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

RELATED APPLI CATI ONS [ 0001] This application clains
whesehste2nf United States Provisional Patent PCT/US2006/041520

Application Serial No. 60/729,643, filed QOctober 24,

2005 by Thomas C. Morse, which is incorporated by

reference in its entirety. BACKGROUND OF THE | NVENTI ON

METHOD.ANDARPARATUS FOR V-BANK
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RELATEPD APPLICGATIONSN | amnar flow is not of primary
concern. However, conventional manufacturing and
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v-bank filters has been docunented in an article

&ubl i shed Cctober, 2001 in C eanroons Magazi ne :
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THE EUROPEAN CLEANROOMS MARKET. " | n t he art! cle, the
Fiel%tﬁgrlngégfisﬁ t hat ... HEPA/ ULPA filters with

ape eat packages cannot be scanned, because the
[o002]TEaSTHé pYesritbigventiwigeherdily oeiHtes dbos enethedgind apparatus for v-
possi ble leak in the pleated package." [0004] However,
bank{lgybedscanRINGs are forced to utilize deep pl eated
filter products instead of v-bank filter products

DescPRAFISEF fife RBRItBAAAY! Y Stringent validation

[0003] Many contamination control applications having high airflow requirements

utilize v-bank filters over panel filters when laminar flow is not of primary concern.
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 Cleanrooms 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 isl a need for a method and apparatus for scanning v-bank
filter beds.
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formed at the second end of the body is adapted for coupling an interior volume of the
body to a testing device. A first plurality of apertures are formed through the body and
fluidly coupled to the interior volume.

[0010] In another embodiment, a probe for scan testing a v-bank filter includes an
elongated hollorw body sealed at a first end and having a port at a second end. A
tapered slot is formed through a wall of the body, wherein a wide end of the tapered
slot is orientated towards the first end of the body.

[oo11] 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 simultaneousiy providing samples from each

bank individually to a test instrument.
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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 tov 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 illustrated herein is a FILTRA 2000™ v-bank filter

available from Camfil Farr, 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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[0023] Figures 1-8 depict various views of probes suitable for scan testing a v-bank
filter. The samples taken during the scan may be utilized for determining the location
of pin-hole leaks greater than a predetermined criteria or filter efficiency. Referring first
to a probe 100 depicted in Figures 1A-B, the probe 100 is generally a tube or other
hollow body 102 sealed at a first end 104 and having a port 106 at a second end 108.
The shape of the body 102 is configured to allow the first end 104 of the probe 100 to
be positioned between adjacent banks of a v-bank filter. The port 106 is generally
adapted to coupling to a test instrument, such as a photometer, particle counter or
other instrument suitable for leak detection or efficiency measurement. In one
embodiment, a length of stainless steel tubing is bent into a configuration that fits into
the “V* defined by the filter banks, for example, a “V" or triangle shape. In other
embodiment, the tubing may be straight or wedge shaped. A plurality of apertures 110,
such as holes or slots, are formed, for example by drilling, along outward facing side of
at least one leg of the probe 100. The number, size and spacing of the apertures 110
are selected to allow sampling along the length of the media bank perpendicular to the
direction of scan. As such, the length of the probe having the apertures 110 formed

therethrough is generally equal to the length of the media bank for which the probe is
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abouP¥.085 ! 1079 inhO8¢1 ABLWRBE hAs! % & ¢ Phup of holes 110C having a
diameter of about 0.062 - 0.093 inches (1.57 - 2.36 mm). Increasing the hole diameter

along the length of the probe 100 results in a more uniform (and representative)
sample along the length of the probe. Similar probes could be designed using an
aperture 110 configured as a slot that changes in width along the length of the probe
(e.g., tapers towards the first end 104), or by using perforated material along the length
of the probe that uses larger holes and/or different hole spacing along the length of the
probe, in order to achieve the same results.

[0025] Figures 2-3 show the probe 100, including an integral handle 150 and guides
112 to locate the probe 100 in the “V” of the filter during a scan of the filter. These
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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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 flare outward
from the first end 104 toward a second end 108. Each of the legs 402, 404 includes a
separate port 406A, 406B 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 to the first end 104. In one embodiment, the
apertures 410 are configured similar to the apertures 110 described with reference to

Figure 1B.
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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 a 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.
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PROCEDYRE2INSERTIONIBEYLERROBEOVe) are separately

e S U A SRk o ! i
to scAlet&td pRda J0RZ8] e pARRy s aksedl tH0sdrmy tHie betwagigetrrdbanks of

In size so that the apertures having |arger orifice
filter miediaevighis the ¥esiokem the dovnstreast sidaftoa V-bed dier.

[0037]; gb?ld%ongsfgrst\kuglgesﬂﬁ%foﬁgﬁ)z Pﬁ%cgg% 2 lgl‘i)ﬁ'f %66“‘5#/ BahRffilter using a

With erence
mechBhizdl peAdll WtB29]0.5 mnmndxbheterele‘adotormreatajaneakem a known location.

"Holep” bR targaieadinaicemenis Per OprBBAASRAM el dpe B4, on the
downgﬁé’%@r dJﬁQ%f H{é)nfeozée)gag@%the aetg%r?‘gﬁbt%irﬁaféw T8acH (25.8%m) from

acing si
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 ATl TDA-5B thermal generator was used to generate PAO aerosol that
was injected into the inlet of the blower. An ATI 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

8



body 102. In one enbodinent, the slot 510 may be

tapered such that the wide end of the slot 510 is
w@e@iopmee the first end 104 of the body 102. PODBS3006/641520

anot her enbodi nent depicted in Figure 6, a portion of

a probe 600 is shown. The body 102 of the probe 600

20 mhh%s%%a@?@é@%@aﬁ@n%b@%adm probe 100 or 400
descri bed above. The probe 600.i ncl uajﬁs aplurality

[0040k t aghi2e AaroseLeene@erYas tWRsdeN. Andiaglivsied tasowattset?veen 40-50
mlcroé?ﬁpﬁmf%rt u isog&rq% ﬁ/\?zﬁ:‘épbg‘eﬁ 'b%c%HEé‘Wé?th@Cin@l@sﬁxdseiéndards and

ody a portion of one apert
recorfih@ndationsaffer themplisadE8T apkATrrecommenteseaniridg metht an aerosol

challesi, A gl A0 (o e qoreBaake T by Pstbag Eh%[%}qe&%@entraﬂon
was ﬁ‘%%sh?edo(/\ﬁtgoglﬁnghéﬁ?nétéfmﬁﬁe Eﬂ&@r W&%G)scad QQ&%B UQE% the prototype

anot her e depicted in Figure 7, the pro
probéhasnizeated tatiguplotostetpeand tiee restith vedretraeonsiedbas slsown in Table 1

e Py o ST BT e e e
that th@té&ﬂrwré@? lsf%lr(f:q BRCHgerf4ckolb Fe Yediedk Thd pRIbe iEMfen advanced

probe 700 ude one or nore guides 706 to align
acroasrtbeppra@béo \'k@&trﬁhe meedia der, pigdstie eaka. T6e, leakthresholdanay be set per

t coupled to the open end of the
IEST&&%}H& égé?ég{%ﬁ%ﬁ &?eca'gure 7. The probe 700 is
placed as near as possible to the slot 702 in order to
el im nate potential bypass around the probe. Scan
Equipment Ylpeds conduct ed by noving the probe al ong the
o sllest Filthi:s Fﬁ.W)?O@DH%{,I availablesfoem Garpfili reyr.anc.
o ¢ dfodsh Nuontdr: HERKS T0A-0¢+01-86Xcept the probe is used to
o SCayt Nlo@bel:0855000@38 of the nedia pack. It is
o CEriaMRLAiRY: abosgapglata may al so be utilized to
C@%Béi Eﬂfﬁ%,efn t@g@j %CI ency [0032] In another

b 12A—B a probe 1200
géé? |_s i'llustrated.
- ig“%ﬁ i O S
Flogur e

o) InstrumentlD 66303
o Calibrated: 06/26/03
o Calibration Due: 06/26/04
o 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
e Model: TDA-5B
e Serial No.: 15769
o ATl Laskin Nozzle Generator
e Model: TDA-4BL
e Serial No.: 14718



sanpl e ports 04 are shown. [0033] Each sanple port
1204 includes a sanple entrance port 1206 and a sanple
wezoo/opwet 1208. A fitting 1210 is coupl ed to POEURNIY041520
1202 at the exit port 1208 to facilitate coupling the
port 1204 to a test instrunents, such as a photoneter
or other suitable device.[0034] At |east one guide
1212 is provided on the sanple entrance port side of
the probe 1200. The gui de # faC|I|tates al i gnnment
of the probe 1200 to the f Tas described above. In
t he enbodi nent depicted in Figures 12A-B, two gui des
12027 1Tn the ars securedg perpendi To The
maj or axi s ofpé eﬁ%fﬁbe 1200 and al i gned ﬁ##ﬁﬁthe scan
direction are provided. VALIDATION OF PROBE & NMETHOD
OF| AESTAMG V- BANK FI LTER [ 0035] {Th452r obe of the
present invention mas dennnstrated as being ef fective

fO - r\ Fl LTM 20( \'2 Iﬂou.llr\ LML of ‘vnﬁs N

~ut ?’V#@H‘ Emrﬁ&the test. The fi|l2P0a §fmnsli¢ Ped CHRic
a fest rig and challenged w th BPARtefdef Miffe) Was
then manual 'y scan tested using|the probe described

abpve  The testing is detailed hel ow PROCEDURE -
| NSRemsoNT$T&LE PROBE [ 0036] | n |dierembBaGrent, a
prpbe, such as the probes 100, 400, 500, was ut|Iized

t — 1 4 n Tl - [) Al +
R T L PR T B e
Vee''s fromthe downstream side of the V-bed filter.

[ OPBHbtofvetehBake S&itingi nt ent i onald.y%pl aced in a FILTRA
2000(tn) v-bank filter using a rrechanl cal pencil wth

a |an~nfcr l ead-to create

I oc’%PPW'mafﬁoM@n%a' S&a BPesd ed i n "qﬂrlﬁe‘hé%ﬁ 4 "yREsEeDn

the downstream side of the filter, on the downstream

Si d@_lc?% Aﬁ"he nedi a pack, at a o) %%Iagrbéeetl’ea)ﬂ mat el y I
er

in 5.4 mm fromthe vertical extrusion menb

"Hole B" was created in the nedija pack on the
“Hole B” Leak Detected**
Background Concentration * 0.04%

* The "background concentration” was constantly present and attributed to the so-
called “Bleed Through” phenomena. Essentially, it'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 (fom) (27.4 meters per minute) superficial velocity. 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-CCO034.1 specifies a maximum penetration of 0.01%. It was not possible

to base the presence of a leak on that penetration since the “background
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upstream side of the filter, on the upstream side of
the nmedi a pack, at a location very near the vertical
wezaorasicen nmenber. Hol es were created in thosePCT/US2006/041520
| ocati ons because they represent |ocations where | eaks
are generally considered difficult to detect. [0038]
concditeationStwas higherl thaad0.0d %neHawevdrhevhetathe padbe passed over the
gener al Ig i ncludes a variaple frequency drive on

leaks; dag RNOmgLeTatgARieERs RENPIrAtOTST Exserdingr g /ac%\ggwlwéndlcatlng
on (AFS) was approxi mately 0.452 inches

that I@éﬂse\&ér;é{;‘%%ts?hf (0.1 13 kPa) as neasured using an

[00411AI nokften (frcxamarins’erugar washicempletedurusinty oan acipssatrhechallenge  of

approsinafiin 78 B aheusHIPHoRe, epdiorRbLGeetiop algs. adjusted to
approxithateyy 1bh@g/f 'éﬁcﬁfhe fiR&SWhs %@al‘ﬂ—éd E@éﬁBﬁh'é?&é‘ﬁ' yielded the same

generdator wWas used to generate PAO aerosol that ‘was
resulisnjasct e itesb comrduciedt abf 40heigdl olter orden AJ1 beDsaBistent  with

recorfRENIRLeIE of ghoTaecr GP8r T lelPoaBb R bEingam AT1 TDA-

4BL IRIER 0zAB GSRrafstn el t@%uﬂ@df RO teITRIre fshWWhQn tdpped
to warmup for approximtel y20 m nutes al

steady-state operation to be reached. [0040] The
aerosol generator was turjgggﬂg and adjusted to
obtai n between 40-50 m cr Fliter. Thi s range was
chosen because various industry standards and

r ecommendat | opardrheterexanpl es, I||EST and ARégulteconmend
scanning w th an aerosol challenge ranging from 10-100
mlcrograns/liter The upstream ¢ hal | enge concentrat Lon
waisAh@aiklired with the photonetel 0482 filter was scan
tested using the prototype probe connected to the

ph he Tesutts were g ded:4gs

Tab gﬂghﬁgpgm%eThe scan was perfo ?@gg b%ﬁﬁanggfp; bUbw
inserting the probe into the fil hestesupdr miraite} he
aperture(s) is facing the filter pack to be tested.

Th nrohe | o fhan arl\lahr\arl acro%$S t hao nar\!/ to—test Lha

rred‘\groiSBFT)ﬁ?% hol e | eaks. The | %04 RAS hol aurra;/qi)e )

set per |EST standards or other |test protocol.

Upstream Aerosol Concentration 12 ygl/l

Photometer Scale Setting 0.01%

Approximate Manual Scan Speed ~1in/sec (25.4 mm/sec)
‘Hole A” Leak Detected*™*

“Hole B” Leak Detected**
Background Concentration n/a

[0042] The “pbackground 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

11



Equi pnent Used Test Filter: FILTRA 2000(tm,
avai l able from Canfil Farr, Inc. o Mddel Nunber: FAl
wWGZ0a0M627 0 1-09 o Part Nunber: 855010095 o0 SePCHIS2006/041520
Nunber: A 116084-008 o Label Efficiency: 99.998% o
Label Pressure Drop: 1" w.g. (0.25 kPa) o Rated cfm
pres@‘itScﬂUr(r@Jte&tingbjsingréhennsalb'egemératﬁdePAO?rwbmhr®<ceeds the maximum

| ndi cat or: .,ALNOR M cr oMano
allowaPlt GoRTRAUPET o REVBIMETARD. T¥018STREIGREAB4 1. 0, This may be
/ I fr
overcgfgﬁggyofﬁ?%ggﬂﬁﬁﬁ?%fg?%n%? é@é}f %nugﬁ ésbéﬁ UIQﬂA 'ﬂ‘l’t@r which is designed
to berinighiyretfécient vb detinovinpAO AR qrrSparta:lesNo TheBdGWnosude of this is the

inoree 4L BESEiR ARRSART Toftare Phafin ACFSIGHH e feks is effective i

Iocat'ﬁ@%rﬁ@l pﬁ‘ﬁbmaleak@ in tHOTik&, Withthe REKbPerdtimy & design flowrates and

challenged WIth cold PAQO generated with a Laskin Nozzle generator.

PROCEDURE - ABOVE SLOT STYLE PROBE

[0043] In another embodiment, the probe such as the probes 700, 1200 was utilized
to scan test a Filtra 2000™. The probe was used to scan the opening between the
Vee’s on the downstream side of the V-bed filter without penetrating between the
Vee’s. The probe height was designed so that it extended beyond the media pack and
overlapped the channel on each side of the Vee. For the test data provided below, the
opening of the inlet sample port 1206 is 5.406 inches high x 0.125 inches wide (137
mm x 3.18 mm).

[0044] Desigh of the probe was confirmed as effective in locating leaks using a
Filtra 2000™ was installed in a test rig and challengéd with PAO. The filter was
automatically scanned with the probe assembly that was coupled to a lead screw
assembly which was rotated by a small servo motor. This allowed for precise control of
the rotational speed of the motor and therefore accurate and precise control of the
linear speed of the probe assembly. The testing is detailed below.

[0045] Two holes were intentionally placed in a Filtra 2000 using caplllary tubes WIth
an internal diameter (1.D.) of 0.020". “Hole 1" 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 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

12



Mbdel : TDA-4BL Serial No.:

14718TABLE 1 * The

"background concentration" was constantly present and

wa@redoriobseed to the socalled "Bl eed Through" pheeDIS2986/041520

it's aresult of using thermally

(wth a particle dianmeter near the

leak t8eSihg RRNES Batightiobas tSdalbig 33i00e IGBEPSarticley cOuritdr vn) thkod.3 micron
the filter at such a high

A8k PRJAY. wer e devel oped for

I
? U%se B&l

medi a velocity is

Essentially,
gener at ed aer osol

~the chal | enge and operatin
size rangar Besultsrae prewredda

(1 priys 37 af e Rkl BRREATA e

In this test, the superficial

HeRfred Shall e

appr oxi mat el yPdaaghdtem (48. 8 net
Furthernore, per |EST-RP-CC034.

brs per nmRugud .
1 , a Laskin nozzle

in the ranaa of 0O 6

ge rticles

ner at or—(generating pa
0./ Ryt HRwie) i s recomrended

t&/pe of filter. ** | EST-RP- CC03
penetration of 0.01% It was no

200 168M| 47 Mpters per
il cifies a maxi mum
n%%@g??bl e to base the
ration since the

priesence of a leak on that pene

bakdgsolifyfmoncent rati on" was h
when the probe passed

n

However ,

a2 atd

Go&t PARBN 0. 01 %
bver the | eaks, the

p
ob

Af
ch
ae
ag
yi
"q9
of

TR Aeioad Cans o cake

ter scan testing was conplete
al  enge of approximately 40 q
rosol generated was adj usted
/1, and the filter was scanne
el ded the sane results as the
/1. In.order to be consistent
| EST- RP- CC0034. 1 testing w

180 Q0B npartclesm 1 per
(130828, 750

HoWisicNgfcde ups
g/ 1, the output to the
padisiasaermaabic meter)
i again. That test

. duc t 40
@(\f?#}lcﬁgﬁ&l nsg%a'{ i ons
As conduct ed usi ng an

C

ATl
that test are shown in Table 2.

ISGHPASpd&t Laskin Nozzle Genef

a125in/sdh €64 eswsts) of
TABLE 2 [0042] The

o bl eed-t hrough—\Was

hackaround-concentration" due
TC-KEH-OHHR cohRceptrattoh aue

na ﬁé’?%i’c’)brem

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 cfm (70 meters per

minute)

Aerosol Type

Cold PAO
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when testing with the Laskin Nozzle generator. "Hole
A" and "Hole B" were easily detected. Thus, due to

WO blogesbeehr ough” effects, there is a backgr ounBCT/US2006/041520
concentrationpresent during testing using thermally
generat ed PAQ, whi ch exceeds t he maxi num al | owabl e

ORHEA VWWW
oy Using a hi gher efficiency filter

such as an ULPA filter, which isubiesi gfeat t o(1B0RSGADY
ef ficient |nrermV|n9012 qmpartl | es si dg
this is the increase in pre<§ﬁ‘rt %ﬁeﬁr%% grﬂ ase
n cost. As designed, the probg is effective in
ocating small pinhole | eaks in(®Benibidntdameted)h the
|ter operating at design flowates and chal | enged
th cold PAQ generated with allaskin Nozzle
8eamSpesdPROCEDURE - ABOVE SLOP- Bbiniseprdne ¢ro6s8s] |
hot her enbpg!negt, the probe such as the probes 700,
’ ott+—T1Z2€0 0 SCalit 1est 1 "
I ®Was used to scan the operiea‘kbg{e\%ecgér?t e@/%e
n the downstream side of the V-(hetdfpdretrationt hout

enetrating between the Vee's. |The probe hei ght was
bgi gned _so _that it extended-bevond e

/&role@ed the channel or{u‘é;cﬁhW@S%‘?la |ﬂgk"\q‘§gé‘c‘%§@eﬁfh“
ne test data provided bel ow, t 0 0 et
anpl e port 1206 is 5.406 incheme% 8@@908/&; %ﬁ?ﬁaﬂg{eﬁs
wde (137 nmx 3.18 nm. [0044] DeS| gn of the probe
was confirmed as effective in Iocating | eaks usi ng a
Filtra 2000(tn) was installed in a test rig and

[0047]‘:h""|/3!se @{‘%Ht rbtpé% Thglol 'o'fez A0BSchwtaimtanc abbiream challenge
scanne pro e assenbly that was coupled to a

concentratios cofewsaMBOY pariicies es cubiatioat B @.3smisonsdiapeeter, the

systomayeh panghsdLochBe dRoRESH 5 EhherB) & B 12p opesisee, bu
not 0. QBS rﬁ%q%@/ %@CCQﬁlﬁg?hlg‘hfer bR ol Bﬁéller@ée@@lstm‘am meawalah@leaks to be

is detail ed bel ow.
Iocatddodate@smr@aunrﬁpﬂﬁdso ﬁmceythgwm@wt. of chaipngé 20me g througy the leak

would %glll’n ﬁey db %%tevc\gté(? more easily. Also, at lower airflows the system is
capable of finding leaks at faster scan speeds since the particles passing through the

pinhole are not diluted downstream of the filter by clean air and are thus more easily

W~"0QTOTRLPYIQS —h——

detected during scanning. ,
[0048] Scan speeds of up to about 0.1875 inches/sec (0.48 cm/sec) have

demonstrated to produce acceptable scanning results. 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 particles per 4
cubic foot (about 8,495,050 particles per cubic meters) in a 2,400 cfm 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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an internal dianmeter (1. D.) of 0.020". "Hole 1" was
created in the nedia pack on the downstream si de of
wo b@70sdeeer, on the downstream si de of the nmedPEI/psmke/041520
at a |ocation approximtely 6" fromthe side of
filter. "Hole 2" was created in the nmedia pack on the
[0050] pSAﬁ}?dgjags'\}é?lg% EH?OJd*r{qéﬁL% whitH hﬁcéf@%?étéamé'téacmhgs of the
th at a location approximtely 1
preserithieventida mah/et beeri ishoen. ardotiescrikeddn cledail barain, Mﬂl@@gékllled in the

art cap, e cdaung, TRy | APt \eRedor bty B P s el these

teacmﬁ gequency drive on the test rig was adjusted until the

ow ate was approxi mately 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 contai nnent housing. The
aut oscan control and sanpling systemwas used to
conduct | eak testing using a Lighthouse Solair 3100+
| aser particle counter on the 0.3 mcron size range.
Results are -provided in the Table bel ow. Table 3: Test
Results Qperating at 0.25 inches/sec Scan Speed Tabl e
4: Test Results Operating at 0.125 inches/sec Scan
Speed[ 0047] As designed, at rated airflow of 2,400 cfm
and an upstream chal | enge concentrati on of 460, 000, 000
particles per cubic foot of 0.3 micron dianeter, the
system was capabl e of |ocating pinhole | eaks at a scan
speed of 0.125 inches/sec, but not 0.250 inches/ sec.
Usi ng hi gher aerosol chall enge upstream may al | ow
| eaks to be located at faster scan speeds, since the
anmount of chall enge com ng through the | eak woul d be
hi gher and detected nore easily. Al so, at |ower
airflows the systemis capable of finding | eaks at
faster scan speeds since the particles passing through
the pinhole are not diluted downstream of the filter
by clean air and are thus nore easily detected during
scanni ng. [0048] Scan speeds of up to about 0.1875
i nches/sec (0.48 cnisec) have denonstrated to produce
acceptabl e scanning results. Thus, in systens having
an
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operational velocity of less than or equal to 2400
cubic feet per mnute, a scan speed of |less than or
weoualostee7 about 0. 1875 i nches per second may bRCT/US2006/041520
utilized to detect leaks in v-bank filters wherein the
upstream chal | enge i s about 300, 000, 000 particles per
j t (about 8,495,050 particles per cubic
VVhat%ﬁ?é@g%Pﬁh a 2,400 cfmflow. It is contenplated that
the scan rate may rise at | ower operational velocities
1. ahgrabve for seagliestinghavthankditer] @umapsiNGus, a met hod and
apparat us _has _been_pr.oyj t n '
o PIBuRoY el R ety & e b 8RR, el end. the
hollowrbb@\chifRLeE t& bxienBasgtwbeh hainks of aapipanicitéroansingestng;
testing for pin-hole leaks is reqﬁgbedwkgogOégﬁl hough.
vait ostiet Brmedi aletesseganshens obthe bedy arkkada i¢?§§° pling to a
. nr I: OV, Lan ve.been shown and described in
teshn%@?yﬁﬁﬁﬁgﬂﬁ?%QW?ﬂ@@%,gE?||ed in the art can readily
dg Vfirsteploralisy of hpertvassi fetmedithriuginthet bady andlfluidly coupled to the
~incorporate these teachings.\Wat is clained is: 1. A
interigsveBeNe.or scan testing a v-bank filter, conprising: a
hol | ow body having an interior volune, a first end and
a second end, the holl ow body configured to extend )
2.  bEhaepmobbankslaiim al ,vwhensinf tHet dirstdpluraliy t ek tapegtures are linearly
outlet fornmed at the second end of the body and
pted for coupling to a testing device the interior
volune; and a first plurality of apertures forned

through the body and fluidly coupled to the interior .
3. vbhemeobe of thainpr obithef comyirising avarseadrplurity of apertures fluidly

Lurality of apert [ I Lo
countBldh 3t el RGO EerB 5 Sk LB b ke jormea
an op?f)si@é)éﬁbl&fftﬁe bbui deticoud Bt bluralitg of aperturs. vol une of

he body, the second plurality of apertures forned in

arran

4. The probe of claim 3, wherein the first plurality of apertures are forméd in a first
leg of the body and the second plurality of apertures are formed in a second leg of the

body, 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 1, 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.

8. A probe for scan testing a v-bank filter comprising:

an elongated hollow body sealed at a first end and having a port at a second
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an opposite side of the body relative the first
plurality of apertures. 4. The probe of claim 3,
wob@rese2the first plurality of apertures are POT/IBIN06/041520
a first leg of the body and the second plurality of
apertures are formed in a second | eg of the body, the
end"abggs defining an acute angl e therebetween. 5. The
*“probe of claim11 further conprising: a guide coupled
totdgeeed et fonteddhfougir adwalb ofirthe drady: éheseiyarwigm end of the

extendi n re.tha .edef i n dept.h between the
tapereg SHds Qf'gf‘{;ge&q\'i@’ ?%&'ﬁﬁi@”ﬁrﬁgge g?’déﬁ aim1, wherein
at least two of the first plurality of apertures have

different effective orifice sizes. 7. The probe of
9. & miethd] fasHestiricha vHmank filler, @AMOPESINgy of apertures are

arrapged in,order. of 1L | f Heati
- TordG S pOABLAR 1 Bl effye Tors PR Gk 8 fitration

mediatfld RWaRR#KeEmded at a first end and having a port at
a secondend; and a tapered sl ot formed through a wall
draversing 8 prolecalena oaevafde dRer bankse tapered slot is
orientated towards the first end of the body. 9. A-
met hod for testing a v-bank filter, conprising:

10.  ITHEEHctSH af gaphe, hMaergig tavptsingfurthercbnyaisgse ports

e o i T b et el LD iimeters

per sefbvgﬂéiacr?)gs tﬂ@ﬁltmﬁ@s&gnrﬁﬁ% m9, wherein traversing
urtner “conprises: noving the probe at a speed of 1 -
2 inches per second (25.4-50.8 mlIlinmeters per second)

N B eE

sampling two facing media banks simultaneously.

12.  The method of claim 9 further comprising:

challenging the filter with an aerosol having a concentration of at least about 12

yg/l.

13.  The method of claim 9 further comprising: .
drawing samples into the probe from multiple apertures, wherein an orifice of an
aperture furthest from a test instrument is greater than an orifice of an aperture closest

to the test instrument.

14. The method of claim 9, wherein inserting further comprises:
moving the probe into the filter until a guide extending from the probe engages
the filter.

15.  The method of claim 9, wherein moving further comprises:
delivering a first sample from a first bank of the banks of filtration media through
a first exit port of the probe; and

delivering a second sample from a second bank of the banks of filtration media

17



sanpling two facing nmedia banks sinultaneously. 12.
The nmethod of claim9 further conprising: challenging
wo b@70sdeer wi th an aerosol having a concent r ap€DOSIID6/041520

at | east about 12 qg/l. 13. The nethod of claim?9
further conprising: drawi ng sanples into the probe

throughenseudnid gliepap ef the pobewhittroait migingdhe fsaeples. an
aperture furthest froma test instrunent is greater
than an orifice of an aperture closest to the test
instrunent. 14. The nethod of claim9, wherein
inserting further conprises: noving the probe into the

16. fiA mthomtdrltestlrgpéadd)mméﬁedictgnpnisjngt he probe engages
the filter claim9,

v e engal
¢ Brovitnoch arflaads Tadt BN it vy 2t JRSHEMG GRigant banks of
iter ek ab@iofn 416" Glkralont | Lrati on media thr ough a

first exit port of thé probe and delivering a second
sanphringramrabe eansass leankpeiing Hiefinedkisetwieehi ther atljasant banks of
filt egl at hrough a second exit port of the probe w thout
Her i i'q“lg the sanples. 16. A nethod for testing a v-bank

f ishir@lin @nnmssﬁm@ﬂwroa wedbMSaom@rlneéwgatn@mdfﬂkambbe and

1
filter having eas? two adjacent banks of filter
w@@tesrrrarnman@@@amplgls indicetive pgareak.on; scanning a
probe across an openi ng defined betvveen t he adj acent
banks of filter nedia; sanpling air passing through

17. t Maehaskmdodf dlaint 6, wWhdisin scshriing furtiver qonehrisesand
determining if a sanple is indicative of a |leak. 17.

TRROIE RotrabisagIRls fOTbloree 8i & badyr o Mg Piabenasross the opening;
and corrprl Ses.:

- moving a second sample port formed in the body of the probe across a second

opening defined adjacent the first opening.

18. The method of claim 16, wherein scanning further comprises:
moving the probe at a speed of less than about 0.1875 inches per second (0.48

cm/sec).

19.  The method of claim 16, wherein scanning further comprises:
moving the probe at a speed of less than about 0.125 inches per second (0.32

cm/sec).

20.  The method of claim 16 further comprising:
challenging the filter with at least about 300,000,000 particles per cubic foot (@
8,495,050 particles per cubic meters).

21.  The method of claim 16 further comprising:

providing at least 2000 cfm (56.6 cubic meters per minute) of air flow through
the filter.
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nmoving a first sanple port fornmed in a body of the
probe across the opening; and noving a second sanpl e
w@eorow/of@ened in the body of the probe across aPGEUSIVI6/041520

openi ng defined adjacent the first opening. 18. The
met hod of claim 16, wherein scanning further

22. COmRrmeed dfayaing16 h@hereibscainivy frteg comprises: t han
about 0.1875 inches per second,&%:48 cm sec). 19. The
nengadingra gyideaf tee pipks with the EWehi ng furt her
conprises: nmoving the probe at a speed of |ess than
about 0.125 inches per second (0.32 cnisec). 20. The
nmet hod of claim 16 further conprising: challenging the
filter with at | east about 300, 000, 000 particles per
cubic foot (@8, 495,050 particles per cubic neters). 2
1. The nethod of claim 16 further conprising:
providing at | east 2000 cfm (56.6 cubic neters per
m nute) of air flow through the filter.2. The nethod
of claim 16, wherein scanning further conprises:
engagi ng a guide of the probe with the filter.
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