WO 2007/ 050627 PCT/ US2006/ 041520 METHOD AND APPARATUS FOR V- BANK FILTER BED
SCANNI NG RELATED APPLI CATI ONS [ 0001] This application clains benefit of
United States Provisional Patent Application Serial No. 60/729,643, filed
Oct ober 24, 2005 by Thomas C. Morse, which is incorporated by reference in
Its entiretyO2B8ACKGROUND OF THE | NVENTI ON  Fi el d of the PICIUSA06/0415300002] The
present invention generally relates to a nethod and apparatus for v- bank
filter bed scanning. Description of the Related Art [0003] Many

contam nation control applications having high airflow requirenents wutilize
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pl eat ed e the air handling capacity of v-bank
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there is parief@rbed saammhod and apparatus for scanning v-bank

Descripfion of the Related Art

[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 (j.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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[ 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 hollow body configured to extend

bet ween bani® 0b7/@&esprbank filter during testing. The ho has first
end and a second end. An outlet is forned at the secondi)éeﬁgszgﬁg%ﬁéobody and
is adapted for coupling a testing device to an interior volunme of the body.
A first plurality of holes are fornmed through the body with are fluidly
coupl.ed to the interior volune. [0007] In another enbodi nent, a nmethod for
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a probe for scan testin v-bank filter includes a hollow body having an
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vol une. ﬁw@@ﬂOUP{?ﬁ%ﬁ@ erg%tyg ent, a probe for scan testing a v-bank
filter ipgbydes|PanotRbOaaBbEIFhdIR! 4 euthafior seattsy atv-Barhi filsdr ieBEbvAIed. Navi ng a
port at a second end. A tapered slot is formed through a wall of the body,
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[0009] in one embodiment, a probe for scan testing a v-bank filter includes a hollow
body having an interior volume, a first end and a second end. The hollow body is
configured to extend between the banks of a v-bank filter during testing. An outlet
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] fn another embodiment, a probe for scan testing a v-bank filter includes an
elongated hollow 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.
[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 simultaneousiy providing samples from each
bank individually to a test instrument.
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[0012] In another enbodinent, a nmethod for testing a v-bank filter is

provi ded that includes providing a challenge to a v-bank filter having at

| east two adj acent banks of filter nmedia arranged in a "v" configuration,
scanni ng a wo ol oseross an openi ng defined between thepradjaemsbiibanks of
filter media, sanpling air passing through the banks of filter nedia and
into the probe, determning if a sanple is indicative of a | eak, BRI EF
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anot her enbodi ment of a probe suitable for scan testing a v-bank filter.
[ 0018] To faC| | i tate understandl ng, |dent|cal ref erence nuneral s have been
used, : RVViINeDPt i cal el enents that are common to

IEF, H
the fi gur t
enbod neafoﬁwa *@%be%%#h“@é%ﬂ’“ #t, B ?esﬁrlﬁvf'@?@'%ﬁn OB o e HBEE: RlosP5oy o
further rcansmammgnlthe [fOIdaAg |detall8dt@esiEﬂpﬂl§ﬁ & cohjowetiar withhtle bbeorapsirded
drawings illustrate only exenplary embodinents of this invention and are
t her ef or Araings.dn¥&Tbnsi dered limting of its scope, for the invention may
admt to r y 4 gfd eetd v nzad S T DReWE! By 20]
Enbodi rrerg slﬂgf ?ﬂ%“%%vgﬁté o% %r SAS% ta ?ggﬁ%r S?En%tlaggl?? ng v- bgnkﬁé Echgrs
for embodiments of a probe suitable for scan testing a v-bank filter;

[0015] Figure 7 is another embodiment of a probe suitable for scan testing a v-bank
filter; ' ,

[0016] Figures 8-11 are images of a probe of the present invention engaged with a
v-bank filter to facilitate scan testing; and

[0017] Figures 12A-B are another embodiment of a probe suitable for scan testing a
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 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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pi n-hol e | eaks. Al though the filter illustrated herein is a FILTRA 2000"
v-bank filter available fromCanfil Farr, Inc., it is contenplated that the
testing apparatus and nethod nay be utilized to scan test v-bank filters
havi ng other configurations. A scan probe devel oped to facilitate scan

t esti ng enawbesowe@sdnabl e scan rate (i.e., in the é{,@%gﬁgj
PCT/ US2006/ 041520 range of about | - 2 inches per secon
mllinmeters per second)) for nmanual scan operations and may further be

adapted f u | to IS ti
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convent i @Hgﬁm%k‘})@‘:@?ﬁ@ 16848 s,  the probe generally consists of a tube with
an integral transition through which the sanple is drawn. The transition is
gener al | yROBRIDESIGN ect angul ar. The design of this type of sanpling probe
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contenplate e pro e nay i gur ed. o scan only orie ne
in a si ngbmptealssira\[vﬁom ﬁ@iﬁceslsgeaetwmsquamawn reaangukans Toe dasignest thlsl tabl e

for scan testl v- ba filt ken dur i t he.scap may
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predet er rgf rebé bRy eim%lefﬂ |ré§tﬂtm§|f‘1 iugiferme Hirfldve befdssNBe khfmpling pana. probe 100
depicted in Figures probe 100 is generally a tube or other hollow

body 102 (%@l ed Imtheapresest méﬁrahomn PaPRP Allhediacemediadasks tp ke seritnednd
108. Th%wﬁ@%ﬂ‘éoﬁ’él t %t%‘?@ﬂ tﬁ%zlsh‘f neROddQ ek H?suﬁéan \SHGI}‘?I?SJ It r% dthe04 of

t he probe oned between adj acen Iter.
The port nifber sf gmeeea’l par filled dyEt ed ctp@raioubdas tgmiage avithetbie prolsa whemtestlr@uch as
a phot OnEtfel{e’r F?ta‘lgtcgo%lteemgl%?enc} fhat e probe may be configured to scan only one media
pack in a single pass.
[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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other instrunment suitable for |eak detection or efficiency neasurenent. In
one enbodinent, a length of stainless steel tubing is bent into a
configuration that fits into the "V' defined by the filter banks, for
exanple, a "V' or triangle shape. In other enbodinent, the tubing nay be
strai ght oWomedye'&aped. A plurality of apertures 110, PCEUSROERIRG| es or
slots, are forned, for exanple by drilling, along outward facing side of at
| east one |l eg of the probe 100. The nunber, size and spacing of the
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aper t ur eprdddwalidrriiuicbd Bedhesm @oldRrsxishdiv] blohg the el diehypesbehohasds
ext endi nqbal ong the length of the probe towards the first end 104 to
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enbodi mereast depigaiupd of ofesgamdiod siBis hdvingagifferent edfidel Sizesiclruthe embadimgnbup of

hol es 110C he_f i d 104 of be.100 furthest .
phot ot disnitied MHEGMIES Bofiennatistied 40 s T faregrobia hotes 4] Gt e et
near grohdofodef & 5%’? lﬂ’@@ﬁ@ﬁﬁ&t@?&ﬁ@ﬁé phétdnfter #1860 eea dark@B dlapitder

photoneter), while a dl e group of holes 1108 disposed in the mdsection

of the priogiceldoamibe diamptarafed nanmaiper of holetedd0Andisposetk clgisastetoeths  of
t he apert
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about 0. Ghidsectiod.difize probleet0( Pavkba didnéér somewheréddetwgen thosef thb alizsetéiOB .
having a oqitf?errggeegturgg 110 closest and farthest from the second end 108. For example, the

apertures 110 may include near group of holes 110A having a diameter of about 0.018

- 0.062 inches (0.45 - 1.57 mm), middie group of holes 110B having a diameter of

about 0.055 - 0.077 inches (1.40 - 1.96 mm), and a far group 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.q., 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

5



about 0.055 - 0.077 inches (1.40 - 1.96 nmm), and a far group of holes 110C
having a dianeter of about 0.062 - 0.093 inches (1.57 - 2.36 mm).
Increasing the hole dianmeter along the length of the probe 100 results in a
nore uni form (and representative) sanple along the Iength of the probe.
Simlar prowesiwestsd’ be desi gned using an aperture 110 panfs2guned2|s a sl ot
that changes in wdth along the |l ength of the probe (e.g., tapers towards
the first end 104), or by using perforated naterial along the length of the

probe t hajetweds tHeardia paties tﬁél@b?rehﬁilﬁd‘tmgqjﬁterﬁ‘tml eafiae the MmearRobahe hengt h

of the probe, in order to achieve the sanme results. [00251 Fi gures 2-3 show
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each nedithe repmmedlmstamaa tornenge)e di stance the first end 104 of the probe can

be |nserte ntg the filter. The quide such as bars, rods | ers,
beari ng, Ffd qn %ﬂ%emb 8%%}" p’l%(ﬁ ?Oqléssfasbé'é‘ﬂped f?’%mgBP%é"i“%" “@,039’ 11)
ensure t h@bé’i @@?fdrﬁﬁ'é@'nﬁ‘% V-8REH Bt bARBER tHROplebteWPh P8 TR FRe tubes 180
PCT/ US2006/ 041520 between the nedi a packs, thereby elimnating potential

damage t ase gedpled makﬂﬂwcondaecmemﬁama tesnt 8% twhigh extends o Bieeparb@0&utheng

or obe. andeneST GneRoREIRg ool of RBlyHAG csREREROBE HIPAT 18, ance
(() ?r mr) ?ggﬁ%qlo;/vg\?vﬂf?jﬁgémm& amitﬁ}d) mggerémbolps ahe é@@hmwnﬁmﬁfguc@éwa‘)rme one

V h fit bet t d
s Al anoreaPeaaelots Bb Uas Shoust s TdUes Bl Sassenn siotaion bos Bt § i
182, whi Céﬁo%t[ﬁrml@rb% tda%trmrdonﬁe&at@hgto B Tah”s‘é%p%@ vﬂfhn"a he (25 ghsmivey be

de5|gned as a plural |t | ot sTor hol es shown |n Fi gures
1A- B, andhef®g, ofstha @gamwéscmlﬁ@emasallgmwmuaﬁwmogep@@lmms@)ncemWem nor e

EZE” chouSTiedid §ab2 g5 Erétobthe bERRT itV R 2 e B B i
(25. 4 apgtunsd 110 hﬁayﬂ@@smblei slet IrEdlagsivaekin Ml 5/46Bgahesait a(p@malityldﬂst ry

acceptable di st ance bet the nmedi a pack and a sanpling probe.
enbodi merds Wy k§ Ht”gegvﬁhei geqipetry ofige H‘W&e 1%%@?%3/[}?%”*995'%9 O@ée%lW§Png e

sl ot 510 @sBReYBr St Wradticed-wbul@ rEQanothaf thY BFHd bY 18dated closer to the
media pack during scan testing. In embodiments wherein the body 102 is a tube 180,
the rounded surface (outer diameter of the tube 180) through which the apertures 110
are formed provides protection against damage to the filter media in the advent that
inadvertent contact between 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 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.



slots may be utilized. The geonetry of the probe 100 may be nodified in
cases where standards or industry practices would require that the probe be
| ocated closer to the nedia pack during scan testing. In enbodi nents
wherein the body 102 is a tube 180, the rounded surface (outer dianmeter of
t he tube 189d 20thwsusgh whi ch the apertures 110 are for medTarsessdas2o
protection against damage to the filter nedia in the advent that

i nadvertent contact between the probe and nedia is nade, particularly as
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In the enbo i ment depicted in Figure 4A-B, a probe 400 includes a body 102
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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 a v-bank filter is iilustrated. 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 sampie
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. |



I n one enbodi nent, the apertures 610 closer the first end (104) of the body
102 may have nore in open area than the apertures 610 is proxinate the
second end (106). [0031] In another enbodi nent depicted in Figure 7, the
probe 700 has a rectangular shape. The width of the probe is such that it
wi der than Wheooriosich? of the slot 702 defined at the w detarsdowhstste Vee
where air exits between the nedia packs 704 of a v-bank filter. The probe
700 may include one or nore guides 706 to align the probe with the slot,

such as gogasd, rﬁQHéﬁT,onba%ui@é 1et Deg ptoyitdi argthieesdmplessriteimeb &bt sidé BEtheopen
i igure . 7. The probe 700 is placed as near

end of the probe 7 as shown in F ]

as possiniple ﬂﬁOQ-h %%‘t"d?otmizn‘pa&f“ $s @Bgrgp‘,e.- ate poLent4) Poo%’a@?raqsound
the probejeseefi ab Rt | ROtHeSemBBETER Gepiticmii mguﬁéw PAEDDB! et 1180t
This is very sinmlar to scan testing a conventional HEPA filter, except the
probe i s theEim & bashipeeuied plespendidasdd the majar@xiseefi the pactke 1200 ped aligned

cont enpl at. : h so be utilized to calculate filter
ef fici en%ﬁqf‘%g%q aﬁ@@ﬁ%%&%ﬂ%di ment depicted in Figures 12A-B, a probe

1200 suitable for scanning a v-bank filter is illustrated. The probe 1200
i ncl udes VAAILLIDATIOR ©F PROBE SaMETHOB IOFTESTING VeBANK FILTER I n the

enbodi ne pi G IhRe - : . .
[0033] ERFIE b B BioBe 385 FodkrlTenl ot hasRAMRRIERE] 5s Boid Stditer,
sanpl e dagating deaksl 208IL TRA 2000 veparikifdter was eitiliggdeduring thectebodihel B2 verts t he

it t. 1208, t facilitat | i ng.t 04 t t est i nst ts,
Such bo” indAlB inoa &r8h0 AL haigiBed Bt HEQP SThe JHRE Wi helrcian!/ AR S ©
PCT/ US20Q64t8d 1630 thé PobéldAcribeaabowm eTiguiedting BldetaleddbOdided on the sanpl e

entrance port side of the probe 1200. The guide 1212 facilitates alignnment
of the probe 1200 to the filter as described above. In the enbodi nent

depicted g EEP?@&%@P%%W?§O%Z in the formof bars secured

per pendi cul ar € probe 1200 and aligned wth the scan
di recti onomse priovndednbddinieDAE ObeFsiRRGEBEN& pvEi¢{OD0OH O SDONGay-uBkdd

FILTER [Q039] The probe ghghnerpLesent ,jnvention vas demmnstrated,as being

filter media within the Vee’s from the downstream side of the VV-bed filter,

[0037] Two holes were intentionally placed in a FILTRA 2000™

v-bark 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 ATi TDA-5B 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 fiiter. The
blower, aerosol generator and photometer were allowed to warm up for approximately

8



| ocating | eaks. A FILTRA 2000 v-bank filter was utilized during the test.
The filter was installed in atest rig and challenged with PAQ The filter
was then manual ly scan tested using the probe described above. The testing
is detail ed bel ow PROCEDURE - | NSERTI ON STYLE PROBE [0036] In one

enbodi nent ,wa2profwez7 such as the probes 100, 400, 500, was/ustiokisaem to scan
test a Filtra 2000TM The probe was used to scan the between the banks of
filter media within the Vee's fromthe downstream si de of the V-bed filter.
[0037] Tvaw irlueess arlbmtéﬂcﬂyeetait@ﬁpéﬂaﬁorplt@bededched FI LTRA 2000TM v-bank filter

sing a nechani enc t to create a | eak na
o [oddtitba Tiea pheoa-cqpieor Bas s i antdust bl o et FweshAbha

si de of trhi%rd‘g‘réﬁ’r@ﬁhterOnThrﬁeran@@V\Wéé rPR8aS iIdRadde VvAROWE thdy IPFCitandirdd élﬁpat' on
approximately 1 inch (25.4 mm from the vertical extrusion nenber. B"

was cr eatreeommengationsdiier execmplen IESS anghATH é@raﬁr@mééd Sanniagfwith an aermot he

upstream (ﬁr'aﬁ' ‘; rahag‘rprﬂao% qo%m mlsﬂ‘l: trpd Fé m '?:%%Leri%e%c}/n%r Hrgt%n

extrusion es were creat ose
repr esentwésncrwaisom whiertre | phaiemetee. @b@énrter Mmsmar tdaet@d udin@fﬂheuﬂ>rbtdtype

det ect 0038] The, test | dt th
ne T aties ROWSbeRIRGEd o bR elamelier o8¢ e RRuls BETS Fog ik eh ghoutan TaReT o
pressure gHIQP AHOSSnt Wes ?ieﬁormé&’bysmﬁﬁuéw indbifihg WS pRARS Bt TR Bhikr QuctP?

inches water gage (w.g,) Pa) as rmeasured using Al nor
M cr omandhet ie. apeﬁu@(p)r iedecing the djjepackste hentestad. t Ehe |p§obe irdiheataskyanged

appr oxi L 6 r

T ow thr ataros e Pef Kelest FBhefeia hifichefeeke ThE R MEFoRLPEY by o
generate IEB(DWda‘sdﬂ ot tther testipratogadct ed into the inlet of the blower. An ATI
TDA- 2E photoneter was used to obtain an upstream sanple in the transition

i mredi at el y upstream of the filter. The blower, aerosol generator and
phot onet g ? seged to warmup for approxi mat el y 8 WD 20071050627
6

PCT/ US20Q6/ 04 to b hed.
[0040)  THe ae?g,%(g%r”t&” Eer"ﬂ%sﬁdd“’%‘igﬁﬂw S PR Lo oot ai n between
40-50 mcr9 gr gﬁl; 85%:»%16’9@3

chosen because various industry
standards afid ,

o Serral Number A116084-008
Label Efficiency: 99.998%
Label 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
o Instrument 1.D.: 66303
o Calibrated: 06/26/03
o Calibration Due: 06/26/04
J 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
. Aerosol Generators:
o ATl Thermal Generator
e Model: TDA-5B
e Serial No.: 15769
o ATl Laskin Nozzle Generator
o Model: TDA-4BL
o Serial No.: 14718

O O O



recommendations (for exanples, ZEST and ATI) reconmmend scanning with an
aerosol challenge ranging from 10-100 m crograns/liter. The upstream
chal | enge concentration was neasured with the photoneter. The filter was
scan tested using the prototype probe connected to the photoneter and the
resul ts wem® neveweldd as shown in Table 1 bel ow The sBEHUA8S/Ea&s2por med by
manual |y 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 nmedia for pin-hole | eaks. The | eak threshold nay be set per
ZEST standards or other test protocol. Equipnment Used Test Filter: FILTRA
2000TM , available from Canfil Farr, nbg E‘IO Model Nunmber: FA1570A-01-01-09
o Part Number: 855010095 o Seri al 16084-008 o Label Efficiency:
99.998% o Label Pressure Drop: 1" MLG. (0.25,kPa) o Rated cfm 2150 (60.9
cubi c neters per ninute) PaPamstarr e | ndi cat or: ALNORREBultoManonet gr (digital
m cromanoneter) o Nbdel AXD 550 o Instrufrent |.D.: 66303 o Calji br at ed:

et -

06/ 26/ 03 o Cal {i-brati Gu Pye—~06/{26+684—teak-Pe -1 |_qU| prent ATl Anal 0g
Phot oneter o I\%ngld *TDA-2E o Serial No.: 3%‘5‘50 Calibrated: 10/31/03 o

Cali bration Due: 10/ 31/04 Aerosol Cenerators: o ATl Thernal Generator
Model : TDA- 5B [ SpstérlFIdRrate 15769 ~2000 cfm (56.6 cubic

meters per minute)

Aerosol Type Thermal PAO
Upstream Aerosol Concentration 40 yg/l

Photometer Scale Setting 0.1%

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

“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 (fpm) (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-CC034.1 specifies a maximum penetration of 0.01%. It was not possible
to base the presence of a leak on that penetration since the “background

10



0 ATl Laskin Nozzle Generator Model : TDA-4BL Serial No.: 14718 9 WD
2007/ 050627 PCT/ US2006/ 041520 TABLE | Paraneter Result AFS dP: 0.452
System Flowate -2000 cfm (56.6 cubic nmeters per mnute) Aerosol Type
Thermal PAO Upstream Aerosol Concentration 40 U. g/l Photoneter Scale
Setting 0. Wo Appomsi7nmat e Manual Scan Speed -1 in/sec (2bcusmbgens2o "Hol e A"
Leak Detected** "Hole B" Leak Detected** Background Concentration * 0.04%
The "background concentration” was constantly present and attributed to the
so- cal | edntSitextidnThvasulighepteamofidiiée. Eweaver,avhgn thé 'mobe masséd ovér the ng
thermal |y enerated aerosol. (wth a particle dianeter near. the .nost,.

penet r at i“f‘@gpgl?? ipbpg’n%‘%?é re%‘ﬁ/%f-‘%% ,peapﬁgt;% £¥eRedng: Orhva eﬁYaﬂPPnggaﬁﬁt&PQ
oper at i nghitheaksiwdrerpraééertich a high flowate, The ZEST reconmendations were
devel oped for systens operating at approxinmately 90 feet per mnute (fpm
(27. 4 nmetledd] perAfiarnseal deptiagf iwasalcopilegded t ysingn amiupstiegm ghadlenge of
superfici LapV i ! Xl I f

inut e) . FRIPTHRBEP A B RERATINE) belihl Crad I Sl to
(gener at iapgrepdmatety €8 ugh, antdehe diltgewas soamned againm Thatneskeyiplded thesameended

for challengjng this e of filter, ** | EST-RP-0Q034, 1 specifies ,a Xi mum

penet r at irSﬁ‘g{?f % 8‘1% tt¥ ViRdHgied s 8 49 tolnbagge'i e &t s%%és‘?%@t Meak on

that penepeghin@Rdsiomeeot IEST Rrckan0and, tSeliny\v29QFARRNER UsRiGTANIRA0HR41520
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/t

Photometer Scale Setting 0.01%

Approximate Manual Scan Speed ~1tin/sec (25.4 mm/sec)
“Hole A" Leak Detected**

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

[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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concentration” was higher than 0.01% However, when the probe passed over
the |eaks, the photoneter registered penetrations exceeding 0.1% obviously
indicating that |eaks were present. [0041] After scan testing was conpleted
using an upstream chal |l enge of approximately 40 4g/1, the output to the

aer osol gdYRIUIEYHas adjusted to approximtely 10 4gPET/USHEORHR% i | ter was
scanned again. That test yielded the sane results as the test conducted at
40 yg/ | tent, with

b
| EST- RP-RSGg%fgdeUI'”gtt8§tﬂﬂe%§g'\?ﬁls t %ichQe&?r%}?gﬁgd@E W?Q‘ﬁ I O%i@ed&ébeua%&w%zzl e

Gener at oflowhbR pRadirbtiorpfas h@tcomar&ind@aeb hBgT-RP-Ca0842.. TARISE maPasanet er
Result AFS dP:. 0.452 System Fl owate -2000 cfm (56. 6_cubic neters per

M nut e) QNEFERRR bwﬁ@g@) whpAdflcwﬁ@%w@h 88a@n @bﬁéefmefrawhl@h ig designgd

Phot t dof k 25. 4

i secy -9 o Bt PP BL2 AP RE, T e (R o WSS

Concent riatrease in pre[s@.ﬁréz:}rofnmd 'iberelage oumjstco@w:deslgaed ahé ptoee isoef’féodaeeim hr ough
t th t L Nozzl e

and - vl Boingasidl RGP Jeaandfi der witidhe B dheriia. &\ 0ai Tofetes #b e s,

there i %m@ﬁgfé@mmve@ldm@ehé@&wwnh 11 24N A DR AtIPCT/ U82006/ 041520
present during testing using thernmally generated PAO_which exceeds the

maxi mum al | owabl e penetration as recommended by | EST-RP-000034.1. This may

e o TLFROREDURE BQVESIlSt sty EmRoRe LT, <hon e an, (LR [Tt

The downosdsfe oh atrimtf&arlanbdtﬁment, 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 W|th
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 ATI 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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“Hole 1"
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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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| eak testing using a Lighthouse Solair 3100+ | aser particle counter on the

0.3 mcron

si ze range.

Test Results Operating at 0.25 inches/sec Scan Speed Paraneter

System Fl o

Upst ream Agrogzi‘“&“%

(13,025, 750
0. 25in/sec (.

00 cfm (70 nmeters per

particles per cubic neter)
64 cmsec) "Hole 1" leak

m nute) Aerosol

Results are provided in the Table below. Table 3:

Resul t

4 Type Cold PAO
EAcent rat i on 460, 000, 000 particles pePCT/ERRVEIHBOL

(0.3m cron dianeter) Scan Speed

detected "Hole 2"

Leak not

det ect ed Tabl
Par anet er Res
Type Col d PA(
Concentrati or
per cubic net
"Hol e 1" Leak

dpstreFasheResiConcappatien i ng
ult System Flowate 2,400 c
D 13 WD 2007/ 050627 PCT/ US20
1 460, 000, 000 particles per ¢
er) (0.3mcron dianeter) Sg
detected @6.6" with 0.014

aA6000ARB00 ngtaetdiaxc pBC
fm(70 ters L, QU
Pl 1550Pt Up S R
Wrticlé®pér dble Rider] 50

an Speed 0. 125i nl sec ((

" _penetration "

an Speed

e) Aerosol
osol
particles
D. 32 cm sec
Threshol d

| eak det ect eq

e 2"
4P;3ppicron |ameter$_|O

l wwth 0.9" of 0.008% penetr

Scan Speed 0.125in/sec (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. 'Aiso, 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
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 .
It is

contemplated that the scan rate may rise at lower operational velocities and/or at

cubic foot (about 8,495,050 particles per cubic meters) in a 2,400 cfm flow.

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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100471 As designed, at rated airflow of 2,400 cfmand an upstream chal | enge
concentration of 460,000,000 particles per cubic foot of 0.3 mcron

di aneter, the system was capable of |ocating pinhole | eaks at a scan speed
of 0.125 iQﬁPﬁBb&%&n but not 0.250 inches/ sec. Using higher aerosol
chal | enge upstreammay allow | eaks to be |ocated at faB¢EPSHeEWIRpeeds,
since the anount of challenge com ng through the I eak would be higher and
detected nore easily. Also, at lower airflows the systemis capable of

fi ndi ng [00&eiks Adthpugh evaripsian eghodisenss nelich hiacpeoratel e fasshings tdir hegh t he

pi nhol e J f | |t . Lr, and. are thus
ore. caditgn Mrptierthile HOMAShOGR Hnd sdsphce ' e el ioBy SIS 1o

0. 1875 ianc bexs/readily( GeviSe crmbap cithbavearied emibrslimeahe dhatostll debeesoratec éisabl e
scannin? r%sults. Thus, in systenms having an operational velocity of |ess

t han or '@’M419%t 0 2400 cubic feet per minute, a scan speed of |ess than or
equal to about 0.1875 inches per second nmay be utilized to detect leaks in
v-bank filters wherein the upstream chall enge is about 300, 000, 000 particles
per cubic foot (about 8,495,050 particles per cubic neters) in a 2,400 cfm
flow. It is contenplated that the scan rate may rise at |ower operational
vel ocities and/or at higher challenges. 100491 Thus, a nethod and appar at us
has been provided that enables scan testing of v-bank filters.

Advant ageously, the invention will allow the use of v-bank filters in
applications where testing for pin-hole leaks is required. 14 WO 2007/ 050627
PCT/ US2006/ 041520 [ooso[ Al though various enbodi mnents which incorporate the
teachi ngs of the present invention have been shown and described in detai
herein, those skilled in the art can readily devise nany other varied
enbodi ment that still incorporate these teachings. 15 What is clained is:

1. Anmethod for testing a v-bank filter, conprising: inserting a probe
having a plurality of sanple ports between banks of filtration
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media of a v-bank filter; and traversing the probe along one of the filter
banks. 2. The nethod of claim1l, wherein traversing further conprises:
novi ng the probe at a speed of 1-2 inches per second (25.4-50.8 mllineters
per second) across the filter while scanning. 3. The nethod of claim1
further conprising: sanpling two facing nedia banks sinultaneously. 4. The
met hod of claim1 further conprising: challenging the filter with an aerosol
having a concentration of at |east about 12 Ng/l. 5. The nmethod of claim1
further conprising: drawing sanples into the probe fromnultiple apertures,
wher ei n aihatris tlaipedd$: an  aperture furthest froma test instrument is
greater than an orifice of an aperture closest to the test instrunent. 6.
The method of claim1, wherein inserting further conprises: noving the probe
into the il tédrmghoffordegiinb @ev-eankdien AYMPISHI® t he probe engages the filter.

7. The net hod iferfi2h Brobe rﬁemr#gh@rpmawsia ge pHRY b¥EIdeR Damké of fitrafi@mpl € from
a first bank of the banks of filtrati'on nedia through a first exit port of

t he probemedingl dubrolefiteid second sanple froma second bank of the banks of
f"trat'0”6”EQkﬁemh@ﬁQ99Qbéa&ﬁ@%ﬂgo?%bHKQQkthf the probe wi thout m xing the

sanples. 1
2. The method of claim 1, wherein traversing further comprises:
moving the probe at a speed of 1-2 inches per second (25.4-50.8 millimeters per

second) across the filter while scanning.

3. The method of claim 1 further comprising:

sampling two facing media banks simultaneously.

4. The method of claim 1 further comprising:

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

Hg/l.

5. The method of claim 1 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.

6. The method of claim 1, wherein inserting further comprises:
moving the probe into the filter until a guide extending from the probe engages
the filter.

7. The method of claim 1, further comprising:

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

through a second exit port of the probe without mixing the samples.
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