§t%§r|ﬁsinﬂ?ﬂa Ft. For

exanpbee thectbenmpoospliel waythe attachedruskagpat,| east toaembeadpléne (not
shown) to at | east the,bonding materi al .34, and/or substrate 32, in order
to nBAYtBE BhEa2FBRPeralUFeatnlBa§RoaRet heaflesiBrat N8R pREWBSSTC @htionally, -

as shewn.in FLOHLE 5 not REtLEIRer ayur e ndi-cat i viee gmy ttached to
t he su%?gce o% t he ?Pﬁlet 38 mEich' g??@rﬁsgﬁ?ﬁgr%?gs?ghtH§c8£§§§f%? t he
indicmbhmgodtheetdmpEmgtuthetdknegbbonatheeseBtathbmoprpwessssThe

dinenéignak Eestoratbon process may .be Ioged or termnated gnior to
conpl BPLORTAT Phe redtdrBa Cehparature GBpr baEREStHES tofp6ratlPe al whi ch
the baading maiepbahtthhBe8UbSt LAEEsuRRELEN oft BReDORAMBRAt 3BEghRERt O degr ade,
or at a predeterm ned tenperature |lower than all three of these
t enpepafords ifine of sight access for the indicating device during

the dimensional restoration process. The dimensional

restoration process may be slowed or terminated prior to

completicn if the measured temperature approaches the

temperature at which the bonding material, the substrate, and/or

the bondment begins to degrade, or at a predetermined

temperature lower than all three of these temperatures if

desired.

[0020] After masking is completed at step 62, the metallic
detail 36 may be dimensibnally restored or built up at step 64
of FIG. 4. Suitable metal additive processes for dimensidnally
restoring the metallic detail(s) 36 may include, but are not
limited to, thermal spray processes, plasma vapor deposition
processes, dual wire arc procésses, vapor deposition processes,
plating processes, weld cladding processes, and other metal
radditive prdcesses known to one skilled in the art. Typically,
such methods are not utilized for use with bonded assemblies
because these methods.generate thermal gradients at a
substrate’s surface that cén exceed the temperatures Where the
physical properties of the bonding material 34, the substrate

32, or the bondment 40 therebetween degrade, or‘where the
7 o



desired. [0020] After masking is conpleted at step 62, the netallic detai
36 may be dinensionally restored or built up at step 64 of FIG 4. Suitable
netal additive processes for dinensionally restoring the netallic detail(s)
36 may include, but are not linmted to, thermal spray processes, plasna
vapor deposition rocesses, dual wire arc processes, vapor deposition
proces@é%matﬁha?fnghﬁr6@@§§é§ntmﬁﬁﬁeéFaHdFﬁafﬁiﬁé@§§ésofaﬁheémﬁér net al

additi ugoRhoceRses.kooUNcho BBRASKY! Laflel fyLhenall. SL¥BhGRLLY. HoRpl, et hods

are not uti d asse i es cause ese net ods
generatbethéonamegtadnedtshatmal mabagem@atscempbaeatshabmbaneéxneeu the
t enperat ure ro ert%es of .t he bogdlng terial t he

el 0 Tk e LB P Mt LS Al

nlsnat@émpéréh@rQOQQOﬂﬁatbaﬁa@ﬁgaha@@giﬁlcs¢nt§u@§tkheénab aB¥PaAsi ons
exceed the bondi ng adhesive shear strength. However, the aforenmentioned

t her maPoRenagentht LebapbaeAts corbiAvdngi £he @b@@ﬂﬁF@néberaﬁtﬁéaba@aneters

e e e e e L N

32" and® ondnment oW n Mensi o restoraflon
st ep, nhES$egoaﬂynasktaglagmakknnymbeaiepbuedsatksbap 66 oheFb& 4 using

any suitable nas nmpva rocess known to one of .ordinary skill in the
art. APFEIRArYdsS Ef%g Ehgléraetaﬁgtgﬁwaﬁﬁﬁ bEh?emEEﬁgéﬁFeﬂeFﬁléhgﬁe and

size af2$t 8B §§?cbﬁt8§§§§596y8ha5§'QﬁdaQngeéBOQtEBO%@ t9ropeceEsordinary
skill in'the art which does not inpart sufficient thermal energy to degrade
“t he using any method known to one of ordinary skill in the art which

does not impart sufficient thermal energy to degrade the

assembly. Lastly, the thermal management components 70 and

temperature monitoring devices 72 may be removed at step 69 of

FIG. 4.

[0021] The exemplary non-invasive therméi management processes
for restoring bonded metallic details provides several
advantages over the prior art. The processes described herein do
not reqﬁire_separation of the metallic detail 36 from the
substrate 32 or bonding material 34. Any time a firmly bonded
part is removed from a subétrate, the substrate risks being |
structurally or dimensionally damaged. In addition to potential
substrate damage, the part must be realigned and re-bonded to
the‘substrate, introducing the potential to misalign the part.
Morecver, time, labor and associated.costs all increase when a
part must be removed from a substrate to be restored. The
exemplary processes described herein eliminate the potential to
both structurally damage the underlying structure and misalign

the re-bonded part, and do not incur additional expenses as a

result of such work.



assenbly. Lastly, the thermal managenent conponents 70 and tenperature

noni toring devices 72 may be renoved at step 69 of FIG 4. [0021] The
exenpl ary non-invasive thernal managenent processes for restoring bonded
nmetallic details provides several advantages over the prior art. The
process: scribed herein do .not require separation of the tallic detai
o OPRET Attt GBI H it ST oy T SPT FHY bonded
part iseceanavedripem.a suhsttakecskheisuhstinabe thgksshbebagthskructurally or
di mensi onal | y damaged. In addition to potential substrate damage, the part
nmust bdaréarpgrediangatéopsngad e meHe ¥ibserat éerprat-ioduéirhy %Hé pot enti al
to msalilgn,.t p r er. i | abgr . Ci costs al
increaggaaggnggd %g%Penggt%gé %gﬁ%bggo fonggcgg %??g?é ?%%%g restored. The
exenpl anjpopioeassesrdesdithied ther eicopel bifi hakte fohéopahgntilalintso  bot h
structurally damage the underlying structure and msalign the re-bonded
part, and do not incur additional expenses as a result of such work. 8

[ 00221 One or nore enbodi ments of the present invention have been

descri bed. Nevertheless, it will be understood that various nodifications
may be made wi thout departing fromthe spirit and scope of the invention.
Accordingly, other enbodinents are within the scope of the follow ng
clainms. 9 CLAIMS What is claimed is:



1. A thermal nmanagenent process for enabling the restoration of a surface
of a netallic detail in the presence of at | east one bonding material,
conprising: preparing at |east one damaged area on a netallic detail bonded
to a substrate; disposing at | east one thernmal nmanagenent conponent upon a
bonding material or a surface area proximate to said bonding nmaterial to

which said netallic detail is bondedirawagki ng at | east said surface area and
said bonding naterial with a masking agent; and dinensionally restoring a
surface of said nmetallic detail disposed on said article at a processing

tenperature | ower than a tenperature of degradation of said bonding

mat er | ’ratsiyf dclaypldrafe, and a bondnent interface therebetween. 2. The
process of claim1, wherein disposing conprises disposing at |east one

t hermal nmanagenent conponent upon said bonding material and said surface
area proximate to said bonding material to which said netallic detail is
joi nedl- 3. FhehpFHRbsBanfIeraim RICFEFENEPT cORPPH sPAgtRIBNFEBE PREt 2O

t enper gkug es%f@&el §ash gsatdrbondyhng, mt ehi ghe 0p -sUDSLLALE. 4. 1 dhe, process

of clalm 3, ereln nonitoring conprises using a tenperature i1ndicating

devi cepndQbéndThe pabeesslof cohpkmsdngwherein said tenperature indicating

device is a thernncoug%elor fn i nfrared thernoneter. procesg of claim
y-T2ag

6 e
1, .wherei n Hf fBAETBAa oP gt LRRBT 3682 s ng %eﬁﬁgchaﬁ%F?f e process
tO_bUianﬁ@dS@bda substrate; N

disposing at least one thermal management component upocn a
bonding material or a surface area proximate to said bonding
material to which said metallic detail is bonded;

masking at least said surface area and said bonding
material with a masking agent; and

dimensionally restoring a surface of said metallic detail
‘disposed on said article at a processing temperature lower than
a temperature of degradation of said bonding material, . said

substrate, and a bondment interface therebetween.

2. The process of claim 1, wherein disposing comprises
disposing at least one thermal management component upon said
bonding material and said surface area proximate toc said bonding

material to which said metallic detail is joined.

3. The process of claim 1, further comprising monitoring a

temperature of at least said bonding material or substrate.

4. The process of claim 3, wherein monitoring comprises using

a temperature indicating device.
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surface of said netallic detail and then contouring said built up surface
of said netallic detail. 7. The process of claim5, wherein said netal
additive process conprises any one of the foll owi ng processes: a plasm
spray process, a thermal spray process, a dual wire arc spray process, a
vapor deposition process, a plating process, and a weld cladding process.
8. The5procBszs mfoctas nod, ciwhiened n dheenshopal dl ytemstvainge todprisosy
dinensionally.resto%éqg at Igast one feature ofhsaid tallic detail. 9.
The prOTess® of S cf ar i Lo AR ef noPr @pat i hg™ cofpr 1S HETRE 5t eps of : renovi ng
at least a portion of a damaged area fromsaid netallic detail; masking at
| east said bonding material and said surface area with a first masking
agent ; ©cl eahithgesaf e porfi oh2iand: YeddoingdsaewsFPrat L vasRF R be@nt . 10.

The progess; ofcchaim 1, Abet el f.dReki 00, FOMPLLsEs gskhng abheast sai d

surface area and said bonding materia second ng agent. 11 11,
The proceSscofol| said LOeti Ul ibedetanprasd ngheenoynbgusand ssedomdi taski ng

agent after ginens%onally res%frin sa%g surface of said netallic detail.
12. TheP pPiotess of f cPat th B4t t hef e cdfrpri sing renoving said at | east one
t hermal managenent conponent after conpleting said

7. The process of claim 5, wherein said metal additive process
comprises any one of the following processes: a plasma spray
process, a thermal spray process, a dual wire arc spray process,
a vapor deposition process,‘a plating process, and a weld

cladding process.

8. The process of claim 1, wherein dimensionally restoring
comprises dimensicnally restoring at least cne feature of said

metallic detail.

9. The process of claim 1, wherein preparing comprises the
steps of:

removing at least a portion of a damaged area from said
metallic detail;

masking at least said bonding material and said surface
area with a first masking agent;

cleaning said portion; and

rémoVing said first masking agent.
10. The process of claim 1, wherein masking comprises masking

at least said surface area and said bonding material with a

second masking agent.
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di mensi onal restoration step. 13. The process of claim1l, wherein said
substrate conprises a conposite or a netal. 14. The process of claiml1,
wherei n di sposing further conprises disposing said at | east one thernmal
managenment conponent upon or proxinmate to a fillet to which said netallic
detail is bonded. 15. The process of claim1, wherejn disposjing further
conpri ses  diHATHFERIW 4t 38ast0 o THEG et RN He it SO eir= Lpon a

sur f ace; of o s@ith SUbS! rale, substantd aldys {466 of saldbanding s mterial . 16.
The process of claim1,” wherein masking furthéer conprises nasking said at
| east onie Faniet mdtavaliagedaiiniconponent with said masking agent. 17. The
process of claim1, wherein masking further conprises nasking a fillet to
which said netallic detail is bonded. 18. The process of claim1l, wherein
sai d bami ngriatefdBdss coMprisas Bnyroehaf ddig il 100 Nghoepaxiesid at

pol yesters, cyanoacrylates, polyam des, polyim des, and conbi natjons

t her eoflegst one thermal managemént component after completing said

dimensional restoration step.

13. The process of claim 1, wherein said substrate comprises a

composite or a metal,

14. The process of claim 1, wherein disposing further comprises
disposing said at least one thermal management component upon or

proximate to a fillet to which said metallic detail is bonded.

15. The process of claim 1, wherein disposing further comprises
disposing said at least one thermal management component upon a
surface of said substrate substantially free of said bonding

material.

16. The process of claim 1, wherein masking further comprises
masking said at least one thermal management component with said

masking agent.

17. The process of claim 1, wherein masking further comprises

masking a fillet to which said metallic detail is bonded.

18. The process of claim 1, wherein said bonding material
comprises any cne of the following: epoxies, polyesters,
-cyanoacrylates} polyamides, polyimides, and combinations

thereof.
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