M CROMAVE FI LTER AND M CROMVE BRAZI NG SYSTEM THEREOF BACKGROUND [ 0001] The
present invention relates to systens for repairing netal conponents, such as
gas turbine engine conponents. In particular, the present invention relates
to m crowave brazing systens for repairing netal conponents.

[ 0002] Super al | oys of nickel, cobalt, and iron, single crystal or equiaxed,
are typically enployed in gas turbine engi ne conponents due to the high
mechani cal strengths and creep resistances obtained with such all oys.
Because gas turbine engi ne conponents are exposed to extrene tenperatures
and pr essuMECROWAVESORATER ANB MEROVEAXKIBRAZANG SYSTEM THEREOF equi r ed
to preserve the integrity of the engine over the course of operation.
However, over tinme, exposed portions of the conponents are subject to wear,
cracki ng, and ot her degradations, pwWokadroar ead to decreases in operational
efficiencies. [0003]Due to economic factors, it is common practice in the
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[0003] Due to economic factors, it is common practice in the aerospace industry to
restore turbine engine components rather than replace them. Such restorations desirably restore
damaged regions of the engine components to their original dimensions. Engine cracks are
typically repaired with brazing operations, which subject the single crystal alloys of the engine
components to high temperatures (e.g., 1200°C/2200°F) for extended durations (e.g., 10 hours).
Exposure to the high temperatures for the extended durations, however, reduces the low-
temperature (e.g., 815°C-870°C/1500°F-1600°F) creep resistances of the single crystal alloys.
This is believed to be due to coarsening of the gamma prime (y’) phases of the single crystal
alloys, which is measurable by increases in the average particle sizes of the vy’ phases. The
reduction of the low-temperature creep resistances can cause the alloy structures of the engine
components to creep under the applied temperatures and pressures during operation, thereby also
reducing operational efficiencies.

[0004] One technique for restoring engine components that substantially preserves the
low-temperature creep resistances of single crystal alloys involves microwave brazing.
Microwave brazing uses microwave-wavelength radiation to melt and fuse a brazing alloy with

the base material of the damaged engine component. The microwave brazing process reduces



M crowave brazing uses m crowave-wavel ength radiation to nelt and fuse a
brazing alloy with the base material of the danaged engi ne conponent. The
m crowave brazing process reduces the duration and tenperature that the
base material is exposed to, thereby substantially preserving the
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bet ween the brazing chanber and the pressure gauge, where the baffle plate

i ncl udedscyratepressure areasurgmeats duting guerowaye brepippprasessed first face, and a
plurality of openings through the first face and the second face. The

m crowave filter further includes a plurality of hollow pipes extending from
the second face of the baffle plateS@MMARYopeni ngs, where the plurality of
hol | ow Bi es are configured to substantially prevent the transm ssion of
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erspective vjew of jcrowave filter of the njcrowave brazin
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plate includes a first face, a second face that opposes the first face, and a plurality of openings
through the first face and the second face. The microwave filter further includes a plurality of
hollow pipes extending from the second face of the baffle plate at the openings, where the
plurality of hollow pipes are configured to substantially prevent the transmission of microwaves
from the brazing chamber to the pressure gauge, and are further configured to allow gas to flow

between the brazing chamber and the vacuum line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a side schematic illustration of a microwave brazing system.

[0007] FIG. 2 is a rear perspective view of a microwave filter of the microwave brazing
system.

[0008] FIG. 3 is a front view of the microwave filter of the microwave brazing system.
[0009) FIG. 4 is an expanded side schematic illustration of a portion of an alternative

microwave brazing system.
[0010] FIG. 5 is a rear perspective view of a microwave filter of the alternative

microwave brazing system.



system [OO0O08]FIG 3 is a front view of the mcrowave filter of the

m crowave brazing system [0009]FIG 4 is an expanded side schematic
illustration of a portion of an alternative m crowave brazi ng system
[0010]FIG 5 is a rear perspective view of a mcrowave filter of the
alternative m crowave brazing system DETAILED DESCRI PTION 100111FIG 1 is

a schematic illustration of system 10, whi ch is a mcrowave brazing system
for repairing nmetal conponent Dgg engi ne bl ades and vanes)
with the use of m crowave-wave radiatio referred to herein as
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microwave generator (not shown). System 10 includes brazing chamber 12, waveguide 14,
vacuum line 16, and microwave filter 18, where microwave filter 18 is configured to
substantially prevent microwaves from entering vacuum line 16 during a microwave brazing
process.

[0012] Brazing chamber 12 is the portion of system 10 that retains one or more metal
components (not shown) during a microwave brazing process, and includes chamber wall 20 and
door 22. Chamber wall 20 is a metallic casing (e.g., steel casing) that provides an enclosed
environment for the microwaves during the microwave brazing process, and includes waveguide
port 24 and vacuum entrance 26. Waveguide port 24 is a first opening through chamber wall 20
that provides access to waveguide 14 for receiving the generated microwaves from the
microwave generator. Vacuum entrance 26 is a second opening in chamber wall 20 that provides
access to vacuum line 16, and, in the embodiment shown in FIG. 1, is the location where
microwave filter 18 is secured. Door 22 is a chamber door that may be hingedly connected to
chamber wall 20, where chamber wall 20 and door 22 define interior region 28. Interior region
28 is the volume within chamber wall 20 and door 22 where the metal component is placed
during the microwave brazing process. Brazing chamber 12 may also include additional
components (not shown), such as viewing windows and heat exchangers to further assist the
microwave brazing process.

[0013] Waveguide 14 is a waveguide that interconnects brazing chamber 12 (at
waveguide port 24) and the microwave generator. While illustrated with a rectangular geometry,
waveguide 14 may alternatively exhibit different geometries (e.g., rectangular and circular
geometries). Waveguide 14 allows the microwave generator to provide the microwaves to
brazing chamber 12 for repairing the metal components with the microwave brazing process.
Examples of suitable microwave generators for use with system 12 include systems configured
to generate microwaves having frequencies of about 2.45 gigahertz (e.g., magnetron microwave

generators).



[ 0012] Brazi ng chanber 12 is the portion of system 10 that retains one or
nore metal conponents (not shown) during a m crowave brazing process, and

i ncl udes chanber wall 20 and door 22. Chanber wall 20 is a nmetallic casing
(e.g., steel casing) that provides an encl osed environment for the
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f1 exi blcepfiged g suostantiallyeprgvem cicsevavss dRgitgsk in vpteTion segien J&clionh @reiignce
30, an d t ¥ i 1 i

preseur TSI R S TRRTHERA e BLlOWBHOuRUTR e mitrbifaf PRABL NS fom o)
secur edntetfeting ciiiht prdfsuranttasurements faf grressdret gaugeaSArandt e Miesouave falitdrhign

conduit. 30, I.n_alternative odj nents,, vacu lLine 16 may i.ncl yde a
di 11 r dRtluAsHBETE Bifiey %ﬁl@méﬁa@e%%uwr? ﬁa@@stg}%tf &1 81 RACHORY 85 TGOV R t
one pr g}ﬁgeggﬁ r?ggt.lg:&?t& %a'ﬁﬁﬁ? Wafl ﬁ%@h@%&g?ge‘é‘m%@s HEMLY il flateDof husi on

punp 3 ani c punps 38 and 4 punps configured to purge gases
from i nastilewsred egnner Righiofcohdwir Bog Ashbiscnssed b2lowi, hotowdupds Bl0are Pohfigisedto punp

36 and nechani cal punps 38 and 40 are desirahly .in_signal, co ni catiaon with
pr _essuraél"&’a%?é%sst %EE’HQH“W‘& rgg;gn?ﬁ (}?gf%zlrb‘?r g@ééb? &2ﬁ8 FBqu“o%%g:Af S8 Sfown) |
whi ch gl LQuR RfIRR EYERitdRHY AR s%&@agqhéﬂregs%r&mhfe%r fligf i, OniP Ui Shregiaet

mechani'cal punps 38 and 40 based on the neasured pressure Wthin conduit 30.
[ 0015] Maogeswad end i 34t ®r eff&tivelyampadutee thedpregrose sithir cueforvizgionn2 & mihilaneing 6,

and is .cqonfiqgured to.substantial]y.prevent m crowav loc .ated in,interior
regi on 13%ated grrﬂ“éﬂlee?‘fcﬁﬁwﬁvc?ﬁgﬁ?ﬁedr é’&ﬁ%‘n‘n OF FE1n -es‘gh‘f‘% MPHEWA'E %&%@gés used
in the JRGREQEVcRiBZniand 85 BSthe fdnBdindne sh&wh MOFIG L N MicRS Sl a8 UhSTENT S
of pressure gauges 32 and 34. Mcrowave filter 18 includes baffle plate 42
and hol alt@wariwﬁeg)emqur@mm diffszent cempprangs afsysigm Hesqlongiasrimisfowdve fdigald is
filter 18 secured t.o. chanber |, 2 n I i,pes 44 are supported by
bt {1 Brrose b Pyt BrebiR AR 28l AR MAMEDT  "30™ s o Boussed

bel ow, [ooidjow pi M@srirkla BragingQrbdegsirdedr 2D isdpenvd gabe meta) chmpondnt containirgy a or
region 28 of brazing chanher 12 to conduit 30. As_such, the {essE[e within
condui tbraong gllpydnefashovwag is prseppd Sdthin 1eriontegiqnog8., am?lezag fHfasleme
pressur : t L re.tihe,: el

it ori SPrSHREs, S Ria, MATHBRY oRPRE Be WIZIRE 00K Rt HPuaYs,

i nteri dsrazifgi proceS. addhidiscussedr omaGerifrielld,ef).38 Rasentli dppEexdioat Publicationehlor ance
26 in the enbodi nent shown in FIG 1, microwave filter 18 nay alternatively
be secured to different conponents of s%sten110 so long as mcrowave filter
18 i s disposed between interior region 28 and pressure gauges 32 and 34.
100161During a brazing process, door 22 is opened and a netal conponent
containing a



brazing alloy (not shown) is inserted within interior region 28. Exanpl es of
sui tabl e netal conponents, brazing alloys, and techniques for applying the
brazing alloys for a mcrowave brazing process are discussed in Garinella,
U S. Patent Application Publication No. 2006/0071053, which is hereby
incorporated in full by reference. Door 22 is then closed, and the gases
(e.g., air) are then punped frominterior region 28 of brazing chanber 12
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conponent, the brazing alloy, chanmber wall 20, and door 22. As such,

por t i omedused piessuref | ect ed m crowaves attenpt to enter conduit 30 via vacuum

entran . Ho er.. as discussed bel ow mcrowave filter 18 bstantially
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m crowave filter 18 refers to | ess than about 1% of the m crowaves

penet r diengicronrayeyheatthe molal eompanert andghe bigeing|allor jas distussed inobierimella, U.S.
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m cr owameslifikchionge GastdiniateridDoChie meGalagddipdgbnt. Upon entrance to brazing chamber
12, the microwaves bounce off metallic obstructions, such as the metal component, the brazing
alloy, chamber wall 20, and door 22. As such, portions of the reflected microwaves attempt to
enter conduit 30 via vacuum entrance 26. However, as discussed below, microwave filter 18
substantially prevents the microwaves from entering conduit 30. As used herein, the term
“substantially prevents” with respect to the flux of microwaves across microwave filter 18 refers
to less than about 1% of the microwaves penetrating through microwave filter 18. Such levels of
microwave penetration do not provide observable interferences of pressure measurements with
pressure gauges 32 and 34.
[0019] Substantially preventing the microwaves entering conduit 30 correspondingly

prevents the microwaves from interfering with pressure gauges 32 and 34. If substantial

concentrations of microwaves were otherwise allowed to contact pressure gauges, such as pirani
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prevents the microwaves frominterfering with pressure gauges 32 and 34. |If

substanti al concentrations of m crowaves were otherw se allowed to contact

pressure gauges, such as pirani gauges and col d cat hode gauges, the

m crowaves nmay di sr upt the pressure measurements, thereby providing
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via bolts (not shown) extending through bolt holes 50.
[0022] Hollow pipes 44 are a plurality of elongated, hollow pipes extending from inner
rear face 46. As discussed above, hollow pipes 46 allow the passage of gases from brazing
chamber 12 (shown in FIG. 1) to conduit 30, but substantially prevent the transmission of the
microwaves. As the microwaves from brazing chamber 12 enter hollow pipes 44, the
microwaves continuously reflect off the inner surfaces of hollow pipes 44. For a given
microwave, each reflection converts a portion of the energy of the microwave into heat. Thus,
the successive reflections within hollow pipes 44 continuously reduce the energy levels of the

microwaves until the microwaves do not have enough remaining energy to further reflect.
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Accordingly, each of hollow pipes 44 desirably has a | ength-to-dianeter
ratio that is suitable for substantially preventing the transm ssion of

m crowaves, and that allows a suitable gas flow for bal ancing the pressures
bet ween brazing chanber 12 and conduit 30. 100231As used herein with respect
to a pipe of m crowave fiJter (e.qg hol | ow pi pes 44 of m.crowave filter
18), t CP@P}ﬁ?y’cﬁaa}Fr@%\g‘Plfo"Y Bt 44 desirahly by erlspghiiordiamegrraatie that srsujtplle forme
wher e tiGantial f‘ev'\egﬁfg- g11AEhRSioh Hf e WL | ' The
act ual dls\srrensyg%s o} oﬁhl ow pl pelg 44 may &aryag%pﬂéﬁatlﬁgg%ﬁu%ql% ?%Iﬂgd‘?g%rt ors,
such adalaheing itheepredsurss bdivicen eazanpthatmbenl2dyelrconfluindd. ow pi pes 44. In the

enbodi shown jin F 2, hpllow pipes 44 have circul ar, crqQss sections. In
o1 ter ndBU38 embo st Berelib PR PR Tae BaPs A RAVEVEY OB Lade g haNam s 22
di f f er etmi@RAMRE Hler dBITRAS kRS “difmbter” RYRS R %\gﬁggpaﬂé@aihe@%?ﬂﬁﬁ?&pl es

of suitable |engt h-_to-di.arret er ratios for each ol I ow pi pes 44 include
rati os wifereathe lagerage minonudiadetenis taken alongothe déngth eff the pipgi tThislagtual dimensions of

| engt h-t g-di aneter ratios, including ratiags of at.|egst.abgut 10-to-1, .and
w b o PRoHIT e PR e et ot e, i oSt b B oadof Al roditiy
ratios mimbet of BARAw pipedd.2fr the-embolitaehitsESwPin BIG. akbBow a3 HaQ& cRafar of
hol | ow pi pes 44 frominner rear face 46 range from about centinmeters to
about B00ss egetiqnst els altegnativepembedinients] folbaw thapsised4 arayt haver emgd AeytibRH Widbout
10 centj. rs b 20 centi met.er i m crowave filter 18 is shown
in Fl Gdltg&\%m&tg'?oﬁlgtrﬁoﬁﬁéwl%?sp@%"z?g,g ! a%dg?%}m lﬁeaeq'i lter 18 may alternatively
i ncl udqoga4gat er Exdmphser stiibielefgthitod@indy rRfigdedr d4thdeheNow pipead4 timdude
di nensi otns (%f hol | %W pi pes 4% and t he cr_oss:.-lsecttilltonal area .of  condui tt,30.
Exanpl éatigsrofgt gt leutrérﬁﬁab*‘s%;?%vlﬁg%/swr%z engl Iraﬁg@lefterormlss Wb‘é_&?gtfétf‘% 0
pi pes, r ujarl 14 pal st om
pi pes to\gI %Be%?ﬁég@ a(%gﬁ \}//\2 ?‘ﬁi evengvr%{r e %;??ﬁclﬁlfq!g* Isg}%%lﬂ% ?g@ﬂg%ng%glgtegqgf&
hol | ow ip¢lpding 4atios afigi legstfabonn Abtopl. pEsarhpleR6f puitpble. leddiifot ehdh ofhdllewapipesont
view of m crowas e filter 18, where baffle plate 42 f rthgr i n¢cl udes front
face 5214aﬁempirw§r e niaRY SOSHNEETEmR abggeS 5@2;1@6&%%@ pior! fntzpetﬁw@ e
| er . . : . . .
1), andrichfifly RGRE R |BEink R A6 1) (HEIRE L RIRED RISk
i N FI Gmizjowae filted pnisngowidina FEG.hdIvath W8 thoilowf piped 44 amdcrbRatehfitter 18 may

Thi's. alasmatyste RelbiedaierandyiFY B UG U RRBPTS 14 Gipeading g0 A Areesiohe
pressu r&gloggémﬁéatgm 1 cfoRaREbnA ardst HABELES. BRaklReWP sifible! fambleks oS

di scusse is allows pressure gauges 32 and 34 to effectively
measur édilbw mpes4d rangefframtSepipey tar 8¢ ipipes,28ithvipattisulady rmyitalde Inamdersf ofamllome
m crowaves | ocated wthin interior region. 28. 0026].FI.G, 4 . s,an expanded
o1 de s g Tangin G0 1) PigkS it Sbipgh Mo Mgy Siogh Py sulsbiRuriBRE b
hollow pipes 44 ranging from 15 pipes to 25 pipes.
[0025] FIG. 3 is a front view of microwave filter 18, where baffle plate 42 further

includes front face 52 and pipe openings 54. Front face 52 is the portion of microwave filter 18
that faces interior region 28 of brazing chamber 12 (shown in FIG. 1), and is the opposing face of
inner and outer rear faces 46 and 48 (shown in FIG. 2). Pipe openings 54 are holes within front
face 52 that substantially align with the diameters of hollow pipes 44 (shown in FIG. 2). This
allows the gases to flow through microwave filter 18 to balance the pressures between brazing
chamber 12 and conduit 30 (shown in FIG. 1). As discussed above, this allows pressure gauges
32 and 34 to effectively measure the pressure of interior region 28 while being isolated from the

microwaves located within interior region 28.



which is an alternative m crowave brazing systemto system 10 (shown in FIG
1) and ftuictions in the sane manner for perform ng m crowave brazing
processes, where the corresponding reference | abels are increased by "100".
As shown in FIG 4, mcrowave filter 118 includes baffle plate 142 and

hol I ow pi pes 144, where hol | ow pi pes 144 extend at an angle that directs

hol | ow lﬁﬂfﬁs 144 HB@ay Branemaaded, side gabryedicl dlastaipniea portiarthps sydmdilfent |
baf fl e pi: 1Syt | i i i 6 i i eneral ly
par al | Mg it bIABNAR, bl Bl i D8mtH GhdiiF iy PG T) b A 8RERED s 2
i n. | n inchpaams ananreo | fbopeomeng Ididrexdve nstazhg nyockiespivhard thelbdiresphirling

of f set afd S 1?% ils di.sg‘_o%%g at_an angle a to longitudinal axis 156, Thus,

hol | ow THEFRo€e 13bflsare dpcreasrd oy rIGIN prias shiven gubiiest. mrrowweyer blier Wacweldey v,
any tr p i t 1 Tl €, |

di rect ?&%ﬁg‘%tﬂ%rm%%(ggﬁ gﬁtg%t}gg? I%é?fg hgﬂgl‘glllg%smtﬁer e ? ?tudrnt%? Ee %‘éﬁgﬁcﬁsg t he
ri sk ofholioerppesvidd awdydrdre prasguraighingesrl82 sod é34alghss eidtbdameint] Baffle plaserpdes of

suitabl.e apgles, a for. of.fset. axis 158 relatiye to, |l ongjtudinal axis. 156
range fi? 85‘8@%"@9& Brlopigiioa] Asisalby &’i‘_é"%tlé eeerally paAlsli dbe BoraB g cen Ryl
parti cuharhrsiveatites 12894 @%p@seHG}HQ'IHQo&P%oﬂPHMIov? p%%g rl@@%x{eﬁ%l ?Hﬁgﬁ"ﬂ%‘

degrees. [0027]FIG 5 is a rear perspective view o crowave 118,
f ur t heraxiid 148s whatei oftset fvas 468 indjsposed atofn dngld @te longitedidal 4xisAS6s Fithas, halow

portion_.of | o ipes 144 (referred to hol | pi pes 16 are shorter
Phan ¢ (RIS St (B BREY ER prrpestre; EaueeBelin, 880 nith O\ARpHRetYa 208 BT En: e
at angl gjcfowRkattay Gahdnit HRGISHRAIRSNaRfilter 128 ard Bir€Acdawhy Rold HsBicPERedA4
had a | engthto-di aneter ratio corresponding to the above-di scussed suitable

| enﬁt h- 1t3c3-ad1ida1r3\§t therabat ﬁudbir radp‘firg iteenrighf Oﬁmkdr@‘ﬁm\pﬁs prletsrfmm% wathl lﬁessotedgauges
i thi it 3 As . i 60 k -1 o- di.
Pt os 00 A1 i it prifiBh RS R ot e nelfiae v o £ T '

| ower |@ngd FomOgrdhteMtalr zef A He&Sed Y leBPthaf tbbied( dBErEME RiitH patisuThdp s@itabRf t he
m crowaves through hol | ow gldpes 160, the energy levels of the mcrowaves are
¢

part i aldngles edarging fromyabgute degrecsdp pbeut 18fdegigeh ni cr onaves on pressure gauges
132 o It i dj. S ale] | . i d
and barPPT o TG 5 i85 Bk ReEurRERRCOF R SRS B T3, Rl SR ©

t her ebyarpingsaiti sfchdlides pipen @S SAO®Bh®n, N pomioavEshallows pipas [1a¢ aidfered to as
100281Al t hough the present invention has been described with reference to

pr ef er riedlognipes 1 eee shpgek dag thampjogly pinhallesy pipes \4. | Becassyhollow pipgs 144
A : AU A 't and
Cone ot YRR TR AT TR LU SRR OOy BT NG gt o

m cr owagalidhée Ralios ySir&sponding ng the babadre-dgcekedi3eitabla lerithHtovdiaiieer ratics, aa
pressure gauge | ocated proximate the vacuum|line, the m crowave fillpi[)irg
ve

conpr i sparbien af hellew ginss d¢é veawd nguiewithia doadwibdft s susht hellawmetrgm

gg;p“’fiegpﬁgflegéﬁﬁlﬁmﬁé;g@%s AW RiREE AR IR 978 €81t WRAINRBLELE 30! Mfile the
lower length-to-diameter ratios may not entirely prevent transmission of the microwaves through
hollow pipes 160, the energy levels of the microwaves are partially reduced to reduce the affect
of such microwaves on pressure gauges 132 and 134. In an alternative embodiment, hollow
pipes 160 may be omitted and baffle plate 142 may be sealed at the locations of hollow pipes
160, thereby preventing the transmission of microwaves at such locations.
[0028] Although the present invention has been described with reference to preferred

embodiments, workers skilled in the art will recognize that changes may be made in form and

detail without departing from the spirit and scope of the invention.



a second face that opposes the first face; and a plurality of openings
through the first face and the second face; and a plurality of hollow pipes
extending fromthe second face and substantially aligned with the plurality
of openings, wherein the plurality of hollow pipes are configured to
substantially prevent the transm ssion of mcrowaves fromthe brazing
chanberClAM$e pressure gauge, and are further configured to allow gas to

flow bgtween the fp i o%v@ %r gsjggkrfl‘-tl?% %??We%{/g%{l%égst%@%mn%r D¥eVhe

filter of claim erei pl ur

| engt hchambéraareciunt lidd, aﬁd a)braﬁuré gagde ladaned proxineitélthe vdcuubh Einelithe mvavwavel | t er
of cl a:’ﬂ\ 2, wherein the length-to-dianeter ratios of the plurality of hollow
pi pes 6T 5QMPRSIRg: about 10-to-1. 4. The microwave filter of claim 3,

e e e e dRe HlATES et o0 AbuhBR Pl Bblind 1 AMAHPLAERAA" @

at | east about 20-to-1. e m cr owave ter 0 airm 1

plurality of hollow plchambdsramd tlheeptgsduse gaapgithgbdffle plaboarhprisiment i neters to
about 50 centineters. The m crowave filter of claiml, wherein the
plurality of hollow piaﬁgé tfa%end at an angle to an axis that is or t hogonal

to the second face of t@@oﬁqfaééﬁam bées the first BRE dHycrowave filter of claim
1, wherein the plurality of hol }% es conprise a nunmber of hollow pipes

rangi ng from5 pipes tapl@@lifyi qfezpcmngs through the first face and the second face; and
a plurality of hollow pipes extending from the second face and substantially
aligned with the plurality of openings, wherein the plurality of hollow
pipes are configured to substantially prevent the transmission of
microwaves from the brazing chamber to the pressure gauge, and are
further configured to allow gas to flow between the brazing chamber and

the vacuum line.

2. The microwave filter of claim 1, wherein the plurality of hollow pipes have

length-to-diameter ratios of at least about 6-to-1.

3. The microwave filter of claim 2, wherein the length-to-diameter ratios of the

plurality of hollow pipes are at least about 10-to-1.

4. The microwave filter of claim 3, wherein the length-to-diameter ratios of the

plurality of hollow pipes are at least about 20-to-1.

5. The microwave filter of claim 1, wherein the plurality of hollow pipes have

lengths ranging from about 5 centimeters to about 50 centimeters.

6. The microwave filter of claim 1, wherein the plurality of hollow pipes extend at

an angle to an axis that is orthogonal to the second face of the baffle plate.



8. Amcrowave filter for use with a mcrowave brazing system having a

brazi ng chanber and a vacuumline, the mcrowave filter conprising: a baffle
plate conprising: a first face configured to face the brazing chanber; a
second face configured to face a conduit of the vacuumline; and a plurality
of openings through the first face and the second face; and a plurality of
hol | ow i pes ext SRgimigrovaymittseotdaiand, whgreindhepkialiy ahbollaw pipss rempised t h

the pl yhalvet gf}g“ggﬂgﬁﬁ}gﬁ?nmmeg Eltptegﬁ)eﬂj[éiggél ty of hollow pipes are

configured to su y-preve nsm ssion of mcrowaves fromthe
brazi ng chanber to the conduit of the vacuumline, and further configured to
all ow gases to flow.fromtr}.&ebrazi ng chanber to the conduit of .the vacuum

t

g
line. @ The m crOWGRVAVF CHIET §p wealih & migheyaienPierae SYRIFR FWPeR MG w
pi pes f}sﬁx&b&ﬁ.ﬂﬁtafva]g:@mﬁu@&%@fniéra%@éﬁﬁér Rhphiggt about 6-to-1. 10. The

mcrowave filter of claim9, wherein the |ength-to-dianeter ratios of the
plurality of hol laheffi¢ pets coampriaingt east about 10-to-1. 11. The mnicrowave

filter of claim10, whetein the Jlength-to-dianmeter, ratios of the plurality
of hol | ow pipes are at® fIrlr tafgfe% Wre%df’tf?f-ei}_.‘e '%i‘?.ngfhaén ‘crowave filter of ~
claim8, wherein the plddeaid fave &nfipatddqyiRe ARSIt SMNEHe b BRGhRI L O an axis
that is orthogonal to the second face of the baffle plate.

a plurality of openings through the first face and the second face; and

a plurality of hollow pipes extending from the second face and substantially

aligned with the plurality of openings, wherein the plurality of hollow

pipes are configured to substantially prevent the transmission of

microwaves from the brazing chamber to the conduit of the vacuum line,

and further configured to allow gases to flow from the brazing chamber to

the conduit of the vacuum line.

9. The microwave filter of claim 8, wherein the plurality of hollow pipes have

length-to-diameter ratios of at least about 6-to-1.

10. The microwave filter of claim 9, wherein the length-to-diameter ratios of the

plurality of hollow pipes are at least about 10-to-1.

11. The microwave filter of claim 10, wherein the length-to-diameter ratios of the

plurality of hollow pipes are at least about 20-to-1.

12. The microwave filter of claim 8, wherein the plurality of hollow pipes extend at

an angle to an axis that is orthogonal to the second face of the baffle plate.

13. The microwave filter of claim 12, wherein the plurality of hollow pipes are a first

plurality of hollow pipes, and wherein the microwave filter further comprises a second plurality

10



13. The mcrowave filter of claim12, wherein the plurality of hollow pipes
are a first plurality of hollow pipes, and wherein the m crowave filter
further conprises a second plurality of hollow pipes having

| ength-to-dianmeter ratios that are | ess than | ength-to-dianeter ratios of
the first plurality of hoIIowcﬁi pes. 14. A mcrowave brazing system

conpr i SAfdplloy mpes, having: keagtheto-diametar raiios whatises leaaithan lgngthrtediaspaseri ratjos of
di sposeg, i E}ﬁg{hi& gph&WEl«g@s wal | and configured to relay mcrowaves froma
' a second

m crowave geherator,; openi ng di sposed through the chanber wall; a
conduit connected to the brazing chanber at the second opening; at |east one
pressure gauge secured to the conduit, and configured to measure pressure

e
wi t hi n ¥he conduif MigR%a%e Hiaging g¥slemcompEsing; sposed bet ween the brazi ng

chamber and the atphLaasthAMer RAGRS Y/ cRadBY G the mcrowave filter conprising
a plurality of hollow pipes conflgure to substantially prevent the

transm ssi on of i firsvvwepeamgl dispoded ethorughi thg cdtaartee rwdlb ahthecomfiganedt to vdiayl e
allowing gas to flow brglic}/\(/)e“gar\lleg Prgmbarr%lzcirél‘gavcehgaeggg{or;and the conduit.
a second opening disposed through the chamber wall;
a conduit connected to the brazing chamber at the second opening;
at least one pressure gauge secured to the conduit, and configured to measure
pressure within the conduit; ancl
a microwave filter disposed between the brazing chamber and the at least one
pressure gauge, the microwave filter comprising a plurality of hollow
pipes configured to substantially prevent the transmission of microwaves

from the brazing chamber to the conduit, while allowing gas to flow

between the brazing chamber and the conduit.

15. The microwave brazing system of claim 14, wherein the microwave filter further
comprises a baffle plate secured to the chamber wall. wherein the plurality of hollow pipes are

secured to the baffle plate and extend into the conduit.

16. The microwave brazing system of claim 15, wherein the plurality of hollow pipes

extend at an angle to an axis that is orthogonal to the second face of the baffle plate.

17. The microwave brazing system of claim 16, wherein the plurality of hollow pipes
are a first plurality of hollow pipes, and wherein the microwave filter further comprises a second
plurality of hollow pipes having length-to-diameter ratios that are less than length-to-diameter

ratios of the first plurality of hollow pipes.

18. The microwave brazing system of claim 14, wherein the plurality of hollow pipes

comprise a number of hollow pipes ranging from 5 pipes to 50 pipes.

11



15. The m crowave brazing system of claim 14, wherein the mcrowave filter
further conprises a baffle plate secured to the chanber wall, wherein the
plurality of hollow pipes are secured to the baffle plate and extend into
the conduit. 16. The m crowave brazing systemof claim15, wherein the
plurality of hollow pipes extend at an angle to an axis that is orthogonal
to the second face of the baffle plate. 17. The m crowave brazing system of
claim wher ei I f I f
ot 1 ow i pes, - and "SAST T VE bhiztheys Ul S BESoRlchy B NI e
pl ur al ihbye bﬁgthab-ldmmqmémﬁoshaﬁatlragsﬂabngt(htd-b. di anmeter ratios that are |ess
than |l ength-to-dianeter ratios of the first plurality of hollow pipes. 18.
The m crowave brazing systemof claim 14, wherein the plurality of holl ow
pi pes ognprise 3 1Y Hhefowale 'BPth%V‘éyE’ﬂeﬂle& Jlﬁﬂmmuﬁﬁee% ngﬂag% Ieest%ee;uﬁﬁs
19. The m crowave brazing system of claim 14, wherein lurality o

hol | owcpipeteditathe doadygjt fortredudingthe pressuae withinghe aonduitast about 6-to-1. 20.
The m crowave brazing systemof claim 14, further conprising at |east one
punp connected to the conduit for reducing the pressure within the conduit.
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