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B paHHoOM pa6oTe paccMOTpeHbl TeXHMYeckue acnekTbl U3MepeHus nepenajoB pasneHus AP,
LEeNOCTHOCTU M repMeTUYHOCTU ycTaHoBku HEPA-¢dunbTpoB (DOP-TecT), a Takxe npoueaypa
aTTecTauMy YMUCTbIX MOMELLEHUNA, B KOTOPOWM MpesycMOTPeH psap, U3MepeHUlr BaXKHbIX NapamMeTpoB,
npeaycMOTPeHHbIX FOCYAaPCTBEHHbIMU CTAaHAAPTAMM, TAKMX KaK KOHLLEHTPALMs a3po30/ibHbIX YacTuL,
TemnepaTypa, B/IQXHOCTb, YPOBEHb LUyMa, nepenagbl AaBneHus u ap. Oco6oe BHMMaHue yaesieHo
rnpoBepKe LLe/IoCTHOCTU U repMeTUdHOCcTU HEPA-GUnbTpOB.

This paper deals with technical aspects of differential pressure measurements, integrity and tightness
of HEPA-filter installations (DOP test), and also describes the clean room certification procedures,
which include a number of important parameters measurements required by national standards such
as particulate matter concentration, temperature, humidity, noise level, differential pressure and
others. Particular attention is paid to checking the integrity and tightness of the HEPA-filters.

BBE/JLEHUE

B yncThix moMemeHusax cornacHo 'OCT 14644-4-2002
"UuCThle IIOMeleHHU s U CBSI3aHHBIE C HUMH KOHTPOJIH-
pyeMbsle cpenpl” [1] MOJISKHA TPOBOLUTHCS IIEPUOIHL e~
CKas aTTecTanus. IIpy aTTeCTallMy YKUCTHIX [TIOMeIlle-
HUH IIPOBOASIT M3MepeHUs (M/IH UCIIBITAHUSI) CUeTHOM
KOHLIEHTPALIMH a3p030/IbHBIX YACTHL], TEMIIePaTyPhI,
BJI&SKHOCTH, YPOBHSI ITyMa, KPAaTHOCTH BO3AyX00bMeHa,
IleperazoB JaB/IeHUS, LIeJIOCTHOCTA U T€PMETHYHOCTH
ycTaHOBKY HEPA-QUIBTPOB U IPYTUX [IapaMeTPOB.
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METOAOJIOINA
MeTomo/Iorus aTTeCTALIMU YUCTBIX [IOMEIeHUH U3J10-
skeHa B TOCT 14644-3-2020 [3].

Puc.1. Mopm AP ycmaHasaugaemcsl 8 C3HO8UY-NAHEAU HA 8bICO-

KoHTposib nepenaja AaBneHns BO3yXa
L[eJ'IbIO KOHTPOJIA Ilepellaa AAaBJTI€HHS BO34YXa
SIBJISIETCA ITPOBEPKA CII0COOHOCTH YHUCTOrO IIOMelleHM 51

me 1,500 mm om noaa 045 ydobcmaa nposedeHus Ucnbimanul
Fig.1. The AP port is installed in the sandwich panel at a height
of 1,500 mm from the floor for easily testing

OO0 "BanupaumoHHas nabopatopus Acentmka".
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Puc.2. Mopm AP: 8gepxy — gHewHuUl 8ud ycmpolicmad, 8HU-
3y - yepmex
Fig.2. AP port: top - external view; bottom - drawing

MoAAepPXHUBATh 3aJaHHBIN Iepemnaj LaBJIeHHUS
Me>Ky YHCTHIM IIOMeIlleHHeM U OKPYsKalollek cpe-
noii. KoHTposb Iepernaia AaBleHuUs Bo3yXa ClIelyeT
BBITIOJIHSTH [10C/IE TOTO, KaK [TOATBEPKAeHBl KPUTEPHUH
[IPHEeMJ/IEMOCTH /ISl CKOPOCTH IIOTOKA BO3AyXa MU

Puc.3. MposedeHue ucneimaxull: usmepeHue nepenada dasne-
HU$S ¢ nomouwbto dudpmaromempa yepes nopm AP, ycmaHos-
AEHHbIL 8 CIHOBUY-NAHeAU

Fig.3. Test performance: measurement of the differential pressure
using a differential pressure gauge through the AP port installed
in the sandwich panel

pacxona Bo3ayxa, ONHOPOLHOCTH CKOPOCTH U IPYTHe
napaMetpsl. [TonpobHoe onKcaHKe MeTo4a KOHTPOJIS
IepeInajia JaB/leHHUs BO3yXa JaHo B B.1.

INTRODUCTION

Clean rooms must be certified peri-
odically according to GOST 14644-4-
2002 "Clean rooms and related con-
trolled environments" [1]. During
clean room certification (or tests) it
is necessary to measure the count-
ing concentration of aerosol parti-
cles, temperature, humidity, noise
level, air exchange ratio, pressure
drop, integrity and tightness of
HEPA filter installation and other
parameters.

CERTIFICATION METHODS
The methodology of clean rooms
certification is described in details
in GOST 14644-3-2020 [3].

Differential air pressure control

The purpose of the differential air
pressure control is to check the abil-
ity of the clean room to maintain

the specified differential pressure
between the clean room space and
the ambient environment. The dif-
ferential air pressure control should
be carried out after acceptance cri-
teria for air velocity or air flow
rate, velocity uniformity and other
parameters have been confirmed.
A detailed description of the meth-
odology for differential air pressure
control is given in B.1.

Check of the installed filter system for
leakage (particle slippage)

These tests are performed to con-
firm that the HEPA finishing sys-
tem is correctly installed by check-
ing that there are no leaks bypass-
ing the filters in the filtration sys-
tem and that the filters are free
of defects (small holes and other
damage to the filtering media,
leaks in the frame, sealant). These

tests are not performed to deter-
mine effectiveness of the filter
media. Tests are carried out by
injecting aerosol upstream the fil-
ter and scanning the surface of the
filter and its fittings or sampling
the duct downstream the filter.
The methods to check for leakage
are given in B.7.

Tests to measure the differential
pressure AP

When certifying clean rooms it is
not always possible to ensure correct
measurement of differential pres-
sure, as fire doors with a threshold
and doors with an automatic mov-
able rubber seal do not allow the
measurement - it is not possible to
pass a tube (or hose) through them.
The use of a special AP port avoids
this problem and enables practical
and convenient measurements.
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Fig.4. Plan of production floor. Location of AP ports for differential pressure measurements

MpoBepKa yCTaHOBNEHHOI CUCTEMbI pUALTPALUN

Ha yTeuKy (MpockoK YacTuw)
IJaHHBIe TeCTBhI

The AP-ports are used to mea-
sure the differential pressure
between adjacent rooms, installed
in the envelope of clean rooms
and in transfer airlocks. A typical
wall-mounted AP-port is shown in
Fig.1.

Leakage tests of the unit and integrity of
the HEPA-filters (DOP test)

The DOP IN ports are used to sup-
ply a test aerosol (dioctylsebaci-
nate) when conducting a DOP test
to check tightness of the unit and
integrity of the filters. To ensure
maximum mixing of the test aero-
sol with air, it is recommended that
the DOP IN ports are positioned so

BBIIIOJITHAKOTCSA HOJIs IIOHO-
TBep>XAeHHus TOro, 4TO CHCTeMa (l)I/IHI/ILLIHOfI

BbICOKO3)eKTUBHON QUIBTPALIUU YCTAHOB-

JIeHa IIPpAaBHJIBHO IIyTEeM IIPOBEPKH OTCYTCTBH S

that the test aerosol supply port is
distanced downstream of each filter
at least 7 diameters (¢ > 7d) of the air
duct, which holds the filters, where
the tested HEPA filters are installed
(see Fig.6).

DOP OUT ports are designed to
sample air for counting concentra-
tion of test aerosol upstream the fil-
ter when checking HEPA filters for
tightness of installation and integ-
rity of the HEPA filters. The ports are
installed in the duct at a distance of
50-100 mm from the HEPA-filter.

CONCLUSIONS
During design and construc-
tion, it is required to take into
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yTedeK B 06xoJ GUIBTPOB B CHUCTeMe PHUIIb-
TpallMU M INPOBEPKH TOrO, YTO QUIBTPHI He

consideration the above described
units which are critically impor-
tant for the certification of clean
rooms on the basis of the differen-
tial pressure AP measurement and
leakage tests of the installation
as well as integrity of the HEPA-
filters (DOP test). Our company [6]
also develops and manufactures
some other "useful little things",
which will be described in the fol-
lowing publications. [
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authors declarethat they have noknown com-
peting financial interests or personal relation-
ships that could have appeared to influence
thework reported in this paper.
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MpUTOYHBLIV BO3AYx0BOA, | Supply air duct Measurement of concentration upstream the filter
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MopasecHon notonok | Floating ceiling
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Test aerosol supply

2500

leHepaTop TECTOBOro a3po30/s
Test aerosol generator

CYeTUMK YacTuL, 419 n3MepeHms
KOHLUEeHTpauum ao dpuabTpa
Particles counter to measure
concentration downstream the
filter

Puc.5. Cxema munogozo eapuaHma ycmaHosku nopmog DOP-mecm 8 npumoyHom 8030yx0800e
Fig.5. Schematic diagram of a typical DOP-test port installation in a supply air duct

HUMeT fedeKToB (MeJIKHUX OTBEPCTHH U IPYTUX
HOBpPeRAeHHH QUIBTPYIOIIero MmaTepHuasa, yTe-

YeK B paMe, repMeTHKe). DTH TeCThl He BBIIIOJI- BMHM““OHHM NNABOPATOPUA
HSIOTCSL 075 onpeneneHUs] 3oPeKTUBHOCTH ACE"T”KA
dunbpTpyromero maTepuasna. TeCThl BBIIIOTHS-

I0TCSI IyTeM BBeJeHHUs ad3po30iis 00 GUIBTPOB
U CKAaHHUPOBAHUA IIOBEPXHOCTHU Cl)I/IHLTPOB H HUX
KpeInaeHHUHN UIKU oTbopa mpob B Bo3ayxoBoOme

nocjie GUIAbTpPa. MeTOOUKH KOHTPOJISI HA YTEUKY
maHbI B B.7.

"pOBEAEHMe UCNbITAHUN [NS n3mepeHuq nepenaja
AaBneHus AP

[Ipu aTTeCTalMK YUCTHIX [IOMEIeHUN He BCeraa
BO3MOXHO J06UTHCS KOPPEKTHOIO U3MepeHHs
mepemaja AaBJAeHUs, TAK HPOTHBOMIOXKAPHbIE
ABEPH C [IOPOTOM U ABEPH C ABTOMATHYECKUM II0J-
BMJKHBIM PE3HHOBBIM YIIOTHHUTENIEeM He I103BO-
JIIOT OCYILIeCTBUTh U3MEPEHHe ~ HEBO3MOKHO IIPO-
NycTUTh TPY6Ky (maaHr). Hcrmonb3oBaHHUe CIle-
LUaapHOro moprta AP mo3sBosiser usbexxaTb 3TOM
npo6eMbl ¥ obecrednBaeT MPakKTUYHOE U yHo6HOe :
[poBeleHHe U3MEePeHH. *napa pasnetns: DOP IN, DOP OUT, AP

AP - IOPTHI UCIIONB3YIOTCS ISl HU3MepPeHHs :m_ampﬁca_biz

Iepernaja gaBJeHHUS MeXAYy COCeAHHMH IoMe- } ; (495)274.0202 E-mal: asepSESES15@pmal
MIeHHUSIMU, YCTAHABJIMBAIOTCS B OFPaskJAa0IIHX

-nnpm ana DOP-tecta M M3MepeHuA
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Puc.6. Mopm DOP OUT: caesa — gHewHUU 8ud ycmpolicmaa;
cnpasa - Yyepmex
Fig.6. Port DOP OUT: top - external view; bottom — drawing

KOHCTPYKL KX YUCTBIX IOMeIleHUN U B Iepe-
JAaTOYHBIX III03aX. CXeMa TUIIOBOTO BapHaHTa
YCTaHOBKH IopTa AP B cTeHaX IpefACcTaBjIeHa
Ha puc.l.

Puc.7. MposedeHue ucnbimanuil — nposepka zepmemuyHocmu
ycmaxoeku u ueanocmuocmu HEPA-¢puabmpos (DOP-mecm)
Fig.7. Test performance: check of tightness of the installation and
integrity of the HEPA-filters (DOP-test)

Mposepenune UCMbITAHNIA HA repMeTu4HOCTb YCTAHOBKKN

W uenoctHocTb HEPA-¢unbTpoB (DOP-TecT)

IMopTel DOP IN pyMeHSIOTCS IJ15 [I0Ja4YK TeCTOBOIO
asposoins (AuoKTHICeballMHATA) IIPU IIPOBEeIeHUH

Test aerosol supply ports (13 pcs.)
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Ports for measuring concentration
upstream the filter (23 pcs.)

Puc.8. MNaax 3maxka npousgodcmea. BeHmuAsuus U KOHOUUUOHUPo8dHUe 8030yxd. PacnonoxkeHue y3108 045 nposedeHuss DOP-mecma
Fig.8. Plan of production floor. Ventilation and air conditioning. Location of the units for the DOP-test
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DOP-TecTa Ha IIPOBEePKY repMeTHYHOCTH YCTAaHOBKH
Y LIeJIOCTHOCTH QUIBTPOB. [l obecrieueHHs: MaKCH-
MaJIbHOIO IlepeMeIINBaHU s TeCTOBOI'O a3P030J14 C BO3-
nyxom nopTel DOP IN peKoMeHAyeTCsl yCTaHaBIHNBaTh
TaKUM 06pa3oM, 4TOOBI IIOPT [TOJAYU TECTOBOIO a3PO-
307151 6BUI yIaJIeH OT KasKIO0ro U3 GUIBTPOB HA PACCTO-
SHUU He MeHee 7 nuameTpoB (! > 7d) Bo3myxoBoza, mox-
BeJIeHHOro K QUJIBTpoAepsKaTe/isIM, B KOTOPBIX yCTa-
HOBJIEHBI UCIIBITYeMble HEPA-QUIBTPEI, YTO IIOKA3aHO
Ha pHC.6.

IMopter DOP OUT mpengHa3HaudeHH A1 oTbopa
npob Bo3ayxa Ha CUeTHYIO KOHLIEHTPALIHMIO TECTOBOTO
a’po3oiid mnepen GUABTPOM IIPU IPOBeLeHUU IIPO-
BepKky HEPA-QUIBTPOB Ha TepPMETUYHOCTb YCTAHOBKU
U 11e10CTHOCTH HEPA-QUIBTPOB. YCTaHABIMBAIOTCS
B BO34yXOoBoJe Ha paccToasHuHU 50-100 Mm
oT HEPA-puniwTpa.

3AK/IIOMEHUE

[Ipy IPOEeKTHPOBAHUY U CTPOUTEIBCTBE HEODXOOHMO
YYHUTBHIBATB OITMCAHHBIE BBIIIIE y3JIbl, 6€3 KOTOPBIX, ITPH
aTTeCTAallMK YHCTBIX IIOMeIlleHH I, HEeBO3MOKHO I1PO-
BeCTH UCIBITAHUSA /I U3MePeHUs Ileperasa gaBiie-
HHUA AP ¥ UCIIBITAHU S Ha TePMETHUYHOCTh YCTAHOBKH,
a TaksKe Lea0CTHOCTs HEPA-GUIbTpOB (DOP-TecT).
Hama xoMmmnaHus [6] paspabarsiBaeT U IPOK3BOAKT

Y ApyTHe 'TI0oJIe3Hble MeIo4YHr", C KOTOPBIMH MOYKHO
OyneT 03HAKOMHUTLCS B IIOCTeAYIOIUX ITyOITHKALIHAX.
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