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

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

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

Art [0003] Many contamn pnati o nt a i cations in Lg Lpflow
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[ 0004] HowegapkEEIND T THE IRYENTROiorced to utilize deep pleated

filter products Instead of v-bank T11lter products because of

I ncreasi ngly stringent validation requirenents for contam nation

cont rol thﬁF"*%ﬂﬂP?’é"%'&‘ﬁ' testing. As deep pleated filters generally
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may be required for a given application, and nore energy may be

requi red teankditoebeghscannd@s t hrough the filters. Thus, the use of

deep pleated filters in applications where v: bank filters could be
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[ 0005] Therefore, there is a need for a nmethod and aﬁpar atus for

scanni ng vPMihk NaRYeFoHamdnation goRiElvaRpticatiqas) MytgrieR 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 [MPACTED THE EURCOPEAN 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 filiers 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 filier and energy usage costs.

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



[ 0006] ] Enmbodi nents of the invention generally relate to a nethod and
apparatus for scanning a v-bank filter. In one enbodi nent, an
apparatus for scanning a v-bank filter includes a holl ow body
configured to extend between banks of a v-bank filter during testing.
The hol | ow body has first end and a second end. An outlet is forned
at the second end of the body and is adapted for coupling a testing.
device to an interior volune of the body. Afirst plurality of holes
are formed through the body with are fluidly coupled to the interior
vol urme. [ OS\GmihARY2HR TR | bRENt, a nethod for scanning a v-bank
filter ismwm—rﬂm iment, the nethod includes insertin
a probe hdioap a Guhkadihéenty obthesavenitien generslhy retate to @ medhad ant] apparatus %r
afilter : [ fe) .
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teachi ngs o resent 1 nvention can be readily understood by
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[0011] in another embodiment, a method for testing a v-bank filter is provided that
includes inserting a probe between two banks of fiftration media of a v-bank filter, and
fraversing the probe along the banks, and simul’taneousiy providing samples from each
bank individually to a test instrument.



[ 0015] Figure 7 is another enbodi nent of a probe suitable for scan
testing a v-bank filter; [0016] Figures 8-11 are inmages of a probe of
the present invention engaged with a v-bank filter to facilitate scan
testing; and [0017] Figures 12A-B are anot her enbodi nent of a probe
suitable for scan testing a v-bank filter. [0018] To facilitate
under st andi ng, identical reference nunerals have been used, where

possi bl e, to designate identical elenents that are golglrgl? to the
figures. 10012 coRtaswhesesPadiiaentet Snhndsion fepting & Yipa erdp grovided that
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are suitable for scan testing v-bank filters for pin-hole |eaks.
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scan test ?JT‘B‘_E&@%”% arﬂ‘%%s‘ﬁtéééegﬂﬂscégt%‘ﬁﬂér"é?ﬁ"_tkd“ Fconvent i onal
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single plapne. In conventional box-style filters, the probe generally
consi sts of®5 tube with an integral transition through which the
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The design of thi stotfyp_e. of sanpling probe is such that the | ocalized
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[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 Mustrated 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 (ie., in the
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[0022] In the present invention, a probe allows adjacent nedi a packs
to be scanned simultaneously. Although this isn't necessary, it is
desirabl e because it reduces the nunber of "passes" per filter that
an operator has to nake with the probe when testing a filter. It is
contenpl ated that the probe may be configured to scan only one nedia
pack in a single pass. [0023]Figures 1-8 depict various views of
probes suitable for scan testing a v-bank filter. The sanpl es taken
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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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[ 0029] I n anot her enbodi nent depicted in Figures 5A-B, a probe 500

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

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

enbodi nent depicted in Figur ortion of robe 600 i s, shown,
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[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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to scan test a Filtra 20001-m The probe ‘Wwas US€d to scan tHe befween
the banks of filter nmedia within the Vee's fromthe downstream side
of the V-bed filter. [0037] Two holes were intentionally placed in a
FI LTRA 2000Tm v-bank filter using a mechanical pencil with a 0.5 mn
dianeter lead to create a leak in a known | ocation. "Hole A" was
created in the nedia pack on the downstream side of the filter, on

t he downstream si de of the nmedia pack, at a location approximately 1
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results were_ recorded as shown in Tab bel ow.

per f or med MSfiavsiAupg SRR tasHing {m%mb?wentsrwf@r@néhe PP%FO% lﬁcéhtutbﬁétso
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t hen adyanced across pack to test the nedia pi n-h | eaks.
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t I F
105 WA i Oy PO A o

855010095 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 ocutward
from the first end 104 toward a second end 108. Each of the legs 402, 404 includes a
separate port 406A, 4068 at the second end 108 for coupling each leg separately to a
test instrument. Since samples taken through apertures 410 (formed in the legs 402,
404 as described above) are separately sampled, leak detection of the specific bank of
filter media proximate an individual leg 402, 404 may be determined.

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



Serial Nunber Al 16084-008 Label Efficiency: 99.998% Label Pressure
Drop: 1" w.g. (0.25 kPa) Rated cfm 2150 (60.9 cubic neters per

m nute) Pressure Indicator: ALNOR M croManoneter (digital

m cromanoneter) Model: AXD 550 Instrunment |.D.: 66303 Calibrated:
06/ 26/ 03 Calibration Due: 06/26/04 Leak Detection Equi pnent: ATI

Anal og Photoneter Mbdel: TDA-2E Serial No.: 8462 Cali brat ed

10/ 31/03 Calibration Due: 10/31/04  Aerosol Generators:
Ther mal GE9&H at ol angiher emppgimept depipted |in Kigures SAdD @ Pﬁ@ﬁe ﬁ%\os mques a

Nozzl e Gepg#y@di®¥ that may be configured as either the probe 100 or 400 described above. The
probe 500 includes a slot 610 formed in the outward facing sides of the legs of the
body 102. In one embodiment, the siot 510 may be tapered such that the wide end of
the slot 510 Is proximate the first end 104 of the body 102.

[0030] In another embodiment depicted in Figure 6, a portion of a probe 600 is
shown. The body 102 of the probe 600 that may be configured as either the probe 100
or 400 described above. The probe 600 includes a plurality of staggered apertures
610, shown in Figure 6 as slots. The apertures 610 formed in the outward facing sides
of the body 102 such that a portion of one aperture 610 overlaps the adjacent aperture.
In one embodiment, the apertures 610 closer the first end (104) of the body 102 may
have more in open area than the apertures 610 is proximate the second end (106).
[0031] In another embodiment depicied in Figure 7, the probe 700 has a
rectangular shape. The width of the probe is such that it wider than the width of the
slot 702 defined at the wide end of the Vee where air exits between the media packs
704 of a v-bank filter. The probe 700 may include one or more guides 706 to align the
probe with the slot, such as a rod, roller, bar or other locating features coupled to the
open end of the probe 706 as shown in Figure 7. The probe 700 is placed as near as
possible to the slot 702 in order to eliminate potential bypass around the probe. Scan
testing Is conducted by moving the probe along the slot. This is very similar to scan
testing a conventional HEPA filter, except the probe is used to scan the slot instead of
the media pack. It is contemplated that scan data may also be utilized to calculate
filter efficiency.

[0032] In another embodiment depicted in Figures 12A-B, a probe 1200 suitable for
scanning 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 sampie port 1204 includes a sampie 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
sujtable device. '



Model : TDA-4BL Serial No.: 14718 TABLE 1 Paraneter Result AFS dP:
0.452 System Flowrate -2000cfnm(56.6 neters per mnute) cubic Aerosol
Type Thermal PAO Upstream Aerosol Concentration

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

with the scan direction are provided.

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

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

PROCEDURE - INSERTION STYLE PROBE

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

[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 (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 ATI TDA-2E photometer was used fo
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



401.12/1 Photoneter Scale Setting Ol%ApprOX| mate Manual Scan
Speed -1 in/sec (25.4 mmsec) "Hole A" Leak Detected** "Hole B"
Leak Detected** Background Concentration * 0.04%

20 minutes allow steady-state operation to be reached.

[0040] The aerosol generator was turned on, and adjusted to obtain between 40-50
micrograms/liter. This range was chosen because various industry standards and
recommendations (for examples, IEST and ATI) recommend scanning with an aerosol
challenge ranging from 10-100 micrograms/liter. The upstream challenge concentration
was measured with the photometer. The filter was scan tested using the prototype
probe connected to the photometer and the results were recorded as shown in Table 1
below. The scan was performed by manually inserting the probe into the filter such
that the aperture(s) Is facing the filter pack to be tested. The probe is then adyanced
across the pack to test the media for pin-hole leaks. The leak threshold may be set per

IEST standards or other test protocol,

Equipment Used
. Test Filter:  FILTRA 2000™, available from Camfil Farr, Inc.
 Model Number: FA1570A-01-01-09
Part Number: 855010095
Serial Number: A116084-008
Labe) Efficiency: 99.998%
Labe] 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
. l.eak 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 ATl Thermal Generator
*» Model: TDA-5B
* Serial No.: 15769
o ATl Laskin Nozzle Generator
* Model: TDA-4BL
» Serial No.: 14718

00 0CO0O0O0



* The "background concentration” was constantly present and
attributed to the so-called "Bl eed Through" phenonmena. Essentially,
it's aresult of using thermally generated aerosol (with a particle
di aneter near the nost penetrating particle size (MPPS), or 0.12 gm
for the challenge and operating the filter at such a high flow ate.
The | EST recomrendati ons were devel oped for systens operating at
approximately 90 feet per mnute (fpm (27.4 nmeters per mnute)
superficial velocity. In this test, the superficial nmedia velocity is
approximately 160 fpm (48.8 neters per mnute). Furthernore, per

| EST- RP- CCO84. 1, a Laskin nozzle gefMéBiifot (generating particles in
the range of O. 6 0 7gm di arreter) i's reconmrended for challenging this
type of filter H=STRP—CCEB4—1 opcui_f: esS—a 11| [ pcllctlatl on of
0.01% It was hot possSi bP@r?'Be%ése the preésence of 5‘“ ak on tHat
penetration sipce the "background concenfration"” was higher than
0.01% However | ARBali®:t he probe passed ovef 0ubh2 | eaks, the phot gneter
regi stered penetrations exceedi ng 0.1% obviously indicati ng t hat

| eaks were prekﬁ“ —H04 A ter—scanm testm S LY7o g an
upstream chal |l géete%'fﬁgvgﬁé;m mately 40 14 ?(?dﬁit h(gﬂou{ pu C%B{ he
aerosol generated was adjusted to approxi mtemryp&()mtrtyvte and the
filter was scanned again. That test yielded the sane results ag the
t est conduct ed[gi-46 ——tmorder—tobe wth
recommendat i onﬁ%@gwﬁew- CC0034. 1, test 1rrlwék?‘/\ﬁ/aalF’?cl(;}nduct ed using an
ATl TDA4BL Laskin _Nozzle Generator. The r=su|ts of that test arle
shown i n Tabl e Bpstism BewsphEennentsatiqResul t 40 ig6 dP: 0. 452 Systlem

Fl owr ate -2000¢f.m(56.6 neters per mnute) |[cubic Aerosol Type Cald PAO

Photometer Scale Setting 0.1%

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

"Hol-e B" Leak Detected**
Background Concentration *_ 0.04% .

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

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

10



Upstream Aerosol Concentration 12 ug/himmF"h-(rjtorreter Scal e Set't”i' ng
Scan Speed -1 in/sec (25.4 mi sec)
Leak Detected**

0.01%

All

Appr oxi mat e Manual
Leak Detected**

Concentrati on n/a

"Hol e B"

Backgr ound

"Hol e

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

that leaks were present. _
After scan testing was completed using an upstream chailenge of

[0041]

approximately 40 ug/l, the output to the aercsol generated was adjusted to
approximately 10 ug/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 ATl 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 (66.6
meters per minute)

cfm

cubic

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

Approximate Manual Scan Speed

~1in/sec (25.4 mm/sec)

“Hole A” Leak Detected™*
"Hole B" lLLeak Detected**
Baékground Concentration nfa

[0042]

The "background concentration” due to bleed-through was not a probiem

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



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

desi gned PEsBat Gyl st ugne thermally gersiateg RAQWhish Feceeds the. mad@um
down S' de @éwémé inén%tréhﬁm I AC I bRYR 89S WET-RPOPCONSh, § NCrERS Sndy be

cost. e5| robe is erfectivé in Iocatln% smal | pi nhol e
| eaks | n ph@rcqametbwsinm highereeffiglpney fillep sl PR @nddLRRe |t@m\nmicbvw designed

and chal | gp f L
s o SR A TS o bl B R AE o i s e
enbodi nmenincradse ippisssuresicop ard mequﬂdbe@stmts dgsigEe probe jig effictive in

scan test ofiid k2 AAROT i ey HAE WifShy BEY o8R8 bt hBGoR REDIEA and

bet ween t ovvns reams er w

penet r at i npalleayedeith cMé%gmerﬁémw@Shmlwlme%sn gned so that
it extended beyond the nedia pack and overl apped the channel on each
side of the We. For the test data provided bel ow, the opening of the
i nl et sanﬁl@QﬁDlﬂREZﬂBO\E SL@U&TY&B]EROBiEgh x 0.125 inches wide (137

nm Xx3. 4 t e fir

| ocat i ng m‘ﬂs @EW%% 92’@38% %\%“@ﬁﬁgﬁ% rgggggﬁg f‘Ig@% ézaelqd
chal | engetb marhteEfA@Fufm@otmT"t eThevasobeuyasrased &l tqansthermmmngl mem/eémthe
probe ass ly t | ed t a | crew assenbl

ot ated oy oRsum i dFieRty sf 4hid wEed A FheRs B bald o e
t he rolt at ?/ea'al Tﬁp@&tbed‘felgm?amf rgnad:ndoEﬁaeit@kmna?abeg{pratteem@pmlesﬂ
control of t ar s ed of , t rope asse . testin 1 S
Gotal | ed BEBRPed B AbPRGS SHoast e & F e Fapost He BEViRS Beleh) thea
2000 usi nepé&imy bf eMinletibaspiei joft #206 BIR40ERINCKEsANGh &f 0.005 [hchedfwide (137
0. 020" Hol e created in the nedia pack on the downstream side

of the fi r%ﬂ%@r{nmie downstream side of the media pack, at a

| ocati on mpJyjoxi D@él@'i wf @19 fpfdb@ he cahfitheafl ad bHédive |n H@éaﬂm@ leﬁ!@susm a

created in,the eustream3|de of ilter,
upst r eam §WtE2890°¢ h\@aﬁg@;a(ye dBi@ te g P%&F‘?"@ﬁ‘gﬁ‘ﬁ)ﬂw@k Pﬁﬁ% eITyelf'lteF r"‘(ﬁ’ﬁ]

the side Qutoﬁnlaﬁcaﬂly|§c§ﬁned‘|0.‘|tﬁSthWr©b§ r83draely itAatt n9§ Eboh?l@ét 1008 JeE S@ERE
they represent |ocations where | eaks are general r?i‘o‘tvé ficult to

detect. PERSADIIMACY WAS KPPy RBRLSENR F\?@roﬁh‘ts d formrgpiggaeontrol of

adj ust ed {Hal lokatibh& dpe@WGHltRe WAStoPBRY %r@ﬁ%@bac@até%cp f@cuséncoﬁfrbl of the
TDA-48 Lite aerosol generator was used to generate PAO aerosol that

was i nj ectine@r spgesipiina prebaseriaply; ﬁh%&smﬁﬂsmfﬂj‘eﬁrbel% cont ai nnent

housi ng. [hbgy; aUt‘R@&ﬁéleQ%Fé iﬂien@iBﬁ’al@%ﬁHeHﬂga Wﬁé Q%M@ﬁn#%ﬁﬁllé@ttﬂﬂ@%t
| eak testl ng usi %gmg@r% ht house Solair 3100+ | aser parlicle counter

on the 0.8n rﬁt%m@l a%@f OO0 Holg e Wasaeated I Hhe Mmedipapack on the
bel ow. downstream side of the filter, on the downstream side of the media pack, at a location

approximately 6" from the side of fitter. “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 generaily difficult to detect.

[0046] The variable frequency drive on the test rig was adjusted until the flowrate
was approximately 2,400 ¢fm. An ATl TDA-4B Lite aerosol generator was used to
generate PAQO 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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Tabl e 3: Test Results Operating at 0.25 inches/sec Scan Speed
Paranmeter Result System Flowate 2,400 cfm (70 neters per m nute)
Aer osol Type Col d PAO Upstream Aerosol Concentration

460, 000, O0Oparticl esper cubi cfoot (13,025,750 particles per cubic
meter) (0.3m cron dianmeter) Scan Speed 0. 25in/sec (.64 cnisec) "Hol e
1" Leak not. detected "Hol e 2" Leak not detected

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

Parameter Result
System Flowrate 2,400 cfm (70 meters per
minute)
Aerosol Type Cold PAQ
Upstream Aerosol Concentration 460,000,000 pariicles per

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

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

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

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

- particles per cubic meter)

(0.3micron diamster)

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 ¢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 ieak
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 fiiter by clean air and are thus more easily
detected during scanning. _ ' .

[C048] 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.
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Leak detected @6.6" with 0.014" penetration "Hole 2" Threshol d | eak
detected with 0.9" of 0.008% penetration [0047]As designed, at rated
airflow of 2,400 cfmand an upstream chal | enge concentrati on of

460, 000, 000 particles per cubic foot of 0.3 mcron dianeter, the
system was capabl e of |ocating pinhole | eaks at a scan speed of 0.125
i nches/sec, but not 0.250 inches/ sec. Using higher aerosol challenge
upstream may allow | eaks to be | ocated at faster scan speeds, since

t he anounposf ch¥ihoeglyevarions ngmbddimangy whieh | isedrpuaié dthbetdacighgs odinitie

detected nore Ld: v S at, | [, al em | I

of 11 nali rePaRRet hatEheart o Bl @i, dedfi TRl oS sKBET i fe
t hrough t&¢ qannieatity dedseahanh othee dvadtedvestboeiimentl tHabestifli iht¢@porbie tHesan
air and a{e t.hus nore easily detected during scanning. [0048] Scan
speeds of MY about 0. 1875 inches/sec (0.48 cmisec) have ,
denonstrated to produce acceptable scanning results. Thus, in systens
havi ng an operational velocity of |less than or equal to 2400 cubic
feet per mnute, a scan speed of |ess than or equal to about 0.1875

i nches per second may be utilized to detect |eaks in v-bank filters
wherein the upstream chal |l enge i s about 300, 000, 000 particles per
cubi ¢ foot (about 8,495,050 particles per cubic neters) in a 2,400
cfmflow. It is contenplated that the scan rate may rise at | ower
operational velocities and/or at higher challenges. [0igs] Thus, a

met hod and apparatus has been provided that enables scan testing of
v-bank filters. Advantageously, the invention wll allow the use of
v-bank filters in applications where testing for pin-hole leaks is
requi red. [0050] Al though various enbodi nents which incorporate the
teachi ngs of the present invention have been shown and described in
detail herein, those skilled in the art can readily devise nmany ot her
vari ed enbodi nent that still incorporate these teachings. Wat is
claimed is:- 1. Anethod for testing a v-bank filter, conprising:
providing a challenge to a v-bank filter having at |east two adjacent
banks of filter nedia arranged in a "v" configuration; scanni ng
a probe across a first opening defined between the adjacent banks of
filter nmedia; sanpling air passing through the banks of filter nedia
and into the probe; and
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determining if a sanple is indicative of a | eak. 2. The net hod of
claim1l1, wherein scanning further conprises: noving a first sanple
port formed in a body of the probe across the first opening; and
noving a second sanple port forned in the body of the probe across a
second openi ng defined adjacent the first opening. 3. The nethod of
claim1l1, wherein scanning further conprises: noving the probe at a
speed of less than 0.1875 inches per second (0.48 cm sec). 4. The
nmet hod of ﬁj aim I1 \Q{ne_reri n scanning further conprises: noving the
probe at a"dpeég2yte'¥ss than 0.125 inches per second (0.32 cn sec).
5. The method of c¢laim1, wherejn scanning further conprises:
engagi ng al-ﬁjlna@ogf9"ﬁﬁgn%? yiankflier copasig t er . 6. The. et hod of claim
1, further conptP¥finga challenge tagvebank HiFr 4avieer) 196t tredispubbatkneiiicne
first openPid? piEiigedi a'We cajaudint banks of filter media prior to
scanni ng t he pri6HWINgErRIQLs acrss ¢ fiskepepise dAefingd betpeenthe adiagenblpnitofc| ai m
6, wher ei nfilédmsdizagimling pasassing threweddigrbankreofiidialicdit atqd intoghe prabf a
conpri ses #dawi ng sanples fromfacing banks of the filter media. 8.
The nethod of deErmining ifheamplnis dwigstivany 2d¢ak- passi ng through the banks
of filter nmedia further conprises drawing sanples into the probe from
mul tiple apertures, wherein an orifice of an aperture furthest froma
t est i nstréfidamethodgf elaimel, heran seanndng fftees compriges:apert ure cl osest to
the test instrupeiig a firsgamplegpordeimsd i basly aif the brobafaences the Ssbepshing t he
probe acro®d the first opening conprises aligning the probe to the
v-bank filter wievngonsscand sawple potiifatesd in thObodyhoé theardhsdcists Tieatnd 9,
wher ei n scepeningdefited adinespethadirsdepeninge first opening further conprises
novi ng the probe by a | ead screw coupled to a servo notor and
controlling the rotational speed of the servo notor. 11. A nethod
for testinyTae mebadkf ¢lrint Brwhesongsriargagigrther compriges:ovi di ng a chal | enge
to a v-bank fi Imaingthsypmbe @ta sheedsif leswihara@l] FSemthebparlescood (F.49 dnasechedi a
arranged in a "v" configuration; scanning a probe across an opening
defined between the adjacent banks of filter

4, The method of claim |, wherein scanning further comprises:

moving the probe at a speed of less than 0.125 inches per second (0.32 cm/sec).

5. The method of claim 1, wherein scanning further comprises:
engaging a guide of the probe with the filter.

6. The method of claim 1, further comprising:
extending a body of the probe into the first opening between the adjacent banks of
filter media prior to scanning the probe across the first opening.

7. The method of claim 6, wherein sampling air passing through the banks of filter media
comprises drawing samples from facing banks of the filter media,

8. The method of claim 7, wherein sampling air passing through the banks of filter media
further comprises 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.
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medi a; sanpling air passing through the banks of filter nedia
and into the probe; determining if a sanple is indicative of a |eak;
and challenging the filter with at | east 300, 000,000 particles
per cubic foot (8,495,050 particles per cubic nmeters). 12. The

met hod of claim 11, wherein scanning further conprises; providing at

| east 2000 cfm (56.6 cubic neters per mnute) of air flow through the
filter. 13. The nethod of claim 11, wherein scanning further

conpri ses: 9.fbvinethod of ¢lrist |,.dnrplirescporing the prbdadress shefoshypefing tvanppisesbe
acr oss t healfghingtheqperitothe vameak filter withmeiongoee médteend sanpl e port
formed in the body of the probe across a second openi ng defined

adj acent the first opening. 14. The nethod of claim1ll, wherein
scanni ng f ux Themethodpf dldas?, wirereinrsgarinhg tir grble: @tosaths piee dpoifing fesisrt han
0. 1875 i ncleemripmeagahepiobe BBa ead 888y coupld tolhervahiotamfcont@iing dd ,
wher ei n scattiomg sgeud biv@e sceemoioges: novi ng the probe at a speed of

| ess than 0.125 inches per second (0.32 cm sec). 16. The nethod of
claim 11, wherein scanning further conprises: engaging a guide of the
probe wi t hiit Aendthddtfof testink &.v-Og fileed, bsatbringe! @i m 11, wherein sanpling
air passing thpeiwiding Héenalianpleso OF-bhild fiI0% hamsh A idabirtivb adja6ARnkS6Silter
drawi ng safig@i€grinpédintale" @n@berafigrom nul tipl e apertures, wherein an
orifice of an gpmhinda@rdbdatlesd dpefifg defin@d berlBltthdEBREnt benIB B &l

t han an orhddige of an aperture closest to the test instrunent. 18.
The method of  ghapiMglalr pa¥¥ertBioNgISha BAHKROF £iIRe nRURRAd Afs M prdbBe first
openi Ng CofFRihmeE ifh baMHIOE itdiQuiPE dBedOadide v-bank filter with one or
nore guides.  IfallcAgiNBtnaettel With 48 99,080 800 RMKcISsl Jet Slbic ©OIRIDS 04D,

particles per cubic meters).

12. The method of claim 11, wherein scanning further comprises:
providing at least 2000 ¢fim (56.6 cubic meters per minute) of air flow through the
filter.

13. The method of claim 11, wherein scanning further comprises:

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

moving a second sample port formed.in the body of the probe across a second
opening defined adjacent the first opening.

14. The method of claim 11, wherein scanning further comprises:
moving the probe at a speed of less than 0.1875 inches per second (0.48 cm/sec).

[5. The method of claim 11, wherein scanning further comprises:
moving the probe at a speed of less than 0.125 inches per second (0.32 cm/sec).

16. The method of claim 11, wherein scanning further comprises:
engaging a guide of the probe with the filter.

17. The method of ciaim 11, wherein sampling air passing through the banks of filter
media further comprises drawing samples into the probe from multiple apertures, wherein
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providing a challenge to a v-bank filter having at |east two adjacent
banks of fi [ter nedia arranged in a "v" configuration; scanning a
probe across an openi ng defined between the adjacent banks of filter
medi a; sanpling air passing through the banks of filter nedia
and into the probe; determining if a sanple is indicative of a |eak;

and providing at |east 2000 cfm (56.6 cubic neters per mnute) of air
f1 ow t hr ougjhorifige of 4r apsyture furthest from a test instrument is greater than an orifice of an

aperture closest to the test instrument.

18. The method of claim 11, wherein scanning the probe across the first opening
comprises aligning the probe to the v-bank filter with one or more guides.

19. A method for testing a v-bank filter, comprising:

providing a challenge to a v-bank filter having at least two adjacent banks of filter
media arranged in a "v" configuration;

scanning a probe across an opening defined between the adjacent banks of filter

media;
sampling air passing through the banks of filter media and into the probe;

determining if a sample is indicative of a leak; and
providing at Jeast 2000 cfim (56.6 cubic meters per minute) of air flow through the

filter.

18



