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B paHHoOM pa6oTe paccMOTpeHbl TeXHMYeckue acnekTbl U3MepeHus nepenajoB pasneHus AP,
Le/IOCTHOCTM U FepMeTMYHOCTU ycTaHoBKM HEPA-¢unbTpoB (DOP-TecT), a Takxe O mnpoueaype
aTTecTauMy YMUCTbIX MOMELLEHUNA, B KOTOPOWM MpesycMOTPeH psap, U3MepeHUlr BaXKHbIX NapamMeTpoB,
npeaycMOTPeHHbIX FOCYAaPCTBEHHbIMU CTAaHAAPTAMM, TAKMX KaK KOHLLEHTPALMs a3po30/ibHbIX YacTuL,
TemnepaTtypbl, BNaXXHOCTU, YPOBHS LUIYMa, NepenagoB AaB/eHus u apyrux. Ocoboe BHUMaHUE 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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skeHa B TOCT 14644-3-2020 [3].

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

KoHTposib nepenaja AaBneHns BO3yXa
HEJII:IO KOHTDpOJIA I1epeliaa AaBJI€HH s BO3AYXa SBJIA-
€TCs IIPOBEpPKa CIIOCOOHOCTH YUCTOTO IIoOMelleHH s

me 1,500 mm om noaa 045 ydobcmea nposedeHus ucnbimanuli
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 "BanunpaunoHHas nabopatopusa Acentunka"
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Puc.2. Mopm AP: ggepxy: 8HewHul 8ud ycmpolcmad, 8HU3Y:
yepmesx
Fig.2. AP port: top: external view; bottom: drawing

MoALep>KUBATh 3aaHHBIN Iepemnaj NaBIeHHUS
Me>Ky YHCTHIM IIOMeIlleHHeM U OKPYsKalollek cpe-
Iovi. KoHTpoJIb Ileperaia gaBieHUs BO3LyXa CleayeT
BBIIIOJIHSITH I10CJIe TOr'0, KaK IO TBEpP>KAeHBl KPUTe-
pHUU IIpHeMIeMOCTH /IS CKOPOCTH IIOTOKA BO3AyXa

L%
Puc.3. MposedeHue ucneimaxull: usmepeHue nepenada dasne-
HU$S ¢ nomouwbto dudpmaromempa yepes nopm AP, ycmaHos-
AEeHHbIL 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

HIHM pacxofa BO3/AyXa, OLHOPOJLHOCTH CKOPOCTH
Y Ipyrye mapaMeTpel. [lonpo6Hoe omnrcaHue MeToaa
KOHTpOJIS [lepenajia JaB/leHus BO3lyXa 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)
IJaHHBIEe TeCTBhl

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

BRIIIOMHAKTCA OJIA IIOMH-
TBEep>XXAeHHsd TOro, 4TO CHCTeMad (l)I/IHI/IHIHOI;I

BBICOKO3)GeKTUBHOU QUJIBTPALIMU YCTAHOBJIEHA

IIPaBHJIBHO IIYTEM IIPOBEPKH OTCYTCTBUSA YTE€UEK

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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B 00xoz QUIBTPOB B ccTeMe GUIBTPALIUU U IIPO-
BepKH TOTO, UTO QUIBTPH He UMeIOT JedeKTOB

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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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

(MeIKHX OTBEPCTHUH M APYTUX MOBPeXIeHHUH
dunpTpyromero maTepuana, yredek B paMe, rep-

MeTHKe). OTHU TeCTHl He BBIIIOIHSIOTCS AJIs ollpe- BMHM““OHHM NNABOPATOPUA
meneHUs 3¢ PeKTUBHOCTH QUABTPYIONIEr0 MaTepH- ACE"T”KA

ana. TeCTHl BRIIIO/MIHAIOTCS IIyTeM BBeJeHMS a3po-

307151 0 QUJIBTPOB M CKAHUPOBAHHU S II0OBEPXHOCTHU

GUIBTPOB U UX KPeIIeHUH UK oTbopa mpob B BO3-

oyxoBome Imocyie GuabTpa. MeTOAUKYU KOHTPOJIA
Ha yTe4YKy JaHBI B B.7.

MpoBeAeHNe MCNbITAHNI ANS U3MEpeHNs nepenaja
AaBneHus AP

IIpy aTTeCcTalMH YHCTBIX IIOMeIeHUH He Bcerga
BO3MOXHO J0OUTHCS KOPPEKTHOIO M3MepeHHUs
mepemnaja LaBJIeHHS, TaK NPOTHUBOIOKAPHELIE
JIBepH C IIOPOTOM U JBePH C aBTOMaTHUYeCKHUM I10J-
BUJKHBIM Pe3HUHOBBIM YIIJIOTHHUTEJIEM He II03BO-
JISI0T OCYIeCTBUTh U3MepeHHe ~ HeBO3MOKHO IIPO-
NyCTHUTh TPYOKy (maaHT). MCIonp30BaHUe CIIeIH-
anpHOro nopra AP mo3BossieT u3beskaTh 3Ty Ipo-

b1eMy u O6€CH€‘—II/IB&E"{ npaKkTHYHOe U yaobHoe MopThi ans DOP-Tecta M 3MepeHus
[IpOBeJeHUe U3MepeHHUH. . .

AP - IOPTHI UCIIOB3YIOTCS AJ1s1 H3MepeHHUs Iepe- - "@Ww AHB}'IEHHH DOP IN, DOP OUT, AP
[1a/1a IaBJIeHUS MKy COCETHUMHU IIOMEIeHUSIMHU, www.aseptica.biz

YCTAaHAB/IMBAIOTCA B OIPa’KAA0OMKNX KOHCTPYKIIMAX

YHCTBIX IIOMEIIeHHWHU U B nepenaTqumx IIJIF03ax.
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Puc.7. MposedeHue ucnbimaull - npogepka zepmemu4yHocmu
Puc.6. DOP OUT nopm: cnesa: HewHUl 6ud ycmpolcmeada; ycmaxosku u uenocmiocmu HEPA-¢puabmpos (DOP-mecm)
cnpasa: uepmex Fig.7. Test performance: check of tightness of the installation and
Puc.6. DOP OUT port: top: external view; bottom: drawing integrity of the HEPA-filters (DOP-test)

CxeMa THUIIOBOIO BapMaHTa yCTaHOBKHU Imopra AP  DOP-TecTa Ha IIPpOBEPKY FePMETHUUYHOCTH YCTaAHOBKH

B CTeHaX IIpe[cTaBjieHa Ha puc.l. U 11e7I0CTHOCTH GUIIBTPOB. [l/1s obecredeHUsT MaK-

CMMaJIbHOTO IIepeMelIuBaHu A TeCTOBOIO a3p0o30/1s
MpoBeaeHUe UCMbITAHNIA HA FepMETUYHOCTb YCTAHOBKM ¢ Bo3ayxoM, mmopThl DOP IN pekoMeHyeTcCs ycTa-
1 uenoctHocTb HEPA-punbTpoB (DOP-TecT) HaBJIMBATh TAKUM 06pa3om, 4TOOBI IOPT MOAAYUU

DOP IN - IOpPTHI IPUMEHSIOTCS [/I5 [IOAYH TECTOBOTO ~ TeCTOBOTO a’3po30Js OB yganeH OT KakAOIo
asposons (AuoKTHICeballMHATA) IIPU IIPOBeJIeHUH K3 QUIBTPOB HA PACCTOSIHUU He MeHee 7 IUaMeTPOB
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YcnoBHble 0603HaveHus | Legend
TopTbl Ang M0AA4M TECTOBOMO 11¥ MopTbl 419 U3MEPEHIS KOHLEHTPALMM {1 ®unbtpogepxartens ¢ HEPA-GuaLTpOM
a3po3ons (13 wr.) A0 dunbTpa (23 wr.) HEPAfilter holder
Test aerosol supply ports (13 pcs.) 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

HAHO MHOVCTPHA Tom 14 Ne7-8 2021



EQUIPMENT FOR NANOINDUSTRY

(¢ = 7d) Bo3myxoBoIa, IO BeJEHHOIO K QHUIBTPOLEP-
JKaTeJIsIM, B KOTOPhIX YCTAHOBJI@HBl UCIBITYyeMble
HEPA-QUIBTPHI, YTO IIOK3aHO Ha Puc.6.

DOP OUT - mopTsl IpefHa3HauYeHHl A1 0Tbopa
npob Bo3/lyxa Ha CUETHYIO KOHI[EHTPAIUIO TeCTO-
BOrO aspo3ois mepen GUABTPOM IIPU HpOBee-
HUU npoBepkd HEPA-QUILTPOB Ha repMeTHY-
HOCTH YCTAHOBKH M LeJT0CTHOCTH HEPA-QUIbTPOB.
YcTaHaB/JIMBAeTCA B BO3JyXOBOJEe Ha PacCTos-
HUHU 50-100 MM oT HEPA-unpTpa.

3AK/IOYEHUE

[Ipy IPOeKTUPOBAHUMU U CTPOUTENBCTBe HeobXo-
IHUMO YIYUTHIBATH OIIMCAHHBIE BBIIIE y3JIbI, be3 KoTO-
PBIX, IIPK ATTeCTALIMH YHUCTHIX IIOMEeNIeHUH, HeBO3-
MO>XHO MPOBECTU HUCHOBITAHUS AL U3MEPEHHUS
mepemnana gaBjieHus AP U MCIBITAHUS Ha repMe-
TUYHOCTb YCTAHOBKH, a TaKXKe LeJ0CTHOCTb HEPA-
dbunsrpoB (DOP-TecT). Hama KommnaHusg [6] pas-
pabaTeiBaeT U NPOM3BOOUT U APyrHe 'MOJe3Hble
MeJIo4H", C KOTOPBIMH MOXKHO OyJeT 03HaKOMHUThCS
B IIOC/IeAYIOMUX MY KAIIUIX.
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Jexknapauus o KoHpAuKmMe uHmepecos. Asmopbl 3as84atoim 06
omcymcmeuu KOHPAUKIMOB UHIMepecos AU AUMHBIX OMHOUleHUL,
Komopble MozAu bbl nosAUAMb Ha pabomy, npedcmaseHHyto 8 daHHOL
cmamee.
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