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

[ 0001] This application clainms benefit of United States Provisional Patent
Application Serial No. 60/729,643, filed Cctober 24, 2005 by Thomas C.

Morse, which is incorporated by reference inits entirety. BACKGROUND COF
THE I 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 Related Art [0003] Many contam nation contr ol
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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 (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.



[ 0005] Therefore, there is a need for a nethod and apparatus for scanning
v-bank filter beds. 1 SUMVARY OF THE | NVENTI ON [ 00067 Enbodi nents of the

i nvention generally relate to a method and apparatus for scanning a v-bank
filter. In one enbodi nent, an apparatus for scanning a v-bank filter

I ncludes a holl ow body configured to extend between banks of a v-bank filter
during testing. The holl ow body has first end and a second end. An outl et
is formed at the second end of the body and is adapted for coupling a
testing device to an interior volunme of the body. Afirst plurality of

hol es ar esRVARY OF PHENINVEXN TIONY with are fluidly coupled to the interior
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end of the tapered slot is orientated towards the tirst end of the body.
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provided $Aahing a slot of a v-bank filter with a probe, and collecting samples of gas passing .
through the filter an into the probe.
[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] In 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.



i ncl udes inserting a probe between two banks of filtration nmedia of a v-bank
filter, and traversing the probe al ong the banks, and sinmultaneously
provi di ng sanples fromeach bank individually to a test instrunment. 2
[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 nedia arranged in a "v" configuration,
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enbodi ment 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 fi BRIEF DESCRIPTIONIGF THEDRAWINGS and [0017] Figures 12A-B are
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[0015] igure 7 is another embodlment 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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enbodi ments. DETAI LED DESCRI PTI ON [ 0020] Enbodi nents of the invention are
suitable for scan testing v-bank filters for pin-hole |eaks. Al though the
filter illustrated herein is a FILTRA 2000TM v-bank filter available from
Canfil Farr, Inc., it is contenplated that the testing apparatus and nethod
may be utilized to scan test v-bank filters having other configurations. A
scan probe developed to facilitate scan testing enables reasonabl e scan
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number of “passes” per filter that an operator has to make with the probe when testing
a filter. It is bontemplated that the 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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hol | ow 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 instrunent,
such as a photoneter, particle counter or other instrunent suitable for

| eak detection or efficiency neasurenent. In one enbodinent, a |length of
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di anet er seeandfense’0d (ad rhndormptans wdile afmiddiecgrougobhplest1 198 dispesedia the
di sposed mic?sse%ﬁén Bf)thtekb%be 100 have a diameter somewhere between those the diameters
of ihe apertures 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.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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second end 108 (and photoneter), while a mddle group of holes 11 OB

di sposed in the mdsection of the probe 100 have a di aneter sonmewhere

bet ween those the dianmeters of the apertures 110 cl osest and farthest from
the second end 108. For exanple, the apertures 110 nmay include near group
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nmm, mddle group of holes 1108 having a dianeter of about 0.055 - 0.077
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standards or industry practices would require that the probe be located 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.



shown in Figures 1A-B, and 2-3), staggered holes 410 (as shown in Figures
4A-B), one or nore tapered slots 510 (as shown in Figures 5A-B), staggered
slots or holes 610 (as shown in Figure 6) or other configurations to allow
air sanpling within 1" (25.4 mm) of the face of the nmedia pack, which is
generally an industry acceptabl e distance between the nedia pack and a
sanpling probe. In enbodinents wherein a slot is utilized, the aperture 110
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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 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. |



body 102. In one enbodinment, the slot 510 nay be tapered such that the w de
end of the slot 510 is proximate the first end 104 of the body 102. [0030
I n anot her enbodi nent 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

one. aper 0114 6 14t BORF pad GL LR iy En 208 barbfe SHflned Bl BB T
o ¥t me 5 st st ettt

t
P anot nGrSERBbABRURT TDARF SrERPAmOR: GRRISS I FIRNES 28 BobvhauLES 1P42hngul ar
shape. T fafrAbhbérs stefé@re&f Q&%ehélcm'éﬁ’fb fhBahajbk axik @ thd Pribet 1200V dlighEd t he

slot 702 defined at the w de end he Vee where air exits between the
medi a pawitk thergrangtiregtion QaﬁerqudeLder. The probe 700 may include one or nore
gui des 706 to align the probe with the slot, such as a rod, roller, bar or

ot her | oga} iFANbRAOKERG Fg@ NETHOD OF Te@wnwskatmgTEhobe 706 as shown

I n Flgure aced gs near as 702 in

order t ol08%9] ni ni'ﬁ“ge) p ha p’WEﬁ%‘é‘V%ﬂ Qe Hgmﬁpgggteds%?ahemgé—:gfgp%l Oft

conduct e%cQﬁng*réukglgAtmTRrAOém@b%aakmf@v&ésoannzzbloﬁjnhg tNE kst S TRk Ifter wgsscan
testing a conventional HEPA filter, except the probe”is used to scan the

sl ot i nstnetedledfin a test mgdard l@aalkengeﬂ with €64 enfhieafilber waather aranugliy seay al so
be utili Fe%geafgﬁjs:ﬁ Lﬂfggggegéllﬁe%rabb‘gvtfz 618'?8% ngbg(a%falrlehrbe"l’dwt her enmbodi ment

depi cted scanni ng a v-bank
filter is |IIustrated The probe 1200 includes a body 1202 having at | east

one sanp 0 odi depicted in Figures 12A-B, four
sanpl e pé%ﬁuéé li@ﬁb%rﬁgﬁbgggliglfﬁéganpl e port 1204 Includes a sanple
entranceppgfit 1g06hSBmhbBdRAER! § prc%é tsul?l%& tl489§)be§ fdd, T4'0095é@l/@as utflize@up! ed
to the body 1202 at_the exi por to- facilitate coupli the port 1204

to a testo seasttegharfilra 20067 asTfae pmbeom gsedpto sedethe batwmﬂl ed@mk&@f
filter media within the Vee's from the downstream side of the V-bed filter.

[0037] Two holes were intentionally placed in 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 (66.6 cubic meters per minute)
of flow through the filter.

[0039] An ATI TDA-5B thermal generator was used to generate PAO aeroso! 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

8



7 [0034] At |east one guide 1212 is provided on the sanple 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 in
Figures 12A-B, two guides 1212 in the formof bars secured perpendicular to
the major axis of the probe 1200 and aligned wth the scan direction are
provi ded. VALI DATI ON OF PROBE & METHOD OF TESTI NG V- BANK FI LTER [ 0035] The

pr obe of L hventjon .de Str as being effective for

| ocat i ngaE@nQ{e@%ﬁ@}vﬁ%&@%%@ QP@%W% %’I&F%\é&; utilized during the test.
The filt @osoras Thesdeabdatdeheraton was turned endarmhadijlsteged okitaih HetkEenTh®-50i | t er
was then nanual ly.scan. .tested using the probe described above. K The testing
s det ai MUGOBRMINSPRAGIDIRESE WARSERRIAANDRIAHSE Gk (obisBy Siaidsds and
enbodi Medoonn@ididns $iE Rxampldis LS PRAG AIPrectRimeiPScaniffg With!drz&stosdlo scan
test a Filtra 2000TM The probe was used to _scan the between the banks of
filter nebaliengetranging ff@nvbfgﬂ@0mgmgrams/u@msherme@mghaifengn@ovcwtatrpn| ter.
[00371 T res ntenti a i 2 - ilter
sing o VaecRaRd i B BhbRARee, BT, e Boah kdRaPdid My oPBBRE 1"
known | opatbecsunnettdd|te e phaionusterdmttheresiits weei recomiel asnshidven ihobatgd 1 eam
side of the filter, on the _downstream side of . .the nedia pack, a |l pcation
2ppr oxi mREEWy ThS G (485 BETRTIS Bl ANHEIN Grsering e B BIp Hendi Suofior e o
was creatiRfl the) apSeurRy i fRASK tHfiltdtack RS beaasted! dmedprdblSs fthért 8dvarRBdt he
upstream side of the nedia pack, at a location_very near the vertical

ext r usi oACipSHRE pagidpdeastitbe mediafarain-haletedise Theclaak diresheld ancebe sefaier
represen i generally considered difficult to

det ect . E%ﬁgg?EQﬁggfggﬁﬁﬁﬁ%& ?F%égd to performthe scan test generally
includes a variable frequency drive on the test rig was adjusted until a
pressure drﬂp acrass the air flow station (AFS) was approxi mately 0.452

i nches w&ﬁ@f'?%%%_? .gF)_é%A113 kPa) as measured using an Al nor
M cr oman8net ef SStTifes: piFdls QOQPOF ayailaple ropeCamfik zarri 18¢. i ndi cat ed of
appr oxi nat & yModeldNwnber: 5%15573&39 Rilfi® e (56.6 cubic meters per minute)
o Part Number: 855010095 :
o Serial 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 '
. Leak Detection Equipment: ATl Analog Photometer
o Model: TDA-2E :
o) Serial No.: 8462
o Calibrated: 10/31/03
o Calibration Due: 10/31/04
. Aerosol Generators:
o  AT! Thermal Generator
e Model: TDA-5B
o Serial No.: 15769
o ATl Laskin Nozzle Generator
o Model: TDA-4BL
o Serial No.: 14718

O O O



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
ATl TDA- 2E photoneter was used to obtain an upstream sanple in the
transition imedi ately upstreamof the filter. The blower, aerosol

generator and photoneter were allowed to warmup for approximately 8 20

m nutes al |l ow steady-state operation to be reached. [00401 The aer osol
generator was turned on, and adjusted to obtain between 40-50

m crograns/liter. This range was chosen because various industry standards
and recommendations (for exanples, ZEST and ATlI) recommend scanning with an
aerosol challenge ranging from 10- TABlEdrograns/liter. The upstream

chal | enge concentration was nmeasured with the photoneter. The filter was
scan tested ustngthepratotype—probe—connected—toggtig, photonreter and the
results were fecorded asP@WIHSI n Table 1| bel ow. TR Bkan was per f or med by
manual |y insefting the probe into the filtler such that the aperture(s) is
facing the filiags grck to be tested. The pra¥s2i s then advanced |across the
pack to test the nmedia for pin-hole | eaks.| The Ieak threshol d may be set per
] EST st andar d$—or—ot-her test protecol—Equipreat—Us Test—Fter: FILTRA
D000TN - avai | SEVETOM BIANEAIR (1 Farr . I no. | o aBle! CROnbEP.0 FARHIOh. 01- 0109 o
Part Nunbef: $55010095 o Serial Number: AL1Q0R4s BEBmiruitdyabel Eff | ci ency:
99.998% o Label Pressure Drop: 1" w.g. (0.[25 kPa) o Rated cfm 2150 (60.9
cubic neters per mnute) Pressure lndicatior: AINOR M croManoneter (digital
m cr omanonet er Aeresaldaee: AXD 550 o | nst r unErgmeal BAO 66303

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 (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-CCO034.1, 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



o Calibrated: 06/26/03 o Calibration Due: 06/26/04 Leak Detection

Equi pnrent: ATl Anal og Photoneter o Model: TDA-2E o Serial No.: 8462 o
Calibrated: 10/31/03 o Calibration Due: 10/31/04 Aerosol Cenerators: o ATI
Thermal Gener at or Model : TDA-5B Serial No.: 15769 o ATl Laskin Nozzle
CGener at or Model : TDA-4BL Serial No.: 14718 9 TABLE | Parameter Result
AFS dP: 0.452 System Flowate -2000 cfm (56.6 cubic neters per m nute)

Aer osol re er kad i 4 onet er
Scal e Se;E%Sﬁ%gnT%ﬁ%fkggrﬁ?%%ﬁgnhgm2' g@ar? Vggquﬁéﬁ iﬁ% r?? Qoeec%f' g%d4°\r/ﬁ%1fshtgc)

"Hol e A" |dakak tHeepbotometer régibterd!’ pepetkatioeseextoedting Badkgobviogs|Camdieatingat i on
* 0.04% * ‘It' " back%rounq concentration"” was constantly present and

h
attri but é%a t“%‘kﬁ%‘frﬁ resen

[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 ug/l. In order to be consistent with
recommendations of |IEST-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/l

Photometer Scale Setting 0.01%

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

“Hole B” Leak Detected™*
Baékground 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

11



call ed "Bl eed Through" phenonmena. Essentially, it's a result of using
thermally generated aerosol (with a particle dianmeter near the nost
penetrating particle size (MPPS), or 0.12 yn) for the chall enge and
operating the filter at such a high flowate. The ZEST recommendati ons were
devel oped for systens operating at approximately 90 feet per mnute (fpm
(27.4 meters per mnute) superficial velocity. In this test, the

it e) - PrasgE AL FasTRg it uRRRIa Bt EAR Tk Bl UL Bl
]ggeneL alt :an@/vmetpﬁrhe&mtlbn atspeeascnnmen@éd OtIJ;E I$sgp Rmﬁ:@gmner)ﬂ?is reyoseended
or challenging this type o r. ** - RP- .1 specifjes a Xi mum
penet r at PB?F% (pmﬂs'% af)lilgk;\%{se#ﬂgpn%glgqrbqsléc% ?%aﬂg'ggj%ﬁé ?’g!%,l'h@eds‘%?fgr‘& | eak
on that pemgt ﬁl@hl'yoéﬁlébﬁﬁﬁ Tré}ﬁovﬁé%gé%hﬁlcbarﬁc@espomq@‘?jb%' §8e d‘l“etﬁlshisgt'ﬂér t han
0.01% However, when the probe passed over | eaks, the photoneter

regi st er HIETERIGCN THEISHING deop:@@dimﬁge@ell%cogbvm@%nwd theiprobg istaffactivesiaks

were pre s r

chal 1 engdaine 3B Bl BaySi5the it i HBTIEEBRE AR AR IR ARD o
adj ust ed challengep mdtki goid EAXD Qéherg’(eld witinal Lasten Nolztlergemsatsnanned agai n. That
test yielded the sane results as the test conducted at 40 yg/l. In order to

be consistent with recomendations of | EST-RP-000034.1, testing was

conduct epRECEPURE PKBOWSL&&'—S‘P@EE'P‘R@@Eﬂ e Generator. The results of that
test are shown in Table 2. TABLE 2 Paraneter Result AFS d P. 0.452 System

Fl ow at e [0028]00 d angtber err@@mmentrrmeenr@b@euchﬁswﬁ@prohés @961 129pwagstilizepA0
UpstreamAeros st @RRAANDHBE™ONTHE K8b¢ waE WA B! &arSHR Spetihd blvdtnthe”

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 challenged 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 capillary 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
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was installed
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a 2000TM
was
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(0.3micron diameter)
Scan Speed 0.25in/sec (.64 cm/sec)
™Hole 1" 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

13



| i near speed of the probe assenbly. The testing is detailed bel ow.

[ 0045]
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cted Table 4: Test Results Operating at 0.125 inchgs/sec Scan

As designed, at rated airflow of 2,400 cfm 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

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 .

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.

14



Paranmeter Result System Flowate 2,400 cfm (70 neters per mnute) Aerosol
Type Cold PAO 13 Upstream Aerosol Concentration 460, 000,000 particles per
cubic foot (13,025,750 particles per cubic nmeter) (0.3m cron dianeter)
Scan Speed 0.125!n/sec (0.32 cmsec "Hole 1" Leak detected @6.6" with
0.014" penetration "Hole 2" Threshold | eak detected with 0.9" of 0.008%
penetration 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 mi crlepsoti an'@lglé}u,ght Narious, sarebedimentsa WaMine iRfOTPIale ithg frashhioe Pedie at a
scan spe i B hesbi R hingher

aer osol @%3 ﬁéﬁg%aéggﬁﬁggﬁ#ﬁﬁﬁugﬁfégePg%ﬁ@eggﬁggﬁﬂloca¥§§ﬁ§¥$$ﬂggéﬁt@%an
speeds, sitr=e teadilpmavige ofamhatiesngeiedoambgdimenduthhat tstidt ineariporate thdsde

hi gher a%p detected nore easily. Also, at lower airflows the systemis
capabl e Pcmp%%ing | eaks at faster scan speeds since the particles passing

t hrough the pinhole are not diluted downstreamof the filter by clean air
and are thus nore easily detected during scanning. [0048] Scan speeds of up
to about 0.1875 inches/sec (0.48 cnisec) have, denonstrated to produce
accept abl e scanning results. Thus, in systens having an operational

vel ocity of less than or equal to 2400 cubic feet per mnute, 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

15



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

vel ocities and/or at higher challenges. [0049] 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

appl i caWhatgs alagmedtiesting for pin-hole leaks is required. 14 [00501

Al t hough vari ous enbodi nents whi ch incorporate the teachings of the present
i nvention have been shown and described in detail herein, those skilled in

the ary canAHﬁggé ey, ﬂﬁ“‘%‘%tm@??'%@fﬁ‘té’@%%fi@m@@di ment that still

i ncor porate these tre I ngs. Is clarnmed™ s: 1. A probe for scan
testing a v- bamilolw lbody, haomgrars intgrioravblohegva sty ehdvand) aasecondendr the

olume,  a first end_and econd end, the hollow body canf.igured to extend
ot ween Bl B3ty SANGS HaRo R batEenb A Shay Bankalier SEing ey e
d d t i i i
isﬁ'fgpi o?nvoféﬂed;?ﬁlgﬁga’gnﬁlrggﬁlgﬁreg?c? f[é;r)dg ageﬂr&?d rggéfaor %d ?ﬂr oué;hlmghtg ody

and f | utediting devjtedtietinteribevolumesranar vol une. 2. The probe of claim 1,
wherein the first plurality of apertures are linearly ranged. 3. The
brobe of ol aPrirat PRIARG! APsmyreSIaIed Dubush ot Body ans B aROERRIFA L A a1
coupl ediigrid@idmeeri or volume of the body, the second plurality of
apertures 1Jorrre I'n an opposite side of the body relative the first
plurality of apertures. 4. The probe of claim3, wherein the first plurality

of apertures_are forned in a first Jeg of_ the bo and the second plurality
of aBer%uresTg?epfo&eﬁ@g ¢iaim Levdirieine %ff'rﬁ{:é’lurﬁﬁéy,&t%%e WEs a& i“ﬁ?ﬁﬁy an
acute ag%ﬁgé@'er ebet ween.

3. The probe of claim 1, further comprising a second plurality of apertures fluidly
coupled to the interior volume of the body, the second plurality of apertures formed in

an opposite side of the body relative the first plurality of apertures.

4, The probe of claim 3, wherein the first plurality of apertures are formed 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
end; and
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5. The probe of claim1, further conprising: a guide coupled to the body and
configured to prevent the body fromextending nore than a predefined depth
bet ween the banks of the filter. 6. The probe of claim1l, wherein at | east
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 adaderedotlovrfofmed teraugh 8.wall pf e biody, sdemeinestwidg ends obaimk

filter, conprising: an el ongated holl ow ho sealed at a first end and

havi ng ?pﬁg&i slot IsoreBIRd tog‘ﬁ’(ﬁgs H}fd}'rféeagp%@ gadlé-l ot formed through a wall
of the body, wherein a wide end of the tapered slot is orientated towards
the first end of the body. 9. A nethod for testing a v-bank filter,

conpri sbng: Areihdidrfgr testingld edbgektfitten confyaising:i | t er having at | east two

adj acent banks of filter nedia arranged in a."v" configuration;, scanning a
probe acr ossp‘é}’(‘c&'&%rﬁ q a@eéTgengh ab\é‘tb\ﬂ@grfﬁtteﬁg‘aé(ﬂigaééi?a%ai s agigcept F’?B S Redi a;
sanplin i assi i g ks. of filter nmedia and into the probe;
and de?%&nﬁ’ﬁ?ﬁﬁ%ﬂ@%% c{o@ﬁgﬁ%{t’lggti ve of a |eak. 10. The nethod of

clai m 9, wheseaminganprotie facrdadsean capgming a@efined wetyeanf thesadjaaemt bapcy bf

f ormed '.@?a bqdy of the probe across the opening; and noving a second

sanpl e b TMe8¥ed in the body of the probe across a second opening defined

adj acent t heséringgﬁg rgrgﬁyr?ggvtghtmouggﬂﬁle@m&cbfqmg?trféc{?ée AndWhe Rk réﬁégﬁﬂd‘g

further conpris e probe at a spee ss than about 0.1875
i nches per sdewmnthinifg & sampkeis)indicative of a leak.

10.  The method of claim 9, wherein scanning further comprises:

moving a first sample port formed in a body of the probe across the opening;
and

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

opening defined adjacent the first opening.

11. The method of claim 9, wherein scanning further comprises:
moving the probe at a speed of less than about 0.1875 inches per second (0.48

cm/sec).

12. The method of claim 9, wherein scanning further comprises:
moving the probe at a speed of less than about 0.125 inches per second (0.32

cm/sec).

13.  The method of claim 9, further comprising:
challenging the filter with at least about 300,000,000 particles per cubic foot
(about 8,495,050 particles per cubic meters).

14.  The method of claim 9, further comprising:

providing at least 2000 cfm (56.6 cubic meters per minute) of air flow through
the filter.
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12. The method of claim9, wherein scanning further conprises: noving the
probe at a speed of |ess than about 0.125 inches per second (0.32 cmsec).
13. The method of claim9, further conprising: challenging the filter with
at | east about 300, 000, 000 particles per cubic foot (about 8, 495,050
particles per cubic neters). 14. The nmethod of claim9, further conpri sing:
provi di n§. at Theaséthd@@d ctfim 9,56héretribtannimg Rurthepeomprisgise) of air flow
through the filter. 17 15. The nethod of claim9, wherein scanning further
conprises: 8AGRYYNAG Wideichtheprabsewith Sl h the filter. 18
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