METHOD AND APPARATUS FOR V- BANK FI LTER BED SCANNI NG RELATED

APPLI CATI ONS [0001] This application clains benefit of United States
Provi si onal Patent Application Serial No. 60/729,643, filed Cctober
24, 2005 by Thomas C. Morse, which is incorporated by reference in
its entirety. BACKGROUND OF THE | NVENTION Field of the Invention

[ 0002] The present invention generally relates to a nethod and
apparatus for v- bank filter bed scanning. Description of the Rel ated

Art [0003] Many contami nation control applications _having high airflow

requirements ;JIMETGI-IOBHAND'QQPB&R#WEUS! F@RI : Ater'@_ ar
owis not of primary co r v manuf act uri ng

and validation practices ﬁliEgﬁEDféﬁéﬁN’mﬁeral I

efficiency test due to the inability to accurately |leak test (Le.,

scan test) gEPRTED!APPLIGRGENEOr Pin hole [eaks. The inability to scan
test v-ban I'Ters has been docunmented in an article published

Cct ober, 2pod]i n Tikaapriisationvagaimsndesatti af e&/nitetn States TRViSoARDARaeNt

article, | REPEHGooo) NEebfagioe W ESURATRR 1917 9] Choiifl o Ferag, i

pl eat packdemrmaatad by efesraaneds entiFelyuse t he neasuring probe cannot
be brought cl ose enough to a possible leak in the pleated package."

[ 0004] Howe e CRESUND 3 TLHEIRYE fiorced to utilize deep pleated
filter pr oéuv#s—msrv%m I ter products because of
increasingly stri n?ent val idation requirenents for contam nation
control t hBieldelfbeievendign t esting. As deep pleated filters generally
do not hav@o&zge e gf%@gll\l] RYePeGeieYal9 retsidiafKa fhéhes %nd”@ﬁﬁétbé Y& &
may be requrired for gl ven applitation, and nore energy may be
required t bankfilteebegbscahhiogs t hrough the filters. Thus, the use of
deep pleated filters in applications where v-bank filters could be
utilized 3l ' it er and energy usage costs.

[ 0005] The?g %cgr??ﬂo?ﬁogrtﬂélﬁséﬁgeﬁé&j for a method and apparatus for
scanni ng viogshk fNanyecomaainatiogaonilyamicatigns| hwmram airflow requirements

utilize v-bank filters over panel fitters when laminar flow is not of primary concemn.

However, conventional manufacturing and validation practices limit testing of v-bank to
overall efficiency test due to the inability to accurately leak test (i.e., scan test) the filter
media for pin hole leaks. The inability to scan test v-bank filters has been documented
in an article published October, 2001 in Cleanrdoms Magazine entitled "EN1822: THE
STANDARD THAT GREATLY IMPACTED THE EUROPEAN CLEANROOMS
MARKET." In the article, the author states that “...HEPA/ULPA filters with V-shaped
pleat packages cannot be scanned, because the measuring probe cannot be brought
close enough to a possible leak in the pleated package.”

[0004] However, many facilities are forced to utilize deep pleated filter products
instead of v-bank filter products because of increasingly stringent validation
requirements for contamination control that require scan testing. As deep pleated
filters generally do not have the air handling capacity of v-bank filters, more filters may
be required for a given application, and more energy may be required to drive gas
flows through the filters. Thus, the use of deep pleated filters in applications where v-
bank filters could be utilized may realize higher filter and energy usage costs,

[0005] Therefore, there is a need for a method and apparatus for scanning v-bank
filter beds.



[ 0006] Enbodi nents of the invention generally relate to a nethod and
apparatus for scanning a v-bank filter. In one enbodi nent, an
apparatus for scanning a v-bank filter includes a holl ow body
configured to extend between banks of a v-bank filter during testing.
The hol | ow body has first end and a second end. An outlet is forned
at the second end of the body and is adapted for coupling a testing
device to an interior volune of the body. Afirst plurality of holes
are formed through the body with are fluidly coupled to the interior
vol une. [Wm@@ﬁ?ﬁ*ﬂ@lhﬂ@%ﬁq pent, a method for scanning a v-bank
filter |s-p'r'crvr'dvd—t-rr—m1'e—errg'crd| ment, the nmethod includes inserting
a probe hgodosly a Ephkadithenty obthesavamitien gemersilm mtaiﬁ@ameﬁlmd@'djmmtus for
afilter p h a f

I n anot her%éﬁ%' Qq’ g%na@éﬁeﬂtaﬁjo&& ‘9‘5"?’9§?F %’ﬁgg%ér\%ﬁ’ 5 fbkéﬁnp?@r |" cl u@es
scanni ng dndiides a)hobowbbdi)nk‘orﬁf durext to/\bxtlancabgmmba baaksl of @l ¥-benk fiiter during

one. enbodi AENE: "epnaRy B8 g S2ord ke AT RIS sotrndc i

hol | ow bOCkﬁch‘ﬁi/Eﬂ@ oamhe bbey iapd ¥ aldapied for Eomp‘tmg entesting deviveconsh mitetior

;rlhft 2?| :lec.l)\l’Nl ﬁ'@“%@tﬁ] JYA%\UB[#PE alﬁ Pﬁ@gfegfgrf %ﬁﬁ}{g&@h&%;o?}hgﬁgank

i s adapt ed[ufcﬂycdupu;ﬂltbﬂg;|a{enbﬁo@um@r vol une of the body to a testing
device. A first Iura{ae'r forned thro
t

t
and f1 ui di§P%8ouplieanat q«méﬁ{a%éﬁmﬁfiscwmgowaaﬁ%@f Pfowd%d In-

enbodi TTEntoneaer%d@iﬂﬁerftofhesﬁéﬂwﬁ%élmﬂ& msyrnﬁ@al@rtabé haling F pUEREE S sample
el ongat ed hol | ow body sealed at a first end and having a port at a

second endortaintagditepdacent fosa fitarpagk and Gayersaovbe prade alorig the diljer pack.
wherein a yogfe e'mﬂ a%thteheen%@da%@ﬁ SA H‘Fetﬂo'ii er'é?ﬁéhﬁﬁ'\@dat@%ﬁléjﬁltérh%c!udes

first end of the dy. poi|ln another enbodi ment, a met
testing a Saammmaﬁiqttoéﬁ y- barﬁ?fﬂtﬂrd@tﬂ 3 peppe; ard a@l@tlnmﬁ@mmaﬁ@f@a@mwg :

bet ween t\m,oﬁgmﬁ% f@grgq Mdt%lﬁ%%é‘redl a of a v-bank filter, and

traversing t probe anks, and sinul taneously providing
sanpl es f 8%leach eene&mbediment @aprpbe fa saan testing aythaniditer includeq @ hollow

another eERAFHATAG nn@RbP Ll of St AT of ¥ BARKldAd CTmb ol Holf

t hat i ncl provi énge to a v-ba er havi ng

| east two cadfguceshio bﬁak@ befweein ther bankseich aav-bamg ffen during’ testlng An outlet
configura i : e
i acent Baes R ShdsHy Ralle? 3% 543 30BN R T BIE R cn RORE b e
banks of prdy &ra lestih@devick. i Atfiosttphaally obapertietsearaiforinmey hfolmhdbarpbdy arsd

indicativ . : PTION OF THE DRAW NGS [0013] The
t eachi ngs?% yt%&*’%?i%@%ﬂ%ﬁ?/% on can be readily understood by

consi deri mgtjhe fmdal’mm'rmjnbm:tlmbhEd piebe:fdrpsbiamltesitlng cownpanic tiltarrincliidds an
SA B and BOLVEoY JNG ST sreloy S s BTN Y 6 = Sofn e A
sui t abl e tayersrsot is gsimeatbtheonghbaniall fof theebody, wherein a wide end of the tapered
slot is orientated towards the first end of the body.
[0011] In another embodiment, a method for testing a v-bank filter is provided that
includes inserting a probe between two banks of filtration media of a v-bank filter, and
traversing the probe along the banks, and simuitaneousiy providing samples from each
bank individually to a test instrument.



[OnfFigure 7 is another enbodi ment of a probe suitable for scan
testing a v-bank filter; [oon] Figures 8-11 are i nmages of a probe of
the present invention engaged with a v-bank filter to facilitate scan
testing; and [0017] Figures 12A-B are anot her enbodi nent of a probe
suitable for scan testing a v-bank filter. [0018] To facilitate
under st andi ng, identi cal reference nuneral s have been used, mhere_

i gur os. 1 D012 coRRIRIeK G oL AR rtch SRR A PN 2, iPASk Hjergharovided tht

enbodi nment ingRMed BroRMRS & eh@rldnge lt@ eqr-maﬁned haﬂnQTah Riasetmoadjagdik Danks of
w thout further recitatian. réfls to be noted, however, that the

appended dfitéhi rﬁ@%'arﬁrfwgdf‘e oI‘II 90 irAlioRy FoRIMSHANRIRPE FFOEHAR opening

i nvention adthed RSN ﬂrfeoérﬂedeﬂi bhitksOsy e MedRY %er)lrrﬁﬁ Bir ff!ﬁsﬂhg kHr8ugh the
scope, for the invention admt to other equal fective -

embodi ment aanleefﬂwmmmrwwm%@zt&mmf %ﬁﬁm§‘ed§ indirative obalenbn
are suitable for scan testing v-bank filters for pin-hole |eaks.
Al t hough the fi I ter [ I I ustrated herer nis a ALTRA 2000TM v- bank

filter avaBRE - i it is conterrpl ated that the
testing ap d ]nqlg( | o]
filters ha S ‘?%%{;ﬁ | guPat |%ﬁ§?ébklt s"&‘geﬁ"%gir‘o eve %du'i?]%%md by

facilitat ecmsmirerm@sttne figjloeiregh Hetsiled: desmmiatibre irscamjunrabe \(Jrrth éhe acconsgemying
range of % L.nches per second (25.4 - 50.8 mllinmeters per
second) ) f Wgﬁﬂglw é@an operations and may further be adapted for
use in autpemiic Rigureen‘i/&lﬂit. 0P8} i4A-BraA-Bpphd aataronsariddBROBEWEESE @ferent
[ 00213The VE@& t conhﬂgquratr n,creates (}Estacl es in the
scan test @9%5 %scaa eRa SRk Y convent i onal
box-styl e merd] a na@ke 7 rwaabthet BRbbEirenDSf & rebeBLitdtRe Rrrckan esting @ v-bank

singl e pl grh In conventional box-style filters, the probe generally
consi sts % tube with an integral transition through whi ch t he

sanple is rdcnaym FT@ﬁes Brﬂn@'etrme?es 6f erpealfltye fridantENAintioA Gingagst With a

The design of g ing probe is such that the | ocalized

vel oci ti es’ e 'E"é‘f*?p?cisﬁd Pgn@dhi the probe are equival ent,

resul ting pezuni fF‘r”gﬁd?h@*I?/f\JB)éIYe%bﬂfé? efBBdIFRAPLT SgroBk &0 Rable for scan testinga
v-bank filter.

[0018] To facilitate understanding, identical reference numerals have been used,
where possible, to designate identical elements that are common to the figures. It is
contemplated that elements and features of one embodiment may be beneficially
incorporated in other embodiments without further recitation. :

[0019] It is to be noted, however, that the appended drawings illustrate only
exemplary embodiments of this invention and are therefore not to be considered
limiting of its scope, for the invention may admit to. other equally effective
embodiments,

DETAILED DESCRIPTION

[0020] Embodiments of the invention are suitable for scan testing v-bank filters for
pin-hole leaks. Although the filter iilustrated herein is a FILTRA 2000™ v-bank filter
available from Camfil Famr, Inc., It is contemplated that the testing apparatus and
method may be utilized to scan test v-bank filters having other configurations. A scan
probe developed to facilitate scan testing enables reasonable scan rate (i.e., in the
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[0022] In the present invention, a probe allows adjacent nedi a packs
to be scanned simultaneously. Although this isn't necessary, it is
desirabl e because it reduces the nunber of "passes" per filter that
an operator has to nake with the probe when testing a filter. It is
contenpl ated that the probe may be configured to scan only one nedia
pack in a single pass [0023] Figures 1-8 depict various views of

pr obes swtablef an tes a v-ba filt e sanpl es tak
during t heragggpf 3 utd M gagheérsea%p( &ﬁJh r@%ﬁ%’w‘m’%%fﬂ‘?ﬁﬁ %FO”C%SI for
pi n-hol e | %K@I%Qﬁt@bréthﬂg ahdPinag lreieribeestaptéd eri @ePin itbinaftic or semi-
efficiency. Referring first to a probe 100 depicted in Figures 1A-B,

the probe 3YOMALS fERAPRIFfIORSt ube or ot her hol | ow body 102 seal ed at
a first end 104 and having a port 106 at a second end 108. The shape
of the bodyrdBE pEsiGNfigured to allow the first end 104 of the probe

port 106 1 B8 bner T Y Soeh FRIF PRB SBRIARICH, BoafbslphtAdos I 1} sodf dpst

as a phot opietess, arphptdbel designnase comparet Hera ncns\tammmitbwtylabhedlaq:racks

of st ai i ubSE 1o, eCB e FREE W B Hale bRrBC Ty ERRERNERT bor Tl Rl

t Ee YA deﬂyermdbéagem%reﬂ)f nbmststs hﬁ%ﬁ;befwth euﬁjmtpgml tranﬁ“tfdn dirotgh auniphethe
shape. In ot odi nent,, the tubin e str t, or
shaped. A e, gty Bpdiaraiian IS deneral s iopdafigiiag) LSS aneof tis
f or med, @zsﬁfmh;ﬁm@yprdbé id sunth thad megbdautewaod“ml afoss the s2imphihg ﬁlane
| east one eg of the 00. The, nur ze and, spacin Iﬁ‘l”t
apertures ‘1189 Birke & g‘ﬂ:‘{‘\éée'i‘ oresHiting, T”i' Al oé'f 8rgst He § ﬁﬂp €t he
nmedi a bankpger penditdib@sedtaniditionl 4 gobé alovwaf a?ﬁc’ﬁﬁt niglisspédis td b€ scanned
| engt h of the robe having the apertures 110 forned therethrou his

general | y S ne%SYh&WheH@ﬁ hisfsntiecReting hisnkesiigblenprcanse Haeprssehe
is 4 int %Uﬁ%érbp“pté%sébs’?{éﬁﬂ-féﬁﬁat émgp@&@r ﬁéﬁ%ﬁnéﬂé’wﬁﬁ'trﬁiﬂﬁﬂ&bb%eﬁ@@s@ng

in opposite _directions ment depicted in Figure 1, each
| eg of the2 ffaspdt iBonteaplaigshat the meeke @ﬁYé’ﬁg‘@ﬁﬁ@eréﬁOéﬁ@m ool siemedia
The 'nte”ﬁkYrFéEi easgach leg is fluidly coupled to the port 106
such that 'sanpl e aken through the apertures 110 be provided to
the test ilAer unéigures ddpdgrivievaspes Yiewesf grobesayitabie éf sgarsiestitga v-bank

different fg, a E%B@E't%n%urﬁ%?scéﬁmﬁ?%e‘?m? tﬁi‘?%ter%%\ﬁé{h}aflb@a‘ﬁon

or plan area apertures ormed throu robe
reduced belfwemvlantﬂaés geaatt@rrthamg pegcsteymired qntm@tdf figer em@emsotﬁefewmgrrc&t

b e e B prEBe b8 efAuflin FRLBLBRBY R 4858 R0 SehriDS ABIR Siner

bei ng drawn TFom't ro one
t he apert umdowr bady 182 sealed at alfiegisndtild agddwpmgca‘ pdroll @8 ahadEcondsérat §08.

o e niPi ke 3h s R {AEER ropfugr PR TS R MR Sind FroBpitdhfo
end 104 ofbet ﬂ)t@lt;mneﬁd)em&rf adjaberstt bafnkemftdw—bphbtfﬂmet"lé‘re phlat‘IOBaiszq;w:erally
| ar ger di angter éOI’I

170 di spobeat) BaBLpITEE s natBebifuteRusighat 2o dRar e HEs S canieE og
m ddl e gr atterohstaahest slddbleli fopdssid deltedlhle o @feiEncp nmebsdrbment. olbe one

100 h i t wh . h th t h ,

Soor 1o os iRl RGR OF SRS SRR wirens beBtinE Thttbatndbatits into

ﬁxa_rrpl e, tdthee \ﬁ‘f&éﬂﬁ@delsy ﬂief)ﬁnay?aml lﬂﬂeexa&mle H oupoptridngleeshdpDAln other
avl n a er Qu

TS o S ihe MR el e TEPedo AR bR ReT SO,

i nches (1.s46h adh86s Brlotsnaek forhad, fanr@tam bjn@h:mg Jal&@ dAWaRIFading side of
di anet er of about i nches 57 - mj . Increa3|?nr8?}Qe

0.0 - 0.09
the hole & BRste 'égd)%h% REObECTHG: Rhenum er ﬁrzst?@dlwcmsqﬂth%ap@rﬂge
uni form ( @P@sé@ﬂé&&ﬁaw LR lingadIeN e Lfm@'lé@% e Infd@d Bat péﬂgen&}émmo the

Simlar probes could be desi n aperture 110 ured
direction of scan As such the length of the probe having the apertures 110 formed

therethrough is generally equal fo the length of the media bank for which the probe Is
, : 4



[ 0029] I n anot her enbodi nent depicted in Figures 5A-B, a probe 500

i ncludes a body 102 that may be configured as either the probe 100 or
400 descri bed above. The probe 500 includes a slot 510 fornmed in the
outward facing sides of the legs of the body 102. In one enbodi nent,

the slot 510 may be tapered such that the wide end of the slot 510 is
proximate the first end 104 of the body 102. [0030] I n anot her

enbodi nment de te in Fi ure rt| 600 is own.

The.body. 1BSTEIE0 0o iRt Be thé aberiites H0 a8 fary tRosdn appeite AiagIonS:
probe 100 gp tﬁ@err@@@lﬁfenbadpratéa\fﬁ F:Jd?mpre@&:ﬂeg(zﬁ th@@i‘dﬂéeiﬁo@;rmwé@'a'lh}éar
of staggered apertures 610, shown in Figure 6 3s slots. The apertures

610 for medaan q&@%eﬁm@%&ﬂ%mml%voiy% §aGh fespls il chaledéo the

portion of-,gRe08REAEH WA B I&V%kbﬁ@f%ﬁ thadh s f1e M§s piol) 8@@0 th
enbodi nment, P t he apertur es 610 cl oser Otﬂg fi rp?f@erlsd (1564?;; ofptohlg ®

102 may ha\fy‘it:S lpstement. open area than the apertures 610 is proxi mate

t he second 0(351@ (1@@ apel{«.ﬁQso’HO %Oéf %}nmr@fﬁfﬁﬁe s Jﬁﬁ%{;‘dﬁ's;zes In

Figure 7, he pr obe as are tangu ar- shape
probe is saoé enbadimantingeorificaanr plae akatoh thad aperdures ot107opmeethraegh the

th d

o S banBRPBMAINS reffel BEhfod foles bitendif 4RAE O fenBRELAWRSASH, bllgms
to align tte frsiore (94 to adooupt for pressore lasses dusdio theldample baingairawst frem
I ti f gat t.h

oCR gule T 4By AMPIOBT Re' fIBa@ P byE nflaiBif, B BRerd s W IAGN, ot
702 in ord@asttwoquoupsrcﬁtfmlqscﬂreﬁﬂrlssbdts hapias diffareationficeledzgst dbéhe Sobadiment
testi i dyc t.h h th I o Thi SAi

S 1)t odERaR L BRrR B p A st oD ek F Faricfus lhued TG o et
is usedI t Oe(ﬁjd:aodf tdﬁ@h@ brIibeI 1601 &Etﬂhelétf frb;’gethé?d:a@mmakthat hfﬂ:é la I?rgefr diameter
conte at WA S n at m al SO e utl Ccu | e
oo e e b abet A el Bl onstearoub s ol 1 trinied oskbiplo The
probe 1200sgdéht @kt 408 @ancsm@na@r)awméoamiddm L:uto@p dfﬁolebhussr aibpshed Thte
Pr ot he  an BRI 45 Bogl 1R Teve & dataBheasowhass DelrRarahoes e daalets
shown. [Ooaﬁﬂq&@?bn&amhs chsekt ér@%rth@ﬁ'fwﬁeﬁweaee%@ﬁ@bﬂdel%rW%x@xﬁ&[& the
1206 and a sa e exit B\Clt 1208. A fIttIﬂgﬂlZlO is coupled

body 1202 &pe EiG mayp gicludetegr geupAfinples @A@éwﬁglwamﬁ@rﬁéa@om@w

to a test 10%9%@@5?@ 45UCH 52Smpn PHdedRéTEFo%b &rhdpémriowaw ?'e?d%‘\@t&reof
[0034] At | east .one %e 1212 1 s provi ded he sanpl e enfrance port

side of thabqst SS51ALe 7 npkegy (it 603 iﬁﬁmmcandua Eﬁr@@ma:r Phrlen 164 hﬁﬁ@g a
probe 12004k @etn8f é!deﬁ%roe%S @lggsmchséﬂ @#PV%S 'nﬁ\ﬂehﬁcr%@ gug&eme diameter

depicted in Figures A- gu es 1212 in formo
secur ed ped'peh Q:iﬁf‘@th ©b tlﬂﬁhéirm dﬂodﬁﬁtﬂtsom @ Heorgr @fb@fmZ(ﬁmdameﬂehtgh‘é@

wth the s i r i T

TESTI NG V- %@WQEF"‘E‘%&EQPS@@E]%@W% ﬁ“ﬁ?’%r esent ﬁ%@ﬁ%’?'ﬁ% Vh\%% &
denonst r at aeeriage HE} ﬂ@ﬂf@f.ﬁf@b@sﬁ aesldtghatl ainaagesnlg WIémkamng\tiﬂ engh 100 probe
v-bank fil j et

e st (o T SarE B A RO AN Cor g Yol el B et
scan test eef tus pmetﬂm upe@lwg@rdmiea drelforalifterent Hbleespasitg aigng thedetgi bttiie
bel ow. PR(@:E@J S(Elﬁ; E MNI n one enbodi nent, a
probe, suc S ere robes "%g%g’ , was utilized to scan test a
Filtra 20006%) Trfegtpes)ﬁé shexsv the guiohan1G0; including dreintegeal hahdlebl@0lemdafuides

]]: : : :2; . rredhaz WIB@AtQ tﬁ@ﬁro\é%eﬂfo {n e R/th %%VWtsétr Ial'% %'s%%noof tﬁg?[te\é bﬁmse

guides 112 allow the probe 100 to maintain at a predefined distance from each media
pack by limiting the distance the first end 104 of the probe can be inserted into the
filter. The guides 112, such as, bars, rods, rollers, bearing, slides, tabs or other fixtures
(as seen in Figures 2-3 and 8-11), ensure the probe remains reasonably centered
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[0037] Two holes were intentionally placed ina FILTRA 2000TM v- bank
filter using a nechanical pencil with a 0.6 mmdianeter lead to
create a leak in a known |ocation. "Hole A" was created in the nedia
pack on the downstream side of the filter, on the downstream si de of
the medi a pack, at a location approximately "I inch (25.4 mm) from
the vertical extrusion nmenber. "Hole B" was created in the nedia pack
on the upstreamside of the filter, on the upstream side of the nedia

pack, at abdctiw@ai ﬂ@ﬁnwmpa@mrthé:’@ey\eaminaﬁa@ petehtisisdapmageetieenedibidzbRs by
were create |

thos | oc ons . be represent. | ocat
Wher e | cangEdyeRetdnBRast P es BB Ch g EHTTONES STRTURG: =T alrerRasering
test rig Uhat thé@ﬁbté&eﬂ%ﬁv@éﬁﬁﬁe@oﬁ@@ﬁd tiiges facg i e hleria padivie eRaiftained at
vari abl e fre&uenc drive on the test rig was adjusted until a

pressure dPBFPBERGEStanse (AirANg8low station (AFS) was approxi mat el y

0.452 i ”Cf‘[&ﬁsr"’at §h oﬁégﬁntﬁdﬁfrﬁeﬂt ﬂQa ﬁﬁa%ekﬁ@) ls%bw&@ﬁl g5 08 nidte NolleW
M cr omanonet er. Thi seﬁgressure across the filter is indicated of

appr oxi mattepgs tfdforraemdinca V@é‘ﬁpﬁb@ itrhativeen f{‘e@%ﬁﬁm%‘a@@@@ s Thgtubes 180
m nute) ofyd 'cQéLf)bIéchﬁé’é’rQHe tB&nli ér{gef(gs ét%%@héﬂ wHibh E8nadd Herds 108. T e

generator was to generate aerosol that was I Nj ecte nto t
inl et of tadpertres\idp of de Tbe 11139( EElgsigned rastaeplursily m§l@@s oohdes mf\ §r(as

t t
The. bt owert ORa T, EBpfeSALb A 4.5 e Bl il 0188 RTEHobiaS i) 8ho
f or appr oxirmuretapeged siots rﬁTmﬁa@shcawn oVirigures d4-R91 slaggeoprk slats aroles 8@ (as

reached. Q04 hg%g%eéfc(r%gh fﬁﬁr?ﬂo leré‘?rdsa%lmg%ﬂpjl‘u@%%dmh

obt ai n bet'ween range ‘wa osen ecau
vari ous i rioe fdcepf ﬂteemeldxaqbaclamduc?asgmmhtaan mdsst(yfamcepbablqﬂistancd EeSWeen

and ATI) . nd cann n th a 0sol e. rangi ng f.ro

10 100, mi A5 BTPARLS ek SetnbislerBBa it AR Reu Rt BB £ 2B B the
neasur ed w'ptahtl:)rteme Ophs)} watsm;t;le ér:bl@mldstﬂbm\azs FRues 5/eBt eldnau@hragalm:’amy of
pr ot ot ype onnect to the t omet wer e

P eoor ded AP MW s Hesossiiesty o HbPioh 1 Odedy)ts il i giees where
manu?I | Y( isteiadsngt |hﬂtﬁtrﬁrm§aic:a§tv@)uidﬁﬁaq?lré E!ﬁtttﬁ@?hdﬂeh% Idd&ﬁed closer t(ta the
aperture S n e filter o be teste e 0 en
advanced é%“rd&ga‘i %ﬁ@ﬁa'ﬂb‘asﬁ@%t f[) %meat%*aer@nﬁh%%y ﬁé%kssa "L’sPﬁ %
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Equi pnrent Used Test Filter: FILTRA 2000111, avail ab from Ca

Farr, |nc2e Keer ReividRs profssiiey GRP Y. GV cpihe RG Mischa e Bsabeob
Serial Nunhgivertdit L6048 B98een the probe and media is made, particularly as compared to

conventional rectangular probes having squared corners,

[0027] In the embodiment depicted in Figure 4A-B, a probe 400 includes a body
102 having legs 402, 404 that meet at a first end 104. The legs 402, 404 fiare outward
from the first end 104 toward a second end 108, Each of the legs 402, 404 includes a
separate port 406A, 4068 at the second end 108 for coupling each leg separately to a
test instrument. Since samples taken through apertures 410 (formed in the legs 402,
404 as described above) are separately sampled, leak detection of the specific bank of
filter media proximate an individual leg 402, 404 may be determined.

[0028] The apertures 410 may be staggered in size so that the apertures having
larger orifice diameters are closer o the first end 104. In one embodiment, the
apertures 410 are configured similar to the apertures 110 described with reference to
Figure 1B.



Label Efficiency: 99.998% Label Pressure Drop: 1" ngy. (0.25 kPa)
Rated cfm 2150 (60.9 cubic nmeters per mnute) Pressure |Indicator:
ALNOR M croManoneter (digital m cronmanoneter) Model: POO 550
Instrunent |.D.: 66303 Calibrated: 06/26/03 Calibration Due:

06/ 26/ 04 Leak Detection Equi pnent: ATl Anal og Photoneter Model:
TDA-2E Serial No.: 8462 Cali brat ed 10/ 31/ 03 Calibration Due

10/ 31/ 04 Aerosol CGenerators: o ATI %é Cener at or del : . TDA-5B
Serial Nolt0z8is7a4 gnoiier E&@R?'H‘*%E%}P"éte P.é:r‘%l{r%? SARydR PTO QQLBLC‘UdeS a

body 102 that may be configured as either the probe 100 or 400 described above. The
probe 500 includes a slot 510 formed in the ouiward facing sides of the legs of the
body 102. In or;e embodiment, the slot 510 may be tapered such that the wide end of
the slot 510 is proximate the first end 104 of the body 102.

{0030] In another embodiment depicted in Figure 6, a portion of a probe 600 is
shown. The body 102 of the probe 600 that may be configured as either the probe 100
or 400 described above. The probe 600 includes a plurality of staggered apertures
610, shown in Figure 6 as slots. The apertures 610 formed in the outward facing sides
of the body 102 such that a portion of one aperture 610 overlaps the adjacent aperture.
In one emhodiment, the apertures 610 closer the first end (104) of the body 102 may
have more in open area than the aperiures 610 is proximate the second end (1086).
[0031] In another embodiment depicted in Figure 7, the probe 700 has a
rectangular shape., The width of the probe is such that it wider than the width of the
slot 702 defined at the wide end of the Vee where air exits between the media packs
704 of a v-bank filter. The probe 700 may include one or more guides 706 to align the
probe with the slot, such as a rod, roller, bar or other locating features coupled to the
open end of the probe 706 as shown in Figure 7. The probe 700 is placed as near as
possible to the slot 702 in order to eliminate potential bypass around the probe. Scan
testing is conducted by moving the probe along the slot. This is very similar to scan
testing a conventional HEPA filter, except the probe is used to scan the slot instead of
the media pack. It is contemplated that scan data may also be utilized to calculate
filter efficiency.

[0032] In another embodiment depicted in Figures 12A-B, a probe 1200 suitable for
scanning & v-bank filter is illustrated. The probe 1200 includes a body 1202 having at
least one sample port 1204. In the embodiment depicted in Figures 12A-B, four
sample ports 04 are shown.

[0033] Each sample port 1204 includes a sample entrance port 1206 and a sample
exit port 1208. A fitting 1210'is coupled to the body 1202 at the exit port 1208 to
facilitate coupling the port 1204 to a test instruments, such as a photometer or other
suitable device. '



Seri al

No. :

14718 TABLE .1 Paraneter Result AFS dP: 0.452 System

Fl owr ate -2000cfm(56.6 neters per mnute) i cubic Aerosol Type
PAO Upstream Aerosol Concentration 40 ug/1l

Ther nal

[0034] At least one gulde 1212 is provided on the sample entrance port side of the
probe 1200. The guide 1212 facilitates alignment of the probe 1200 to the filter as
described above. In the embodiment depicted in Figures 12A-B, two guides 1212 in
the form of bars secured perpendicular o the major axis of the probe 1200 and aligned

with the scan direction are provided.

VALIDATION OF PROBE & METHOD OF TESTING V-BANK FILTER
[0035] The probe of the present invention was demonstrated as being effective for

locating leaks. A FILTRA 2000 v-bank filter was utilized during the test. The filter was
installed in a test rig and challenged with PAO. The filter was then manually scan
tested using the probe described above. The testing is detailed below.

PROCEDURE - INSERTION STYLE PROBE

[0036] In one embodiment, a probe, such as the probes 100, 400, 500, was utilized
to scan test a Filtra 2000™. The probe was used to scan the between the banks of
filter media within the Vee's from the downstream side of the V-bed filter.

[00371  Two holes were intentionally placed ih a FILTRA 2000™ v-bank filter using a
mechanical pencil with a 0.5 mm diameter lead to create a leak in a known location.
“Hole A" was created in the media pack on the downstream side of the filter, on the
downstream side of the media pack, at a location approximately 1 inch {25.4 mm) from
the vertical extrusion member. "Hole B" was created in the media pack on the
upstream side of the filter, on the upstream side of the media pack, at a location very
near the vertical extrusion member, Holes were created in those locations because
they represent locations where leaks are generally considered difficult to detect.

[0038] The test rig utilized to perform the scan test generally includes a variable
frequency drive on the test rig was-adjusted until a pressure drop across the air flow
station (AFS) was approximately 0.452 inches water gage (w.g,) (0.113 kPa) as
measured using an Alnor Micromanometer. This pressure drop across the filter is
indicated of approximately 2000 cubic feet per minute (56.6 cubic meters per minute)
of flow through the filter.

[0039) An AT| TDA-56B thermal generator was used to generate PAO aerosol that
was injected into the inlet of the blower. An ATl TDA-2E photometer was used to
obtain an upstream sample in the transition immediately upstream of the filter. The
blower, aerosol generator and photometer were allowed to warm up for approximately
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Phot onmeter Scale Setting 0.1% Approxi mate Manual Scan Speed -'1
in/sec (25.4 nmmsec) "Hole A" Leak Detected** "Hole B" Leak
Det ected** Background Concentration * 0.04% * The "background
concentration" was constantly present and attributed to the so-called
"Bl eed Through" phenonena. Essentially, it's a result of using
thermal |y generated aerosol (with a particle dianeter near the nost
penetrating particle size (MPPS), or 0.12 gm for the challenge and
operating 28 wanytes gllgw sfeadyretateonarafienite bareacdedthe | EST

ﬁ%&ﬁaﬁeﬁ%@éo\/

recomendghifinS TR GeRdSYElPRRHof Whs BYRIISH aAR QbRted%todbt
90 feet per mnute (fp 27.4 meters per mnute) superficia

vel oci ty. MigogmMs/litesst Thisrangeyeass rlaasgn brsawsp Vel inglupley standards and
appr oxi ma Mt f ; I

| EST- RP- c%%?ﬁ] T gf'fﬁsﬁﬁ’%g?ﬁﬁ'%%ﬁéﬁ%m L“%ﬁ‘@?ﬁfﬁ %ﬁﬁ{ % fith, it zerosol
t he rangeckallepgsrangmgfiam d0-40Eteiengramylieroihe HeitPand ehalleape epnsientjation
this type | - Wit ol Rt 84 e 1 Lfd e

penetrati gfr%g orﬁlééosygéf%w lﬂ? ttﬁﬁ-sﬁoﬁg% p(')ssfaa)f,itép%gbégg@ t'? ﬁ[ga)&iré nh(t:aeprgw}otyg ®
| eak on t heabepenegated todhe photometereartdhe kaputisiwdre recorded as shown in Table 1

below. The scan was performed by manually inserting the probe into the filter such
that the aperture(s) is facing the filter pack to, be tested. The probe is then advanced
across the pack to test the media for pin-hole leaks. The leak threshold may be set per

IEST standards or other test protocol.

Equipment Used
e  TestFilter: FILTRA 2000™, available from Camfil Farr, Inc.
- Model Number: FA1570A-01-01-09
Part Number; 855010095
Serial Number: A116084-008
Label Efficiency: 99.998%
l.abel Pressure Drop; 1" w.g. (0.25 kPa)
Rated cfm: 2150 (60.9 cubic meters per minute)
. Pressure Indicator: ALNOR MicroManometer (digital micromanometer)
o Model: AXD 550
el Instrument 1.D.: 66303
o -Calibrated: 06/26/03
o Calibration Due: 06/26/04
. Leak Detection Equipment; ATI Analog Photometer
o) Model: TDA-2E :
o) Serial No.: 8462
o Calibrated: 10/31/03
o Calibration Due: 10/31/04
o Aerosol Generators:
o ATl Thermal Generator
+ Model: TDA-5B
o Serial No.: 15769
o ATl Laskin Nozzle Generator
* Model: TDA-4BL
+ Serial No.: 14718
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concentration” was higher than 0.01% However, when the probe passed
over the | eaks, the photoneter registered penetrations exceedi ng
0.1% obviously indicating that | eaks were present. [0041] After scan
testing was conpl eted using an upstream chal |l enge of approxi mately 40
Lig/l, the output to the aerosol generated was adjusted to
approximately 10 qg/l, and the filter was scanned again. That test

yi el ded the sane results as the test conducted at 40 to/l. In order
to be consistent with recomrendations of | EST-RP-CC0034.1, testing
was conducted using an ATl TDA4BL Laskin Nozzle Generator. The
results of that test pre shown in THABLER1 TABLE 2 Paraneter Result
AFS dP: 0.452 System Flow ate -2000cfm(56 6 nmeters per mnute) cubic

Ald _DPAOD
Aerosol Type Cpra—PAS—a  ter Result

AFS dP: 0.452

System Flowrate ~2000 cofm (56.6 cubic
meters per minute)

Aerosol Type Thermal PAO
Upstream Aerosol Concentration 40 ygf

#hotometer Scale Setting 0.1%

Approximate Manual Scan Speed ~lin/sec (25.4 mm/sec)
“Hole A" Leak Detected™”

“Hole B” Leak Detected™*
Background Concentration *_ 0.04% .

* The "background concentration” was constanﬂy present and attributed to the s0-
called “Bleed Through" phenomena. Essentially, if's a result of using thermally
generated aerosol (with a particle diameter near the most penetrating particle size
{(MPPS), or 0.12 ym) for the challenge and operating the filter at such a high flowrate.
The IEST recommendations were developed for systems operating at approximately
90 feet per minute (fpm) (27.4 meters per minute) superficial \)elocity. In this test, the
superficial media velocity is approximately 160 fpm (48.8 meters per minute).
Furthermore, per IEST-RP-CC034.1, a Laskin nozzle generator (generating particles in
the range of 0.6 — 0.7ym diameter) is recommended for challenging this type of filter.

** |EST-RP-CC034.1 specifies a maximum penetration of 0.01%. [t was not possible
to base the presence of a leak on that penetration since the “background

10



Upstream Aerosol Concentration 1210/1 Photoneter Scale Setting 0.01%

Appr oxi mate Manual Scan Speed -1 in/sec (25.4 misec) "Hole A" Leak
Detected** "Hole B" Leak Detected** Background Concentration n/a

concentration” was higher than 0.01%. However, when the probe passed over the
leaks, the photometer registered penetrations exceeding 0.1%, obviously indicating
that leaks were present. _

[0041] After scan testing was completed using an upstream challenge of
approximately 40 ug/l, the output to the aerosol generated was adjusted to
approximately 10 yg/l, and the filter was scanned again. That test yielded the same
results as the test conducted at 40 uyg/l. In order to be consistent with
recommendations of |[EST-RP-CC0034.1, testing was conducted using an ATI TDA-
4BL Laskin Nozzle Generator. The results of that test are shown in Table 2.

TABLE 2

Parameter Result

AFS dP: 0.452

System Flowrate ~2000 cfm (56.6 cubic
meters per minute)

Aerosol Type Cold PAO
Upstream Aerosol Concentration | 12 yg/i
Photometer Scale Setting 0.01%

- Approximate Manual Scan Speed ~tin/sec (25.4 mm/sec)
“Hole A" Leak Detected**
“Hole B” Leak Detected**
Baékground Concentration nfa

[0042)  The "background concentration” due to bleed-through was not a problem
when testing with the Laskin Nozzle generator. “Hole A" and “Hole B” were easily
detected. Thus, due to "bleed through” effects, there Is a background concentration
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[ 0042] The "background concentration" due to bl eed- through was not a
probl em when testing with the Laskin Nozzle generator. "Hole A" and
"Hole B" were easily detected. Thus, due to "bleed through" effects,
there is a background concentration present during testing using
thermal |y generated PAO, which exceeds the nmaxi mum al |'owabl e
penetration as recomended by | EST-RP-CC0034.1. This may be overcone
by using a higher efficiency filter, such as_an ULPA filter, which is
desi gned tRES68t Al ipsting Heing themally spaeaiey BAR2whighpeicepds the, KEUm

dovn 'si, de bwathe Spdrbirafin | 41 EBRAMEAIRS B0 ESTAFABOB0GA i “”ﬁ%e‘“%‘?ebe

cost. As designed, the probe is effective in ocatlng_ I nh
| eaks in tON@rCPmEtbéfrUSiﬂﬂQ h@ﬁéeﬁlplﬁﬂ@ffﬂtﬁﬁeﬁr@hﬁﬁgﬂ%ﬂ% itgn Whlwéiﬁélgned

and chal | %lq,%dh[ D%fbf&@érﬁ' éfé’)@Qﬂ%ﬁ%ﬁr@ﬁf bflichs L apid @owﬂzéb Of this is the

gener at or . RE - A STYL E [0043]1n ano
enmbodi rrenthFQEﬁ:@ ip prsseursLdrap a8d tnmsegnedheesty 08s desipnedadhe ptqblena eﬂecmue in

scan test

pot neen t 12U 8L SRS Yerl i Bifer il HE i oG R B TRl one
penet r at i whallssgedwith cold Pd gsnerdited withableaditin Nouziengenedatsi.gned so t hat
it extended beyond the nedia pack and overl apped the channel on each

side of 'the Vee. For the test data provided bel ow, the opening of the
inl et sanPROGEDURE2@EBOVE SLOTBSTYIGhEROBEGh x 0. 125 inches wi de (137

3.18 44 fect '
ocati ng ROMls. ud A et EttheR Rl 1A a6 bioBER 720, Blopias e
chal | engedo starhteBAD Filth 200DM™. eﬂ'hwersolmjmamsectad Btyarsttmnas}mhmg bétwilre the

b ly that
otated by o ssutie cEPOTSRIT s WEid LTRD, AR RUVOH Brutadl et e
the r olt at :}/@e’al Tﬁa@e@bwﬁelgrﬁgva%?ie?fgnad@lottHiHil‘ta#xtmﬁleaCb@ydim ?ea?@th@pm arl
contro of t al, S e 0 esl | S
Gotal | ed Butinped SEene Surist s & RRTeRs Fonteltostsiate bivided Dok, e,
2000 usi ng erapg bf mewnbubmpw pdtt 2206 Rt RATRIncHEA RS 0(1R60hdhewide (137
0. 020" HoI e created in the nedia pack on the downstream side

of the fi m"é?(m(?r{“f“;e downstream si de of the nedia pack, at a
| ocati on ﬁmm oxXi naé@h Yf Bhe fpmma t«he o®hfitthedf ad fféétive mH@bﬁm@ le¥f&S using a

created i ac upstream e of t ilter, on t%
upst r eam E iR %BWh‘@agﬂﬁt%{'ea dlBka t‘é{i g ppe ?Eﬁﬁ‘gﬁﬁd?”ﬂk PAG-e e Tlter was,
the side afitohfa€icdlly! dcahneditBStheeHBbLE rR8EMBlYI tAat %§Q:du?¥’e@t tooaaeélffééﬂé@e
they represent |ocations where | eaks are general ficult to

det ect. [ BBICHhENIGR Wagkpiated RyR EBRaY Sve m@tqsn Tﬂ“ﬁea”t)é@f* for Ryegigs; control of

adj ust ed it botatfoRe dpe@W ¥t e WAStORRRA Qhér@ﬁﬁf@'a?éc@at‘éognd? Facig®Ncdhtfol of the
TDA-4B Lite aerosol generator was used generate PAO aerosol that

was i nj ectReer ePRs\RfiNe pebg@ssambly; ﬂ?%&ﬁ“ﬁ@m‘srq%bi‘jrbeﬂ% cont.ai nment

housi ng. Efbﬁ.s aUtﬂﬁ&ﬁﬂe§%¥é %kerﬂ:ﬂﬁalﬁ%ﬁ&eﬁﬂﬂaﬁﬁé%ﬁb%&n? lllélgtl%é%q'&lﬁt
| eak testing usi n a Li ouse Sol'air 3100+ | aser ount er

on the 0.8" Hﬁ'f%ﬁﬂah f@mﬁt@rﬂb%@f O tHolare wasoypeled i ﬁhQ m,edEa@M on the
bel ow. TaBh@ns¥eattside el titer, RAGHhAHbLAAstRlanPside of B elREfackCak BRARR

approximately 6” from the side of filter. "Hole 2" was created in the media pack on the
upstream side of the filter, on the upstream side of the media pack, at a location
approximately 1" from the side of the filter, Holes were created in those locations
because they represent locations where leaks are generally difficult to detect.

[0046] The variable frequency drive on the test rig was adjusted until the flowrate
was approximately 2,400 cfm. An ATl TDA-4B Lite aerosol generator was used to
generate PAO aerosol that was injected through the aerosol injection ring in the

containment housing. The autoscan control and sampling system was used to conduct
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Paraneter Result System Flowate 2,400 cfm (70 neters per m nute)
Aerosol Type Col d PAO, Upstream Aerosol Concentration

460, 000, OOOparticl esper cubicfoot (13,025, 750 particles per cubic
nmeter) (0.3m cron dianmeter) Scan Speed 0.25in/sec (.64 cm sec) "Hole
1" Leak not detected "Hole 2" Leak not detected

leak testing using a Lighthouse Solair 3100+ laser particle counter on the 0.3 micron
size range. Results are provided In the Table below.
Table 3: Test Resuits Operating at 0.25 inches/sec Scan Speed

Parameter Result
System Flowrate 2,400 ofm (70 meters per
minute)
Aerosol Type Cold PAO |
Upstream Aerosol Concentration 460,000,000 particles per

cubic foot (13,025,750
particles per cubic meter)

(0.3micron diameter)

Scan Speed 0.25in/sec (.64 cm/sec)
[™Hole 17 Leak not detected
“Hole 2" Leak not detected

Table 4: Test Results Operating at 0.125 inches/sec Scan Speed

Parameter " Result
System Flowrate 2,400 ¢fm (70 meters per
minute)
Aerosol Type Cold PAO
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Tabl e 4: Test Results Operating at 0.125 inches/sec Scan Speed
Paranmeter Result System Flowate 2,400 cfm (70 neters per m nute)

Aer osol Type Cold PAO Upstream Aerosol Concentration

460, 000, O0Oparticl esper cubi cfoot (13,025,750 particles per cubic
meter) (0.3m cron dianmeter) Scan Speed 0. 125in/sec (0.32 cm sec "Hole
1" Leak detected @6.6" with 0.014" penetration,

Upstream Aerosol Concentration 460,000,000 particles per
cubic foot (13,025,750

' particles per cubic meter)

(0.3micron diameter)

Scan Speed 0.125infsec (0.32 cm/sec

“Hole 1" Leak detected @ 6.6" with
0.014" penetration

‘Hole 2" Threshold leak detected with
0.9" of 0.008% penetration

[0047] As designed, at rated airflow of 2,400 c¢fm and an upstream challenge
concentration of 460,000,000 particles per cubic foot of 0.3 micron diameter, the
system was capable of locating pinhole leaks at a scan speed of 0.125 inches/sec, but
not 0.250 inches/ sec. Using higher aerosol challenge upstream may allow leaks to be
located at faster scan speeds, since the amount of challenge coming through the leak
would be higher and detected more easily. Also, at lower airflows the system is
capable of finding leaks at faster scan speeds since the particles passing through the
pinhoie are not diluted downstream of the filter by clean air and are thus more eastly
detected during scanning. _ ' .

[0048] Scan speeds of up to about 0.1875 inches/sec (0.48 cmfsec) have:
demonstrated to produce acceptable scanning resuits. Thus, in systems having an -
operational velocity of less than or equal to 2400 cubic feet per minute, a scan speed
of less than or equal to about 0.1875 inches per second may be utilized to detect leaks
in v-bank filters wherein the upstream challenge is about 300,000,000 particies per '
cubic foot {about 8,495,050 particles per cubic meters) in a 2,400 c¢fm flow. It is
contemplated that the scan rate may rise at lower operational velocities and/or at
higher challenges.

[0049] Thus, a method and apparatus has been provided that enables scan testing
of v-bank filters. Advantageously, the invention will allow the use of v-bank filters in
applications where testing for pin-hole leaks is required.
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"Hol e 2" Threshold | eak detected with 0.9" of 0.008% penetration

[ 0047] As designed, at rated airflow of 2,400 cfm and an upstream
chal I enge concentration of 460, 000, 000 particles per cubic foot of
0.3 micron dianeter, the systemwas capable of |ocating pinhole |eaks
at a scan speed of 0.125 inches/sec, but not 0.250 inches/ sec. Using
hi gher aerosol chall enge upstream nmay allow | eaks to be | ocated at
faster scan speeds, since the anmount of chall enge com ng through the
| eak woul B39 hiAfthengianariogs eembodiments whish| ipcormosde the feapbings of the
airfl ows i N aTel ; S
since t hebﬁg‘?@{@{e@ﬁp%‘?ﬁ% ﬁ?%“g%’l“?ﬁ%&g?‘%‘ﬁ@%tg‘! gé%?i’ %GRS%ES?(%(? H]eﬁg
downst r eaatt afant keadii dedse bpany ether avaried rembkodimentuthatostil icawpbrpte these
det ect ed e% %&%%scanning. pool Scan speeds of up to about 0.1875

i nches/ secC % ) cnmisec) have denonstrated to produce acceptabl e
scanning results. Thus, in systens having an operational velocity of

| ess than or equal to 2400 cubic feet per mnute, a scan speed of

| ess than or equal to about 0.1875 inches per second nay be utilized
to detect leaks in v-bank filters wherein the upstream challenge is
about 300, 000, 000 particles per cubic foot (about 8,495,050 particles
per cubic neters) in a 2,400 cfmflow. It is contenplated that the
scan rate may rise at | ower operational velocities and/or at higher
chal  enges. [Om Thus, a nethod and apparatus has been provi ded that
enabl es scan testing of v-bank filters. Advantageously, the invention
wll allow the use of v-bank filters in applications where testing
for pin-hole leaks is required. 100501Although various enbodi nents
whi ch incorporate the teachings of the present invention have been
shown and described in detail herein, those skilled in the art can

readi |y devise many ot her varied enbodi nent that still incorporate
t hese teachings. |IN THE CLAIMS 1. A probe for scan testing a v-bank
filter, conprising: a holl ow body having an interior volume, a

first end and a second end, the hollow body having a first side and a
second side tapering fromthe second end to the first end, the hollow
body configured to extend between banks of a v-bank filter during
testing; an outlet forned at the second end of the body and
adapted for coupling to a testing device the interior volune; and

a first opening formed through the first side of the body and fluidly
coupled to the interior vol une.
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2. The probe of claim1, wherein the first opening Is linearly
arranged. 3. The probe of claim11, further conprising a second
opening coupled to the interior volunme of the body, the second
opening formed in the second side of the body. 4 The probe of claim
3, wherein the first opening is one of a first plurality of apertures
formed in a first |leg ofthe body and the second opening is one of a
second plurality of apertures are formed in a second | eg of the body,
the | egs defining an acute angle t her ebetween. 5. The probe of claim

1, further q a guide coupled to the body and
configured tmm body from extending nore than a predefined
depth betvvee t he baB ? of t%%.filt%r. ? The .%ro_be of claim4,
wherein at |east ?WEPBIOrSHN E8fing @ ¥Papk fiiFeoBPIERgY t ures have

di fferent ef f ect avellay bodyehsingesm interior Wﬂlﬁn@ragﬁm evikd aidas sﬁfcﬁnd B itieg N
theflrst I i er, are arranged .in er or e
Size o AnghBl by BraRPE et s % SHE-A1 s Bk Beulip 65 e
at a fi rst do cheafirett érm\/ih@tﬂiowcbbﬂy abnfgussedo rdtead detween banks &f a g-bank

tapered slo gh a first wall of the body, wherein a w de
end of the f tmt{re'g J@QE)%S?@ slot is orientated towards the first end of
the body. 9. Theappulas fofmed adithe secchdrmd@ftmmyimﬂm@apted for cougling

second openi ﬁlﬂrged of the body opposite the
first wall. tél]gtésfphgﬁg E% g’? ﬁ:rr im mler ein the second opening
conpri ses: a figst §wﬁuf°f@?¥émgblthﬂ fisbyigreef the bodynd Mddly ceuptad

wal | of thebgdynteMbl8hfine. 2 W de end of the second tapered slot Is
orientated towards the first end of the body.

2. The probe of claim 1, wherein the first opening Is linearly arranged.

3. The probe of claim 1, flirth_er comprising a second opening ¢oupled to the
interior volume of the body, the second opening formed in the second side of the
body .

4. The probe of claim 3, wherein the first opening is one of a first plurality of
apertures forméd in a first leg of the body and the second opening is one of a
second plurality of apertures are formed in a second leg of the hody, the legs
defining an acute angle therebetween.

5. The probe of claim 1, further comprising:
a guide coupled to the body and configured to prevent the body from

extending more than a predefined depth between the banks of the filter.

6. The probe of claim 4, wherein at least two of the first plurality of apertures
have different effective orifice sizes.

7. The probe of claim 6, wherein the first plurality of apertures are arranged
in order of orifice size,
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11. The probe of claim1, wherein the first opening conprises: a
first slot formed through the first side of the body. 12. The probe
of claim1l, wherein the first slot is a tapered slot having a w de
end oriented towards the first end of the body. 13. The probe of
claim1l, wherein the first opening conprises: a plurality of linearly

al i gned apertures.

8. A probe, comprising:
an elongated hollow body sealed at a first end and having a port at a

second end;
a first tapered slot formed through a first wall of the body, whereih a wide

end of the first tapered slot is orientated towards the first end of the body.

g, The probe of claim 8, further comprising:
a second opening formed thr'ough a second wall of the body opposite the

first wall,

10.  The probe of ¢laim 9, wherein the second opening comprises:
a second tapered slot formed through the second wall of the body,
wherein a wide end of the second tapered slot Is orlentated towards the first end

of the body.

1. The probe of claim 1, wherein the first opening comprises:
a first slot formed through the first side of the body.

12. The probe of ciaim 11, wherein the first slot is a tapered slot having a
wide end orlented towards the first end of the body.

13.  The probe of claim 1, wherein the first opening comprises:
a plurality of linearly aligned apertures.
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