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1 Scope

This document provides test methods in support
of the operation for cleanrooms and clean zones
to meet air cleanliness classification, other
cleanliness attributes and related controlled
conditions.

Performance tests are specified for two types of
cleanrooms and clean zones: those with
unidirectional airflow and those with non-

unidirectional airflow, in three possible
occupancy states: as-built, at-rest and
operational.

The test methods, recommended test apparatus
and test procedures for determining
performance parameters are provided. Where
the test method is affected by the type of
cleanroom or clean zone, alternative procedures
are suggested.

For some of the tests, several different methods
and apparatus are recommended to
accommodate different end-use considerations.
Alternative methods not included in this
document can be used by agreement between
customer and supplier. Alternative methods do
not necessarily provide equivalent
measurements.

This document is not applicable to the
measurement of products or of processes in
cleanrooms, clean zones or separative devices.
NOTE This document does not purport to
address safety considerations associated with its
use (for example, when using hazardous
materials, operations and equipment). It is the
responsibility of the user of this document to
establish appropriate safety and health practices
and to determine the applicability of regulatory
limitations prior to use.

2 Normative references

There are no normative references in this
document.

1 Pham vi @ng dung

Tai lidu niy cung cap nhimng phuong phép kiém
tra thir nghiém trong viéc hd trg van hanh cac
phong sach va ving sach dé dap ung phan loai
cap do sach khong khi, cac thong sé khac va cac
diéu kién kiém soat c6 lién quan. .
Céc kiém tra hiéu ning duoc cu thé cho hai kiéu
phan loai phong sach hoac vung sach: d6 1a khu
vuc véi dong khi mot chidu va khu vuc dong khi
ri, trong ba trang thai: da hoan cong, trang thai
nghi va van hanh.

Cung cap cac phuong phap kiém tra thir nghiém,
cac thiét bi dung cu do dé xuat, cac quy trinh kiém
tra thir nghiém trong viéc xac dinh cac thong sd
hiéu nang. Nhitng chd ma phuong phap kiém tra
bi anh hudng boi kiéu phong sach hodc vung
sach, va cac quy trinh thay thé dugc dé xut.

Dbi voi mot vai kiém tra thir nghiém, c6 mot vai
phuong phap va thiét bi do khac nhau duoc dua
ra dé thich hop véi nhitng can nhic khac nhau cta
nguoi st dung. Nhitng phuong phap khic ma
khong duoc nhic téi trong tai lidu ndy o thé duogc
ap dung néu co su déng y thoa thuan gitra khach
hang va nha cung cap. Va cac phuong phap thay
thé khong can nhat thiét phai cung cip cac phép
do tuong duong.

Tai liéu nay khong ung dung dé do dat cho céac
san pham hodc cic quy trinh trong cic phong
sach, cac vung sach hodc cac thiét bi cach ly.

Ghi cha: Tai liéu nay khdng dé cap dén nhitng can
nhéc an toan khi sir dung (vi du nhu 1a viéc st
dung céc chét nguy hiém, cac hoat dong, thiét bi.
Khi ap dyng tai liéu nay, nguoi su dung phai cd
trach nhiém thiét 1ap cac diéu kién an toan, bao
vé suc khoe va xac dinh kha nang ap dung céc
gi61 han quy dinh trude khi st dung.

2 Tai liéu tham khao quy chuin

Khong c6 tai liéu tham khao quy chuan nao trong
tai li€u nay.
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3 Terms and definitions

For the purposes of this document, the following
terms and definitions apply.

ISO and IEC maintain terminological databases
for use in standardization at the following
addresses:

ISO Online browsing platform: available at
https://www.iso0.org/obp

EC Electropedia: available at

http://www.electropedia.org/

3.1 General terms

3.11
clean room

room within which the number concentration of
airborne particles (3.2.1) is controlled and
classified, and which is designed, constructed
and operated in a manner to control the
introduction, generation and retention of
particles inside the room

Note 1 to entry: The class of airborne particle
concentration (3.2.4) is specified.

Note 2 to entry: Levels of other cleanliness
attributes such as chemical, viable or nanoscale
concentrations in the air, and also surface
cleanliness in terms of particle, nanoscale,
chemical and viable concentrations might also
be specified and controlled.

Note 3 to entry: Other relevant physical
parameters might also be controlled as required,
e.g temperature, humidity, pressure. vibration
and electrostatic.

[SOURCE: ISO 14644-1:2015, 3.1.1]

3 CAc thuit ngir va dinh nghia

Céc thuat nglr va dinh nghia sau dugc 4p dung
cho tai li€u nay.

ISO va IEC duy tri co sé dit liéu thudt ngit dé sir
dung trong viéc ti€u chuan hoa tai cac link sau:

ISO Online browsing platform: available at
https://www.iso.org/obp

EC Electropedia: available at

http://www.electropedia.org/

3.1 Céc thuat ngir chung

311
Phong sach

Phong ma bén trong c6 ndng do hat trong khong
khi (3.2.1) dugc kiém soat va phan cép, va no
duoc thiét ké, xay dyng va van hanh theo cach
thirc dé kiém soat ludng khéng khi cap vao, kiém
soat sy tao ra va luu gitt cac hat bén trong phong.

Ghi chti 1: Cép do cua nong do hat trong khong
khi dugc quy dinh tai muc (3.2.4).

Ghi chi 2: Cac mirc thude tinh khac lién quan dén
d6 sach nhu héa chat, ndng do vi hat trong khdng
khi hodc hat chtra cac vi sinh vat sdng, va ca do
sach trén bé mat xét vé cép dd hat rat nho, c&
nano, thiét 1ap quy dinh va kiém soét cac nong do
hat c6 thé tdn tai va cac hoa chat khac.

Ghi cha 3: Cac thong sb vat 1y lién quan khac

cling duoc kiém soat, vi du nhu nhiét do, do am,
ap suat, tinh dién va rung dong.

[Neudn: 1SO 14644-1:2015, 3.1.1]
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3.1.2
clean zone

defined space within which the number
concentration of airborne particles (3.2.1) is
controlled and classified, and which is
constructed and operated in a manner to control
the introduction, generation and retention of
contaminants inside the space.

Note 1 to entry: The class of airborne particle
concentration (3.2.4) is specified.

Note 2 to entry: Levels of other cleanliness
attributes such as chemical, viable or nanoscale
concentrations in the air, and also surface
cleanliness in terms of particle, nanoscale.
chemical and viable concentrations might also
be specified and controlled.

Note 3 to entry: A clean zone(s) can be a defined
space within a cleanroom (3.1.1) or might be
achieved by a separative device. Such a device
can be located inside or outside a clean room.

Note 4 to entry: Other relevant physical
parameters might also be controlled as required,
e.g temperature, humidity, pressure, vibration
and electrostatic.

[SOURCE: ISO 14644-1:2015, 3.1.2]

3.13
installation

cleanroom or one or more clean zones (3.1.2),
together with all associated structures, air
treatment systems, services and utilities.
[SOURCE: ISO 14644-1:2015, 3.1.3]

3.14
separative device

equipment utilizing constructional and dynamic
means to create assured levels of separation

312
Vung sach

Khong gian dugc xac dinh ma & trong d6 nong do
hat trong khong khi (3.2.1) duoc kiém soat va
phan cip, va nd dugc xay dung va van hanh theo
cach ma kiém soat ludng khong khi cép, kiém
S04t su tao ra va dong lai cua cac chit gay 6 nhiém
¢ bén trong khong gian.

Ghi chti 1: Cép do cua nong do hat trong khong
khi dugc quy dinh tai muc (3.2.4).

Ghi chii 2: Cac mirc thude tinh khéc lién quan dén
d6 sach nhu hoa chat, nong do vi hat trong khong
khi hoac hat chira Vi sinh vat song, va ca d6 sach
trén bé mat xét vé& cap do hat rat nho, c& nano,
thiét lap quy dinh va kiém soat cac nong do hat
c6 thé ton tai va cac hoa chat khéc.

Ghi chti 3: Mot hodc nhiéu ving sach c6 thé 1a
mot khdng gian xac dinh trong phong sach (3.1.1)
hodc dat duoc béng mot thiét bi cach ly. Vi nhu
mét thiét bi c6 thé duge dat trong hodc ngoai
phong sach.

Ghi cha 4: Cac thong sb vat 1y lién quan khac
cling duoc kiém soat, vi du nhu nhiét do, d6 am,
ap suat, tinh dién va rung dong.

[SOURCE: ISO 14644-1:2015, 3.1.2]

3.13
Lap dat

Phong sach hodc 1a mot hay nhiéu ving sach,
cling véi tat ca cdu tric lién quan, cac hé thong
xu ly khong khi, cac dich vu va tién ich.
[SOURCE: ISO 14644-1:2015, 3.1.3]

3.14
Thiét bi cach ly

Thiét bi st dung c4c phuong tién cau trlic va chic
nang dé tao ra su cach ly gitra cac luong khong
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between the inside and outside of a defined
volume.

Note 1 to entry: Some industry-specific
examples of separative devices are clean air
hoods, containment enclosures, glove boxes,
isolators and mini-environments.

[SOURCE: ISO 14644-7:2004, 3.17]

3.15
resolution

smallest change in a quantity being measured
that causes a perceptible change in the
corresponding indication

Note 1 to entry: Resolution can depend on, for
example, noise (internal or external) or friction.
It may also depend on the value of a quantity
being measured.

[SOURCE: ISO 14644-1:2015, 3.4.1]

3.16
Sensitivity

quotient of the change in an indication of a
measuring system and the corresponding
change in a value of the quantity being
measured

3.2 Terms related to airborne particles
321
airborne particle

solid or liquid object suspended in air, viable or
non-viable, sized between 1 nm and 100 um

Note 1 to entry: For classification purposes,
refer to 1SO 14644-1:2015, 3.2.1.

khi bén trong va bén ngoai cua thiét bi.

Ghi chi 1: Mot s6 vi du cu thé trong nganh vé cac
thiét bi cach ly nhur 1a céc chup hit khdng khi sach
- clean air hoods, cac thiét bi ¢ lap ving sach
trong san xudt — containment enclosures, nhing
hop dung ging tay (c6 lap voi khdng khi ban), cac
thiét bi c6 1ap khac hoic nhitng khong gian nho.

[SOURCE: ISO 14644-7:2004, 3.17]

3.15
D¢ phén giai

Sy bién d6i nho nhat cia mot dai luong (duge do)
dan dén sy thay do6i c6 thé nhan ra dugc tuong
ung.

Ghi chu 1: dJ phan giai co thé phu thudc vao do
on bén trong va bén ngoai hodc ma sat. No ciing
¢6 thé phy thudc vao gia tri ciia dai lugng dugc
do dat.

[SOURCE: ISO 14644-1:2015, 3.4.1]

3.16
Do nhay

Ty 1& ctia su bién doi chi s6 thudc mot hé thong
do dat va sy bién doi turong g trong mot gia tri
dai luong duoc do. (ndm na 13 ty sd phat hién
dugc/téng trudng hop dung.)

3.2 Thuit ngir lién quan dén hat trong khong
khi

3.2.1
Hat trong khéng khi

Nhimng vat thé dang ran hodc 1ong lo limg trong
khong khi, hat chira vi sinh vat sdng hodc khong,
kich thudc hat tir 1 nm dén 100 pm

Ghi cht 1: tham khao ISO 14644-1:2015, 3.2.1
vé cac muc dich phén loai hat

https://thaiguang.com.vn/



https://kyodotech.com/
https://thaiquang.com.vn/

3.2.2
count median particle diameter

median particle diameter based on the number
of particles

Note 1 to entry: For the count median, one half
of the particle number is contributed by the
particles with a size smaller than the count
median size, and one half by particles larger
than the count median size.

3.2.3
mass median particle diameter

median particle diameter based on the particle
mass

Note 1 to entry: For the mass median, one half
of mass of all particles is contributed by
particles with a size smaller than the mass
median size, and one half by particles larger
than the mass median size.

3.24
particle concentration

number of individual particles per unit volume
of air

[SOURCE: ISO 14644-1:2015.3.2.3]

3.25
particle size

diameter of a sphere that produces a response,
by a given particle-sizing instrument, that is
equivalent to the response produced by the
particle being measured

Note 1 to entry: For light-scattering airborne-
particle instruments, the equivalent optical
diameter is used.

[SOURCE: ISO 14644-E2015.3.2.2]

3.2.2
Puong kinh trung binh ciia hat theo s lwong

Pudng kinh trung binh cia hat dwa trén s lugng
cua cac hat

Ghi chu 1: mot nta sb luong hat dugc tinh la
nhirng hat c0 kich thudc nho hon kinh thudc trung
binh va mot n¥a con lai c6 kich thudc 16n hon
kich thudc trung binh cua hat.

3.2.3
Puwong kinh trung binh ciia hat theo khéi
legng

Puong kinh trung binh cta hat dua trén khéi
lugng hat

Ghi cht 1: mot nira khi lugng cta tat ca cac hat
duoc tinh la cac hat c6 kich thudc nho hon kinh
thude trung binh va mét nira con lai c6 kich thude
16n hon kich thuéce trung binh cta hat.

324
Nong do hat

Sé luong nhitng hat riéng 1€ trén mdt don vi thé
tich khéng khi

[SOURCE: ISO 14644-1:2015.3.2.3]

3.25
kich thuéc hat

dudng kinh mot hinh cau tao ra mot tin hiéu thong
qua mot dung cu dinh c& nhat dinh, né tuong
duong vdi tin hi€u tao ra bdi hat dugc do

Ghi chi 1: Pbi véi cac dung cu do hat trong
khong khi tan xa anh sang, thi str dung kich thude
quang hoc tuong duong.

[SOURCE: ISO 14644-E2015.3.2.2]
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3.2.6
particle size distribution

cumulative distribution of particle concentration
(3.2.4) as a function of particle size (3.2.5).

[SOURCE: ISO 14644-12015, 3.2.4]

3.2.7
test aerosol

gaseous suspension of solid and/or liquid
particles with known and controlled size
distribution and concentration

3.3 Terms related to air filters and systems

3.3.1
aerosol challenge

challenging of a filter or an installed filter
system (3.3.6) by test aerosol (3.2.7)

3.3.2
designated leak

maximum allowable penetration, which is
determined by agreement between customer and
supplier, through a leak (3.3.8), detectable
during scanning (3.3.9) of a filter installation
(3.1.3) with light scattering airborne-particle
counters (LSAPC) or aerosol photometers
(3.6.2)

333
dilution system

system where in aerosol is mixed with particle-
free dilution air in a known volumetric ratio to
reduce concentration

3.34
filter system

3.2.6 )
Sw phén bo kich thuéc hat

Sy phan b tich lity ciia ndng d6 hat (3.2.4) nhu
mot ham cua kich thudc hat (3.2.5).

[SOURCE: ISO 14644-12015, 3.2.4]

327 ]
Chat sol khi dung de test

khi 1o ling duogc tao ra tir cAc hat ran va/hodc hat
long dugc xac dinh trude va kiém soat nong do
cling nhu sy phan bo kich thudc hat

3.3 Thuat ngir lién quan dén hé théng va b loc

331 .
Thir thach bang sol khi

Thur t}léch hay th}"I nghiém m@t b(f)’l(_)c hodac mot
hé thong loc da lap (3.3.6) bang chat test (3.2.7).

3.3.2
RO ri chi dinh

Do tham nhap ti da cho phép duoc xac dinh theo
su dong ¥ thoa thudn giita khach hang va nha
cung cap, thdng qua ro ri (3.3.8), ¢4 thé phét hién
duoc trong qua trinh quét (3.3.9) ctia mdt bg loc
(3.1.3) véi may dém hat tan xa anh sang (LSAPC)
hoic 1a thiét bi quang hoc sol khi (3.6.2)

333
H¢ thong pha loéng

H¢ thdng pha tron chat test — sol khi v6i khong
khi (khong chura hat) theo mot ty I¢ the tich biét
trude nham gidm nong dod cua chat test

334
Heé thong loc
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assembly composed of filter, frame and other
support mechanism or other housing

3.35
final filter

filter in a final position before the air enters the
cleanroom (3.1.1) or clean zone (3.1.2)

3.3.6
installed filter system

filter system (3.3.4) mounted in the ceiling,
wall, apparatus or duct

3.3.7
installed filter system leakage test

test performed to confirm that the filters are
properly installed by verifying that there is
absence of bypass leakage of the filter
installation (3.1.3), and that the filters and the
grid system are free of defects and leaks (3.3.8)

3.38
leak

< of air filter system > penetration of
contaminants that exceed an expected value of
downstream concentration through lack of
integrity or defects

3.39
scanning

method for disclosing leaks (3.3.8) in filters and
parts of units, whereby the probe inlet of an
aerosol photometer (3.6.2) or a light-scattering
airborne-particle  counter is moved in
overlapping strokes across the defined test area

3.4 Terms related to airflow and other
physical states

Puoc lap rap bai bo 16¢, khung va cac ciu tao gia
dd khac hodc housing

3.35 ]
B6 loc cuoi

Loc ndm & vi tri cudi cing truéc khi dong khi
dugc dua vao phong sach (3.1.1) hoac vung sach
(3.1.2)

33.6 ]
Hgé thong loc da lap

Hé’théng loc (3.3.4) duoc ’gén lén tran, tudng,
thiét bi (vi du: AHU) hoac 6ng gio

3.37
Kiém tra r0 ri hé thong loc da lip

Viéc thuc hién kiém tra dé xac dinh réng cac bo
loc duoc lép dat hop ly bﬁng viéc xac minh réng
khéng ¢6 1o 1i cua viée lap dat bo loc (3.1.3), va
céc bo loc ciing nhu 13 hé théng grid (khung gitr)
khéng c6 xuat hién cac ro ri (3.3.8)

3.3.8
RO ri

Su Xx&m nhap cua chit 6 nhiém vuot qua gia tri du
kién tai nong d6 downstream théng qua cac 16i tai
h¢ thong loc hodc hé thong loc khong con toan
ven.

3.39
Quét

Phuong phap 1am 16 ra ro ri (3.3.8) cua cac b loc
Va cac cau kién khac ctia bo loc, theo d6 dau vao
ctia dau do may quang sol khi (3.6.2) hodc may
dém hat tan xa anh sang duoc di chuyén theo céc
duong chong 1én nhau trén tiét dién xac dinh

3.4 Thuit ngir lién quan dén dong khi va cic
trang thai vat ly khac
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3.4.1
air change rate
air exchange rate

rate expressing number of air changes per unit
of time and calculated by dividing the volume
of air delivered in the unit of time by the volume
of the cleanroom (3.1.1) or clean zone (3.1.2)

3.4.2
measuring plane

cross-sectional area for testing or measuring a
performance parameter such as the airflow
velocity

343
non-unidirectional airflow

air distribution where the supply air entering the
cleanroom (3.1.1) or clean zone (3.1.2) mixes
with the internal air by means of induction

[SOURCE: ISO 14644-1:2015, 3.2.8]

344
supply air volume flow rate

air volume per unit of time supplied into a
cleanroom (3.1.1) or clean zone (3.1.2) from
final filters (3.3.5) or air ducts

345
total air volume flow rate

air volume per unit of time that passes through
a section of a cleanroom (3.1.1) or clean zone
(3.1.2)

3.4.6
unidirectional airflow

S6 1an trao déi khi

Ty 1€ cua su thay doi khong khi trén mdt don vi
thoi gian va duoc tinh bang cach chia thé tich
khong khi Iuu théng trén mot don vi thoi gian cho
thé tich cua phong sach (3.1.1) hoac vung sach
(3.1.2)

342
Mat phang do

Tiét dién mit cit phuc vu viéce test hodc do dat
mdt théng so van hanh vi du nhu la véan toc dong
khi

3.4.3 ]
Dong khi roi

Su phan bd khong khi tai noi ma ludng khi cp
vao trong phong sach hodc vung sach tron voi
khong khi bén trong phong tao nén cac xody rdi
tuong tic véi nhau tao nén tinh bat thuong cia
dong thoi

[SOURCE: ISO 14644-1:2015, 3.2.8]

344 . ]
Mikc thé tich luong khi cap

Thé tich khi trén mot don vi thoi gian cung cip
vao mot phong sach (3.1.1) hodc vung sach
(3.1.2) tir c&c bo loc cuoi (3.3.5) hodc cac ong gid

345
Tong mirc thé tich luong khi

Thé tich khi trén mot don vi thoi gian di qua mot
tiet dién cia mdt phong sach (3.1.1) hodc vung
sach (3.1.2)

3.4.6 . .
Dong khi mgt chiéu (theo tang)
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controlled airflow through the entire cross-
section of a cleanroom (3.1.1) or a clean zone
(3.1.2) with a steady velocity and airstreams that
are considered to be parallel

[SOURCE: ISO 14644-1:2015.32.7]

3.4.7
uniformity of velocity

unidirectional airflow (3.4.6) pattern in which
the point-to-point readings of velocity (speed
and direction of airflow) are within a defined
percentage of the average airflow velocity

35 Terms
measurement

related to  electrostatic

351
discharge time

time required to reduce the voltage to the level,
positive or negative, to which an isolated
conductive monitoring plate was originally
charged

3.5.2
offset voltage

voltage that accumulates on an initially
uncharged isolated conductive plate when that
plate is exposed to an ionized air environment

353
static-dissipative property

capability for reducing electrostatic charge on
work or product surface, as a result of
conduction or other mechanism to a specific
value or nominal zero charge level

354
surface voltage level

Dong khi duogc kiém soat trén toan bo tiét dién
cua mot phong sach (3.1.1) hodc vung sach
(3.1.2) v&i mot véan toc 6n dinh va cac ludng khi
dugc xem la song song

[SOURCE: ISO 14644-1:2015.32.7]

34.7 ] ]
Su dong nhat van toc

Luf)ng khi mot chiéu (3.4.6) ma trong dé gia tri
van toc (toc do va hudng cua dong khi) do va doc
duoc tir diém nay sang diém kla nam trong mot ty
1€ % xéc dinh cua gia tri van tde trung binh

3.5 Thuit ngir lién quan dén phép do tinh di¢n

351
Thoi gian x4 dién

Thoi gian can dé giam dién 4p (duong hoic 4m)
v€ mirc ma tam gidm sat dan dién c0 1ap da duoc
sac ban dau

3.5.2
Pién &p bu

Dién ap tich lily trén tim dan dién bi 6 lap (ban
dau khong duogc sac) khi ma no ti€p xtic vi moi
truong khong khi bi ion hoa

353
Tinh chat tiéu tan tinh dién

Kha ning giam luong tinh dién trén bé mat san
phém hodc bé mit 1am viéc nho két qua cua viée
truyen dan hay CaC co ché khéac dén mot gid tri cu
thé va thuong 13 vé muc 0

354 .
Mikc dién ap bé mat
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positive or negative voltage level of electrostatic
charging on work or product surface, as
indicated by use of suitable apparatus

3.6 Terms related to measuring apparatus
and measuring conditions

3.6.1

aerosol generator

apparatus capable of generating particulate
matter having appropriate size range (e.g 0,05
pm to 2 um) at a constant concentration, which
can be produced by thermal, hydraulic,
pneumatic, acoustic or electrostatic means

3.6.2
aerosol photometer

light-scattering airborne particle (3.2.1) mass
concentration measuring apparatus, which uses
a forward-scattered-light optical chamber to
make measurements

3.6.3
airflow capture hood with measuring device

device with apparatus to completely cover the
filter or air diffuser, and collect the air to
directly measure the air volume flow rate

3.6.4
LSAPC
light scattering airborne particle counter

apparatus capable of counting and sizing single
airborne particles (3.2.1) and reporting size data
in terms of equivalent optical diameter

Note 1 to entry: The specifications for a particle
counter are given in 1SO 21501-4

[SOURCE: ISO 14644-1:2015, 3.5.1, modified
— The term "light scattering discrete airborne
particle counter” has been removed. Note 1 to
entry has been reworded.]

Mtrc dién 4p duong hoac am cua luong tinh dién
tich trén bé mat sdn pham hoac bé mat lam viéc,
c6 thé dung thiét bi thich hop dé xac dinh

3.6 Thuat ngir lién quan dén cac thiét bi do va
cac dieu kién do

3.6.1

San xuét sol khi

c4c thiét bi co kha ning tao ra cac vat chat hat co
c0 hat thich hop (vi du tr 0,05 pm to 2 pm) &
ndéng d6 khong doi, co thé duoc san xuit bang
cach thirc nhu nhiét hoc, thuy luc, khi nén, am
thanh hoac tinh dién

3.6.2
Quang hoc sol khi

Thiét bi do nong do khdi luong hat trong khong
khi (3.2.1) bi tan xa anh séng, nd st dung mot cai
budng quang hoc tan xa anh sang vé phia trudc
dé thuc hién do dat

363 ,
Chup bét gi6 véi thiét bj do

Dung cu véi may moc dé bao phu toan bd loc
hodc sy phan tan khong khi dé gom toan b dong
khi lai va do dac truc tiép luu luong dong khi

3.6.4
LSAPC
May dem hat khéng khi tdn xa anh sang

Thiét bj v6i kha ning dém va dinh ¢ cac hat
riéng biét trong khong khi va dua ra bao cao dir
liéu kich thudc theo duong kinh quang hoc tuong
duong

Ghi chu 1: cac thong ) ky thuat dém hat duoc
dua ra tai tiéu chuan I1SO 21501-4

[Nguon: ISO 14644-1:2015, 3.5.1, da stra d6i —
thuat nglr "light scattering discrete airborne
particle counter™ da bi loai bo. Note 1 da dugc sura
lai.]
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3.6.5
Witness plate

material of defined surface area used in lieu of
direct evaluation of a specific surface that is
either inaccessible or too sensitive to be handled

3.7 Terms related to occupancy states

3.7.1
as-built

condition where the cleanroom (3.1.1) or clean
zone (3.1.2) is complete with all services
connected and functioning but with no
equipment, furniture, materials or personnel
present

[SOURCE: ISO 14644-1:2015.3.3.1]

3.7.2
at-rest

condition where the cleanroom (3.1.1) or clean
zone (3.1.2) is complete with equipment
installed and operating in a manner agreed upon,
but with no personnel present

[SOURCE: ISO 14644-1:2015.3.3.2]

3.7.3
operational

agreed condition where the cleanroom (3.1.1) or
clean zone (3.1.2) is functioning in the specified
manner, with equipment operating and with the
specified number of personnel present

[SOURCE: ISO 14644-1:2015.3.3.3]

3.6.5
Tam moO phéng

Vit liéu c6 tiét dién bé mat xac dinh dung dé danh
gia thay cho cac bé mat cu thé nao d6 ma khong
thé tiép can hodc 14 qua nhay cam dé duoc xir Iy

3.7 thuit ngir lién quan dén céc trang thai cia
khu vue sach

3.7.1
Pa hoan cong

Phong sach (3.1.1) hodc vung sach (3.1.2) da
hoan thanh tat ca vé két ndi cac dich vu va chirc
nang nhung chua c6 thiét bi, noi that, cac vat liéu
hodc con nguoi (xay dung xong va di két ndi cac
hé co dién, ...)

[SOURCE: ISO 14644-1:2015.3.3.1]

3.7.2
Trang thai nghi

Phong sach (3.1.1) hodc vung sach (3.1.2) da
duoc lap dit xong cac thiét bi va van hanh theo
cach da thoa thuén, tuy nhién chua cé sy hién dién
cua nhan vién

[SOURCE: ISO 14644-1:2015.3.3.2]

3.7.3
Trang thai van hanh

Phong sach (3.1.1) hodc vung sach (3.1.2) dang
hoat dong theo cach cu thé voi cac thiét bi dang
hoat dong va co6 sy hién dién cua sb luong nhan
vién cu thé

[SOURCE: ISO 14644-1:2015.3.3.3]
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4 Test procedures
4.1 Cleanroom tests
4.1.1 General

ISO 14644-1 [ shall be carried out in order to
classify a cleanroom or clean zone by airborne
particle concentration. Additional cleanliness
attributes should be chosen if required (see
Table 1).

NOTE Each standard contains specifications for
test methods based on the characteristics of
specific attributes, guidance on evaluating the
test data a and specifications for test apparatus.

4 Cac quy trinh kiém tra
4.1 Céc kiém tra cho phong sach
4.1.1 Toéng quan

ISO 14644-1 1 cin duoc thyc hién dé phéan loai
mdot phong sach hodc viing sach theo nong do hat
trong khong khi. Cac thudc tinh do sach b sung
nén dugc chon néu can (xem Table 1).

Ghi chii: mdi tiéu chuan bao gdm céc thong sd
g voi cac phuong phap test dya trén cac dac
tinh cua cac thong so cu the, hudng dan danh gia
dir liu test va thong s6 cho céc thiét bi test

Table 1 — Cleanliness attribute tests for cleanrooms and clean zones
cic Kiém tra thudc tinh d9 sach cho phong sach va viing sach

General description Referenced in
M0 ta chung Tham khao trong
Levels of surface cleanl‘iness by par'gicle concentration ISO 14644-9 [©]

Céac muc do sach ctia bé mat theo nong do hat

Levels of air cleanliness by chemical concentration 1SO 14644-8 !

Céac murc d6 sach cua khdng khi theo nong do hoa chat

Levels of surface cleanliness by chemical concentration 1SO 14644-10 1

Cac muc do sach cua bé mat theo nong d¢ hoa chat

Monitoring air cleanliness by nanogcale particle concentration 1SO 14644-12 8]

Giam sat do sach khong khi theo nong dd vi hat
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4.1.2 Supporting tests

Table 2 lists other appropriate tests that can be
used for measuring the performance of a
cleanroom or clean zone installation. These tests
may be applied in each of the three designated
occupancy states; refer to details in Annex B for
suggested applications. These tests may not be
all-inclusive. Also, they may not all be required
for any given project. Tests and test methods
should be selected in a manner agreed between
the customer and supplier. Selected tests can
also be repeated on a regular basis as part of

4.1.2 Céc kiém tra hd tro

Table 2 Liét ké cac kiém tra khac phu hop c6 thé
dugc dung dé do dat hiéu nang lép dat cua mot
phong sach hodc ving sach. Nhirng kiém tra nay
c6 thé dugc g dung mot trong ba trang théi khu
vue sach; dé xem cac ung dung duoc dé xuét tham
khao chi tiét trong Annex B. Khéng can phai thyc
hién tit ca cac bai kiém tra ndy. Ngoai ra, khong
phai bat cir du 4n nao ciing duoc yéu ciu nhiing
bai kiém tra ndy. Cac kiém tra thir nghiém va
phuong phap nén duogc chon theo cach ma khach
hang va nha cung cép thoéa thuan véi nhau. Cac
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routine  monitoring or periodic testing.
Guidelines for the selection of tests and a
checklist of tests are given in Annex A. Test
methods are outlined in Annex B.

NOTE The test methods described in Annex B
are in outline form only. Specific methods can
be developed to meet the needs of the particular
application.

kiém tra thtr nghiém dugc chon c6 thé dugc thyuc
hién lai thuong xuyén nhu la sy gidm sat theo chu
ky hoic kiém tra dinh ky. C4c hudng dan chon cac
nuc kiém tra va danh sach checklist duoc dua ra
tai Annex A. Cac phuong phép kiém tra thi duoc
phat thao trong Annex B.

Ghi chu: cic phuong phap kiém tra thir nghiém
duoc mo ta trong Annex B chi ¢ dang phac thao.
Céc phuong phap cu thé cAn duoc phat trién dé
dat dugc cac nhu cau tuy ung dung cu thé.
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Table 2 — Supporting tests
Cic kiém tra hd trg

Reference in 1SO 14644-3
Supporting tests Tham khio trong tiéu chuan 1SO 14644-3
Principle Procedure Apparatus
Nguyén ly Quy trinh Thiét bi
Air pressure difference test 4.2.1 B.1 C.2
Kiém tra chénh ap
Airflow test 4.2.2 B.2 C3
Kiém tra dong khi
Airflow direction test and 4.2.3 B.3 C4
visualization
Kiém tra huéng dong khi va tryc
quan
Recovery test 4.2.4 B.4 C5
Kiém tra kha nang phuc hoi
Temperature test 4.25 B.5 C.6
Kiém tra nhiét do
Humidity test 4.2.6 B.6 C7
Kiém tra dd 4m
Installed filter system leakage test 4.2.7 B.7 CB8
Kiém tra ro ri hé théng loc d lip
Containment leak test 4.2.8 B.8 C.9
Kiém tra ro ri trong khu vuc sach
Electrostatic and ion generator tests 429 B.9 C.10
Kiém tra tinh dién va ion hoa
Particle deposition test - 4.2.10 B.10 c.l
Kiém tra su lang dong cac hat
Segregation test 4.2.11 B.11 C.12
Kiém trangin céch

NOTE These supporting tests are not presented in order of importance or chronological order. The
order in which tests are performed can be based on the requirements of a specific document or after
agreement between the customer and supplier.

Ghi cht: nhiing kiém tra & bang trén khong duoc trinh bay theo thir tu quan trong hay thoi gian thuc
hién. Thir tu thuc hién cac kiém tra c6 thé dya theo nhirng yéu cau cu thé cua tai liéu nao d6 hodc 1a
theo su thoa thuan gitta khach hang va nha cung cap.

-~ The particle deposition test can also be considered a test for cleanroom performance in the
operational state.

" Kiém tra sy l'fmg dong cac hat c6 thé duoc coi 1a thu nghi¢m hi¢u suét phong sach & trang thai van
hanh chinh thirc
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4.2 Principle
4.2.1 Air pressure difference test

The purpose of the air pressure difference test is
to verify the capability of the cleanroom air
movement system to maintain the specified
pressure differential between the cleanroom and
its surroundings. The air pressure difference test
should be performed after the cleanroom has
met the acceptance criteria for airflow velocity
or air volume flow rate, uniformity of velocity
and other applicable tests. Details of the air
pressure difference test are given in B.1.

4.2.2 Airflow test

This test is performed to measure the supply
airflow introduced into both unidirectional and
nonunidirectional cleanrooms or clean zones. In
unidirectional applications, the supply airflow
velocity can be measured with individual point
readings to allow for the measurement of
velocity and determination of uniformity of
velocity. The average of the individual velocity
point readings may be used to calculate the
supply airflow volume and air change rate (air
changes per hour). In non-unidirectional
applications, individual velocity point readings
are typically not required as uniformity of
velocity is generally not necessary. In these
cases, airflow volume readings may be
measured directly and then used in calculating
the air change rate (air changes per hour) for the
cleanroom or clean zone. Test procedures for
the airflow test are given in B.2.

4.2.3 Airflow direction test and visualization

The purpose of this test is to demonstrate that
the airflow direction and its uniformity of
velocity conform to the design and performance
specifications. The airflow direction test can be
conducted in the at-rest state to determine the
basic cleanroom airflow patterns and can be

4.2 Nguyén ly
4.2.1 Kiém tra chénh ap

Muc dich cua viéc kiém tra chénh ap 13 xac dinh
kha nang di chuyén ludng khong khi trong phong
sach dé duy tri sy chénh ap suét cu thé giita phong
sach va khu vuc xung quanh phong sach. Viéc
kiém tra chénh ap nén duoc thuc hi¢n sau khi da
c6 tidu chuan chap thuan dbi véi tbc do dong khi
hodc Iuvu luong dong khi, su dong nhét ctia van tdc
va cac kiém tra thir nghiém khac da dugc duyét.
Kiém tra chénh ap khi duoc chi tiét tai muc B.1.

4.2.2 Kiém tra dong khi

Viéc kiém tra ndy duoc thuc hién dé do dat ludng
khi cép dua vao phong sach va ving sach cho ca
hai kiéu la dong mot chiéu va dong rdi. Trong céc
g dung dong khi mét chiéu, tbe 6 dong khi cap
¢6 thé duoc do tai cac diém do riéng biét va xéac
dinh tinh dong nhat cua van tc. Gia tri trung binh
cta cac diém do van toc riéng bi¢t co thé duoc
dung trong viéc tinh toan luu lwong ludng khi cap
va sb lan trao doi khéng khi (trén mot gid). Trong
cac tmg dung dong khi réi, thi thuong 1a khong
can thiét do dat van téc tai cac diém riéng biét va
su dong nhat ctia van tdc nhin chung ciing khong
can thiét. Trong nhimg truong hop nay, chi s6 luu
luong dong khi nén dugc do tryuc tiép va sau d6
diing trong viéc tinh toan sb 1an trao doi khéng khi
(trong mét gio) trong phong sach hodc vung sach.
Quy trinh kiém tra cho dong khi dugc dwa ra trong
muc B.2.

4.2.3 Kiém tra hwéng dong khi va trwe quan

Muc dich cuia viéc kiém tra thir nghiém nay 1a dé
chimg minh rang huéng cua dong khi va sy dong
nhat cua van téc ludng khi tuan theo thiét ké va
cac thong ) k¥ thuat hiéu suit. Viéc kiém tra
huong cua dong khi nén dugc thuc hién trong
trang thai nghi dé xac dinh cac luong khéng khi
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repeated in the operational state simulating
actual operations. Procedures for this test are
given in B.3.

4.2.4 Recovery test

The recovery test is performed to determine
whether the cleanroom or clean zone is capable
of returning to a specified cleanliness level
within a finite time, after being exposed briefly
to a source of airborne particulate challenge.
This test is not recommended for unidirectional
airflow. The procedure for this test is given in
B.4. When an artificial aerosol is used, the risk
of residue contamination of the cleanroom or
clean zone should be considered.

4.2.5 Temperature test

The purpose of this test is to verify the air
temperature levels are within the control limits
over the time period specified by the customer
for the area being tested. Procedures for these
tests are given in B.5.

4.2.6 Humidity test

The purpose of this test is to verify moisture
(expressed as relative humidity or dew point)
levels are within the control limits over the time
period specified by the customer for the area
being tested. Procedures for these tests are given
in B.6.

co ban trong phong sach va co thé thuc hién lai
viéc kiém tra nay trong trang thai van hanh mo
phong thuc té. Cac quy trinh cho viéc kiém tra nay
duogc dua ra tai muc B.3.

4.2.4 Kiém tra kha ning phuc hdi

Kiém tra kha nang phuc hdi nhim x4c minh liéu
rang phong sach hay vung sach c6 kha nang tr¢
lai mtrc do sach thlet 1ap trong khoang thoi gian
hitu han, sau khi tiép xUc trong thoi gian ngan voi
ngudn hat trong khong khi. Viéc kiém tra nay thi
khong duoc khuyén céo cho truong hop dong khi
mot chiéu. Quy trinh kiém tra dugc dua ra tai myc
B.4. Khi chét test nhan tao dugc sir dung thi nén
can nhic vé nhitng rai ro 6 nhiém phong sach hoic
vung sach do cdn dong lai tur cht test.

4.2.5 kiém tra nhiét do

Muc dich cua viéc kiém tra nay la xac minh céac
mirc nhiét d6 khong khi nam trong gi6i han kiém
soat qua cac khoang thoi gian dugc quy dinh boi
khach hang dbi voi khu vuc duge test. Cac quy
trinh kiém tra nay dugc dua ra tai muc B.5.

4.2.6 Kiém tra d am

Muc dich cua viéc kiém tra nay la xac minh murc
hoi am (dugc biéu thi bang d6 am hodc diém dong
swong) nam trong gidi han kiém soat qua cac
khoang thot gian dugc quy dinh boi khach hang
d6i véi khu vuc dugc test. Cac quy trinh kiém tra
nay duogc dua ra tai muc B.6.

(mtrc am 13 luong hoi nude trong mét don vi thé
tich khong khi; do am 1a % ctia mic am so vGi
mirc toi da ma khéi khi chtra hoi nudc; diém dong
swong 1a diém nhiét d6 ma tai d6 khong khi bi
dong suong.)
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4.2.7 Installed filter system leakage test 4.2.7 Kiém tra ro ri hé thong loc di lip dit
These tests are performed to confirm that the Nhimng viéc test nay duoc thuc hién nhim Xac

final high efficiency air filter system is properly nhan réng hé théng bo loc khi final hiéu suét cao
installed by verifying the absence of bypass da dugc lap dung thong qua viéc xac minh khong
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leakage in the air filter installation, and that the
filters are free of defects (small holes and other
damage in the filter medium, frame, seal and
leaks in the filter bank framework), These tests
are not used to determine the efficiency of the
filter medium. The tests are performed by
introducing an aerosol challenge upstream of
the filters and scanning downstream of the
filters and support frame or sampling in a
downstream duct. Leak detection methods are
given in B.7.

4.2.8 Containment leak test

This test is performed to determine if there is
intrusion of unfiltered air into the cleanroom or
clean zone(s) from outside the cleanroom or clean
zone enclosure(s) through joints, seams, doorways
and pressurized ceilings. The procedure for this test
is given in B.8.

4.2.9 Electrostatic and ion generator tests

The purpose of these tests is to evaluate
electrostatic voltage levels on objects, static-
dissipative properties of materials and the
performance of ion generators (i.e ionizers) used
for electrostatic control in cleanrooms or clean
zones. Electrostatic testing is performed to evaluate
the electrostatic voltage level on work and product
surfaces, and the static dissipative properties of
floors, workbench tops, etc. The ion generator test
is performed to evaluate the ionizer performance in
eliminating static charges on surfaces. Procedures
for these tests are given in B.9.

4.2.10 Particle deposition test

The purpose of this test is to verify the quantity and
size of particles deposited from the air in the
cleanroom onto a surface over an agreed period of
time. Procedures for this test are given in B.10.

c6 rd ri trong viéc lap dat bo loc khi (tai vién ngoai
cua loc tiép xtc khung grid hodc housing, ...), va
bd loc khdng bi 16i (thting 16 nho, cac hu hai khac
tai ludi loc, khung loc, phﬁn seal loc va ro ri trong
...). Nhitng quy trinh test nay khong dugc dung
trong viéc xac dinh hiéu suat ctia ludi loc. Nhimng
viéc test nay duogc thuc hién béng viéc dua vao
mdt chat sol khi (phun khéi, ...) tai upstream cua
bo loc va sau d6 quét tai downstream cua bo loc
va khung loc hoic 1a 14y mau tai downstream tai
bé mit dng gid. Cac phuong phap phét hién ro ri
duogc dua ra tai muc B.7.

4.2.8 Kiém tra ro ri trong khu vuee sach

Viéc test nay duoc thuc hién dé xac dinh xem liéu
rang c6 su xam nhap ciia khong khi tir bén ngoai
chua dugc loc vao phong sach hodc cac vung sach
hodc khong khi tr khu vuc xung quanh cac viung
sach xam nhap théng qua cac méi ndi, duong ndi,
cira ra vao va tran diéu &p. Quy trinh test nay duoc
dua ra tai muc B.8.

4.2.9 Kiém tra tinh dién va ion hoa

Muc dich ciia nhimng viéc kiém tra nay la dé danh
gid muc dién &p tinh dién trén cac vat thé, dic tinh
xa tinh dién cuia CAc vat lidu va hidu suét ctia viéc
tao ra cac ion (nghia la ion hoa) dugc dung dé
kiém soat tinh dién trong cac phong sach hoic
vung sach. Kiém tra tinh dién dugc thuc hién dé
danh gi4 mirc dién ap tinh dién trén cac bé mat san
pham hay c4c bé mit 1am viéc, va dic tinh xa tinh
dién cua san, trén cac ban ghé lam viéc, van van.
Kiém tra ion héa dugc thuc hién dé danh gia hiéu
suét ion hoa trong vi¢c loai bo tich dién trén cac
bé mit. Cac quy trinh cho viéc kiém tra nay duogc
dua ra tai muc B.9.

4.2.10 Kiém tra ling dong hat
Muc dich cta viéc kiém tra nay 1a xac minh sé

luong va ¢ cua cac hat tr khong ludng khong khi
dong lai trén cac bé mat trong phong sach trong
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4.2.11 Segregation test

The purpose of this test is to assess the separation
effectiveness achieved by a specific airflow,
challenging the lesser classified area with particles
and determining the particle concentration in the
protected area at the other side of the segregation.
Procedures for this test are given in B.11.

5. Test report

The result of each test shall be recorded in a test
report, and the test report shall include the
following information:

a) the name and address of the testing
organization, and the date on which the test was
performed;

b) a reference to this document (ISO 14644-
3:2019);

c) clear identification of the physical location of
the cleanroom or clean zone tested (including
reference to adjacent areas if necessary), and
specific designations for coordinates of all
sampling locations;

d) the specified designation criteria for the
cleanroom or clean zone, including the ISO
classification, the relevant occupancy state(s),
and the considered particle size(s);

e) the details of the test method used, with any
special conditions relating to the test or
departures from the test method, and
identification of the test apparatus and its current
calibration certificate;

f) the test result, including data reported as
specifically required in the relevant clause of

mot khoang thoi gian thda thuan. Xem quy trinh
kiém tra tai muc B.10.

4.2.11 Kiém tra ngin céch

Muc dich cta viéc kiém tra nay 1a danh gia hiéu
qua ngan cach dat dugc bang mot ludng khi cu
thé, ding nguon hat thtr nghiém véi vung c6 cip
do sach thap hon va xac dinh nong do cac hat
trong khu vuc dugc bao vé tai mat bén kia cua sy
ngan cach. Quy trinh dugc dua ra tai B.11.

5. B4o cao thiwr nghiém

Két qua ctia mdi quy trinh test s& duoc ghi lai
trong mot phiéu bao cao thir nghiém, va phic¢u béo
cdo nay s€ bao gom céc thong tin dudi day:

a) tén va dia chi cia td chire thue hién cong viéc
test, va ngay test dugc thuc hién;

b) vién dan tai liéu nay (1SO 14644-3:2019);

C) ghi 16 rang vi tri dia ly ctia phong sach hoac
ving sach dugc test (bao gdm ca nhitng ving lan
can néu cam thay can thiét), va nhimng chi dinh vi
tri toa do cu thé cua tat ca cac vi tri léy mau;

d) nhiing tiéu chuan chi dinh cu thé cho phong
sach hoac vung sach, bao g@)m cép sach ISO,
nhitng trang thai lién quan, va cac kich thude hat
duogc xem xét toi;

e) nhing chi tiét vé phuong phap do duoc sur
dung, voi tat ca nhirng diéu kién dic biét lién quan
dén viéc test hodc céc sai léch tir phuong phép do,
chirng nhan thiét bi duoc st dung va chung nhéan
hiéu chinh hién tai cua thiét bi;

f) két qua test, bao gom cac bao cdo dir liéu nhu
nhimg y8u cau cu thé trong cac diéu khoan lién
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Annex B and a statement regarding compliance quan tai Annex B va mét bao c4o vé su tuan thi
with the claimed designation; chi dinh da cong bo;

g) any other specific requirements defined relevant | g) bt ctr nhimg yéu cau cu thé khac da xac dinh
to the clause of Annex B for particular tests. lién quan deén nhimg dicu trong Annex B cho cac
kiém tra cu thé.
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ANnex A (informative)
Choice of supporting
tests and checklist

A.1 General

Special care should be taken when determining
the sequence for carrying out tests for
cleanroom, clean zone or controlled zone
performance.

The selection and sequence of tests should be
determined between customer and supplier and
should detect noncompliance at the earliest
stage possible and not compromise other tests in
the sequence.

A.2 Test checklist

Table A.1 provides a checklist of tests and
apparatus.

Phl.l ll.lc A (cung cap thong tin)
Lwa chon cac kiém tra
ho tr¢ va checklist

A.1 Téng quan

Can dic biét chl y khi xéc dinh trinh tu thyc hién
cac kiém tra thr nghiém chat lugng phong sach,
vung sach hoac vung dugc kiém soat.

Viéc lua chon va trinh tu thir nghiém phai dugc
thoa thuan gitra khach hang va nha cung cap, viéc
khong tuan thu nén dugc phat hién ¢ giai doan
som nhat 6 thé va khong l1am anh huong dén cac
muc kiém tra khac trong trinh tu.

A.2 Test Checklist

Table A.1 cung cap mdt checklist cac kiém tra thir
nghiém va céc thiét bi.
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Table A.1 — Checklist of supporting tests

Selection of Test procedure Test Selection Test apparatus Apparatus | Comments
test procedure| Of test reference
procedure reference | apparatus
and
sequence

Air pressure difference B.1 Electronic micro-manometer |C.2.2
Ap ké dién tir

Chénh léch 4p sut Inclined manometer Cc.2.3
Ap ké ngiéng
Mechanical differential C.24
pressure gauge
Pdng ho co do chénh ap

Airflow B.2 C.3

Dong khi

Uniformity of velocity B.2.2 Thermal anemometer C.3.1.1

within the cleanroom or May do gi0 kiéu nhiét

clean zone (for Three-dimensional C31.2

unidirectional airflow) ultrasonic anemometer, or
equivalent

Su dong nht ciia van toc May do gi6 siéu am ba

trong phong sach hoac chiéu, hoic tuong duong

phong sach (ddi véi dong Vane-type anemometer C.3.1.3

mdt chiéu) May do gio kiéu van
Tube array C315
Chum éng do

Supply airflow B.2.2.3 Thermal anemometer C311

velocity (for May do gi6 kiéu nhiét

unidirectional airflow) Three-dimensional C31.2
ultrasonic anemometer, or

Van tdc dong khi cap equivalent

(d6i voi dong mot May do gié siéu 4m ba

chiéu) chiéu, hoic trong duong
Vane-type anemometer C3.1.3
May do gio kiéu van
Tube array C315
Cham éng do

Supply air volume flow B.2.2.4 Thermal anemometer C311

rate measured by filter face May do gi0 kiéu nhiét

velocity (for unidirectional Three-dimensional ultrasonic |C.3.1.2

airflow) anemometer, or equivalent
May do gi6 siéu am ba chiéu,

Luu lwong dong khi cap hodc trong duong

dugc do dat thong qua van Vane-type anemometer C3.1.3

toc tai bf: ma.tkl(_)c (do1 voi May do gio kiéu van

dong mot chiéu) Tube array C.3.15
Chum éng do
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Selection of Test procedure Test Selection Test apparatus Apparatus | Comments
test procedure| Of test reference
procedure reference | apparatus
and
sequence
Supply air volume flow rate |B.2.2.5 Orifice meter C.3.23
in air ducts (for Dung cu do Orifice
unidirectional airflow) Venturi meter C.3.24
Dung cu do Venturi
Luu lugng dong khi cap trén Pilot-static tubes and C.3.14
duong 6ng giod (doi véi dong manometer
mot chiéu) dng do 4p tinh va dong ho ap
Thermal anemometer C311
May do gi6 kiéu nhiét
Supply air volume flowrate |B.2.3.2 Airflow capture hood C322
measured at the inlet (for With measuring device
non-unidirectional airflow
installation) Chup bit gi6 véi dung cu do
Luu lugng dong khi cip
dugc do tai ngd vao (d6i voi
dong khi rdi)
Supply air volume flow B.2.3.3 Thermal anemometer C311
rate calculated from filter May do gi6 kiéu nhiét
face velocity (for non- Three-dimensional C3.1.2
unidirectional airflow i) ultrasonic anemometer, or
equivalent
Luu lugng dong khi cip May do gi6 siéu 4m ba
duoc tinh tir van téc tai bé chiéu, thiét bi trong tur
mijt loc (d6i v6i dong khi Vane-type anemometer Cc3.1.3
roi 1) May do gi6 kiéu van
Supply air volume B.2.3.4 Orifice meter C.3.23
flow rate in air ducts Dung cu do Orifice
(for non-unidirectional Venturi meter C324
airflow) Dung cu do Venturi
. Pitot-static tubes and C314
Luu lugng dong khi cap manometer
trén dub’ngréng gi6 (dbi véi dng do 4p tinh va dong ho ap
dong khi r6i) Thermal anemometer C311
May do gi6 kiéu nhiét
Airflow direction and B.3 Tracers C4.4.1
visualization Danh diu dong khi dé mo
phong truc quan
Hudng cua dong khi va Thermal anemometer C4.2
truc quan Three-dimensional ultrasonic | C.4.3
anemometer, or equivalent
Aerosol generator C.4.4
Thiét bi tao sol khi
Ultrasonic nebulizer C4.4.2
May phun khi dung
Fog generator C443

May tao suong
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Selection of Test procedure Test Selection Test apparatus Apparatus | Comments
test procedure| Of test reference
procedure reference | apparatus
and
sequence

Recovery B4 Light-scattering airborne- C5.1
particle counter (LSAPC)

Kha niang phuc hoi d¢ sach Méay dém hat khong khi tan xa

sau khi bi mot ngudn hat tiép anh sang (LSAPC)

xuc trong thoi gian ngan Aerosol generator Cb5.2
May tao sol khi
Aerosol source substances C5.1
Cac nguon chit test sol khi
Dilution system, equipment C5.3
Hé thong pha lodng, thiét bi
Thermometer C54
Nhiét ké

Temperature BS5 Expansion Thermometer C.6
Nhiét ké gian no

Nhiét do Electrical Thermometer C.6a)
Nhiét ké dién
Thermal manometers C.6h)
Ap ké kiéu nhiét

Humidity B.6 Dew point hygrometer C.6¢)
4m ké diém dong suong

Do am Electrical conductivity C.6d)
variation hygrometer
am ké bién thién dan dién

Installed filter system B.7 C8

leakage

RO ri hé théng loc da lap

Installed filter system B.7.2 Aerosol photometer Cc.8.1

leakage scan test with an May quang hoc sol khi

aerosol photometer Aerosol generator C.8.3
May tao sol khi

Quét kiém tra ro ri hé théng Test aerosol source substances |C.8.4

loc da 14p v6i quang hoc Céc ngudn chat ding dé test

sol khi

Installed filter system B.7.3 Light-scattering airborne- C.8.2

leakage scan test with a particle counter (LSAPC)

LSAPC May dém hat khéng khi tan
xa anh sang (LSAPC)

Quét ro ri hé thong loc da Aerosol generator C.8.3

lap véi LSAPC May tao sol khi
Test aerosol source substances |C.8.4
Cac ngudn chat ding dé test
Dilution system, equipment  |C.8.5
Hé thdng pha lodng, thiét b
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Selection of Test procedure Test Selection Test apparatus Apparatus | Comments
test procedure| Of test reference
procedure reference | apparatus
and
sequence
Overall leak test of filters B.7.4 Aerosol photometer Cc.8.1
mounted in ducts or air- Quang hoc sol khi
handing units Light-scattering airborne- C.8.2
i ) i particle counter (LSAPC)
Kiém tra ro ri tong thé cta Pém hat khéng khi tdn xa
céc bo loc lap trén duong anh sang (LSAPC)
dng gi6 hodc cAc thiét bi xur Aerosol generator Cc.83
ly khdng khi (AHU) Tao sol khi
Test aerosol source substances |C.8.4
Céc ngudn chat test
Dilution system, equipment C.85
(LSAPC method only)
Hé thdng pha lodng, thiét b
(chi cho phuong phéap LSAPC)
Containment leak B.8 C.9
RO ri trong khu vuc sach
Light-scattering airborne- B.8.2.1 Light-scattering airborne- C9.1
particle counter (LSAPC) particle counter (LSAPC)
Dém hat khong khi tan xa
Méay dém hat khéng khi tan &nh séng (LSAPC)
xa anh sang (LSAPC) Aerosol generator C.9.2
Tao sol khi
Test aerosol source substances [C.9.3
Céc ngudn chat test
Dilution system, equipment  [C.9.4
Hé thong pha lodng, thiét bi
Aerosol photometer B.8.2.2 Aerosol generator C.9.2
method Tao sol khi
Test aerosol source substances |C.9.3
Phuong phép quang hoc sol Céc ngudn chat test
khi Aerosol photometer C.95
Quang hoc sol khi
Electrostatic and ion B.9 C.10
generator
Tinh dién va ion hoa
Electrostatic B.9.2.1 Electrostatic voltmeter C.101
Von ké dién
Tinh dién High resistance ohmmeter C.10.2
Dién tré ké tré khang cao
Charged plate monitor C.10.3

Man tich dién
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Selection of Test procedure Test Selection Test apparatus Apparatus | Comments
test procedure| Of test reference
procedure reference | apparatus’
and
sequence -

lon generator B.9.2.2 Electrostatic voltmeter c.10.1
Von ké dién

Tao ion High resistance ohmmeter C.10.2
Dién tro ké tré khéng cao
Charged plate monitor C.10.3
TAm tich dién

Particle deposition B.10 Witness plate material Cli1
Vit liéu tim md phong

Ling can cac hat 1én thiét Wafer surface scanner Cl12

bi, bé mit, éng gio, ... sau May quét bé mat Wafer

khi test (dung tia laser)
Particle fallout aerosol C.11.3
photometer
Quang hoc sol khi dé do céc
hat ling dong
Surface particle counter C.li4
DPém hat trén bé mat
Particle deposition meter C.115
May do d6 ling dong hat
Optical particle deposition C.11.6
monitor
Man hinh hién thi can hat
bing quang hoc

Segregation test B.11 Light-scattering airborne- C.l12.1
particle counter (LSAPC)

Kiém tra ngin cach DPém hat khong khi tan xa
anh sang (LSAPC)
Aerosol generator C.12.2
Tao sol khi
Test aerosol source substances |C.12.3
C4 ngudn chit test
Dilution system, equipment C.124
Hé thong pha lodng, thiét bi

27
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A.3 Planning for testing and verification
As a minimum, testing should be carried out:

a) in  connection  with  classification

according to 1SO 14644-1;
b) at verification during start-up;

C) at verification after failures have been
identified and rectified;

d) at verification after modification;

e) during periodic testing.

A risk assessment should be performed to
establish the appropriate intervals for periodic
testing.

Monitoring data, trend and test result should be

used to confirm and, if appropriate, adjust time
intervals for the selected tests.

A.3 Lap ké hoach kiém tra va x4c minh
it nhat, viéc kiém tra nén dugc thyuc hién:

a) liénquan dén phan loai cip do theo tiéu
chuan ISO 14644-1;

b) lGc x4c minh trong qué trinh bét dau;
C) lac xac minh sau khi cac 16i da duoc
phat hi¢n va khac phuc;

d) ltc xac minh sau khi sira doi;

e) trong qua trinh kiém tra dinh ky.
Nén thuc hién danh gi4 rai ro dé thiét 1ap nhimng

khoang thoi gian kiém tra dinh ky hop 1y.

Nén xac nhan dir liéu giam sat, xu hudng va két
qua kiém tra, di€u chinh céac khoang thoi gian
test dinh ky néu hop ly.

28

https://thaiguang.com.vn/



https://thaiquang.com.vn/

ANnnex B (informative)
Support test methods

B.1 Air pressure difference test

B.1.1 General

The purpose of this test is to verify the
capability of the complete installation to
maintain the specified pressure difference
between the cleanroom and its surroundings,
and between separate cleanrooms and clean
zones within the installation [*81. This test is
applicable in each of the three designated
occupancy states, and can also be repeated on a
regular basis as part of a routine facility
monitoring program as described in 1ISO 14644-
212,

B.1.2 Procedure for air pressure difference
test

It is recommended that the following items are
confirmed before starting the measurement of
differential pressure between rooms or between
rooms and outside areas:

- values and acceptable range of differential
pressure between rooms should be defined;

- supply air volume and balancing of the air
handling unit supplies are within specifications;

- clean room components that could impact the
differential pressure between rooms such as
doors, windows, pass through, etc, should be
closed. Permanent openings should be kept
open during the test;

- the air handling system has been operated and
the conditions have been stabilized,

Phll lllC B (cung cip thong tin)
Cac phuong phap
kiém tra hé tro

B.1 kiém tra chénh &p
B.1.1 Téng quan

Muc dich cua viée kiém tra nay la xac minh kha
ning duy tri mot chénh léch p suat cu thé giira
cac phong sach dugc ngan cach va cac vung sach
trong viéc lap dat M. Viéc kiém tra nay thi tmg
dung cho tirng trang thai khu vyuc sach (hoan cong,
nghi va véan hanh) va ciling co thé duoc thuc hién
lap lai dinh ky nhu mét phan cta chuong trinh
giam sat co s¢ thuong xuyén nhu dugc mo ta
trong tiéu chuan ISO 14644-2 [,

B.1.2 Quy trinh kiém tra chénh ap

Trude khi bat dau do dac chénh 1éch ap suat gitta
cac phong hodc gitra phong va khu vuc bén ngoai
thi can khuyén nghi nén xac minh cac muc ¢ dudi:

- nén xac dinh nhirng gia tri va khoang do chénh
1éch ap suat dugc chap thuan gitta cac phong;

- Iwu lwgng Khi cdp va su can bang giita cAc ngudn
AHU nam trong thong so k¥ thuat;

- d6ng cac bo phan trong phong sach co thé tac
dong dén chénh léch ap suat giita cac phong nhu
cac ctra chinh, cac cira so, 16i di qua, van van. Cac
16 thudng mo thi nén duge mé trong qua trinh
kiém tra;

- hé thong xir 1y khong khi d hoat dong va cac
di€u kién thong so da on dinh;

29
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- extraction systems should be operating as
agreed and specified.

The pressure differences between each
individual cleanroom, clean zone and the
connected adjacent room(s) should be
measured.

This will include measurement of the pressure
difference between (a) classified room(s)
connected to the non-classified surrounding
environment.

To avoid possible erroneous readings, the
following should be considered:

a) installation of permanent measuring points;

b) measurements in the cleanroom and clean
zone should not be taken near supply air inlets,
return air outlets, air movement devices, doors
and other localized high air velocity areas that
may influence the local pressure at the
measuring point;

¢) when the measured differential pressure is
lower than an agreed value, direction of flow
between rooms should be confirmed by flow
visualization methods.

B.1.3 Apparatus for air pressure difference
test

Apparatus  descriptions and measurement
specifications are provided in C.2. An electronic
micromanometer, inclined manometer or
mechanical differential pressure gauge can be
used.

The apparatus should have a valid calibration
certificate.

- c4c hé théng hit gi6 nén duoc hoat dong nhu da
thoa thuén va theo quy dinh.

Nén do chénh &p giita mdi phong sach riéng biét,
vung sach va cac phong lan can dugc két nodi
phong sach.

Bao gbém ca phép do chénh léch ap suat gitta
phong dugc phén cap d6 sach két nbi v6i moi
truong xung quanh khdng duoc phén cap do sach.

Dé tranh doc sai sd do thi nén can nhéc tham khao
cac diéu sau:

a) lap dit cac diém do dat truong ky

b) viéc do dat trong phong sach va vung sach
khong nén thuc hién gan nhitng chd gid cép,
nhitng chd gi6 hoi, cac thiét bi chuyén dong khong
khi, ctra ra vao va khu vuc vén toc gié cao khac vi
diéu nay co thé anh hudng dén ap suét cuc bo tai
diém do;

¢) khi ma chénh ap do duoc nho hon gié tri chap
thuan thi can ding cac phuong phap truc quan dé
quan sat hudéng cua dong khi gitta cac phong di
chuyén nhu thé nao.

B.1.3 C4c thiét bi dung cho viée do chénh ap
Nhirmg md ta c4c thiét bi va cac thong so k¥ thudt
phép do dugc cung cap tai myc C.2. Co thé dung

ap ké dién, ap ké ngiéng hoidc dong hd co do chénh
ap.

Cac thiét bi do phai con han ching nhan kiém
dinh.
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B.1.4 Test reports

By agreement between customer and supplier,
the following information and data should be
recorded as described in Clause 5:

a) type of tests and measurements, and
measuring conditions;

b) type designations of each measuring
apparatus and apparatus used and its calibration
status;

C) cleanliness classes of the rooms
considered;
d) measuring point locations, when

required the reference point location;

e) occupancy state(s).

B.1.4 B4o cdo kiém tra

Thong qua sy thoa thuan gitra khach hang va nha
cung cap thi cac dit licu va thong tin dudi day nén
duoc ghi lai giong nhu da mo ta trong Clause 5:

a) cac kiéu phép do va kiém tra, va cac diéu
kién do;

b)  ky hiéu loai thiét bi do sir dung va trang
thai hi¢u chinh con han hay khong;

C)’ cip d6 sach cia cac phong ma chung ta
tién hanh test;

d) vi tri cac diém do, vi tri diém tham khao
khi c6 yéu cau;

e) trang thai khu vuc sach (hoan cong, nghi
hay van hanh).
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B.2 Airflow test
B.2.1 General

The purpose of these tests is to measure airflow
velocity and uniformity, and supply air volume
flow rate in cleanrooms and clean zones.
Measurement of velocity distribution is
necessary in unidirectional airflow cleanrooms
and clean zones, and supply air volume flow rate
in non-unidirectional cleanrooms.
Measurement of supply air volume flow rate is
carried out to ascertain the air volume supplied
to the cleanroom or clean zone per unit of time.
The supply air volume flow rate is measured
either downstream of final filters or in air supply
ducts; both methods rely upon measurement of
velocity of air passing through a known area, the
air volume flow rate being the product of
velocity and area. The choice of procedure
should be agreed between customer and
supplier.

When measuring airflow velocity, the following
conditions should be considered carefully:

a) probe direction should be chosen
appropriately under the consideration on the
airflow velocity;

b) measurement should be conducted during
sufficient time for repeatable readings and the
average velocity or air volume flow rate should
be recorded.

B.2.2 Procedure for unidirectional airflow
testing

B.2.2.1 General

The velocity of the unidirectional flow
determines the performance of a unidirectional
cleanroom. The velocity can be measured close
to the face of the terminal supply filters, or with

B.2 Kiém tra dong khi test
B.2.1 Téng quan

Muc dich cua nhitng muc kiém tra nay la dé do
dac van toc va tinh ddng bd cua dong khi test, luu
lwong dong khi cap vao céc phong sach hay vung
sach. Po dac su phan bd cua van toc 1a can thiét
trong cac phong sach hay vung sach ma dong
khong khi 13 mét chiéu hodc 13 trong phong sach
ma c6 dong khi réi.

Su do dat luu lugng dong khi cip duogc thuc hién
dé xac minh luu luong cung cap vao phong sach
hodc vung sach trén mot don vi thoi gian. Luu
lugng khi cdp vao duge do mot trong hai cach
hoic la tai downstream cuia b loc hodc 14 tai 6ng
gi6 cap. Ca hai phuong phéap déu dua trén phép do
vén toc ctia khong khi di qua mot tiét dién da biét.
Sy lwa chon cho quy trinh nay thi nén duoc dong
¥ thoa thuan giita khach hang va nha cung cap

Khi do van tdc cta dong khi thi can can nhic can
than cac diéu kién sau:

a) hudng ctia dau do nén dugc chon mot cach hop
1y khi xem xét dén hudng van toc cua dong khi
cap;

b) phép do nén dugc tién hanh trong khoang thoi
gian du lau dé co thé doc duoc gia tri repeatable
readings — gia tri ma may do thé hién 6n dinh
(khdng nhay sd) va gia tri van tc trung binh hodc
14 gia tri luu lugng trung binh nén dugc ghi lai.

B.2.2 Quy trinh dbi véi test dong khi mét chiéu

B.2.2.1 Téng quan

Vian tdc ctua dong khi mot chiéu xac dinh hiéu suét
ctia phong sach tuong Gmg. Van toc co thé duoc
do dat tai vi tri gén voi bé mat cia bd loc cép gio
vao phong sach, hoic 1 & trong phong sach. Diéu
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in the room. This is done by defining the
measuring plane perpendicular to the supply
airflow and dividing it into measuring points
(grid cells) of equal area [*®],

B.2.2.2 Supply airflow velocity

The airflow velocity should be measured at
approximately 150 mm to 300 mm from the
filter face or entry plane.

The number of measuring points (grid cells) is
highly dependent upon the instrumentation used
to perform the measurements, configuration of
room infrastructure, location or process
equipment and the design of the installed filter
cell. The minimum number of measuring points
(grid cells) should be determined by Formula

(B.1):

0 =+10x [ (B.1)
Where

N is the minimum number of measuring points
(grid cells; N should be rounded up to a whole
number);

Ais the measured area in m2.

Where the average velocity is required for a zone
with unidirectional airflow; the average velocity
is calculated from Formula (B.2):

Oo=0Q 00)0 (B.2)
Where
1 is the average velocity in m/s;

> [y is the sum of all the measured velocities
(1) inm/s;

"1 is the measured velocity at each of the grid
cell centres in m/s;

nay dugc thuc hién bang cach xac dinh mit phing
do vudng goc v6i dong khi cdp va ching ta chia
mit phing nay thanh nhirng diém do c6 dién tich
bang nhau dang 6 lugi 1,

B.2.2.2 Van toc dong khi cip
Van tbc dong khi cép nén dugc do dat tai vi tri

cach bé mit loc gio hoic 1a mat phang gid vao
phong mot khoang tir 150 mm dén 300 mm.

S6 luong diém do phu thudc nhiéu vao thiét bi
dugc dung dé do, céu trac dic diém cua phong
sach, vi tri hoac thiét bi xur ly va thiét ké cua 6 loc
duoc lap dat. SO luong diém do nhé nhét duoc xac

dinh theo Formula (B.1):

0 =+10x 0] (B.1)
Trong do
N s6 lwong diém do nho nhat (N nén duoc lam tron
I&n);
Ala tiét dién do dugc tinh bang m2,
Nhitng noi ma yéu cau van tbc trung binh cho
vung sach dong khi mot chiéu thi gia tri nay duoc
tinh toan theo Formula (B.2):

Oo=0Q 00)0 (B.2)
Trong do
[+ la gi4 tri van tdc trung binh tinh bang m/s;

2 U la téng tat ca cac gia tri (1)) do dat duoc,
tinh bang m/s;

[, 1a gid tri van toc do dat dugc tai tAm ctia mbi 6
do, tinh bang m/s;
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[J is the number of locations at which the
velocities (1) were measured.

At least one point should be measured for each
filter outlet or fan-filter unit.

If the measured data is to be used to determine
airflow volume flow rate as in B.2.2.4 or
uniformity of velocity as in B.2.2.3, then it can
be advantageous to increase the number of
measuring points (grid cells).

For smaller areas, it can be necessary to increase
the number of measuring points (grid cells) to
improve the likelihood of detection of uneven
airflow velocities.

The measuring time at each position should be
sufficient to ensure a repeatable reading. Time-
averaged values of measured velocities should
be recorded for multiple locations.

NOTE 1 If the supply airflow velocity is
measured too close to the source, there is a risk
of measurement error due to variable airflow
distribution. If the supply airflow velocity is
measured too far from the filter face, the
measurement reading can be compromised.

NOTE 2 A temporary barrier can be used to
exclude disturbances to the unidirectional
airflow.

B.2.2.3 Uniformity of velocity within the
cleanroom or clean zone

The uniformity of velocity can be measured
according to B.2.2.2 or as agreed between
customer and supplier.

NOTE When production apparatus and
workbenches are installed, it is important to
confirm that significant airflow variations do not
occur.

[ 1a s lugng vi tri (L)) duoc do.

it nhét phai c6 mot diém do cho mdi bd loc hoic
mdi FFU.

Néu dir liéu do duoc dung dé xac dinh luu luong
dong khi nhu trong muc B.2.2.4 hoic su dong déu,
déng nhét van téc nhu trong muc B.2.2.3, thi dé
cho thuan loi c6 thé tang ) luong diém do 1én
(céac 6 luoi).

Déi v6i nhitng ving dién tich nho hon thi nén ting
s0 lugng diém do 1én dé cai thién kha nang phat
hién ra sy khong dong deu cua van toc dong khi.

Thoi gian do dat tai mdi vi tri cAn hop ly dé chic
chan thu duoc gia tri do on dinh, twong dbi chinh
xé&c (khéng nhay s6 qué nhiéu). Gia tri trung binh
cho phép do vén tdc theo thoi gian nén duoc ghi
lai cho nhiéu vj tri.

Ghi chl 1: Néu van toc dong khi cap dugc do qua
gin mit cap gi6, thi s& co rui ro cho phép do boi
su phan tan dong khi thay d6i. Néu van téc dong
khi cap duoc do tai vi tri qua xa so véi bé mat loc,
thi gia tri phép do thu duoc cd thé bi sai di, khong
con chinh xac.

Ghi cha 2: Mot tim chan tam thdi c6 thé duogc
dung dé loai bd sy xdo tron dén dong khi mdt
chiéu.

B.2.2.3 S dong déu ciia van toc dong khi trong
phong sach hodc vung sach

Sy dong nhét cua van toc 6 thé duge do dac theo
dudng dan tai muc B.2.2.2 hodc 1a theo su thda
thudn dong y gitra khach hang va nha cung cap.

Ghi chu: khi thiét bi thiét bi sin xut va bo ban
lam viéc duogc thi cong lap dit trong phong sach
thi quan trong hon hét can xac nhan rang cic vat
trén khong lam thay doi dang ké dong khi cap.
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The data to be used to determine the uniformity
of velocity and maximum deviation, i.e. the
velocity and its variation, should be agreed
between customer and supplier.

The standard deviation and mean average should
be calculated from the velocity readings and the
uniformity of velocity, (1., obtained with

Formula (B.3):

0 =[1-( )]x100
0

Ug

(B.3)

Where

[ is the standard deviation;

1 is the average velocity.

The maximum deviation of velocity, (], is

calculated with Formula (B.4):

0=t 00 (B.4)
where
Tl is the maximum deviation in %;

1 is the average velocity;

111 is the reading with most variance from the
average.

B.2.2.4 Supply air volume now rate calculated
from the velocity measurement

The results of the airflow velocity test carried
out in accordance with B.2.2.2 can be used to
calculate the total supply air volume flow rate

with Formula (B.5):

=YX ) (B.5)

Dit liéu dugc dung dé xac dinh tinh dong déu cua
van toc va gid tri khac biét 16n nhat, nghia 1a van
tbc va su thay doi ciia né nén dugc dong y thoa
thudn giita khach hang va nha cung cép.

D6 1éch chuin va gid tri trung binh nén dugc tinh
toan tir cac s6 liéu doc vén tdc va sy dong nhat cua
van téc - (o, vd (1o duoc tinh theo Formula
(B.3): (11 cang nho thi [1: cang tiém can 100%:
d6 ddng nhat cang cao)

0 = [1—( )]x100

Uph

(B.3)

Trong do

71 1a d¢ 1éch chuén (tham khao thém cong
thure tinh d¢ 1¢ch chuan)

(). lavan tbe trung binh.

Do léch I6n nhét cua van téc, (1., duoc tinh

theo Formula (B.4):

Uooo =

~= %100 (B.4)
ls]

Trong do
110 1a d9 1éch 16n nhat tinh bang %;
[+ la gia tri van toc trung binh;

- lagia tri van tc doc dugc véi d 1éch cao nhat
S0 vOi gia tri trung binh.

B.2.2.4 Supply air volume now rate
calculated from the velocity measurement

Cac két qua cua vi¢c thuc hién kiém tra véan tdc
dong khi test theo muc B.2.2.2 c6 thé dugc dung
de tinh toan tong luu lugng dong khi cap voi

Formula (B.5):

D=0 X 00) (B.5)
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Where

1 is the cell area which is defined as the free
area of the media divided by the number of
measuring points (grid cells) in m?;

Q is the total air volume flow rate in ms/s;

1 is the airflow velocity at each cell centre in
m/s;

> is the summation for all cells.

NOTE The accuracy of the air volume flow rate,
when calculated using this method can be
influenced by many factors, such as; choice of
test apparatus. choice of measuring locations,
number of measuring points (grid cells),
distance from filter face and calculation of open
cell area.

B.2.25 Supply air volume flow rate
calculated from velocity measurement in air
ducts

Supply air volume flow rate in ducts may be
determined by using apparatus such as orifice
meters, Venturi meters, pitot static tubes and
anemometers.

In cases of the measurement by pitot static tubes
and manometers or anemometers (thermal or
vane type) for a rectangular duct, the measuring
plane in the duct should be divided into
measuring points (grid cells) of equal areas, and
then the airflow velocity should be measured at
the centre of each cell. The number of measuring
points (grid cells) is agreed between customer
and supplier. The air volume flow rate should be
evaluated in the same way as defined in B.2.2.4.
For a circular duct, the air volume flow rate by
pitot static tubes may be determined by the

procedure as typically described in I1ISO 5167-
5 [24]_

Trong do

o la tlét dién 6 ma duoc xac dinh boi ving tiét
dién trong ciia bé miat loc dugc chia ra thanh
nhitng diém do (cac 6 ludi), tinh bang m?;

Q la tong luu lwong dong khi duoc tinh bang m/s;

[ 1a van tée dong khi tai mdi tdm 6 ludi, tinh
bang m/s;

> Latong gid tri cua tt ca Cac .

Ghi chu: sy chinh xéc cua gia tri luu lugng dong
khi, khi tinh toan bang phuong phap nay co thé bi
anh hudng bai nhiéu tAc nhan nhu 1 Iya chon thiét
bi do, chon vi tri do dat, s6 lugng diém do, khoang
céch tir bé mit loc va tinh toan tiét dién 6

B.2.2.5 Luu lwgng dong khi cAp tinh toan tir
phép do vén toc trén ong gio

Luu luong dong khi cap trén cac dudng 6ng o thé
duoc xac dinh béng viéc sir dung cac thiét bi do
nhu 1a Orifice, dng Venturi, dng do Pilot-stactic
hay cac thiét bi do gi6 khac.

Trong cac truong hop do boi 6ng Pilot-static va
céc thiét bi do ap hoic cac thiét bi do gio (kiéu
nhiét hodc kleu van) cho 6ng gi6 chit nhat, mat
phang do trén 6ng gi6 nén duoc chia thanh cac
diém do (0 lu6i) co tiét dién twong duong, va sau
d6 van toc dong khi nén dugc do tai tam cua mdi
6. Sb luong diém do (cac 6 ludi) thi duoc dong ¥
thoa thuén giira khach hang va nha cung cap. Luu
luong dong khi nén dugc danh gid nhu cach da
néu trong muc B.2.2.4. Béi v6i 6ng gio hinh tron,
luu lwong dong khi do dac boi dng Pilot-static c6
thé dugc xac dinh theo quy trinh nhu mé ta trong
tiéu chuan ISO 5167-5 4],
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NOTE When measuring supply air volume flow
rate, there can be differences between the
measuring methods by filter face velocity and
measurement in the air duct.
B.2.3 Procedure for non-unidirectional
airflow test

B.2.3.1 General

In some cases, measurement of supply airflow
velocity from individual outlets is necessary to
determine the air volume flow rate from each
outlet 81,

B.2.3.2 Supply air volume flow rate measured
using a capture hood

Because of the effect of local airflow turbulence
and jet velocities issuing from an outlet, use of
an airflow capture hood that captures all of the
air issuing from each final filter or supply
diffuser is recommended. The supply air volume
flow rate is measured using an airflow capture
hood with a measuring device, or the air velocity
of the air exiting from an airflow capture hood
multiplied by the effective area. The opening of
airflow capture hood should be placed
completely over the entire filter or diffuser, and
the face of the hood should be seated against a
flat surface to prevent air bypass and inaccurate
readings. When an airflow capture hood with
measuring device is adopted, the air volume
flow rate at each final filter or supply diffuser
should be measured directly at the discharge end
of the hood.

The accuracy of the airflow capture hood should
be verified to show that it gives accurate results
for the type of air outlet being measured, and a
correction factor should be applied if the results
are not accurate. The correction factor is related
to the flow. It corresponds to an in situ check and
is based on the difference between the reference
measurement in air ducts and the air outlet.

Ghi cht: Khi do dac luu luong dong khi cép, co
thé c6 nhimg sy khac giau gitta cac phuong phap
do van tc gio tai bé mit loc va do dac trén dng
gio.

B.2.3 Quy trinh déi véi test dong khi khong
phai mét chieu

B.2.3.1 Téng quan

Trong mot Vai trudng hop, su do dac van tdc dong
Khi cap tur nhirng vi tri cap khi cuc bg 1a can thiét
deé xac dinh luu lugng dong khi tai moi vi tri cap
khi [18],

B.2.3.2 Po dac lwu lwgng gi6 cip thong qua sir
dung chup gio

Do anh hudng cia sy hén loan dong khi cuc b va
van tdc phan luc tir vi tri cAp gio, khuyen cdo sur
dung mot cai chup gi6 dé don tat ca gio thoi ra tir
bé mat loc hoac miéng glo khuéch tan. Luu luong
gio cap dugc do dat bang viéc sir dung chup gi6
v6i thiét bi do dac, hodc vén toc gio thoat ra tir
chup gi6 nhan véi tiét dién hiéu qua. Bo md cua
chup hut dong khi nén dugc dit trén toan bd bé
mit loc hodc miéng gid khuéch tan, va bé mit cua
chup gi6 nén dugc dat trén mdt mat phéng dé
chdng lai su 10 ri ctia dong khong khi va do dat
khong chinh xac. Khi chup gi6 vai thiét b do dac
dugc gan, luu luong dong khi tai moi bo loc cubi
hodc miéng gi6 cip nén duoc do dat truc tiép tai
dau ra cta chup don gid.

Su chinh xac cta chup gié nén dugc Xac minh dé
thdy rang nd dua ra cac két qua chinh xac déi véi
kiéu gi6 ra dugc do dat, va mot hé sb diéu chinh
nén dugc p dung néu cac két qua khong dugc
chinh xéc. Hé s diéu chinh thi lién quan toi dong
khi. NG twong tmg véi viéc kiém tra tai chd va dua
trén su khac nhau gitra phuong phap do tham khao
trén cac ong gi6 va duong khi ra.
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Also, in case an air outlet is fitted with (swirl)
diffusers the airflow capture hood can be
adapted for the flow type of the diffuser.

B.2.3.3 Supply air volume flow rate
calculated by velocity measurement

Evaluation of the supply air volume flow rate
without an airflow capture hood may be done
with an anemometer downstream of each final
filter. The supply air volume flow rate is
determined from the airflow velocity multiplied
by the corrected (free) area of exit. A temporary
barrier may be used to exclude disturbances to
the unidirectional airflow.

For the number of measuring points (grid cells)
and the calculation of supply air volume flow
rate, refer to B.2.2.2 and B.2.2.4, respectively.

If it is impossible to divide the plane into
measuring points (grid cells) of equal areas, the
average air velocity weighted by area may be
substituted.

The accuracy of the air volume flow rate, when
calculated wusing this method can be in
influenced by many factors, such as; choice of
test apparatus, choice of measuring locations;
number of measuring points (grid cells),
distance from filter face and calculation of open
cell area. Consideration should be given to these
potential variations when performing this test.

B.2.3.4 Supply air volume flow rate
calculated by velocity measurement in air
ducts

Supply air volume flow rate in air ducts should
be determined in the same way as defined in
B.2.2.5.

Ngoai ra thi trong trudng hop vi tri gi6 ra dugc 1ap
miéng gio loai khuéch tan (xoay) thi chup dén gid
¢6 thé duoc diéu chinh sao cho twong thich véi
kiéu khuéch tan ctia miéng gio.

B.2.3.3 Luu luwgng gié cip duoc tinh toan béi
phwong phap vian toc

Panh gié luu luong gi6 cap khong c6 chup gi6 cd
thé dugc hoan thanh voi thlet bi do gid tai
downstream ctia mdi bd loc cudi. Luu luong gi6
cip dugc Xac dinh bang van tdc dong gio cap nhan
vé6i tiét dién diing ma gié thoat ra. Mot tim chan
tam thoi nén dugc sir dung dé loai bo su x40 tron
dén dong khi mot chiéu.

D& xéc dinh s6 lugng diém do (cac 6 ludi) va céch
tinh toan luu lwong gid cap, tham khao muc twong
ung B.2.2.2vaB.2.2.4.

Néu khong thé chia mit phang thanh céac diém do
(cac 6 1udi) thanh céac 6 c6 tiét dién twong duong,
thi van toc gié trung binh theo dién tich co thé
duogc thay thé.

Su chinh xac cta luu lugng dong khi cép, khi
dugc tinh toan bang phuong phéap nay co6 thé bi
anh hudéng bai nhiéu nhan td nhu 1 lwa chon loai
thiét bi do, chon vi tri do, s6 lugng diém do (cac
0 ludi), khoang cach tir diém do dén bé mit bo loc
va cach tinh ton tiét dién gié qua.

Nén cén nhic xem xét cac yéu t6 trén khi thuc
hién phuong phép test nay.

B.2.3.4 Luu lwgng dong khi cap dugc tinh toan

béi phép do van téc trén duwdong dng gié

Luu luong gi6 cip trén duong 6ng gié nén dugc
xac dinh xac dinh cung cach nhu da de cap trong
muc B.2.2.5.

38

https://thaiguang.com.vn/



https://thaiquang.com.vn/

B.2.4 Apparatus for airflow tests

Descriptions and measurement specifications of
apparatus are provided in C.3. For airflow
velocity measurements, ultrasonic
anemometers, thermal anemometers, vane-type
anemometers, or their equivalent, can be used.
For supply air volume flow rate measurements,
airflow capture hood, orifice meters, Venturi
meters, pitot static tubes, averaging tube array
and manometers; or their equivalent, can be
used.

Airflow velocity measurements should be made
with apparatus that is not affected by point-to-
point velocity variation over small distances,
e.g. a thermal anemometer can be used if small
grid divisions are selected and additional
measuring points (grid cells) are used. On the
other hand, a vane anemometer can be used if it
is sensitive enough and large enough to measure
average air velocity over a range of variation.

The apparatus chosen should have a valid
calibration certificate.

B.2.5 Test reports
By agreement between customer and supplier,
the following information and data should be

recorded as described in Clause 5:

a) type of tests and measurements, and
measuring conditions;

b) type designations of each measuring
apparatus used and its calibration status;

¢) measuring locations and the distance from the
filter face;

d) occupancy state(s);

e) result of measurement;

B.2.4 Thiét bi cho qué trinh test dong khi cap

Cac mo ta va phép do dac cu thé cua cac thiét bi
do duoc cung cap trong muc C.3. Dbi v6i phép do
dac van tdc, thiét bi do gio siéu am, thiét bj do glo
kiéu nhiét, thiét bi do gi6 kiéu van, hodc cac thiét
bi tuong tu, c6 thé duoc sir dung.

Déi voi phép do dac luu lugng gid, chup gi6 don
dong gio cap, thiét bi Orifice, dng Venturi, ong
Pilot-static, ong Averaging-pilot va ap ké; hoic
céc thiét bi twong tu, c6 thé dugc st dung.

Cac phép do vén toc nén dugc thuc hién véi thiét
bi do khdng bi anh hudong boi sy thay ddi van tdc
tir diém nay qua diém kia trén nhing khoang céch
nho, mot thiét bi do gi6 kiéu nhiét c6 thé duoc st
dung néu lira chon c4c vach chia ludi nho va thém
cac diém do (cac 6 ludi). Mit khac, mot thiét bi
do gi6 kiéu van c6 thé duoc st dung néu né du
nhay va 16n dé do vén tc gio trung binh trén mot
ving bién thién.

Thiét bi do dugc chon phai c6 chimg nhan hiéu
chinh con thoi han.

B.2.5 B4o cdo thir nghi¢ém
Théng qua thoa thuén glua khéach hang va nha
cung cap, nhitng thong tin va dir liéu dudi day nén

duogc ghi lai nhu da mo ta tai Clause 5:

a) cac kiéu test va cac phuong phap do, va cac
diéu kién do;

b) k¥ hiéu loai cia mbi thiét bi do duoc sir dung
va tinh trang hi€u chinh cua thiét bi;

c) vi tri do va khoang cach do tir bé mit loc hodc
bé mat gio ra;

d) trang thai khu vuc sach (hoan cong, nghi hay
van hanh);

e) két qua phép do;
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f) other data relevant for measurement.

B.3 Airflow direction test and
visualization

B.3.1 General

The purpose of air flow direction test and
visualization is to demonstrate that the airflow
direction and its uniformity of velocity conform
to the design and performance specifications.

NOTE 1 Computational Fluid Dynamics (CFD)
used as a predictive or analytical tool is not
considered in this document.

NOTE 2 Tracer thread methods may not give a
true indication of the direction of airflow due to
the tracer material's characteristics, e.g. weight
of the thread.

B.3.2 Methods

The airflow direction test and visualization can
be performed by the following four methods:

a) tracer thread method;
b) tracer injection method;

c) airflow visualization method by image
processing techniques;

d) airflow visualization method by the
measurement of velocity distribution.

By methods a) and b), airflow in the cleanroom
or clean zone is actually visualized by the use of
fibre tracer thread, or tracer particles. Devices,
such as video cameras, record the profiles. The
fibre tracer thread or tracer particles should not
be a source of contamination and should follow
the airflow profile accurately. Other apparatus
such as a tracer particle generator, and high

f) nhiing thong tin lién quan khac cta phép do.

B.3 Kiém tra hwéng ludng khong khi va
truwc quan

B.3.1 Tong quan

Muc dich ciia viéc kiém tra va hinh dung huéng
ludng khong khi 1a dé ching minh huéng ludng
khéng khi va tinh ddng nhét ctia van tc tuan theo
thiét ké va cac thong s6 hiéu suit.

Ghi chu 1: Bdng luc hoc chét long tinh toan
(CFD) dugc str dung lam céng cu du doan hoac
phan tich khong dugc xem xét trong tai li¢u nay.

Ghi cha 2: Cac phuong phap dung soi chi danh
dau hudng ludng khi c6 thé khong thuc sy chi
dung hudng cua ludng khong khi do cac dic tinh
ctia vat liéu danh dau, vi du: trong luong cta soi.

B.3.2 C4c phwong phap

Kiém tra huéng luéqg khong khi va truc quan co
thé dugc thyc hién bang bon phuong phap sau:

a) phuong phép dung soi danh dau;
b) phuong phép phun hat danh dau;

c) phuong phap hinh dung ludng khong khi bang
k¥ thuat xtr 1y hinh anh;

d) phuong phép hinh dung luong khong khi bing
phép do phan bo van toc.

Bang cac phuong phap a) va b), ludng khong khi
trong phong sach hoac vung sach thuc sy dugc
hinh dung béng cach str dung soi danh du, hodc
c4c hat danh dau. CAc thiét bi, chang han nhu may
quay video, ghi lai bién dang. Soi danh diu hodc
c4c hat danh dau khdng duoc gay 6 nhiém va phai
tuan theo chinh xéc bién dang dong khi. Céc thiét
bi khac nhu may tao hat danh ddu va ngudn séng
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intensity light source may be used for these
methods.

Method c) is used to demonstrate quantitatively
the airflow velocity distributions in the
cleanroom or clean zone. The technique is based
on tracer particle image processing techniques
using computers.

Care should be taken to ensure that the personnel
undertaking the test do not interfere with the
airflow patterns being investigated.

NOTE 1 The airflow is affected by other
parameters such as air pressure difference, air
velocity. and

NOTE 2 Appropriate airflow visualization
techniques best assess the effectiveness of air
distribution in unidirectional airflow
cleanrooms, clean zones and controlled zones.
However the method can also be used in non-
unidirectional areas.

B.3.3 Procedures for airflow direction test
and visualization

B.3.3.1 Tracer thread method

The test is carried out by observation of tufts,
e.g. silk threads, single nylon fibres or thin film
tapes. These are set on the tip of support sticks
or mounted on the crossing points of thin wire
grids in the airflow. They provide visual
indication of the airflow direction and
fluctuations due to turbulence. Effective lighting
will aid observation and recording of the
indicated airflow.

B.3.3.2 Tracer injection method

The test is carried out by observation or imaging
of the behavior of tracer particles, which can be
illuminated by high-intensity light sources. The
test provides information about the airflow

cudng do6 cao co thé dugc sir dung cho cac phuong
phép nay.

Phuong phép c) duogc sit dung dé chimg minh mot
cach dinh luong su phan bd van tdc dong khi trong
phong sach hodc vung sach. Ky thuat nay dua trén
k¥ thuat xtr Iy hinh anh hat danh du bang may
tinh.

Cén cha y dé dam béo ring nhan vién thyc hién
thir nghiém khong can tr¢ ludng khong khi dang
duoc khao sat.

Ghi chi 1: Ludng khong khi bi anh huéng béi céc
théng s0 khac nhu chénh léch 4p suat khong khi,
van toc khong khi. va

Ghi cha 2: Cac k¥ thuat thich hop dé hinh dung
ludng khong khi danh gia t6t nhat hiéu qua cua
viéc phén bb khong khi trong phong sach dong
mot chiéu, viing sach va cac ving duoc kiém soét.
Tuy nhién, phuong phép nay ciing c6 thé duoc sir
dung trong cac khu vyc dong khi rdi.

B.3.3 Quy trinh kiém tra huéng ciia ludng
khong khi va truc quan

B.3.3.1 Phwong phéap ding s¢i danh diu

Thir nghiém dugc thuc hién bang cach quan sat
cac chum to tam, soi nylon don hodc cac dai mang
mong. Ching dugc dat trén dau gy dé dinh hay
gan trén cac diém giao nhau cia mang ludi luong
khong khi. Chiing cung cép chi dan tryc quan vé
hudng ludng khong khi va céc dao dong do nhidu
loan. Anh sang hiéu qua s& gitip quan sat va ghi
lai ludng khong khi dang dénh gia.

B.3.3.2 Phwong phap phun hat danh dau

Thir nghiém dugc thyc hién bﬁng cach quan sat
hodc chup anh hudng cia cac hat danh dau, c6 thé
dung cac ngudn anh sang cuong do cao dé chiéu
sang. Thir nghiém cung cip thong tin vé hudéng
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direction and uniformity of velocity in a
cleanroom, clean zone or controlled zone. The
tracer particles can be generated from materials
such as de-ionized (DI) water, sprayed or
chemically generated alcohol, glycol, etc. The
source should be carefully selected to avoid
contamination of surfaces.

The desired size of droplets should be
considered when selecting the droplet
generation method. Droplets should be large
enough to be detected with the available image
processing techniques, but not so that
gravitational or other effects result in their
motion diverging from that of the airflow being
observed.

B.3.3.3 Airflow visualization method by
image processing techniques

Processing particle image data derived from the
method described in B.3.3.2 on video frames or
films provides quantitative characteristics of
airflow by way of two-dimensional air velocity
vectors in the area. The processing technique
requires a digital computer with suitable
interfaces and the appropriate software. For
greater spatial resolution, devices such as a laser
light sources can be used.

B.3.3.4 Evaluation of airflow distribution by
measurement of velocity distributions

The velocity distributions of airflow can be
determined by setting air velocity measuring
apparatus, such as thermal or ultrasonic
anemometers, at several defined points in the
cleanroom or clean zone under investigation.
Processing of the measured data provides the
information about the airflow distribution.

B.3.4 Apparatus used for airflow direction
test and visualization

ludng khdng khi va su ddng déu cua van tdc trong
phong sach, Vung sach hodc viing dugc kiém soét.
Céc hat danh dau co thé duoc tao ra tir cac vat liéu
nhu nude khir ion (DI), con hoa hoc hoac con
phun, glycol, v.v ... Lua chon ngudn chét can than
dé tranh nhiém ban bé mit.

Khi Iyra chon phuong phap tao giot can xem xét
dén kich thudc cua cac giot. Cac giot phai du 16n
dé co6 thé dugc phat hién bang cac k¥ thuat xur 1y
hinh anh c6 sin, nhung khéng dugc dé trong luc
hodc cac hiéu tng khac lam chuyén dong cua
chung khac di so v6i chuyén dong cua ludng
khong khi dugc quan sat.

B.3.3.3 Phuong phap hinh dung ludng khong
khi bang cac ky thuét xir Iy hinh anh

Xu ly dit li€u hinh anh hat thu dugc tir phuong
phap dugc mo ta trong B.3.3.2 trén khung video
hodc phim: cung cép cac dac tinh dinh lugng cia
ludng khong khi thong qua vecto van téc khong
khi (hai chiéu) trong khu vuc. K¥ thuat xtr Iy yéu
cau mot may tinh k¥ thuat s6 voi cac giao dién va
phan mém thich hop. C6 thé str dung céc thiét bi
nhu ngudn sang laser dé thu dugc do phan giai
khong gian cao hon.

B.3.3.4 Danh gid phan bd ludng khong khi
bang phép do phan bo van toc

Co thé xac dinh su phan bd vén tdc cua luéng
khong khi béng céch cai dat c4c thiét bi do van tdc
khong khi, chang han nhu may do gi6 kiéu nhiét
hoic kiéu siéu &m, tai mot sé diém xéc dinh trong
phong sach hodc vung sach dang duogc khao sat.
Xt ly dit liéu do cung cap thdng tin vé sy phan b
ludng khong khi.

B.3.4 CAc thiét bi dung cho viéc kiém tra hwéng
luong khong khi va truc quan
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The apparatus used for the airflow direction test
and visualization is different for each test
method. The apparatus suitable for each test
method is given in C.4, Table B.1 and B.2.

Cac thiét bi dung cho viéc kiém tra hudng ludng
khong khi va truc quan thi khac nhau cho mdi
phuong phép kiém tra. Cac thiét bi phu hop cho
moi phuong phap duoc dua ta tai myc C.4, Table

B.lvaB.2.

Table B.1 — materials or particles used in tracer thread or injection methods

(Vat liéu hodc hat diing cho viéc danh ddu hoic cac phwong phap phun hat)

ltem
muc

Description
Mo ta

Material used in the tracer thread
method

Vit li¢u dung cho phuong phap dung
so1 danh dau

Silk thread, cloth, etc.

To tam, vai, van van.

Particulate method used in the tracer
injection method

Phuong phap tao hat dung trong
phuong phap danh dau phun hat

DI Water other fluid mist of 0,5 um to 50 um in diameter.
Bubbles of neutral density in the air at the measuring
location. Organic or inorganic test fog.

Nuéc khir ion phun dang suong mu c6 dudng Kinh 0,5 um
dén 50 pm. Bot khi c6 mat d trung tinh trong khong khi
tai vi tri do. Swong mu dang hiru co hoac vo co.

Image recording devices for recording
the visualized pictures or images of
tracer particles

Thiét bi ghi hinh dé ghi lai hinh anh
trye quan hodc hinh anh cac hat danh
dau

Various devices, such as photographic cameras, video
cameras, including high-speed or strobe or synchronized
functions and image recording devices, used in flow
visualization procedures.

C6 nhiéu thiét bi nhu may chup anh, may quay phim, bao
gdm CAc chirc ning tdc do cao hodc nhap nhay hoic dong
b va cac dung cu ghi hinh anh, duoc st dung dé trye quan
hoa dong chay.

NOTE after flow visualization, it is generally necessary to re-clean the cleanroom or clean zoon.

Ghi cha: sau khi truc quan héa ludng khong khi can 1am sach lai phong sach hodc ving sach néu can

thiét.
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Table B.2 — illumination light source for airflow visualization

(ngudn sang chiéu sang cho viée tryc quan hoa ludng khong khi)

Item

Description

Various illumination light sources for
contrasted observation or imaging of
airflows

C6 nhiéu ngudn chiéu sang phuc vu
viéc quan sat trong phan hoac hinh
anh hoa cac luéng khong khi

Tungsten lamp, fluorescent lamp, halogen lamp, mercury
lamp, laser light sources (He-Ne, argon ion, YAG lasers,
etc.) with or without stroboscope or synchronized devices
to the recorders.

bén vonfram, dén huynh quang, dén halogen, dén thuy
ngan, cic ngudn sang laser (He-Ne, ion argon, laser
YAG, ...) ¢6 hodc khdng c6 dén chdp hoidc cac thiét bi
dong bo véi may ghi.

Image-processing technique for
quantitative measurement by flow
visualization

K¥ thuat xu 1y hinh anh cho viéc do
dinh luong bang truc quan hoa ludng
khong khi

Laser light sheet method, consisting of high-power laser
sources (argon or YAG laser), optics including cylindrical
lens, and a controller, where two-dimensional airflows are
visualized.

Phuong phap dung tam anh sang laser, bao gdm cac
nguon laser cong suat cao (laser argon hoic YAG), quang
hoc bao gom thau kinh hinh tru va b diéu khién, noi céac
ludng khong khi hai chiéu dugc hinh dung.

B.3.5 Test reports

B.3.5 B4o cdo thir nghiém

By agreement between customer and supplier, the
following information and data should be
recorded as described in Clause 5:

d) type of tests, method of visualization and
test conditions;

b) type designations of each measuring
apparatus used and its calibration status;

C) visualization point locations;

d) images stored on photographs or any
other recording media, or raw data for each
measurement, in the case of the image processing
technique or the measurement of velocity
distributions, if specified,;

Theo thoa thuan gitra khach hang va nha cung cap,
thong tin va di liéu sau day nén duoc ghi lai nhu
mo ta trong Clause 5:

d) kiéu kié:m tra thu nghiém, phuong phap truc
quan va diéu kién thir nghiém;

b) ky hi¢u thiét bj do duoc su dung va han hi¢u
chuan cua no;

¢) cac vi tri diém truc quan;

d) néu dung k¥ thuat xt ly hinh anh hoic phép do
phan b van toc thi hinh anh duoc luu trix trén anh
chup hodc bét ky phuong tién ghi hinh nao khac,
hoic dit liéu thd cho mdi phép do, néu duge chi
dinh;
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e) a plan of the exact location of all

apparatus  should accompany the flow
visualization report;
f) occupancy state(s).

B.4 Recovery test
B.4.1 General

This test is performed to determine the ability of
the installation to reduce the concentration of
airborne particles by dilution. Cleanliness
recovery performance after a particle generation
event is one of the most important abilities of the
installation. This test is only recommended for
non-unidirectional airflow systems as the
recovery performance is based on the dilution and
mixing of the air found in non-unidirectional
airflow systems, and not unidirectional airflow
systems, where contamination is removed by the
unidirectional flow of air. The recovery
performance of a non-unidirectional cleanroom is
affected by air distribution characteristics such as
ventilation effectiveness, thermal conditions, and
obstructions. The recovery test can be performed
using an LSAPC or an aerosol photometer. When
an artificial aerosol is used, the risk of residue
contamination of the cleanroom or clean zone
should be considered.

B.4.2 Cleanliness recovery performance

Recovery performance is evaluated by using the
100:1 or 10:1 recovery time and/or the
cleanliness recovery rate. The 100:1 or 10:1
recovery time is defined as the time required for
decreasing the initial concentration by a factor of
100 times (or 10 times). The cleanliness recovery
rate is defined as the rate of change of particle
concentration by time. It is possible to estimate
both of these from the same particle
concentration decreasing curve. The measured
concentration levels used should be taken from

e) ban d6 vi tri chinh x4c cua tit ca cac thiét bi
phai di kém véi bao céo truc quan hoa dong chay;

f) trang thai phong sach, vung sach (hoan cong,
tang thai nghi hay dang van hanh).

B.4 Kiém tra kha ning phuc héi
B.4.1 Tong quan

Thr nghiém nay dugc thuc hién dé xac dinh liéu
rang viéc lap dat co dam bao cho kha ning giam
ndéng do cua cac hat trong khong khi bang cach
pha lodng chiing. Hiéu suat phuc hdi do sach sau
mot su kién phat sinh hat la médt trong nhiing kha
ning quan trong nhit cua viéc liap dat. Thir
nghiém nay chi dugc khuyén nghi cho cic hé
thong ludng khong khi rdi vi hiéu suat phuc hoi
dua trén su pha loang va tron 14n cua khong khi.
Con hé thong ludng khong khi mot chiéu thi viée
6 nhidm dugc loai bo boi ludng khong khi mot
chiéu. Hiéu suat phuc hoi ctia phong sach ludng
khong khi r6i bi anh huong boi céc dic diém phan
phéi khong khi nhu hiéu qua théng gio, diéu kién
nhiét va cac vat can. Thur nghiém kha nang phuc
hoi ¢o thé duge thuc hién b?lng cach st dung
LSAPC hoidc quang ké sol khi. Khi sir dung sol
khi nhan tao, can xem xét nguy co nhiém cin ban
trong phong sach hoac vung sach.

B.4.2 Hiéu suat phuc hdi d9 sach

Hiéu suit phuc hdi dugc dénh gia bang cach sir
dung thoi gian phuc hdi 100:1 hodc 10: 1 va/ hodc
tdc do phuc hoi do sach. Thoi gian phuc héi 100:
1 hodc 10:1 duoc dinh nghia 1 thoi gian can thiét
dé giam nong do ban dau xudng 100 1an (hoic 10
lan). Téc do phuc hdi d6 sach duoc dinh nghia 1a
tbc do thay doi ndng do hat theo thoi gian. Co thé
wdc tinh ca hai didu nay tir cing mot biéu do giam
ndng do hat. Cdc mirc noéng do do dat nén duoc
thuc hién trong pham vi thoi gian ma sy giam
ndng d6 cua hat dugc mo ta bang mot cip s nhan,
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inside the time range where the decreasing of
particle concentration is described by a single
exponential, indicated by a straight line on a
semi-log chart (concentrations on the ordinate by
the logarithmic scale; and the time values on the
abscissa by the linear scale). Moreover, the test
concentration should not be so high that
coincident loss occurs, or so low that counting
uncertainty occurs.

The purpose of the recovery time test is to
evaluate an actual time interval for the
concentration to reach target cleanliness level
after the particle concentration in the cleanroom
or clean zone has temporarily become higher due
to planned maintenance shutdown, or unplanned
plant failure. The purpose of evaluation by
recovery rate is to establish the local ability to
recover the cleanliness after the particle
concentration around the measuring point has
temporarily become higher. The slope of
decreasing curve on a semi-log chart indicates
this local ability.

The 100:1 test is not recommended for ISO
Classes 8 and 9.

NOTE The measurement of the recovery rate not
only gives the recovery rate but the air change
rate per unit of time at the location where the
measurements were made. If the local air change
rate at the location is compared to the overall air
change rate in the cleanroom, the effectiveness of
the ventilation system in providing clean air at the
measuring location can be obtained.

B.4.3 Procedure for recovery test

B.4.3.1 Selection of measuring points

Place the LSAPC probe in the working plane at
appropriate location(s) (which can include
critical locations or suspected worst-case
locations). The measuring points and number of
measurements should be determined between the

dugc biéu thi bang mot duong thang trén biéu dd
semi-log (néng d6 nam trén truc tung theo ty 18
logaric; va gia tri thoi gian ndm trén truc hoanh
theo ty 1& tuyén tinh). Hon nita, nong d6 thir
nghiém khong dugc cao dén mirc xay ra sy mat
mat trung lap, hodc néng do thép dén muc khéng
dam bao ndng do do dat duoc.

Muc dich cta viéc kiém tra thoi gian phuc hoi 1a
dé danh gia khoang thoi gian thuc té ma nong do
dat dén cép do sach yéu cAu sau khi néng do hat
trong phong sach hodac vung sach tam thoi tré nén
cao hon do ké hoach ngimng dé bao dudng hoic su
¢6 bét chot cia nha may. Muc dich cta viéc danh
gi4 theo toc do phuc hoi 1a dé thiét 1ap kha ning
phuc hoi do sach cuc bo sau khi ndng do hat xung
quanh diém do tam thoi tré nén cao hon. Hé s6
goc ctua dudong cong d6 thi giam dan trén biéu d6
semi-log cho thy kha ning cuc bo nay.

Kiérn’ tra thoi gian phuc hoi 100:1 khong dugc
khuyén nghi cho ISO 8 va 9.

Ghi cha: Phép do téc do phuc hdi khong chi dua
ra tbe do phuc hdi ma con dua ra mic trao ddi
khong khi trén mot don vi thoi gian tai dia diém
thuc hién phép do. Néu murc trao d6i khong khi
cuc bo tai dia diém d6 dugc so sanh véi mure trao
d6i khong khi tong thé trong phong sach, c6 thé
thu dugc hiéu qua ciia hé théng thong gi6 trong
viéc cung cap khong khi sach tai vi tri do.

B.4.3 Quy trinh kiém tra phuc hoi
B.4.3.1 Lua chon céc diém do

Pit dau do LSAPC trong mit phang lam viéc tai
c4c vi tri thich hop (bao gom cac vi tri quan trong
hoic c4c vi tri nghi ngd xau nhét). Cac diém do va
s6 luong phép do nén theo thoa thuan gitra khach
hang va nha cung cap. Viéc chon do tai c&c vi tri
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customer and supplier. It can be inappropriate to
choose measuring locations that give recovery
performances not representative of the
cleanroom, such as under an air terminal without
a diffuser.

B.4.3.2 Test method

Care should be taken to avoid high airborne
concentrations of particles that can cause
coincidence error and contamination of the
LSAPC optics. Before testing, calculate the
concentration required to carry out the recovery
test. If the concentration exceeds the maximum
concentration of the LSAPC; where particle
coincidence will occur, use a dilution system.
Testing procedure:

a) set up the particle counter in accordance
with the manufacturer's instructions and the
apparatus calibration certificate;

b) the particle size used in this test should be
less than 1 pm. It is recommended that the size
channel used by the LSAPC corresponds to that
of the maximum number concentration of the
aerosol;

c) the cleanroom area to be examined should
be contaminated with an aerosol while the air-
handling units are in operation;

d) raise the initial particle concentration to
more than 10 or 100 times depending on the
target cleanliness level (see Note 1);

e) commence measurements at not more
than 1 min intervals and record time and
concentration;

f) The results of the decay of the logarithm
of the particle concentration should be plotted
against time to ensure that the results used are
where the decay is exponential, i.e. the decay line
is straight, and not at the beginning where the

ma cung cip hiéu S},lé.t phuc hdi khong dai dién
cho phong sach (chang han nhu bén dud6i miéng
gi6 khong khuéch tan) c6 thé khong thich hop.

B.4.3.2 Phwong phap kiém tra

Can can than dé tranh cac hat cé néng do cao
trong khong khi vi n6 co thé gy ra 13i tring lap
va nhiém ban LSAPC. Trudc khi thir nghiém, tinh
toan ndng do can thiét dé thuc hién kiém tra kha
nang phuc hoi. Néu néng d6 vuot qua néng do tdi
da cua LSAPC (mtrc ma sy trung 1ap hat sé xay
ra) thi str dung hé théng pha lodng.

Quy trinh kiém tra:

a) thiét 1ap may dém hat theo huéng dan ciia nha
san xuat va chirng nhan hi€u chinh thiét bi;

b) c& hat dugc stir dung trong phép thir nay phai
nho hon 1 um. Khuyén nghi dai kich thudc sir
dung boi LSAPC tuong (mg voi ndng do s6 luong
t6i da cua sol khi;

c) nén thyc hién Vjéc lam nhiém bui’ khu vuc
phong sach dugc ki€ém tra trong khi thiét b1 xur 1y
khong khi (AHU) dang hoat dong;

d) ndng ndng d¢ hat ban dau 1&n hon 10 hogc 100
lan tuy thudc vao mirc d6 sach muc tiéu (xem Ghi
cha 1);

e) cac phép do bat dau cach nhau khong qua 1
phut, ghi lai thoi gian va nong do;

f) Céc két qua do suy giam I6garit ndng do hat nén
dugc v& biéu do dua theo thoi gian dé dam bao
rang cac két qua biéu thi suy giam nong do 12 ham
mil, tirc 12 duong suy giam 1a duong thang, va chd
bat dau 12 su suy giam dugc thiét 1ap, hodc chd két
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decay has not been established, or at the end
where the background count in the cleanroom
reduces the decay rate.

NOTE 1 The target cleanliness level can be either
the design cleanliness level, the level established
by testing according to 1ISO 14644-1 at the at-rest
condition, or an alternative agreed cleanliness
level, assuming that the level is at a point on the
decay graph where the decay is exponential.

NOTE 2 If necessary, an alternative, but less
convenient method, can be to turn off the
ventilation system, add the test particles, mix
with a room fan if needed, and turn on the
ventilation system

B.4.3.3 Evaluation by 10:1 or 100:1 recovery
time

Evaluation procedure:

a) note the time when the particle
concentration reaches the 10x or 100x target
concentration threshold (101 or [1000);

b) note the time when the particle
concentration reaches the target cleanliness level,
Uo;

C) the 10:1 recovery time is represented by
o1 = (o — Haon);

d) the 100:1 recovery time is represented by
Jo,010 = (U = Moo

B.4.3.4 Evaluation by recovery rate
Recovery performance can be determined from

the slope of the particle concentration decreasing
curve, as follows:

thuc 1 sé luong hat trong phong sach 1am giam
muc suy giam.

Ghi chua 1: Cip d6 sach muc tiéu c6 thé 1a cip do
sach theo thiét ké, cép d6 dugc thiét 1ap béng thir
nghi¢m theo ISO 14644-1 & diéu kién trang thai
nghi (khong van hanh), hoac cép d6 sach duoc
thoa thuan, gia st réng cép dd d6 & tai mot diém
trén dd thi suy giam trong d6 su suy giam 1a cp
s6 nhan.

Ghi chi 2: Néu can thiét thi c6 thé dung phuong
phap thay thé nhung kém tién loi hon: tit hé thong
thong gid, thém cac hat thu nghiém, két hop véi
quat phong néu can, va bat hé thong thong gid

B.4.3.3 Panh gia bing thoi gian phuc hi 10:1
hoac 100:1

Quy trinh danh gia:
a) ghi lai méc thoi gian khi ma ndng do hat
dat ngudng muc tiéu 10x hoac 100x (10

hodc
10005

b)  ghi lai mc thoi gian khi ma nong do hat
giam dén muc dat cap do sach muc tiéu, [1-;

c) thoi gian phuc héi 10:1 dugc biéu dién boi
Toa = (o — Hio0);

d) thoi gian phuc hoi 100:1 duogc biéu dién
bai [oor = (0 — [ioor);

B.4.3.4 Panh gia bing toc d9 phuc hdi
Hiéu suat phuc hoi c6 thé duoc xac dinh tir hé sb

goc cua dd thi dudng cong giam ndng do hat, nhu
Sau:
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a) commence measurements and record time
and concentration continuously. Sampling time
should be as short as possible but sampling
should be such that the count has statistical
relevance. Time intervals between the samplings
should be as short as possible;

b) plot the data of decreasing particle
concentration on a semi-log chart (concentrations
on the ordinate by the logarithmic scale; and the
time values on the abscissa by the linear scale);

C) decide higher and lower concentration
limits as to the decreasing curve measured is
accepted as almost straight line;

d) cleanliness recovery rate is obtained from
the slope of the line between the higher and lower
concentrations. The cleanliness recovery rate
between two measurements is calculated from

Formula (B.6)

1=-2,3X Iog( ) (B.6)
[11—Co

[lo is the higher concentration at [Jo;

11 is the lower concentration at [Js.

1 is the cleanliness recovery rate;

01— [o is the time between measured

concentration crosses o and [1;

NOTE The ventilation effectiveness of a critical
location or locations in the cleanroom can be
determined by comparing the recovery rate at the
location or locations with the overall recovery
rate of the cleanroom. When the air and the
contamination in the cleanroom are perfectly
mixed at the start of the recovery test for the clean
room, the overall recovery rate of a cleanroom is
the same as the air change rate of the cleanroom.
Therefore, the ventilation effectiveness can be
obtained by comparing the recovery rate at the
location or locations with the air change rate of
the cleanroom,

a) bat dau phép do, lién tuc ghi lai thoi gian va
nong do hat. Thoi gian lay mau nén cang ngin
cang tot nhung viéc lay mau phai sao cho so luong
ldy méu phu hop vé mat thong ké. Khoang thoi
gian giira c4c lan 14y mau phai cang ngin cang tét;

b) dung dit liéu do dat duoc dé biéu dién sy suy
giam nong d6 hat trén biéu d6 semi-log (ndng do
nam trén truc tung theo ty 18 logaric; va gié tri thoi
gian ndm trén truc hoanh theo ty 1¢ tuyén tinh);

C) lua chon gidi han trén va gidi han dudi cua
nong do sao cho duong cong do thi giam dan gan
nhu 1a dudng thang;

d) téc d6 phuc hoi do sach dugc xac dinh tur hé s6
goc cua duong gitra ndéng d6 cao hon va thap hon.
Téc d6 phuc hdi do sach giita hai 1an do dugc tinh

theo Formula (B.6):
log (—)

Ha1—lo

=-2,3x (B.6)

o 1a ndng do cao hon tai thoi diém Co;
(11 1a ndng @6 thap thon tai thoi diém (1.
7 tbe do phuc hdi cép do sach;

1 — [o 1a khoang thoi gian gitra hai lan do nong
do [ova [1;

Ghi cht: Hi¢u qua thong gid tai mot hoac cac vi
tri quan trong trong phong sach co6 thé duoc xac
dinh bang cich so sanh téc do phuc hdi do sach
tai mot hodc Cac vi tri véi tc do phuc hdi do sach
tong thé ctia phong sach. Khi khéng khi va ngudn
6 nhiém trong phong sach duoc tron 1an mot cach
hoan héo khi bt dau thir nghiém (phuc hdi do
sach ddi voi phong sach) thi toc do phuc hoi tong
thé ctia phong sach ciing bang véi toc do thay doi
khong khi (ACH) cua phong sach. Do do, hi¢u
qué thong gi6 c6 thé xac dinh duge bang cach so
sanh toc do phuc hoi d6 sach tai mot hodc cac vi
tri voi toe d6 thay doi khong khi cua phong sach.
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To obtain comparable values of the recovery test,
it is necessary to consider the influence of the
temperature difference between incoming air and
the recovery performance test point, which
causes changes to the airflow in the cleanroom.
This temperature difference can vary between the
at-rest and as-built conditions, due to changes in
the heat gains in the cleanroom, and between the
different requirements for seasonal warming or
cooling. The temperature differential between the
incoming air and recovery test point should be
measured.

B.4.4 Apparatus for recovery test

The apparatus listed below can be used for a
recovery test:

- aerosol generator and artificially generated
aerosol, which have the same characteristics as
those described in C.5;

- light-scattering  airborne-particle  counter
(LSAPC), which has the efficiency described in
C58;

- dilution system, if necessary, as described by
C.5.4;

- thermometer.

NOTE A recovery test can also be carried out
using an aerosol photometer

B.4.5 Test reports
By agreement between customer and supplier, the
following information and data should be

recorded as described in Clause 5:

a) type designations of each measuring
apparatus used and its calibration status;

b) number and location of measuring points;

Dé c6 duogce cac gia tri ¢ thé so sanh cua viée kiém
tra kha ning phuc hdi, cdn phai xem xét anh
hudong cua chénh 1éch nhiét do gitra khdng khi vao
va khong khi tai diém do (diém test phuc hoi),
diéu ndy giy ra nhimng thay ddi d6i véi ludng
khong khi trong phong sach. Su chénh léch nhiét
d6 nay co thé thay doi giita cac diéu kién trang
théi nghi hoac trang thai hoan cong, do su thay dbi
ctia phu tai nhiét trong phong sach va cac yéu cau
khac nhau vé 1am 4m hodc lam mat theo mua. Can
do chénh I¢ch nhi¢t do gitra khong khi di vao va
khong khi tai diém do (diém test phuc hoi).

B.4.4 Thiét bi cho viéc kiém tra phuc hi

Nhimg thiét bi liét ké & dudi ¢6 the dugc ding cho
viéc kiém tra kha nang phuc hoi d¢ sach:

- may tao hat sol khi va sol khi nhan tao c6 cac

tinh chat twong tu nhu di mo ta trong C.5;

- méy dém hat khong khi tan xa an sang (LSAPC),
¢6 hi¢u suat nhu dugc mo ta trong muc C.8;

- hé thong pha lodng (néu cin) nhu dugc md ta tai
muc C.5.4,
- nhiét ké.

Ghi ch: Ciing ¢ thé dung may quang hoc sol khi
deé phuc vu viéc kiém tra phuc hoi d¢ sach

B.4.5 B4o cao thir nghiém
Thong qua sy thoa thuén gilta khach hang va nha
cung cap, nhirng thong tin va dir liéu dudi dau nén

duogc ghi lai nhu da mo ta trong Clause 5:

a) ky hiéu ma ciia mdi thiét bi dugc sir dung
cling nhu 1a han hi€u chinh cua thiét bi;

b) s0 lugng va vi tri cac diém do;
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C) occupancy state(s);
d) result of measurement.

B.5 Temperature test
B.5.1 General

The purpose of this test is to verify the capability
of the installation to maintain the air temperature
level within the control limits and over the time
period agreed between the customer and supplier
for the particular area being tested. Refer to 1ISO
7726 181 and other related documents for details

of suitable test methods.
B.5.2 Apparatus for temperature test

The temperature test should be performed using a
sensor that has accuracy as defined in ISO
7726 281 for example:

a) thermometers;

b) resistance temperature devices;

C) thermistors.

The apparatus should have a valid calibration
certificate.

B.6 Humidity test
B.6.1 General

The purpose of this test is to verify the capability
of the installation to maintain the air humidity
level (expressed as relative humidity or dew
point) within the control limits and over the time
period agreed between the customer and the
supplier for the area being tested. Refer to ISO

C) trang thai khu vuc sach;
d) két qua do dat.

B.5 Kiém tra nhiét dj
B.5.1 Tong quan

Muc dich cua viéc kiém tra thi nghiém nay la dé
xac nhan kha nang duy tri mirc nhiét 46 khéng khi
trong gidi han kiém soat va qua cac chu ky thoi
gian dugc ddng y thoa thuan boi khach hang va
nha cung cép ddi vé6i khu vuc cu thé duge kiém
tra thir nghiém. Tham khao tiéu chuan ISO
7726 181 va c4c tai lidu lién quan khéc dé biét chi
tiét vé c4c phuong phap kiém tra phi hop.

B.5.2 C4c thiét bi diing cho viéc kiém tra nhiét
Nén sir dyng mot cam bién nhiét v6i do chinh xac
nhu dugce Xac dinh trong tiéu chuan 1SO 7726 7]
dé kiém tra nhiét d9, vi du:

a) nhiét ké;

b) céc thiét bi nhiét dién tro RTD (lam béng
kim loai nguyén chat, thuong 1a bach kim);

c) nhiét dién tro (lam bang composite,
thuong la cac oxit kim loai).

Céc thiét bi phai con han chimg nhan hiéu chinh

B.6 Kiém tra @9 4Am
B.6.1 Tong quan

Muc dich cta viéc kiém tra thir nghiém nay 1a dé
xac minh kha niang duy tri mic d6 4m khong khi
(dugc biéu thi bang d6 4m tuong ddi hodc diém
dong suong) trong giéi han kiém soat va trong
khoang thoi gian da thoa thuan gitra khach hang
va nha cung cap cho khu vuc duge kiém tra. Tham
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7726 281 and other related documents for details
of suitable test methods.

B.6.2 Apparatus for humidity test

Humidity tests should be performed using a
sensor that has accuracy appropriate to the
measurement as stated in 1SO 7726 281,

Typical sensors are:

a) dielectric thin film capacitor humidity
sensor;

b) dew point sensor;

C) psychrometer.

khao tiéu chuin ISO 7726 %1 va cac tai ligu lién
quan khac deé biét chi tiét vé cac thiét bi phu hop.

B.6.2 CAc thiét bi cho viéc kiém tra dd 4m

Nén sir dung cic cam bién c6 do chinh xac phu
hop v6i nhitng phép do nhu da néu trong ISO
7726 181 @€ thyc hién vigc kiém tra do am.

Céc cam bién thudng ding:

a) cam bién d§ am dién dung str dung mang
mong thay doi dién moi;

b) cam bién diém dong suong;

c) am ké.
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B.7 Installed filter system leakage test

WARNING — The aerosol challenge can
provide an unacceptable particulate or
molecular contamination within  some
installations. Some test aerosols can create a
safety hazard under Certain circumstances.
This document dues not address any safety
issues associated with these methods. It is the
responsibility of the user to consult and apply
appropriate safety practices, risk
assessments and any regulatory limits prior
to use of this document.

B.7.1 General
B.7.1.1 Methods

These tests are performed to confirm that
installed filter systems with integral efficiency
0f 99.95 % or higher at most penetrating particle
size (MPPS) are properly installed by verifying
the absence of bypass leakage in the installation,
and that the filters are free of defects (small
holes and other damage in the filter medium,
frame, seal and leaks in the filter bank
framework). Portions of the test methods given
in B.7 have been adapted from IEST-RP-
CC0.4.4 121

These tests are not used to determine the
efficiency of the filter medium. The leak test
establishes the level of leakage, relevant to the
cleanliness performance of the installation. The
tests are performed by introducing an aerosol
challenge upstream of the filters and scanning
downstream of the filters and support frame or
sampling in a downstream duct. The test is
applied to cleanrooms and clean zones in as-
built or in at-rest occupational states, and
undertaken ~ when  commissioning  new
cleanrooms and clean zones, or when existing
installations require re-testing, or after the high-
efficiency air filters have been replaced.

B.7 Kiém tra ro ri hé thong loc da lip

CANH BAO - Sol khi ¢é thé tao ra sy nhiém
ban béi cac hat hodic phan tir khi khéng mong
mudn trong mét sb co sé lap dit. Tai liéu nay
khong dé cap dén bét cir van dé an toan nio
lién quan dén cac phwong phap test. Nguwoi sir
dung cé trach nhiém trong viéc tham khio va
ung dung mét cach thich hop va an toan.
Trude khi sir dung tai liéu ndy can danh gia rii
ro va bt cir giéi han nao trong quy dinh cu thé
tirng rng dung

B.7.1 Téng quan
B.7.1.1 Cac phwong phép

Nhiing viéc test nay dugc thuc hién dé xac nhan
réng hé théng bo loc da lép dat véi hiéu suét téng
thé 12 99.95% hoic cao hon test tai kich thuéc hat
khd bat nhat (MPPS) duoc lap dat dung thdng qua
viéc xac minh rang khong ¢ ro ri trong cng viéc
lap dat (Iip bd loc voi housing), va X&c nhan rang
bo loc khong c6 15i (thung 16 nho hay cac ton hai
khéac trén vé mit loc, khung loc, seal loc, ...). Cac
phan ctia cic phuong phép test dé cap trong muc
B.7 thi dugc phong theo tir IEST-RP-CCO0.4.4 21

Nhiing viéc test nay khong duoc ding dé xac dinh
hiéu suat cta ludi loc. Test ro ri ding dé thiét lap
muc 10 ri thuc té, lién quan dén viéc lip dat.
Nhirng viéc test duoc thuc hién bang cach dua vao
sol khi tai upstream cua bd loc va quét ro ri tai
downstream cua bd loc va hé théng khung loc
hoic 12 downstream tai dng gid. Viéc test thi duoc
ung dung trong phong sach va vung sach khi da
hoan cong hoac ¢ trang thai nghi, va khi c6 yéu
cau test lai hodc 1a khi b loc hiéu sudt cao vira
moi duoc thay lai, ...
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Two procedures for filter systems with ceiling,
wall or apparatus mounted filters are described
in B.7.2 and B.7.3. A procedure for duct
mounted filters is described in B.7.4. The
apparatus and methods are different, with the
method described in B.7.2 measuring a mass
concentration using an aerosol photometer and
the method described in B.7.3 measuring
numbers of particles using a LSAPC.

B.7.1.2 Aerosol photometer method

The aerosol photometer method (B.7.2) may be
used for testing:

a) cleanrooms and clean zones with all types of
air-handling systems;

b) installations where outgassing of oil-based
volatile test aerosol deposited on the filters and
ducts is not considered to be detrimental to
products and/or processes and/or personnel
within the cleanroom or clean zone.

NOTE: The aerosol photometer method requires
higher upstream aerosol concentration, when
compared to the LSAPC method.

B.7.1.3 Light-scattering airborne-particle
counter (LSAPC) method

The LSAPC method (B.7.3) may be used for
testing:

a) cleanrooms and clean zones with all types of
air-handling systems;

b) installations where outgassing of oil-based
volatile aerosol deposited on filters and ducts
cannot be tolerated or where the use of solid
aerosol is recommended.

Hai quy trinh ap dung cho hé théng loc gan tran,
tuong hodc gin tai thiét bi dwoc mod ta trong muyc
B.7.2 va B.7.3. Quy trinh cho b0 loc gan ong gid
(Ducted housing) thi dugc mo ta tai myc B.7.4.
Céc thiét bj va phuong phap st dung dé test dé
cap ¢ trén la khac nhau, véi phuong phap mo ta
tai muc B.7.2 thi do luong luong ro ri bang cach
su dung may photometer - sol khi (phun cac hat
dang ran hoic 16ng kich thuéc 0.001 dén 100um),
con phuong phap dugc md ta trong muc B.7.3 do
luong s lugng hat bang viéc sir dung LSAPC

B.7.1.2 Phwong phap Quang ké - Photometer

Phuong phap sir dung photometer sol khi (B.7.2 2)
¢6 thé duoc dung dé kiém tra:

a) phong sach va ving sach véi tat ca cac kiéu hé
thong x1r 1y khong khi;

b) viéc thoat ra cuia cac phén tir gbc dau bay hoi
trong qua trinh test dong lai trén bo loc va éng gio
dugc xem 1a khéng gay hai gi dén san pham / quy
trinh san xuét / con nguoi trong phong sach, ving
sach.

Ghi chd: phuong phap dung photometer — sol khi
yéu cau nong do sol khi tai upstream cao hon so
v6i phuong phap LSAPC.

B.7.1.3 Phwong phap LSAPC — sir dung may
dém hat

Phuong phap nay (B.7.3) c¢6 thé duoc sir dung
cho:

a) phong sach va viing sach véi tit ca cac kiéu hé
thong xtr 1y khong khi;

b) viéc thoat ra cuia cac phan tir gbc dau bay hoi
trong qua trinh test dong lai trén bo loc va dng gi6
1a khdng thé chip nhan hodc & nhitng noi dugc dé
xuét str dung chat phun khi test dang ran.
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NOTE 1: This method requires a series of
calculations to set up the method and can also
require the use of a diluter (see C.5.4).The
calculations can be manual, through
independent computers, instrument linked
computers, or Within automated adapted
LSAPC instruments.

NOTE 2: This method can also be used with oil-
based aerosol where outgassing can be tolerated.

B.7.2 Procedure for installed filter system
leakage scan test with an aerosol photometer

B.7.2.1 General

Preparatory steps are contained in B.7.2.2,
B.7.2.3, B.7.2.5 and B.7.2.6, acceptance criteria
in B.7.2.4, the test procedure itself in B.7.2.7,
and repair actions are to be found in B.7.6.

B.7.2.2 Determination of probe size

It is desirable to choose a probe which has a
rectangular inlet in sizesof [1- =1cmand 1 =
8 cm or a circular probe of diameter (1, = 3.6
cm. [1r is the probe dimension parallel to the
scan direction, expressed in centimetres; 1/ is
the probe dimension perpendicular to the scan
direction, expressed in centimetres.

B.7.2.3 Determination of scan rate

The probe traverse scan rate, Sy should be
approximately 5 cm/s.

B.7.2.4 Acceptance criteria

While scanning, any indication of a leak equal
or greater than the limit which characterizes a
designated leak should be cause for holding the
probe at the leak location. The location of the

Ghi cht 1: Phuong phép nay yéu cdu mot chudi
céc tinh toan dé dugc thiét 1ap va ciing c6 thé yéu
cau viéc st dung chét pha lodng (xem muc C.5.4).
Viéc tinh toan c6 thé thuc hién bang tinh tay,
thong qua may tinh riéng biét, may tinh két ndi
dung cu thlet bi test, hodc 1a dung cu thiét bi
LSAPC két ndi tu dong.

Ghi cht 2: Phuong phap nay c6 thé ciing duoc sir
dung véi chét test dang gdc dau & nhimng noi ma
su phat thai cua n6 dugc cho phép.

B.7.2 Quy trinh cho viée scan kiém tra ro ri hé

thong b loc véi may photometer sir dung sol
khi

B.7.2.1 Tong quan

Céc bude chuan bi duge néu tai muc B.7.2.2,
B.7.2.3,B.7.2.5va B.7.2.6, tiéu chuan chap thuan
tai muc B.7.2.4, the test procedure itself in
B.7.2.7, va cach sita chira duoc thé hién tai muc
B.7.6.

B.7.2.2 X4c dinh kich thwéc ciia ddu do (scan)

Nén chon dau do c6 hinh dang chir nhat vai chiéu
rong [ = 1 cm va chiéu dai = 8 cm hoic la
hinh tron vai duong kinh 710 = 3.6 cm. [11 1a
kich thudc cua dau do song song véi hudng quét,
tinh bang cen-ti-mét; [ 1a kich thudc cia dau
do vudng goc véi hudng quét, tinh bang cen-ti-
mét.

B.7.2.3 Xé&c dinh toc d9 dau do

Tdc d6 ctia dau do di ngang qua 1a Sy nén xép xi
khoang 5 cm/s.

B.7.2.4 Tiéu chuin dé chap thuin

Trong khi quét, bit ctr ddu hiéu ndo cua viée ro ri
bang hodc vuot qua gia tri gii han (gia tri thiét
ké) thi ching ta nén gitr dau do tai vi tri d6 (nhdm
kiém tra cho chic chén). Vi tri ro ri nén duoc xac
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leak should be identified by the position of the
probe that sustains the maximum reading on the
aerosol photometer.

A leak detected in excess of 0,01 % of the
upstream mass concentration is deemed to
exceed the maximum allowable penetration.
However, for filter systems of an integral
efficiency at MPPS 99,95 % and less than
99,995 the acceptance criterion is 0,1 %.

If filter systems of an integral efficiency lower
than 99,95 % at MPPS are to be tested, a
different acceptance criterion are necessary,
based on agreement between customer and
supplier.

For actions to be taken to eliminate detected
leaks, see B.7.6

B.7.2.5 Choice Of upstream aerosol challenge

An artificially generated aerosol by Laskin
nozzle, thermal generator or similar should be
introduced into the upstream airflow to achieve
the  required  homogeneous  challenge
concentration. The mass median particle
diameter for this production method is typically
between 0,3 um to 0,7 um with a geometric
standard deviation of up to 1,7.

NOTE: A guide to aerosol source substances is
givenin C.8.4.

B.7.2.6 Concentration of upstream aerosol
challenge and its verification

The concentration of the aerosol challenge
upstream of the filter should be between 1
mg/ms and 100 mg/m3

NOTE: Not all photometers are capable of using
1 mg/m3 as the upstream challenge,

nhan bdi vi tri cia dau do tai chd ma may
photometer cho ra gia tri 16n nhat.

Vi tri phat hién ro ri vuot qua 0.01 % so v&i nong
d¢ tai upstream thi duoc coi la vuot qua gia tri ro
ri cho phép. Tuy nhién, dbi véi hé thdng loc véi
hiéu sut tong thé 1a 99.95 % (test tai kich thudc
hat khd bat nhat MPPS) va nho hon 99.995 thi tiéu
chudn dé chap thuan 1 0.1 % (C6 thé thiy gia tri
ro ri local cho phép ciia H13 12 0.1 %, H14 trd 1én
14 0.01 %).

Néu hé théng loc v6i hiéu suét téng thé thép hon
99.95 % (test tai MPPS) thi can duoc test theo tiéu
chi dua vao su thoa thuén gitra khdch hang va nha
cung cap.

Cach dé loai bo cac vi tri ro ri da phat hién xem
tai muc B.7.6

B.7.2.5 Chon chit test — aerosol

Sol khi nhéan tao duoc tao ra boi thiét bi voi
Laskin, b6 tao nhiét hodc cac thiét bi khac tuong
tu nén dwa vao upstream vai dong khi dat ndng do
yéu cau dong nhat. Kich thuéc duong kinh trung
binh cua hat dugc tao ra bdi phuong phap nay
thudng 1a tir 0.3 pm dén 0.7 pm véi sai s6 hinh
hoc 1én dén 1.7.

Ghi chli: mot hudng dén vé cac chat test dugc dua
ra tai muc C.8.4.

B.7.2.6 Nong dd ciia chit test va cach xac dinh

Nong d6 cua chét test dua vao upstream cua bd
loc nén trong khoang tir 1 mg/m3 dén 100 mg/ms

Ghi chii: Khong phai tit ca cic may photometer
nao cting c6 kha nang hoat dong voi nong do 1
mg/ms tai upstream, can str dung cac phép do
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Appropriate measurements should be taken for
the verification of the homogenous mixing of
the added aerosol to the supply airflow. The first
time a system is tested, it should be determined
that sufficient aerosol mixing is taking place.
For such validation, all injection and sampling
points should be defined and recorded.

The upstream aerosol concentration
measurements taken immediately upstream of
the filters should not vary more than £15 % in
time about the average measured value.
Concentrations lower than the average reduce
the sensitivity of the test to small leaks. while
higher concentrations increase the sensitivity to
small leaks. Further details as to how to conduct
the air-aerosol mixing test should be agreed
between customer and supplier

B.7.2.7 Procedure for installed filter system
leakage scan test

Prior to performing this procedure, the airflow
velocity test (B.2) should be carried out. Where
installations are operated at different airflow
velocities, the highest level should be selected
for the filter system leakage scan test. The test is
performed by introducing the specific challenge
aerosol upstream of the filter(s) and searching
for leaks by scanning the downstream side of the
filter(s) and the grid or mounting frame system
with the photometer's probe as follows:

a) measure the aerosol concentration upstream
of the filters according to B.7.2.6. This aerosol
concentration should be used as the upstream
100 % reference for the photometer.
Downstream measurements is then displayed as
percentage penetration of upstream
concentration;

b) the probe should then be traversed at a scan
rate not exceeding 5 cm/s using overlapping
strokes (1 cm recommended). The probe should

ludng thich hop dé xé4c dinh sy tron dong nhét cia
chat test duoc thém vao dong khi cip. Lan dau khi
ma hé théng duoc test, N6 can dugc xac dinh rang
su tron chat test véi dong khi véi lugng thich hop
dang dién ra. bé xac dinh nhu vay, thi tat ca viéc
phun khi va diém 1dy mau can duoc theo ddi xac
dinh va ghi lai.

Gia tri do né)ng dd chéat test tai upstream bd loc
khong dugc dao dong qua mirc £15 % so véi gia
trj trung binh. Nong do thap hon gia tri trung binh
1am giam d6 nhay ddi véi kha nang test cac ro ri
nho. Trong khi néng do cao thi 1am ting do nhay
d6i v6i cac ro ri nho. Chi tiét hon nita vé cach xac
dinh 1am thé nao hoa tron chit test va dong khi
nén dugc thoa thuan gitra khach hang va nha cung
cap.

B.7.2.7 Quy trinh quét kiém tra ro ri h¢ thong
bo loc da lap

Trudce khi thuc hién quy trinh nay, van tde dong
khi test (B.2) can dugc thir nghiém. Noi ma ching
ta lap dat duoc van hanh vai cac van tdc dong khi
khéc nhau thi nén chon mirc 16n nhat cho qua trinh
scan test 1o ri. Qua trinh test duoc tién hanh boi
viéc dua vao chét test cu thé tai upstream cua bd
loc va tim diém ro ri bang viéc quét tai
downstream ctia bo loc va quét ca khung grid tran
hodc 1a khung, hop giit loc v6i dau do cua bd
photometer nhu sau:

a) do néng dd chat test tai upstream cua bg loc
theo muc B.7.2.6. Nong d6 nay nén dugc sir dung
nhu 14 100% gi4 tri tham chiéu cho thong sé do.
Su do dac tai downstream sau dé duoc hién thi la
phan trdm ro i so véi ndng do tai upstream;

b) ddu do nén duoc di chuyén di qua loc véi tde
do khong vugt qua 5 cm/s va duong quét sau
chdng 1én duong quét trudc mot khoang ching 1
cm. Bau do nén dugc giit tai vi tri cach bé mat loc

57

https://thaiguang.com.vn/



https://thaiquang.com.vn/

be held in a distance of 3 cm or less from the
downstream filter face or the frame structure;

¢) scanning should be performed over the entire
downstream face of each filter, the perimeter of
each filter, the seal between the filter frame and
the grid structure, including its joints;

d) measurements of the aerosol upstream of the
filters should be repeated at reasonable time
intervals between and after scanning for leaks,
to confirm the stability of the challenge aerosol
concentration (see B.7.2.6).

B.7.3 Procedure for installed filter system
leakage scan test with a LSAPC

B.7.3.1 General

Preparatory steps are contained in B.7.3.2 to
B.7.3.7, test procedure in B.7.3.8 and B.7.3.9.

hoac khung ,Vién gitr loc (hay ro ri) mot khoang 3
cm hodc ngan hon.

¢) Qua trinh quét nén dugc tién hanh trén toan bo
bé mat downstream cta bd loc, duong vién xung
quanh ciia mdi bo loc, seal gitra khung loc va cdu
trac grid (vi du Camgrid, Airgrid), bao gdm ca
nhitng mbi lién két;

d) su do dac chat test tai upstream caa b loc nén
duoc 1ap lai tai nhiing khoang thoi gian hop Iy
gilra va sau nhiing 1an quét ro ri dé dam bao su 6n
dinh cua nong dd chat test (xem muc B.7.2.6)

B.7.3 Quy trinh quét kiém tra ro ri h¢ théng loc
da lap dat véi phwong phap LSAPC
B.7.3.1 Tong quan

Céc budce chuan bi duge néu tai muc B.7.3.2 dén
B.7.3.7, quy trinh test trong muc B.7.3.8 va

Acceptance criteria in B.7.3.4 and repair actions
in B.7.6. An example of an application with
evaluation is contained in B.7.3.10

This method has a two-stage approach:

Stage 1: the clean side of the filter should be
scanned for a potential leak. During scanning
with a LSAPC, detection of more than an
acceptable count for given test conditions, Na,
in sample acquisition time, Ts, indicates the
potential presence of a leak. In this case. the
second stage should be performed. If there are
no indications of potential leaks, further
investigations are not necessary. The
determination of Na is described in B.7.3.5 and
Ts is described in B.7.3.8.2. The procedure for
stage 1 scan test is described in B.7.3.8

Stage 2: the probe should be returned to the
place of maximum particle count under each

B.7.3.9. Tiéu chuan chap thuan trong muc B.7.3.4
va céch thao tac stra chita thé hién trong muc
B.7.6. Mot vi du cua viée ung dung véi danh gia
dugc néu trong myc B.7.3.10

Phuong phép nay gém 02 giai doan:

Giai doan 1: mat sach cua bo loc nén dugc quét
xem cO kha néng bi 10 ri hay khong. Trong sudt
qua trinh quét ro ri véi phuong phap LSAPC, phat
hién mot lugng 1o ri nhiéu hon gia tri chdp nhan
dugc (tai nhiing diéu kién test da ghi nhan), Na,
trong thoi gian 1dy mau goi 1a Ts, cho thdy c6 kha
nang bi 1o ri. Trong truong hgp nay, giai doan 2
nén dugc tién hanh. Con néu khéng co dau hiéu
nao cua kha nang bi ro ri thi khong can thiét phai
tién hanh thém su xem xét ndo nita ca. Cach xéc
dinh Na dugc mo ta trong muc B.7.3.5 va Ts dugc
mo ta trong muc B.7.3.8.2. Quy trinh quét ro ri
cho Giai doan 1 dugc mo ta trong muc B.7.3.8

Giai doan 2: dau do nén duoc di chuyén tré lai chd
ma dém duoc hat cO gia tri 16n nhat tuong tng
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potential leak and a stationary re-measurement
should be performed. During the stationary re-
measurement with the LSAPC, detection of
more than acceptable count for given test
conditions, Nar, in sustained residence time, T,
indicates the presence of a leak. The
determinations of Nar and T are described in
B.7.3.9.2. The procedure for stage 2 stationary
re-measuring is described in B.7.3.9

B.7.3.2 Determination of probe size

The area of the probe size should ensure that the
air velocity into the probe is the same as at the
filter face, within a variation of £ 20 %.The area
of the intake probe can be calculated by means

of Formula (B.7):
Oox 0p= OoolO (B.7)
Where:

111 is the probe dimension parallel to the scan
direction in cm;

T is the sampling rate of the LASPC in cm3/s;

U is the filter face velocity in cm/s.

111 is the probe dimension perpendicular to the
scan direction, in cm;

It is desirable to choose a probe which has a
rectangular inlet in sizes of (1, =1 cmand [
=8 cm or a circular probe of diameter (1o = 3,6
cm. Recommended probe dimensions are based
on a sample flow rate, [, of 0,000 472 m3/s (=
472 cm3/s, 28,31/min or 1 CFM).

If filter face velocity is unusually high (>1 m/s),
a smaller dimension for the probe, (11, can be

calculated by use of Formula (B.7)

mbi diém c6 kha ‘nang ro ri (phat hién trong giai
doan 1) va nén tién hanh do dac lai voi diéu kién
giit ddu do dung yén. Trong sudt qua trinh do dac
lai véi LSAPC, su phét hién nhiéu hon sé luong
hat cho phép goi 1a Nar, trong khoang thoi gian
ma gitr nguyén dau do goi 1a Ty, cho thay xudt hién
cta ro ri. Xac dinh gia tri Nar va Tr dugc mo ta tai
muc B.7.3.9.2. Quy trinh cua viéc do dat lai trong
giai doan 2 dugc mo ta trong muc B.7.3.9

B.7.3.2 Xé&c dinh Kich thwéc clia ddu do

Dién tlch cua déu do nén duoc chon sao cho dam
bao rang véan tbe glo di vao dau do co cing gia tri
v6i van toc gio tai bé mit loc, véi dao dong trong
khoang + 20 %. Tiét dién ctia diu vao dau do duogc

tinh theo Formula (B.7):

gXxUp= Dm*/D (B?)

Trong do:

) la kich thudc cia dau do song song véi
hudng scan;

(-5 1a lvu lwgng mau thir cia b LASPC, don
Vi cmd/s;

U 1a van téc gio tai bé mit loc, tinh bang cm/s.

[, la kich thude cua dau do vudng goc voi hudng
scan, tinh bang cm;

Nén chon dau do c6 hinh dang chir nhat veéi kich
thuéc 1 =1 cmva [ =8cm hoic dau do hinh
tron véi duong kinh (o = 3.6 cm. Khuyén céo
kich thuge cua dau do duoc dua trén luu luong
cta mau thir [a 1, = 0.000472 m¥/s (= 472 cm3s,
28.31/phit hoac 1 CFM).

Néu van toc tai bé mat loc cao bat thuong (>1

m/s), thi kich thudc cia dau do s& nho hon va lic
nay [ dugc tinh boi Formula (B.7)
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For a circular probe, Formula (B.8) can be used
to determine the value of [

D\_[:ZX\/DOXDJ_IJZ (BS)

Where:

[y is the nominal probe dimension parallel to
the scan direction, in cm;

(o Is the actual probe dimension (diameter), in
cm;

(11 is the probe overlap dimension perpendicular
to the scan direction, in cm.

For a circular probe of a 3,6 cm, diameter, [,
is 2,54 cm.

Dbi voi dau do hinh tron thi dung Formula (B.8)
dé xac dinh gid tri cua [+

De=2xNoX o — (102 (B.8)

Trong do:

- la kich thude danh nghia ctia dau do song song
vo1 hudng scan, don vi cm;

"o kich thuée duong kinh thyc té ctia dau do, tinh
bang cm;

71 lakich thude dau do chong 18n nhau vudng goc
v6i1 hudng cia scan, tinh bang cm.

Péi v6i dau do hinh tron ¢ duong kinh 3.6 cm thi
[ 1a2.54 cm.

O

We

D,

W

L

Figure B.1 — Circular probe dimensions diagram

(hinh v& kich thuéc ddu do hinh tron)
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NOTE: In order to scan the target surface area
most efficiently, it is necessary to select [1, as
[ becomes equal to [11. In case of
circular

probe with a diameter of 3,6 cm, the most
efficient [1- is 2,54 cm.

B.7.3.3 Determination of scan rate

For a rectangular probe inlet size of (1, =1 cm
and [ = 8 cm, the probe scan rate, [, is 5
cm/s or less.

For a circular probe inlet diameter of 3,6 cm, the
probe scan rate, (1, is 12 cm/s or less.

Where the upstream aerosol concentrations
cannot be achieved, it is necessary to change the
scan rate. The scan rate, [1;, in cm/s can be
determined by assuming the sampling rate of
the LSAPC is 0,000 472 ms/s and use Formula

(B.9).

0= x0X0000472% 1 (BY)
]

Where:

Tl is the challenge aerosol concentration
upstream of the filter in particles/ms;

11 is the expected median of particle counts
that characterize a designated leak in particles;

(1 is the maximum permitted penetration of
the filter installation to be tested at 0,3 um.

B.7.3.4 Particle Size to be counted and
acceptance criteria

The particle size to be counted should be equal
to or greater than 0,3 pm.

Ghi chu: dé scan tiét dién bé mat hiéu qua nhat thi
can phai chon [ ciing nhu 1a (I bang véi (..
Trong truong hop dau do hinh tron véi duong kinh
la 3.6 cm thi [ nén la 2.54 cm sé& cho hiéu qua
cao nhat.

B.7.3.3 Xac dinh toc dd scan

Déi véi dau do hinh chir nhat ¢é kich thuéc [, =
lcmva [l =8 cm, toc do dau do khi scan la [
=5 cm/s hoac nhoé hon.

Déi v6i dau do hinh tron véi kich thudc duong kinh
la 3.6 cm thi toc do dau do khi scan la [ = 12
cm/s hodc nho hon

O nhitng chd ma ndng do chat test tir upstream
khong thé tiép can duoc thi Ilc nay can thay doi toc
do dau do khi scan. Téc do dau do [ tinh bang
cm/s ¢ thé dugc xac dinh béi Formula (B.9) véi
gia dinh rang luu lugng mau thir cia LSAPC la
0.000472 ms/s

. = [ x (1 0.000 472 xf (B.9)

[
Trong do:

(1. landng do chat test cp tai upstream ctia bo loc,
tinh bang s6 hat/ms;

[J: 13 téng sb hat (particles) trung binh bi ro ri ky
vong mong muon;

O 1a hiéu suét 10 ri cao nhat duoc chép thuan cua
bd loc khi dugc test véi hat 0.3 pm.

B.7.3.4 Kich thuéc hat dwgc dém va tiéu chuin
deé chap thuin

Kich thuéc hat duoc dém nén béng hoac 16n hon
0,3 pum.
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While scanning, any indication of a leak should
be cause for holding the probe at the leak
location. The location of the leak should be
identified by the position of the probe.

A leak detected in excess of 0,01 % of the
upstream number concentration is deemed to
exceed the maximum allowable penetration.
However, for filter systems of an integral
efficiency at MPPS 99,95 % and less than
99,995 the acceptance criterion is 0,1.

If filter systems of an integral efficiency lower
than 99,95 % at MPPS are to be tested, a
different acceptance criterion is necessary based
on agreement between customer and supplier.

B.7.3.5 Expected number of particle counts
The acceptable number of particle counts during
the scanning (Stage 1) is [ and it is desirable

to select a [1 value of O or 1.

The lower confidence limit will determine .
It can be calculated with Formula (B.10).

o =0pn— 2\/Du (BlO)
where [/ is the expected median of particle
counts that characterize a designated leak of
particles.

It is the value [1- that is carried forward in
Formula (B.9), and Formula (B.11) can be used
to calculate [

Do =(00+2)+ 241+ 5 (B.11)
When [0 =0, [0y is4,andwhen (1 =1, [
is 5,83.

NOTE: Higher values of (1 and [l can be
selected if there concerns with false positives
being caused by a “bleed through” of particles
in undamaged filter media.

Trong khi quét, néu thiy bat cir ddu hiéu nao cua sy
ro ri thi ta can gitr dau do tai vi tri @6. Vi tri bi ro ri
nén duogc xac dinh thong qua vi tri ctia dau do.

Mot vi tri 1o ri vuot qua gia tri 0.01% so voi néng
do tai upstream dugc xem 12 vuot qua ndng d6 16n
nhét cho phép. Tuy nhién, ddi v6i hé thdng bo loc
v6i hiéu suét tong thé tai MPPS 99.95 % hogc nho
hon 99.995 thi tiéu chuan dé chép thuan 13 0.1 (Loc
H13).

Néu hé théng bo loc véi hiéu suét téng thé thép hon
99.95 % tai MPPS duoc test thi tiéu chuan dugc
chap thuan nén 12 su thoa thuan giita khach hang va
nha cung cap.

B.7.3.5 S6 lwgng hat du kién
S6 lugng hat dém chap nhan duoc trong suét qua

trinh quét (Giai doan 1) la (1) va nén chon la 0
hoac 1.

Gidi han tin cay thap hon s& xac dinh [J;; thong
qua Formula (B.10).

Op=0p— 2\/D_ﬂ (BlO)

Trong do [ 1a tong s6 hat (particles) trung binh
du kién cu thé voi ro ri duoc chi dinh.

bo 1a gié tri [ dugce nodi dén trong Formula (B.9)
trudc, va Formula (B.11) c6 thé duogc dung dé
tinh (7

Oo=(00+2)+ 241+ 01

(B.11)
Khi [, =0thi 0 124, vakhi 0o =1thi 0 13
5.83.

Ghi chd: ¢6 thé chon gia tri (1~ va [ cao hon néu
quan ngai dén viéc may do van dém hat trong
trrong hop phan tr hat nay khong phai mau thu -
hién tugng false positive. 62
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B.7.3.6 Choice of upstream aerosol challenge

An artificially generated polydisperse aerosol
should be introduced into the upstream airflow
to achieve the required homogeneous challenge
concentration. The count median particle
diameter for this production method is typically
between 0,1 um to 0,5 pm with a geometric
standard deviation of up to 1,7. The median
particle diameter for this production method is
typically between 0,3 um and 0,7 pum with a
geometric standard deviation of up to 1,7.

Alternatively, microspheres with an appropriate
diameter can be used and an aerosol challenge.
Where an artificial aerosol cannot be
introduced, atmospheric aerosol should be used
as the upstream aerosol challenge.

NOTE: A guide to aerosol source substances is
givenin C.8.4

B.7.3.7 Concentration of upstream aerosol
challenge and its verification

The concentration of the aerosol challenge
upstream of the filter should be sufficiently high
to achieve acceptable practical scan rates
according to B.7.3.3. The concentration of
aerosol challenge upstream of the filter is
determined with Formular (B.12):

[l =20 X Dﬂ/(DTTX RS ¢ Dr)
(B.12)

Where:

[l is the challenge aerosol concentration
upstream of the filter, in particles/ms;

[li is the probe dimension parallel to the scan
direction, in cm;

[l is the maximum permitted penetration of
the filter installation to be tested at 0,3 pum;

B.7.3.6 Lwra chon sol khi cAp vao upstream

Sol khi nhén tao dugrc tao ra nén dugc phan tan vao
dong khi tai upstream dé dat duoc ndng do yéu ciu
ddng nhat. Kich thudc hat trung binh tinh toan cho
phuong phép tao hat nay thuong 1a tir 0.1 pm dén
0.5 um vdi sai sé hinh hoc 18n dén 1.7. Kich thudc
hat trung binh cho phuong phép tao hat nay thuong
la tir 0.3 pm dén 0.7 pum véi sai s hinh hoc 18n dén
1.7

Mot sy thay thé khac, cac vi hat v6i dudong Kinh
thich hop c6 thé duoc su dung nhu 1a chét test.
Khi ma khong thé sir dung sol khi nhan tao thi cac
vi hat trong khi quyén c6 thé dong vai tro 1am chat
test dua vao tai upstream.

Ghi chti: m§t hudéng dan vé cac chét test duoc dua
ra tai muc C.8.4

B.7.3.7 Nong dd chit test dwa vao tai upstream
va cach xac dinh

Nong d6 chat test dwa vao upstream ctia bo loc nén
du cao dé tdc do scan dat gia tri Chélp nhan duoc
nhu d3 néi & muc B.7.3.3. Nong do chit test dua
vao upstream cua bd loc dugc xac dinh theo
Formular (B.12):

(o > [gx Onf (DmrX L1X Dr) (BlZ)
Trong do:

7. 12 ndng @6 chét test dua vao upstream ctia bo
loc, dugc tinh bang s6 hat/ms;

), 1a kich thuéc dau do canh song song véi
hudéng scan, dugc tinh bang cm;

Tola ndng d6 16n nhat duoc chip thuan cua viée
lap dat bo loc duoc test voi hat 0.3 um;
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"l is the actual sample flow rate of the
measuring apparatus, in ms/s;

11, is the probe traverse scan rate, in cm/s;

Based on the recommend probe size and scan
rate as stated in B.7.3.2 and B.7.3.3, the
concentration of aerosol the challenge upstream
of the filter can be selected from Figure B.2:

(1o, 13 luu luong thue t€ cua dong khi test ma
thict bi do dac dugc, tinh bang m3/s;

1) tée d6 dau do di chuyén, tinh bang cm/s;

Dua vao kich thuéce dau do duge dua ra va tdc do
di chuyén dau do trong muc B.7.3.2 va B.7.3.3,
néng do cta chét test dua vao upstream cua bo loc
c6 thé dugc tra theo Figure B.2:

60 000 000 ——
//// 7|
~”
50 000 000 o ~]
-~

/,/.
40 000 000 o <

-/
/'/ i
Y 30 000 000 6 ol
20 000 000 -

Dp=1, Na=0

Dp=1, Na=1
10 000 000 —’/ e == Dp=2.54, Na=0 ]
B -——= Dp=2.54,Na=1 |

0 1 1 1 1

Figure B.2 — Challenge aerosol concentration, [7;; for various probe traverse scan rate, [,
(Nong do chat test, toc dé di chuyén dau do)

X probe traverse scan rate, [, in cm/s

Y challenge aerosol concentration, [+
in particles/ms

In most cases, generated aerosol should be
added to the upstream aerosol challenge to
reach the necessary high challenge

X téc do di chuyén dau do, [ tinh bang
cm/s Y Nong do chat test, [ tinh bang s6 hat/ms3
Trong hau hét c4c truong hop, chit test dugc tao ra
nén dugc thém vao upstream dé dat dugc nong do

cao can thiét. Pé xac minh duoc diéu nay thi can
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concentration. To  verify such high
concentrations, a dilution system can be
required to avoid exceeding the concentration
tolerance of the LSAPC (coincidence error).

Challenge aerosol concentrations can be
adjusted by changing the probe scan rate by
use of Formular (B.9)

Appropriate measurements should be taken for
verification of the homogenous mixing of the
added aerosol to the supply airflow. The first
time a system is tested, it should be determined
that sufficient aerosol mixing is taking place,
For such validation, all injection and sampling
points should be defined and recorded.

The  upstream  aerosol  concentration
measurements taken immediately upstream of
the filters should not vary more than £15 % in
time from the average measured value.
Concentrations lower than the average will
reduce the sensitivity of the test to small leaks,
while higher concentrations increase the
sensitivity to small leaks. Further details as to
how to conduct the air-aerosol mixing test
should be agreed between customer and
supplier.

When upstream aerosol concentrations vary
over the time, these measurements should be
continued during scanning for leaks in order to
gain data for calculations with sequential
downstream counts.

B.7.3.8 Procedure for installed filter system
leakage test, stage 1 scan test

B.7.3.8.1 General

Prior to performing this procedure, the airflow
velocity test (See B.2) should be carried out.
Where installations are operated at different
airflow velocities, the highest level should be
selected for the filter system leakage scan test.

mot hé théng pha lodng tranh viéc vuot qué sai sb
nong d¢ cua may LSAPC (sai sO trung lap).

Nong do chat test c6 thé dugc diéu chinh bang cach
thay doi toc do dau do — str dung Formular (B.9)

Cac pheép do phu hop nén dugce dua ra cho viéc xac
minh hén hop chat test va dong khong khi cip vao
|a dong nhat. Lan dau tién hé théng dugc test thi no
nén dugc xac minh rang su hoa tron chat test mot
cach hop ly dang dién ra. Bé xac nhan diéu nay thi
tat ca cac lan phun chat test va cac diém lay miu
nén dugc xac dinh va ghi lai.

Cac phép do nong do chit test dua vao upstream
ctia bo loc ngay tirc thi khdng nén thay d6i qua muc
+ 15 % theo thoi gian so véi gia tri do trung binh.
Nong d6 qua thap so véi gia tri trung binh s€ l[am
giam d nhay cua viéc kiém tra cac ro ri nho, trong
khi ndng d6 cao hon sé& lam ting d6 nhay qua mirc
v6i cac mbi ro ri nho. Chi tiét hon nita thi cach xéac
dinh su hoa tron chét test nén duoc d@)ng v thda
thuan gitta khach hang va nha cung cap.

Khi ndng do chat test tai upstream thay d6i qua thoi
gian, nhitng phép do nén dugc tiép tuc trong sudt
qué trinh scan ro ri dé ghi nhan dit liéu cho viéc tinh
toan véi sy dém hat tai downstream dugc lién tuc.

B.7.3.8 Quy trinh cho vige test ro ri h¢ thong loc
da lap dat, quét scan giai doan 1

B.7.3.8.1 Toéng quan

Trude khi thyc hién quy trinh nay thi van tc gi6
can duoc kiém tra (xem muc B.2). Noi ldp dit co
nhiéu van tdc gié hoat dong khéc nhau thi chiing ta
chon murc 16m nhat dé test ro ri hé théng loc. Viéc
test dugc thuc hién théng qua viéc dua vao
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The test is performed by introducing the
specific challenge aerosol upstream of the
filter(s) and searching for leaks by scanning
the downstream side of the filter(s) and the
grid or mounting frame system with the
LSAPC probe as follows:

a) measurements of the aerosol upstream of
the filters according to B.7.3.7 should be taken
first to verify the aerosol concentration;

b) the probe should then be traversed at a scan
rate not exceeding the value for (1, stated
in

B.7.3.3 using slightly overlapping strokes. The
probe should be held in a distance of
approximately 3 cm from the downstream
filter face or the frame structure;

c) scanning should be performed over the
entire downstream face of each filter, the
perimeter of each filter, the seal between the
filter frame and the grid structure, including its
joints;

d) measurements of the aerosol upstream of
the filters should be repeated at reasonable
time intervals between and after scanning for
leaks; to confirm the stability of the challenge
aerosol concentration (see B.7.3.7).

B.7.3.8.2 Measuring parameters for two
scanning types

Generally, LSAPCs are designed to count
particles in a specific volume of sampled air.
Many LSAPCs are not capable of outputting
the data of particle counts during very short
periods in continuous measurement.

Thus, the conditions for (1, =0or (1) =1
(1o is acceptable count for given test
conditions) should be chosen in the installed
filter system leakage scan test with the
LSAPC.

upstream ctia cac bd loc mot chat test cu thé ndo dé
va tim kiém nhitng mbi 10 ri théng qua viéc quét
scan tai mat downstream cua cac bo loc va khung
grid (Camgrid hodc Airgrid, ...) hodc la cac hé
théng khung hop giit loc khac voi dau do may
LSAPC nhu sau:

a) cac phép do chat test tai upstream ciia bo loc theo
muc B.7.3.7 nén duogc thuc hién dau tién dé xac
minh nong d¢ cia chat test;

b) dau do nén dugc di chuyén tai toc 6 khéng vuot
quéa gia tri [J;;, trong phan B.7.3.3 da dé cap dén
viéc cac dau do khi di chuyén thi dé 1én nhau mot
khoang rat nho. Pau do nén duoc giit & khoang
cach xap xi 3 cm so véi bé mit loc tai downstream
hodc 1a ciu trac khung;

¢) viéc scan nén duoc thyc hién trén toan bo bé mat
downstream cua mdi bd loc, toan chu vi xung
quanh cua m01 bo loc, phan seal gitta khung loc va
céu kién c6 dinh loc, bao gdm tat ca nhitng mdi nbi
cta nod;

d) cac phép do ctia chat test tai upstream nén dugc
1ap lai v61 nhimg khoang thoi gian hop ly gitra va
sau nhing lan test ro ri; dé xac minh su on dinh
ndng d6 chat test (xem muyc B.7.3.7).

B.7.3.8.2 Céc thdng sé do cho hai kiéu scan

Nhin chung, LSAPCs dugc thiét ké dé dém hat
trong mot luu lwong cu thé ciia dong khi mau. Rét
nhiéu LSAPC khong ¢ kha nang xuét dit liéu cia
viéc dém hat trong khoang thoi gian rat ngan trong
khi phép do van dang tiép tuc dién ra.

Do vay, cac diéu kién cho [1- = 0 hoic (1 =1
(00 1a sé lugng hat &ém dugc chip nhan trong
nhiing diéu kién test dugc ghi nhan) nén dugc
chon cho qua trinh test 1o ri hé thdng loc di lap
v6éi may LSAPC.
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Choosing this condition, leakage is verified
with each count during the test, or with the
period between counts.

If the apparatus is equipped to emit a sound for
each count, leakage can be verified using this
sound.

If the apparatus can output the counts during
very short periods in continuous measurement,
any [ is applicable. Absence of a leak is
verified if the observed count is equal to or less
than (- at the time ((1+/ [11).

For reasonable test conditions, the following
two scanning types can be selected:

a) Scanning type (a): Choosing [J;; =0 for
0,3 um particles;

- suitable when the frequency of
stationary re-measuring is predicted to
be very small;

- type (a) test requires lower
concentration for upstream than type

(b);

- absence of a leak is verified if the count
is 0; the scanning test can be
continued.

b) Scanning type (b): Choosing [1;, =1 for
0,3 um particles;

- suitable when predicted that stationary
re-measuring may be necessary;

- type (b) test requires higher
concentration for upstream than type
(@), however the influence of LSAPC
count error is reduced;

Chon diéu kién nay, viéc ro ri dugc xac dinh voi
mdi lan dém trong subt qua trinh test, hoac voi
nhirng khoang thoi gian giira nhitng 1an dém.

Néu nhing thiét bi duoc trang bi dé phat ra am
thanh cho mdi 1an dém, ro ri ¢6 thé dugc x4c nhan
théng qua &m thanh nay.

Néu nhiing thiét bi khong thé xuét nhiing lan dém
trong nhirg khoang thoi gian rat ngan trong khi
phép do van dang tiép tuc thi bat ké gié tri ndo cua
Og cung c6 thé duoc rng dung. Sy khong nhan
thay ro ri dugc xac minh néu s6 luong hat quan sat
dugc bang hoic it hon (11 tai thoi gian (111 / [11).

D6i v6i nhing diéu kién test hop Iy thi ta chon kiéu
scan hop ly trong hai kiéu duédi day:

a) Scan kiéu (a): Chon [1;; = 0 ddi véi hat 0.3 pm;

- thich hgp khi :[én s6 phép do lai — gilr
nguyén vi tri dau do dugc du doan la rat
nho;

- kiéu test (a) thi yéu cau ndng do chat test tai
upstream it hon kiéu test (b);

- khong c6 10 ri dugc xac minh néu sé hat
dém duoc bang 0; viéc scan c6 thé duogc tiep
tuc.

b) Scan kiéu (b): Choosing (I, = 1 d6i véi hat 0,3
pm;

- thich hop khi ban du doan duoc téng viéc
do dac lai — gitt nguyén dau do c0 thé la can
thiét;

- kiéu test (b) thi can ndng do chat test tai
upstream cao hon so véi kiéu (a), tuy nhién
su anh huong ciia may LSAPC dén viéc 16i
trong khi dém dugc giam xudng;
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- if the observed count is 0 or 1, absence
of a leak is verified. The scanning test
can be continued.

B.7.3.9 Procedure for
measuring

stationary re-

B.7.3.9.1 General

The observation of a particle count larger than
1 indicates the potential presence of a leak,
and the location should be checked by
stationary re-measuring.

B.7.3.9.2 Detection of leakage by stationary
re-measuring

a) Observed counts smaller than [
[particles]: the observed counts for [, equal
to or smaller than 1:.;; confirm an absence of
leaks.

b) Observed counts larger than [
[particles]: if the observed count exceeds
Tlnn stationary  remeasuring  may  be
considered. If the observed count still
exceeds (1 the filter should be considered
to have a leak.

B.7.3.9.3 Determination of measuring
parameters for Stationary re-measuring

Recommended sustained residence time, [,
is 10s.

The number of particle counts that
characterizes the designated leak, 1, and
acceptable count at stationary re-measuring,
111, are calculated with Formulas (B.13) and

(B.14)

Upp=UpXUOo X UOop X Upo

(B.13)
Ooo = oo —2V0oo (B.14)

Where

- néu gia tri dém quan sat duoc bang 0 hoic
1, thi khdng ro ri dwoc Xac nhan. Viéc scan
co the tiép tuc.

B.7.3.9 Quy trinh do dat lai

B.7.3.9.1 Tong quan

Quan sat s6 luong hat dém duogc 16n hon [ - 1a du
hiéu cho théy kha nang bi ro ri, va vi tri 1o ri nay
can dugc kiém tra theo phép do lai — giit nguyén
dau do.

B.7.3.9.2 Phat hién ro ri bing phép do lai — giir
nguyén dau do

a) S6 luong quan sat dugc nhd hon [oo
[particles]: so lugng quan sat duoc trong khoang
thoi gian [J-, bang hoac nho hon [ Xac nhan
rang khéng c0 sy ro ri.

b) S6 lugng quan sit dugc lén hon [
[particles]: néu so lugng quan sat duoc vuot qua
[0 xem xét do dac lai — giir nguyén dau do. Neu
s0 lugng quan st dugc van vuot qua [ llc nay
b loc nén dugc can nhac rang da co sy ro ri.

B.7.3.9.3 Xac dinh thdng sb do cho phép do lai -
gilt nguyén dau do

(1 12 thoi gian giit nguyén vi tri dau do tai vi tri
nghi ngo ro ri, dé nghi nén chon 1a 10 giay.

i 1a sb lwong hat ¢ém duoc dic trung cho kha
nang ro ri, va (1o la $6 luong hat tdi da duoc
chap thuan d6i voi phép do lai ndy, ching duoc
tinh theo Formulas (B.13) va (B.14)

Don=0oXOoX Hoo X He (B.13)
Ooo = 0po —2VO00 (B.14)

Trong do
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"1 is the challenge aerosol concentration
upstream of the filter in particles/ms;

11, is the probe dimension parallel to the scan
direction in cm.

"l is acceptable count at stationary re-
measuring;

"1 is the number of particle counts which
characterize the designated leak;

11 is the maximum permitted penetration of
the filter installation to be tested at 0,3 um;

Tl is the actual sample flow rate of the
measuring apparatus in ms/s;

[ is the recommended sustained residence
time(s);

B.7.3.10 Example of an application with
evaluation

Examples of measuring parameters are shown
in Table B.3. These tables give example
parameters for [1-, =1 cmand [ =8 cm with
a scan rate (17 =5 cm/s, and a circular probe
with diameter 3,6 cm and a scan rate [1;; =

12
cm/s.

Opla néng dé‘Chét test tai upstream cua bg loc
va dugc tinh bang s6 hat/ms;

1 1a kich thudc cua dau do canh song song
v6i huong quét, duogc tinh bang cm.

(oo 1a sb luong hat tdi da duogc chép thuan ap
dung cho phép do lai;

. 1a sb lugng hat du kién dic trung cho kha
nang ro ri tai vi tri chi dinh;

o laro ri l6n nhat chap thuan cua bd loc da
lap khi test voi hat 0,3 um (vi du 0,001);

[0 1a Tuu lwong thue té do dugc bang thiét bi
va tinh bang ms3/s;

"Iy 1a thot gian ma ching ta gilt nguyén dz‘iu‘ do
cho phép do lai tai vi tri nghi ngo ro ri, tinh bang
giay;

B.7.3.10 Vi du m{t (rng dung kém danh gia

Vi dy vé nhitng théng sé do dugc trinh bay tai Table
B.3. Bang nay dua ra cac théng sb vi du cho truong
hop [ =1 cmva (11 = 8 cm Véi toe do quét dau
do 1a (- =5 cm/s, va mot dau do hinh tron véi
duong kinh 12 3,6 cm va toc do quét la [ = 12

cm/s.
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Table B.3 — Example of an application with evaluation (Vi du mt wng dung kém danh gia)

Measuring parameters
(Théng sb phép do)

Scanning type (kiéu scan)

Rectangular probe
(cmx8cm)

(Piu do hinh chir nhit)

type ()

type (b)

Circular probe
(diameter 3,6 cm)

(Péu do hinh tron)
type (a) type (b)

Maximum allowable penetration of the filter system
to be tested

7| (rd ri 16n nhéat duoc chap nhén cta hé thong loc duoc 0, 000 1(0,01%) 0, 000 1(0,01%)

L |test)
Nominal probe dimension parallel to the scan
direction [cm]

U | (kich thuéc dau do danh nghia — canh song song véi 2,54
hudng quét-scan)
Probe traverse scan rate [cm/s] 12

D‘ (toc d9 di chuyén dau do)
Sample flow rate of the measuring apparatus [m3/s] 0,000 472 0,000 472

0| (lwu lugng dong khi test do boi thiét bi)
Expected number of particle counts that characterizes
tShe deiignated leak corresponding to [ [counts] —

tage . .

| (sb luong hat @ém dy tinh tai vi tri ro ri chi dinh cu thé 4,0 5,83 4,0 5,83
tuong (tng vaGi [ ; tinh bang cong thirc)
Acceptable count during [ at scan test [counts] —
Stagel : ,

“o | (sb Tugng hat téi da duoc chap thuan trong suét thoi 0 1 0 1
gian 1)
Challenge aerosol concentration upstream of the filter

o | lparticles/m’] o o 423728814 | 617584746 | 400373682 583 544 642

— | (nong @0 chat test dua vao tai upstream cia b loc)

Expected number of particle counts during (1 =10
s in the sustained residence time that characterizes
the designated leak corresponding to [

1| [counts] — 200,00 291,50 188,98 275,43
Stage 2
(s6 luong hat duy tinh trong sudt khoang thoi gian -
=10 s trong llc gitr dau do tai vi tri ro ri cu thé twong
ng véi [ ; tinh bang cdng thirc)
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Acceptable count during [J;; = 10 s in the sustained
residence time [counts] — Stage 2 (rounded) )
(s6 lugng hat toi da duoc chap thuan trong suot

Ou khodng thoi gian [, = 10 s trong ldc gitt nguyén 171,72 257,35 161,48 242,24
dAu do (171) (257) (161) (242)
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B.7.4 Procedure for overall leak test of
filters mounted in ducts or air-handling
units (AHUS)

This procedure may be used for evaluating the
overall leakage of duct-mounted filters. This
procedure may also be used to determine
overall leakage of multistage filter arrays
without individual stage tests. It is important
to be aware that this procedure is significantly
less sensitive at finding leaks than the method
described in B.7.2 and B.7.3. The overall
leakage test result is affected by the total
airflow volume in the system, as the airflow
volume increases more dilution of the leak
occurs. Therefore, this test method should be
used where duct-mounted filter installations
serve less critical cleanroom areas and where
scan testing of those same filter installations is
not practical. If critical, the scan method
should be adopted.

NOTE 1: This test is not designed to cover
exhaust HEPA filter systems.

The test is performed by introducing the
challenge aerosol upstream of the filters
installed remotely to the cleanroom or clean
zone. The upstream particle concentration is
first measured. The particle concentration of
the filtered air is then measured, and compared
to the upstream concentration to determine the
total leakage or penetration of the filter
installation [*°],

The airflow velocity test (see B.2) for initial
qualification should be done prior to
performing this test. Measurements of the
upstream aerosol concentration according to
B.7.2.6 (aerosol photometer method) or
B.7.3.7 (LSAPC method) should be taken first
to verify the aerosol concentration and
homogeneity.

B.7.4 Quy trinh kiém tra ro ri tong thé cia cac
b¢ loc lap trén dwong Ong gi6 hodc lap trong
thiet bi xir ly khong khi - AHU

Quy trinh nay co thé dugc sir dung dé danh gié ro
ri tong thé cac bd loc dugce lap trén duong 6 éng gio.
Quy trinh nay c6 the cling duoc dung dé xac dinh
ro ri tong thé cua td hop cac bd loc ma khong can
phai test tung cai loc. Can nhan thac duge diéu
quan trong nay: khi st dung quy trinh nay thi do
nhay phat hién r6 6 1a it hon déng ké so véi phuong
phap da mo ta & muyc B.7.2 va B.7.3. Két qua kiém
tra ro ri tong thé bi anh hudéng béi tong luu lugng
ctia ca hé théng, nghia 1a luu luong dong khi ting
1én thi kha néng 1o ri xay ra nhiéu hon. Do Véy,
phuong phap nay nén dugce sir dung cho nhiing noi
lap dit bo loc gan trén duong dng gid c6 vai trod it
quan trong hon nhirng khu vuc phong sach va viéc
quét cac bo loc d6 1a khong thyc té. Néu quan trong,
thi phuong phép scan nén dugc ap dung.

Ghi cht 1: Phuong phap test nay khong duoc thiét
ké dé ap dung cho h¢ thong loc HEPA gi6 thai.

Quy trinh kiém tra duoc thuc hién b'flng cach dua
chat test tai upstream ctia cac bo loc trén duong 6ng
tGi phong sach hoic ving sach. Nong do chat test
cua khong khi dugc loc sau do dugc do dat, va so
sanh v6i nong do tai upstream dé xac dinh tong
ndng do 1o ri cua viée lap dat bo loc [,

Viéc kiém tra nhan dinh ban dau vé van tc cua
dong khi (xem B.2) nén dugc thuc hién trudce khi
test 1o ri. Cac phép d6 ndng do tai upstream theo
muc B.7.2.6 (phuong ph&p quang hoc sol khi) hoac
theo muyc B.7.3.7 (phuong phap dém hat LSAPC)
nén duoc thuc hién dau tién dé xac nhan ndng do
chat test va d6 dong nhat.

Phép do ndng do chét test tai downstream nén duoc
thyc hién tai vi tri ma hon hop dong khi test la
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Measurement  of  downstream  aerosol
concentration should be carried out at
locations where homogeneous mixing has
occurred. If homogeneous mixing does not
occur, a series of measurements should be
taken at equally spaced locations in an agreed
plane, between 30 cm and 100 cm downstream
of the filter. This is a grid sampling method
and the location and number of measurements
should be agreed between the customer and
the supplier.

Measurements of the total aerosol challenge or
particle concentrations upstream of the filters
should be repeated at reasonable time intervals
to confirm stability of the challenge aerosol
source (see B.7.2.6 and B.7.3.7).

Using a photometer, from the measured total
challenge or concentration, the local
penetration is measured as percentage
penetration for each downstream location
measurement. Using a LSAPC, from the
measured particle challenge concentration, the
local percentage penetrations should be
calculated for each downstream location
measurement for the particle size used. Each
downstream percentage concentration should
be lower than the percentage concentration
specified, or as agreed between customer and
supplier.

Repairs or rectification of leaks may be made
according to B.7.6 or by procedures agreed
between the customer and the supplier.

NOTE 2 For applications, where ducted filters
are required to be leak tested by scanning, the
methods are described in B.7.2 and B.7.3.

B.7.5 Apparatus and materials for installed
filter system leakage tests

twong dbi déng nhat. Néu khong xay ra sy dong
nhét khi hoa trén dong khi véi chat test thi can thuc
hién hang loat cac phép do tai nhitng vi tri c6
khoang cach twong duong nam trong mat phang chi
dinh, tir 30 dén 100 cm so v&i bé mit loc tai
downstream. Pay 1a phuong phap ldy miu theo
dang lu6i va vi tri ciing nhu sé luong cac cac phép
do nén duoc sy dong Y thoa thudn giira khach hang
va nha cung cap.

Céc phép do dac ndng do chét test ddi véi may
qguang hoc hoac do néng d6 hat tai upstream cuia cac
bd loc nén dugc lap lai trong nhitng khoang thoi
gian hop 1y dé xac nhén tinh 6n dinh ctua ndng do
C4C chat test cap tai upstream (xem muc B.7.2.6 va
B.7.3.7).

Déi voi sir dung may do quang hoc, tir tong nong
do chét test do duoc tai upstream, ta xac dinh ro ri
cuc bo theo % cho mdi phép do tai downstream.
Déi véi sir dung may dém hat LSAPC, thi tir nong
do hat dugc do dat tai upstream, ti I¢ 10 ri cuc bd
theo % c6 thé dugc tinh toan cho mdi phép do tai
mdi vi tri & downstream d6i véi kich thude hat duoc
sir dung. M&i ndng d6 % tai downstream nén théap
hon mot gia tri ndng d6 % cu thé dugc dong ¥ thoa
thun giita khach hang va nha cung cép.

Céc stra chira hodc diéu chinh lai cac ro i c¢6 thé
tuan theo muc B.7.6 hoac theo quy trinh dugc sy
dong y thoa thuan gitta khach hang va nha cung
cap.

Ghi chd 2: Béi nhirng trmg dung cac bo loc duoc lép
trén duong 6ng giod yéu cau phai quét-scan man loc
dé kiém tra ro ri thi thyc hién theo céc phuwong phap
da duoc mo ta tai muc B.7.2 va B.7.3.

B.7.5 Céc thiét bi va vat tw sir dung cho viéc
kiém tra ro ri hé thong bo loc da lap dat
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B.7.5.1 Aerosol photometer (see C.8.1),
limited to use in instances where the
background counts or concentrations are less
than 10 % of that which characterizes a
designated leak

B.7.5.2 Light-scattering airborne-particle
counter (LSAPC) (see C.8.2), limited to use
in instances where the background counts or
concentrations are less than 10 % of that which
characterizes a designated leak.

B.7.5.3 Suitable pneumatic or thermal
aerosol generator(s) to provide appropriate
challenge aerosol concentration in the
appropriate size range (see C.8.3).

B.7.5.4 Aerosol dilution system (see C.5.4)

B.7.5.5 Aerosol source substances (see
C.8.4).

Apparatus specified in B.7.5.1 to B.7.5.3
should have a valid calibration certificate.

B.7.6 Repairs and repair procedures

Leakage repair should only be acceptable by
agreement between the customer and the
supplier. The method of repair should take into
account any instructions from the apparatus
manufacturer, or the customer.

In selecting materials for repair, outgassing
and molecular deposition on products and
processes should be considered.

Detected leakage in filters, the sealant or the
grid structure should be repaired.

Repairs to filter or the grid support structure
may be made using procedures agreed
between the customer and supplier.

B.7.5.1 M4y quang ké sol khi (xem C.8.1), gici
han sir dung trong truong hop nong do hodc so
lugng nén nhod hon 10% so v41 murc dac trung cho
mot ro ri dugc chi dinh

B.7.5.2 May dém hat tan xa anh sang (LSAPC)
(xem C.8.2), gi6i han s dung trong truong hop
noéng d6 hoic sé lugng nén nhé hon 10% so voi
muc dic trung cho mét ro ri dugce chi dinh

B.7.5.3 Cac may tao chz“it, sol khi kiéu nhiét hoic
khi nén thich hep cung cap nong d6 chat test thich
hop vai kich thudce thich hop (xem C.8.3).

B .7.5.4 Hé thong pha lodng chat test (xem C.5.4)
B.7.5.5 C4c chat dung dé test (xem C.8.4).

Céc thiét bi quy dinh trong muc B.7.5.1 dén B.7.5.3
can c6 chirng nhén hi¢u chinh con han

B.7.6 Stra chira va quy trinh

Viéc stra chita nén duogc thuc hién chi khi ¢é su
d(‘)ng y thoa thuan gitta khach hang va nha cung
cap. Phuong phap stra chita phai tinh dén cac hudng
dan tir nha san xuét thiét bi, hodc tir khach hang.

Can nhic trong viéc Iya chon nguyén liéu dung dé
stra chira, nhitng chat c6 thé thoat ra va bam trén
san pham hay qua trinh san xuat.

R0 ri bi phat hi¢én trén cac bg lgc, seal gitra loc va
khung gilt hodc cau triic khung gilr loc can duogc
stra chira.

Quy trinh sura chira vi tri ro ri trén b loc hodc cau

triac khung giir loc gﬁn dugc sy dong v gitta khach
hang va nha cung cap.
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After the repair has been completed and a
suitable cure time has been allowed, the leak
site should be rescanned for leaks using the
defined method.

B.7.7 Test reports

By agreement between the customer and
supplier, the following information and data
should be recorded as described in Clause 5:

a) test method: aerosol photometer or light-
scattering airborne-particle counter (LSAPC);

b) type designations of each measuring
apparatus used and its calibration status;

c) specification of the filter;

d) any special condition or departures or both
from this test method and any special
procedures agreed between the customer and
the supplier;

e) measured upstream aerosol concentrations
with their sample point locations and the
corresponding time of measurement;

f) sample flow rate; and for LSAPC
measurements, the particle size range;

g) calculated average upstream aerosol
concentration and its distribution;

h) calculated acceptance criteria applied for
the downstream measurements;

1) result of the downstream measurement for
each clearly identified filter, area section or
measuring location;

J) final result of the test for each defined
location;

Sau khi viéc stra chira duoc hoan thanh va sau
khoang thoi gian sira chira hop 1y thi can phai tién
hanh quét-scan lai viing ro ri bang phuong phap da
xac dinh.

B.7.7 Phiéu béo co két qua test

Thdng qua théa thuéan gitra khach hang va nha cung
cap, thong tin va dit liéu dudi dau can dugc ghi lai
gidng nhur dd mo ta & Clause 5:

a) phuong phap test: may quang ké sol khi hoic
may dém hat tan xa anh sang (LSAPC);

b) ky hiéu ma thié’:[ bi dung dé do dac va trang thai
hiéu chinh cua thiét bi;

¢) thdng sd cu thé cua bo loc;

d) bat ctr diéu kién dic biét nao hoic sy sai sd hoic
ca hai tir phuong phép test va bat ctr nhitng quy
trinh ddc biét nao da dugc thdéa thudn gitra khach
hang va nha cung cap;

e) nérlg d6 chat test tai upstream v6i nhing vi tri
lay mau va thoi gian do dac tuong Ung;

f) luu lugng dong khi test; doi voi phép do LSAPC
thi can x4c dinh thém vung kich thudc cia hat;

g) nong do trung binh chat test duoc tinh toan va su
phan bo cua dong khi;

h) tiéu chuan tinh toan dwgc chap thuan ap dung
cho cac phép do tai downstream,;

i) két qua do dat tai downstream cho mdi bo loc
duoc ky hiéu rd rang, ting vung tirng khu vue hoac

vi tri do dat;

j) két qua cudi ciing caa viéc kiém tra ro ri cho mdi
vi tri dugc xac dinh;
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k) it there is no leakage, then test passed.
Otherwise if there is leakage then report leak
location, repair action and result of re-testing
the location.

B.8 Containment leak test
B.8.1 General

This test is performed to determine if there is
intrusion of contaminated air into the clean
zones from surrounding non-controlled areas
and to check pressurized ceiling systems for
leaks.

B.8.2 Procedures for containment leak test

B.8.2.1 Light-scattering airborne-particle
counter (ISAPC) method

Measure the particle concentration outside the
cleanroom enclosure immediately adjacent to
the surface or doorway to be evaluated. This
concentration should be greater than the
cleanroom concentration by a factor of 10°,
and equal to at least (3,5 x 10°) particles/( 13
at the particle size to be measured. If the
concentration is less, generate an aerosol to
increase the concentration.

To check for leakage through construction
joints, cracks or service conduits, scan inside
the enclosure at a distance of not more than 5
cm from the joint, seal or mating surfaces to
be tested at a scan rate of approximately 5
cm/s.

To check for intrusion at open doorways, flow
visualization methods are recommended.

Record and report all readings greater than
102 times the measured external aerosol
particle concentration at the appropriate
particle size.

k) khong c6 ro ri nao, viéc test da dat. Nguoc lai
néu ¢0 ro ri thi bao cao veé vi tri ro ri, viéc tién hanh
sura chira va két qua cua viéc test lai.

B.8. Kiém tra ro ri phong
B.8.1 Tong quan

Viéc kiém tra nay dugc thuc hién nhim xéc dinh
liéu c6 sy xdm nhap cua khong khi ban xung quanh
chua qua xu ly vao phong sach, vung sach hay
khong? va dé kiém tra hé thong tran diéu ap co bi
1o ri hay khong?

B.8.2 Quy trinh kiém tra ro ri phong

B.8.2.1 Phuong phap dém hat tan xa 4nh sing
(ISAPC)

Panh gia viéc do dat ndng do hat tai khu vuc bén
ngoai bao quanh phong sach lién ké voi be mat hoac
ctra ra vao. Nong do nay phai I6n hon ndng do hat
¢ trong phong sach gap 10° lan, va né it nhat phai
bang (3,5 X 10%) hat/[13 & kich thuéc hat can do.
Neu nong do nay it hon, thi can tao thém dé ting
ndng do.

Pé kiém tra ro ri nhitng chd két ndi cua hé théng
kién trdc phong, nhimg chd nut hodc cac dudng ong
dan dich vy, quét kiém tra 10 ri tai khu vuc xung
quanh céc mdi ndi, seal hodc cac bé mit giao nhau
mot khoang khong qua 5 cm, toc d6 quét-scan thi
chon xap xi khoang 5 cm/s.

Pé kiém tra xem c6 sy xam nhap tai ctra ra vao hay
khéng, thi can nhac dén cac phuong phap truc quan
quan sat dong khong khi.

Ghi lai va béo cdo tat ca cac gid trj do (tai mdi ndi,
seal, ...) 1on hon 100 lan néng do hat chd binh
thuong dugc do dat tai kich thudce hat hop ly.
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NOTE: The number and location of test points
for this measurement are as agreed between
customer and supplier.

B.8.2.2 Aerosol photometer method

Produce an aerosol outside the cleanroom or
device in accordance with B.7.2.2 in
concentration high enough to cause the aerosol
photometer to exceed 0,1%.

A reading in excess of 0,01 % indicates a leak.

To check for leakage through the construction
joints, cracks or seams scan inside the
enclosure at distance of not more than 5 cm
from the joint, or seal surface to be tested, at a
scan rate of approximately 5 cm/s.

To check for intrusion at open doorways,
measure the concentration inside the enclosure
at a distance of 0,3 m to 1 m from the open
door.

Record and report all readings in excess of
0,01 % of the photometer scale.

B.8.3 Apparatus for containment leak test

B.8.3.1 Artificially generated aerosol
source, as described in B.7.5, with a valid
calibration certificate;

B.8.3.2 Light-scattering airborne-particle
Counter (LSAPC), as specified in C.8.2. (or
photometer, as specified in C.8.1) with a
valid calibration certificate and a lower
particle size discrimination capability of 0,5
pm or smaller.

B.8.4 Test reports

Ghi chu: sb luong va vi tri diém kiém tra 10 i cho
phuong phap nay duoc sy dong y thoa thuén gitra
khach hang va nha cung cap.

B.8.2.2 Phwong phap quang ké sol khi

San xuat sol khi bén ngoai phong sach hoic thiét bi
phu hop trong muc B.7.2.2 sao cho ndng d6 chit
test dii cao dé lam cho quang ké sol khi vuot qua
0,1%.

Gia tri do dac (cac diém do trong phong) néu vuot
qua 0,01 % thi coi nhu c6 dau hi¢u cua ro ri.

Ké kiém tra xem liéu réng cO sy 10 11 qua cac mbi
nbi kién trac phong, nhitng dudng nirt hoic dudng
ndi, thi quét ro ri-scan xung quanh nhiing vi tri ni,
seal bé mit voi khoang cach khdng xa hon 5 cm, va
tdc o quét nén xap xi khoang 5 cm/s.

Pé kiém tra liéu rang c6 su X&m nhép tai CaC ctra ra
vao, thi ta do nong do trong phong tai khu vuc xung
quanh cac cua tai khoang cédch 0.3 m dén 1 m.

Ghi lai va bao céo tat ca cac gia tri do vuot qua 0,01
% cua thang do may quang ke.

B.8.3 Thiét bi cho viéc kiém tra ro ri phong

B.8.3.1 Ngudn chit test dwgc sian xuit nhan tao,
nhu da dugc mo ta tai muc B.7.5, véi chiing nhéan
hiéu chinh con han;

B.8.3.2 May dém hat tan xa anh sang (LSAPC),
nhu di mo ta trong muc C.8.2. (hoic quang ké,
nhu dugc mo ta tai muc C.8.1) v&i ching nhan hi¢u
chinh con han va kha nang phan biét c¢d hat nho hon
0.5 um hodc nho hon nira.

B.8.4 Ban bao c4o kiém tra ro ri
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By agreement between customer and supplier,
the following information and data should be
recorded as described in Clause 5:

a) type designations of each measuring
apparatus used and its calibration status;

b) data collection technique;
C) measuring point locations;
d) occupancy state(s);

d) result of measurement.

B.9 Electrostatic and ion generator
tests

B.9.1 General

This test consists of two parts. One is the
electrostatic test and the other is the ion
generator (ionizer) test. The purpose of the
electrostatic test is to evaluate the level of
electrostatic charge voltage on work and
product surfaces, and the dissipation rate of
electrostatic voltage of the floor, workbench
top or other cleanroom or clean zone
component. The static-dissipative property is
evaluated by measuring surface resistance and
leakage resistance on the surfaces. The ion
generator test is performed to evaluate the
performance of ion generators by measuring
the discharge time of initially charged
monitors, and by determining the offset
voltage of isolated monitoring plates. The
results of each measurement indicate the
efficiency of eliminating (or neutralizing)
static charges and the imbalance between the
amount of generated positive and negative
ions.

B.9.2 Procedures for electrostatic and ion
generator tests

Thong qua sy thodn thudn gitra khach hang va nha
cung cap, thi ban bao cdo nén ghi lai cac thong tin
dir liéu sau — giong nhu da dugc mo ta tai Clause 5:

a) ma Ky hiéu loai thiét bi do dugc str dung va
trang thai hi€u chinh con han hay khong;

b) ky thuat do dat, ghi dir li¢u;
C) nhitng vi tri diém do dat;
d) thong s phong sach (cap IS0, ...);

d) két qua do dac.
B.9 Kiém tra tinh dién va ion hoa

B.9.1 Téng quan

Viéc kiém tra ndy bao gém hai phan. Mot 13 kiém
tra tinh dién va hai 1a kiém tra ion héa. Muc dich
ctia viéc kiém tra tinh dién la dé danh gia mirc dién
ap tinh di¢n tich tu trén cac bé mat san phém hay
cac bé mat 1am viéc, va téc do xa dién ap cua san,
phia trén ban ghé lam viéc hodc cac thanh phan
kh&c ctia phong sach hodc ving sach. Tinh chat xa
tinh dién dugc danh gia bang phép do dién tro trén
bé mit va dién tré thoat trén bé mit. Viéc kiém tra
ion hoa duoc thyc hién nham dé danh gia hiéu suat
cua viéc ion hoa thong qua phép do thoi gian xa
dién cua tAm gidm st nap tinh dién ban dau va xac
dinh dién 4p bu cic tAm giam sat c¢o 1ap. Cac két
qua ciia mdi phép do cho biét hiéu qua cua viéc loai
bo (hoac trung hoa) cac dién tich tinh di¢n va sy
mat can bang gitra lugng ion &m va duwong dugc tao
ra.

B.9.2 Quy trinh kiém tra tinh dién va ion hoa

79

https://thaiguang.com.vn/



https://thaiquang.com.vn/

B.9.2.1 Procedure for electrostatic test

B.9.2.1.1 Measurement of surface voltage
level

The presence of positive or negative
electrostatic charges on work and product
surfaces is measured using an electrostatic
voltmeter or fieldmeter.

Adjust output of the electrostatic voltmeter or
fieldmeter to zero by presenting the probe to
face a grounded metal plate. The probe should
be held such that the sensing aperture is
parallel to the plate at a distance according to
the manufacturer's instructions. The metal
plate utilized for the zero adjustment should be
of sufficient surface area for the required
probe aperture size and proper probe-to-
surface spacing.

To measure the surface voltage, place and hold
the probe near the object surface whose charge
is to be measured. The probe should be held in
the same manner as for the zero adjustment.
For a valid measurement, the surface area of
an object should be sufficiently large,
compared with the probe aperture size and
probe-to-surface spacing.

Record the readout of the -electrostatic
voltmeter.

The measuring point or object selected for
measurement should be determined by
agreement between the customer and supplier.
static-

B.9.2.1.2 Measurement of the

dissipative property

The static-dissipative property is evaluated by
measuring surface resistance (resistance
between different positions on the surface) and
the leakage resistance (resistance between the

B.9.2.1 Quy trinh kiém tra tinh dién

B.9.2.1.1 Phép do mitc dién ap bé miit

Su hién dién cta cac dién tich tinh dién duong hoac
am trén bé mat san pham va bé mat lam vi¢c duogc
do bang von ke hodc dong ho do tinh dién.

Diéu chinh dau ra ciia von ké hoic dong hd do tinh
dién vé 0 bang cach dwa dau do d6i dién voi mot
tam kim loai dugc nbi dat. Pau do phai duoc giir
sao cho cam bién song song v&i tAm va hd mot
khoéang céch theo hudng dan cia nha san xuat. TAm
kim loai duoc str dung dé diéu chinh vé mirc 0 phai
c6 du dién tich bé mat phu hop yéu cau kich thuée
khau d6 dau do va khoang cach giira dau do voi bé
mat thich hop.

Pé do dién 4p bé mat, dat va giir dau do gan bé mat
vat thé can do dién tich. Pau do phai duoc giir theo
cach twong tu nhu d6i voi lac diéu chinh dau ra
bang 0. B¢ c6 phép do hop 18, dién tich bé mat cia
vat thé phai du 16n, trong thich véi kich thudc khau
d6 dau do va khoang cach giira dau do véi bé mit.

Ghi lai s6 doc cua von ké tinh dién.

Piém do hodc ddi tuong duogc chon dé do phai duoc
xac dinh theo thoa thuén gitra khach hang va nha
cung cap.

B.9.2.1.2 Phép do tinh chit xa tinh di¢n

Tinh chét x4 tinh dién duoc danh gia bang cach do
dién tré bé mat (dién trd gitra cac vi tri khac nhau
trén bé mat) va dién tro thoét (dién tro gitta bé mat
va dat). Céac gia tri nay duoc do bang may do dién
tré cao.
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surface and ground). These values are
measured using a high-resistance meter.

Surface or leakage resistance is measured
using electrodes that have appropriate weight
and dimentions. These electrodes should be set
at the correct distance from the surface during
the measurement of surface resistance.

Specific details of the test conditions should be
agreed between customer and supplier.

B.9.2.2 Procedure for ion generator test
B.9.2.2.1 General

The purpose of this test is to evaluate
performance of bipolar ion generators. The
test consists of measurements of both
discharge time and offset voltage. The
measurement of discharge time is performed
to evaluate the efficiency of eliminating static
charges using ion generators. Measurement of
offset voltage is performed to evaluate
imbalance of positive and negative ions in the
ionized airflow from ion generators. An
imbalance of ions can result in undesirable
residual voltage.

These measurements are performed using
conductive monitoring plates, an electrostatic
voltmeter, and a timer and power source.
(Sometimes apparatus consisting of those
parts is known as a charged plate monitor.)

B.9.2.2.2 Measurement of discharge time

This measurement is performed using
monitoring plates that are (isolated conductive
plates) of known capacitance (e.g. 20 pF).
Initially the monitoring plate is charged to a
known positive or negative voltage from a
power source.

Dién tré bé mit hodc dién trd thoat duge do béng
cach st dung céc dién cuc co trong lugng va kich
thude thich hop. Cac dién cuc nay nén dugc dat &
khoang céch chinh xéc so voi bé mat trong qua trinh
do dién tré bé mit.

Céc chi tiét cy thé vé diéu kién kiém tra thir nghiém
phai dugc thoa thuan gitra khach hang va nha cung
cap.

B.9.2.2 Quy trinh kiém tra tao ion
B.9.2.2.1 Téng quan

Muc dich cta viéc kiém tra thir nghiém nay la dé
danh gia hi¢u suét tao ion ludng cuc. Thir nghiém
bao gom cac phép do ctia ca thoi gian phong dién
va dién ap bu. Phép do thoi gian phong dién duoc
thuc hién dé danh gia hiéu qua loai bo céc dién tich
tinh bﬁng may phat ion. Po dién 4p bu dugc thuc
hién dé danh gid sy mAt c&n bang ctia cac ion duong
va am trong luong khong khi ion hoa tir may phat
jon. Sy mét can bang cua cac ion co thé dan dén
dién ap du khong mong mubn.

Cac phép do nay dugc thyuc hién bang céch sir dung
cac tAm giam sat dan dién, mot von ké tinh dién,
mot bd dém thoi gian va nguon dién. (Poi khi thiét
bi bao gdm céac bd phan d6 duoc goi 1a man hinh
tich dién.)

B.9.2.2.2 Do dat thai gian phong dién

Phép do dat nay dugc thuc hién bang cach sir dung
cac tim giam sat (tim dan dién cach ly) co dién
dung da biét (vi du: 20 pF). Ban dau tim giam sat
duoc sac cho mot dién ap duong hodc &m da biét tir
ngudn dién.
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The change of static charge on the plate is
measured while exposing the plate to the
airflow that is ionized by the bipolar ion
generators being evaluated. The change in
plate voltage over time should be measured
using an electrostatic voltmeter and a timer.

Discharge time is defined as the time that is
necessary for the static voltage on the plate to
be reduced to 10 % of the initial voltage
condition.

Discharge time should be measured for both
negative and positive charged plates.

Test point locations and results for acceptance
criteria should be agreed between customer
and supplier.

B.9.2.2.3 Measurement of offset voltage

Offset voltage is measured using a charged
plate monitor mounted on an isolator. The
charge on the isolated plate is monitored by an
electrostatic voltmeter.

Initially, the plate should be grounded to
remove any residual charge, and it should be
confirmed that voltage on the plate is zero.

The offset voltage is measured by exposing the
plate to the ionized airflow until the voltmeter
readout becomes stable.

The acceptable offset voltage of an ion
generator depends upon the electrostatic
charge sensitivity of objects in the work area.
The acceptable offset voltage should be
determined by agreement between customer
and supplier.

B.9.3 Apparatus for electrostatic and ion
generator tests

Sy thay doi cua dién tich tinh dién trén tim duoc do
trong khi tAm tiép xtc voi ludng khong khi bi ion
hoa boi bo tao ion ludng cuc dang dugc danh gia.
Do sy thay doi dién &p cta tim theo thoi gian bang
von ké tinh dién va bo dém thoi gian.

Thoi gian phong dién dugc dinh nghia 1a thoi gian
can thict dé dién ap tinh dién trén tam giam sat giam
xuong 10% so voi dién ap ban dau.

Thoi gian phong dién nén duge do trong ca hai
treong hop tam tich dién am va duong.

Céc vi tri do va cac két qua dugc xem 1a dat nén
dugc dong y thda thudn gilra khach hang va nha
cung cap.

B.9.2.2.3 Po dién &p bu

Pién 4p bu dugc do bang man hinh tich dién gin
trén bo cach ly. Dién tich trén tam cd 1ap dugc theo
doi bang von ké tinh dién.

Ban dau, tim nén duoc ndi dat dé loai b phan dién
tich con lai, va can xac nhan rang dién ap trén tam
bang khong.

Dién ap bu duge do bang cach dé tam tiép xuc voi
luong khong khi ion hda cho dén khi chi s6 von ké
tré nén On dinh.

Dién 4p bu dugc chép nhén cua viéc ion hoa phu
thudc vao do nhay dién tich ctua céc vat thé trong
khu vire 1am viéc. Pién ap bl duoc chip nhan phai
duoc xac dinh theo thda thuan gitra khach hang va
nha cung cap.

B.9.3 CAc thiét bi do tinh dién va ion hoa
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B.9.3.1 Electrostatic ~ voltmeter  or
electrostatic field meter, for measurement of
the surface electrostatic voltage level for the
electrostatic test;

B.9.3.2 High resistance ohm meter, for
measurement of the static-dissipative property
for electrostatic test;

B.9.3.3  electrostatic  voltmeter, or
electrostatic field meter and conductive
monitoring plate, or charged plate monitor
for the ion generator test.

This apparatus is described in C.10. The
apparatus should have a valid calibration
certificate.

B.9.4 Test reports

By agreement between customer and supplier,
the fallowing information and data should be
recorded as described in Clause 5:

a) type of tests and measurements, and
measuring conditions;

b) type designations of each measuring
apparatus used and its calibration status;

c) temperature, humidity and other
environmental data if relevant;

d) measuring point locations;
e) occupancy state(s);
f) result of measurement;

9) other data relevant for measurement.

B.9.3.1 may do dién ap tinh dién hoic may do
truwong tinh dién, dung cho phép do muc dién ap
tinh di¢n bé mat trong viéc kiém tra tinh dién;

B.9.3.2 may do ohm tré khang cao, dung cho
phép do tinh chat xa tinh dién trong viéc ki€ém tra
tinh dién;

B.9.3.3 may do dién ap tinh dién, hodc may do
truong dién tir va tam giam sat dan dién,

hoac tam tich dién gidm sat dung cho viéc kiém tra
ion hoa.

Nhirng thiét bi nay dugc mo ta trong C.10. Nhimng
thiét bi can c¢6 chirng nhan hi€u chinh con han.
B.9.4 B4o céo thir nghiém

Théng qua thoa thuan giita khach hang va nha cung
cap, nhirng dir li€u va thong tin sau nén dugc ghi

lai nhu da duogc mo ta tai Clause 5:

a) kiéu kiém tra thir nghiém va kiéu phép do dat,
cac diéu kién do dat;

b) ma Ky hiéu c4c thiét bi do duoc sir dung va trang
thai hiéu chinh cua cac thiét bi;

¢) nhiét do, dd6 am va cac thdng sé dir liéu moi
truong khac néu lién quan;

d) céc vi tri do;
e) trang thai khu vuc sach (hoan céng, ...);
f) két qua do;

g) cac dir liéu khac lién quan dén phép do dat.

83

https://thaiguang.com.vn/



https://thaiquang.com.vn/

B. 10 Particle deposition test
B. 10.1 General

This test describes procedures and apparatus
for measuring the particle deposition of
particles that deposit from the air onto product
or other critical work surface in a cleanroom
or clean zone. The number of particles that
deposit onto a given test surface area such as a
witness plate, in a given time, are sized and
counted using optical microscopes, electron
microscopes, surface scanning apparatus, or
real-time particle deposition rate detection
device to obtain the particle deposition rate
data. Particle deposition rate data should be
reported in terms of mass, particle area or
number of particles per unit surface area per
unit of time.

B.10.2 Procedure for particle deposition
test

B.10.2.1 Collection of particles on witness
plates

The witness plate, which should be at the same
electrical potential as the test surface, is placed
in the same plane, and adjacent to the at-risk
surface during the operational state. The at-
risk surface is at the location of interest. The
following procedures and methods should be
followed when manipulating and collecting
particles on witness plates or another test
surface:

a) verify that all cleanroom ventilation
systems are functioning correctly, in
accordance with operational requirements;

b) identify each witness plate and clean to
reduce the surface particle concentration to the
lowest possible level. Determine the
background concentration of particles on each
witness plate before exposure;

B. 10 Kiém tra ling dong hat
B.10.1 Téng quan

Viéc kiém tra thir nghiém ndy mo ta cac quy trinh
va thiét bi dé do dat su léng dong cua cac hat tu
khong khi 18n san pham hoidc bé mat 1am viéc quan
trong khac trong phong sach hodc vung sach. Sb
lugng cac hat lang dong trén mot dién tich bé mat
thir nghiém nhat dinh nhu tim mo phong, trong mot
thoi gian nhit dinh, dugc dinh kich thudc va dém
bang kinh hién vi quang hoc, kinh hién vi dién tu,
thiét bi quét bé mat hodc thiét bi phéat hién murc lang
dong hat trong thoi gian thyc dé thu duogc dir lidu
murc le'ing dong hat. Dt liéu tbe do léng dong cua
hat nén duoc bao cao vé khéi luong, dién tich hat
hodc s lugng hat trén mdt don vi dién tich bé mat
trong mot don vi thoi gian.

B.10.2 Quy trinh kiém tra ling dong hat
B.10.2.1 Thu thap hat trén tam mo phéng

Tam mo phong phai c6 cung dién thé véi bé mat
thir nghiém, dugc dit trén cung mot mat phfmg va
tiép giap voi bé mit rui ro trong trang thai hoat
dong. Bé mat rui ro 1a cac bé mit tai cac vi tri ma
ching ta quan tdm. Céc quy trinh va phuong phap
sau day nén dugc tuan thu khi thao tac va thu thap
c4c hat trén tim mo phong hodc bé mat thir nghiém
khéc:

a) x4c minh rang tit ca cac hé thong thdng gio trong
phong sach dang hoat dong chinh xac, phu hop vai
cac y€u cau van hanh;

b) Xac dinh timg tam mo phong va lam sach dé giam
noéng do hat bé mat xudng muc thap nhat co thé.
Xac dinh nong dd nén cua cac hat trén moi tim mo
phong trude khi tiép xiic;
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C) maintain 10 % of the witness plates as
controls. These should be handled in exactly
the same manner as the test witness plates;

d) transport all witness plates to the test
locations in such a manner as to prevent
particle contamination from the air or by
surface contact;

e) expose the test witness plate adjacent
to an at-risk surface in the cleanroom, such as
where the product is exposed to airborne
contamination;

f) determine the time intervals for
exposure of the test witness plates based upon
the cleanroom air cleanliness and the particle
counting apparatus. The exposure time should
be from approximately one hour to the length
of time necessary to obtain sufficient particle
deposition to provide statistically valid data;

9) expose the witness plates during the
operational state; it may be necessary to
expose them during several manufacturing
sessions to ensure that the plates are not used
in unoccupied clean conditions where no
product is exposed;

h) cover and collect the exposed witness
plates after exposure and store in closed
containers to  protect from  further
contamination.

B.10.2.2 Counting and sizing collected
particles

Counting and sizing of particles collected on
test surfaces should be carried out to obtain
reproducible data that can be used to
determine the cleanliness of the location being
tested.

c) duy tri 10% s tdm mo phong lam ddi chung.
Ching phai dugc xu |y theo cach giong hét nhu cac
tam mo phong thur nghiém;

d) van chuyén tat ca cac tim mo phong dén vi tri
thir nghiém sao cho ngédn ngura sy nhiém ban hat tr
khong khi hoac do tiép xtc bé mat;

e) dé tim mo phong thir nghiém tiép giap v6i bé
mat rui ro trong phong sach, chang han nhu noi san
pham tiép xtic voi ngudn 6 nhiém trong khong khi;

f) x4c dinh khoang thoi gian tiép xtc ciia cac tim
mod phong thtr nghiém dua trén dd sach cua khong
khi trong phong sach va thiét bi dém hat. Thoi gian
tiép x(c phai tir khoang mot gid hodc kéo dai thém
néu can thiét dé c6 du luong hat lang dong cung cap
dir liéu c6 gia tri phuc vu théng ké;

g) dé 16 cac tim mo phong trong khi phong sach
dang trong trang thai hoat dong; co thé can phai
phoi ching trong mot vai lan san xuat dé dam bao
rang cic tam khong dugc str dung trong diéu kién
sach s& khong c6 nguoi sur dung, noi khong co san
pham nao duoc tiép xUc;

h) day kin va thu thap cac tim mo phong da phoi
nhiem hat va bao quan trong cac vat chira déng kin
dé tranh bi nhiém ban thém.

B.10.2.2 Pém va dinh c& c4c hat thu thap

Nén thyc hién viéc dém va dinh ¢ cac hat thu thap
trén bé mat thir nghiém dé thu duoc dit liéu sir dung
trong viéc xac dinh do sach cua vi tri dugc thu
nghiém.
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When using a witness plate, the number of
particles and their sizes can be determined by
one of the following means:

a) optical light microscope with a
calibrated linear or circular graticulate;

b) electron microscope with a calibrated
grating with known line spacing;

c) surface scanner using size calibration
information supplied by the manufacturer.

When using a witness plate, the PDR can be
calculated as follows:

a) count and size the particles on the
measurement area of the witness plates,
including the control plates and categorize
them in appropriate particle size ranges, based
on the cumulative particle diameters;

b) subtract the values of the initial
cleanliness of the witness plate from each test
result;

c) calculate the net concentration in a
given unit of measurement of surface area, and
calculate the number that will deposit in a
given time. When appropriate measurement
units are used, this calculation yields a PDR in
terms of the number of particles deposited per
square metre per second.

Where multiple test results are obtained,
record the mean PDR value at each location
and, if appropriate, its standard deviation.

B.10.3 Apparatus for particle deposition
test

Various apparatus may be used for counting
and sizing particles that have settled onto a test
surface. These fall into the following
categories:

Khi st dung tim mé phong, s6 luong cac hat va
kich thuéc cua chung ¢ thé dugc xac dinh bang
mot trong cac phuong ti¢n sau:

a) kinh hién vi 4nh sang quang hoc véi hiéu chinh
tuyén tinh hodc van tron;

b) kinh hién vi dién tir v6i cach tor dd dwoc hiéu
chuan véi khoang cach dong da biét;

C) may quét bé mit sir dung thong tin hiéu chuan
kich thudc do nha san xuit cung cap.

Khi sir dung tim mo phong, PDR c6 thé duoc tinh
nhu sau:

a) dém va dinh c& cac hat trén ving do cua cac tAim
mo phong, bao gém ca cac tim mé phong d6i
chirng va phén loai ching trong cac dai c& hat thich
hop, dya trén dudng kinh hat tich lly;

b) 14y két qua thir nghiém trir di gié tri do sach ban
dau cua tam mo phong;

¢) tinh toan ndng do thuc trén mot don vi dién tich
bé mit nhat dinh, va tinh s6 lugng ling dong trong
mot thoi gian nhat dinh. Khi cac don vi do luong
thich hop duoc st dung thi phép tinh nay s& cho ra
PDR vo6i don vi 1a s6 lugng cac hat ling dong trén
mot mét vudng mdi gidy.

Khi thu duogc nhiéu két qua thir nghiém tai mot vi
tri thi ghi lai gid tri PDR trung binh va 4 léch
chuan cta no6 n€u can.

B.10.3 CAc thiét bi kiém tra ling dong hat

C6 thé sir dung nhiéu thiét bi khac nhau dé dém va
dinh c& cac hat da lang dong trén bé mat thu
nghiém. Ching roi vao cac loai sau:
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a) light microscopes (particles larger than
or equal to 2 um);

b) electron microscopes (particles larger
than or equal to 0,02 pm);

C) wafer surface scanner (particles larger
than or equal to 0,01 pm);

d) PDR detection device (particles larger
or equal to 5 pm);

e) real-time PDR measurement device
(particles larger than 15 pum).

When choosing the counting and sizing
apparatus, consideration should be given to the
suitability to detect particles in the relevant
size range. Other factors to be considered
include the time required for sample collection
and analysis. The apparatus used should have
a valid calibration certificate.

B.10.4 Determination of sampling time and
surface area

The lower the PDR, the larger the required
exposed surface area, A, and exposure time, T.
The product of A x T should be large enough
to allow accurate determination of the PDR. A
value of 20 is suggested for use with the
largest particle of interest [see Formula

(B.15)]:
AXxT>20 (B.15)
Where

A is the area of exposed surface;

T is exposure time.

a) kinh hién vi 4nh sang (cac hat 16n hon hoic bang
2 pm);

b) kinh hién vi dién tir (cac hat 16n hon hodc bang
0,02 pm);

C) may quét bé mat wafer (cac hat 16n hon hodc
bang 0,01 um);

d) Thiét bi phat hién PDR (c4c hat 1én hon hodc
bang 5 um);

e) thiét bi do PDR thoi gian thuc (cac hat 16n hon
15 um).

Khi Iya chon thiét bj dém va dinh ¢, can xem xét
chon thiét bj phil hop dé phat hién cAc hat trong dai
kich thudc lién quan. Cac yéu t6 khac can duoc
xem xét bao gdm thoi gian can thiét dé thu thap va
phan tich mau. Thiét bi duoc str dung phai ¢6 chimg
nhén hiéu chuan con han.

B.10.4 Xac dinh thoi gian ldy miu va dién tich
bé mat

PDR cang thap, dién tich bé mit tiép xtic can thiét
A va thoi gian phoi séng T cang 16n. Tich sb cia A
X T phai dii 16n dé co6 thé xac dinh chinh xac PDR.
Pé xuit st dung gid tri 20 dbi v6i hat quan tam (hat
lang dong) 16n nhat [xem Formula (B.15)]:

AxT>20 (B.15)
Trong do:
A dién tich bé mat tiép xuc;
T 14 thoi gian tiép x(c.
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B.10.5 Test reports

By agreement between customer and supplier,
the following information and data should he
recorded:

a) type of tests and measurements,
measuring conditions; and occupancy state;

b) type designations of each measuring
apparatus used and its calibration status;

c) measuring point locations;

d) result of measurement.

B.11 Segregation test

B. 11.1 General

This test describes the procedures and
apparatus required for assessment of the
protective effect of a specific segregating
airflow. Testing can be either across a
doorway or across the perimeter of an area
with a higher classification or a specific
purpose different than the surrounding area.
The test is performed by generating an
airborne aerosol in the lesser classified area,
measuring this as the reference concentration
and counting the particle concentration just
across the perimeter in the protected area. The
test can be performed at various selected
locations along the perimeter under
assessment.

This test should be preceded by a classification
of air by particles test in the surroundings as
well as the protected area to determine the
baseline particle concentration level. The
challenging particle concentration should be
of sufficient level to be able to assess the
protection factor.

B.10.5 Béo cao thir nghiém

Thong qua thoa thuén gitra khach hang va nha cung
cap, nhitng thong tin dir liéu dudi day nén duogc ghi
lai:

a) kiéu kiém tra va kiéu cac phép do, cac diéu kién
do dat; trang thai khu vuyc sach;

b) mi ky hiéu cua mdi thiét bi duoc sir dung va
trang thai hiéu chinh cuia céc thiét bi do;

C) cac vi tri do;
d) két qua do.
B.11 Kiém tra ngin cach

B.11.1 Téng quan

Viéc kiém tra thir nghiém ndy mo ta cic quy trinh
va thiét bi can thiét dé danh gié tac dung bao vé céac
ludng khéng khi riéng biét cu thé. Viéc kiém tra co
thé thuc hién qua 0 cua hodc qua chu vi cua khu
vuc c6 phan loai cép d6 sach cao hon hay khu vuc
¢6 muc dich cu thé khac voi khu vuc xung quanh.
Thir nghiém dugc thuc hién bz‘ing cach tao ra mot
lugng sol khi test trong khu vue dugc phan loai thap
hon va do néng d6 chuan, sau d6 dém néng do hat
trén chu vi thudc khu vue dugc bao vé (hay khu vue
co cép dd sach cao hon). Thur nghiém c6 thé duoc
thuc hién tai cac dia diém khac nhau dugc lua chon
doc theo chu vi khu vuc dang danh gia.

Trudce khi thue hién viéc kiém tra thi nghiém ngan
céch thi ching ta can phai phan loai khéng khi bang
viéc kiém tra néng d6 hat ctua khu vue xung quanh
cling nhu 1a khu vuc can bao vé (khu vyc co cép
sach cao hon). Nong do hat ding dé test phai du cao
dé cd thé danh gia duoc hiéu qua ngin cach hay yéu
t6 bao vé khu vuc duoc ngan cach.
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NOTE Airflow direction test and visualization
can be performed to identify the perimeter of
the protected area.

B.11.2 Procedure
reference

B.11.2.1 Generation of
concentration

To challenge the protective airflow in the
surroundings, a sufficient number of particles
should be generated. Recommended test
aerosol particles are described in C.5.3. The
mean particle size should be 0.5 pm and
greater unless an alternative size is agreed
between customer and supplier.

In order to be sufficient, the following should
be considered:

a) verify that all cleanroom systems are
functioning correctly, in accordance with an
agreed occupancy state;

b) to  establish  the  challenging
concentration, the protective effect to be
verified should be used to calculate the
number of challenging particles based on the
anticipated particle concentration within the
protected zone. This anticipated concentration
should at least be 10 times the baseline count
in the point to be verified.

B.11.2.2 Equipment geometry

Test equipment geometry should be
determined. The probe(s) in the protected area
should not be more than 0,1 m from the
determined air barrier. The challenge
concentration probe in the lesser classified
area should not be more than 1 m from the
determined air barrier (between aerosol
generator and air barrier). The aerosol
generator should be positioned approximately

Ghi chi: C6 thé thyc hién viéc kiém tra huéng
luong khéng khi va truc quan luong khi dé x&c dinh
chu vi cia khu vuc duoc bao vé.

B.11.2 Quy trinh

B.11.2.1 Tao néng d¢ hat tham khao

Dé kiém tra thir nghiém dong khi dugc bao vé khoi
moi truong xung quanh thi can phai tao ra du sd
lugng hat. Bé xuat vé hat sol khi thir nghiém duogc
mo ta trong muc C.5.3. Kich thude hat trung binh
nén chon 0.5 um hoic 16n hon, hodc c6 thé chon
kich thudc khac tuy thudc thda thuan gitra khach
hang va nha cung cap.

Pé tao ranong do can thiét, can xem xét nhitng diéu
Sau.

a) xac minh rang tit ca cac hé théng phong sach
dang hoat dong chinh xac, phu hgp véi trang thai
khu vuc sach da théa thuan trudc;

b) dé thiét lap ndng do thir thach, hiéu qua bao vé
ngin cach duge xac dinh nén duogc str dung dé tinh
toan sb lwong hat thir thach dira trén ndng d6 hat dy
doan trong viing duoc bao vé. Nong do du doan nay
it nhét phai gap 10 lan sd lwong nén (tirc nong do
hién tai ctia ving sach) tai diém can xac minh.

B.11.2.2 Hinh dang thiét bi

Hinh dang thiét bi thir nghiém can dugc xac dinh.
cac dau do trong khu vuc duoc bao vé khdng duoc
céch hang rao khong khi qua 0,1 m. Pau do nong
d6 hat thir thach trong khu vire dugc phan loai thap
hon khong dugc cach hang rao khong khi (gitra
may tao aerosol va mang chin khong khi) qua 1 m.
May tao sol khi nén duoc dit cach dau do ndng 4o
thir thach khoang 1 m dén 1,5 m.
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1 mto 1,5 m from the challenge concentration
probe.

NOTE The number of locations where the
protected effect is determined depends of the
perimeter, the form of the protected area and
agreement between the customer and supplier.

B.11.2.3 Procedure of measurement

a) The sample times should be
determined based on 1S0-14644-1:2015,
A44.

b) Begin the generation of particles in the
lesser classified side of the air barrier assuring
that the momentum of the challenge leaving
the test apparatus does not overpower the air
barrier.

c) Record particle concentration in the
lesser classified area at each probe(s). A
minimum of three 1-minute measurements
should be taken.

NOTE A dilution device can be required when
measuring the high concentration.

d) record the particle concentration in the
protected area at each probe(s). A minimum of
three 1-minute measurements should be taken.

B.11.2.4 Calculating the protection index

The protection index is calculated with
Formula (B.16):

05 =—log (B.16)
(O/Da0n)
Where

Uonn is the reference particle concentration,
expressed in p/ms, for particles > 0,5 pm
(challenge concentration) of the nearest
reference particle counter, (guidance value: >

5 x 105/ms).

Ghi chi: SO lwong vi tri xac dinh hiéu qua bao vé
phu thudc vao chu vi, hinh thirc cua khu vuc dugc
bao vé va thoa thuan gitra khach hang va nha cung
cap.

B.11.2.3 Quy trinh do dat

a) thoi gian 14y mau nén dugc xac dinh dua
vao tiéu chuan ISO-14644-1:2015, A.4.4.

b) bt dau tao hat bén trong ving c6 cip do
sach thap hon ctia hang rao khong khi (ngin cach
khu vuc can bao v¢) dam bdo dong lugng cua cac
hat dugc tao ra khéng vuot qua dwoc hang rao
khéng khi.

C) Ghi 1;,1i noéng dod 112_1'[ trong khu vuc dugc
phan loai thap hon tai moi dau do. Nén thuc hién

t6i thiéu ba phép do trong 1 phit.

Ghi chi: khi do dugc ndng do cao thi can nhéc dung
thiét bi pha loang.

d) ghi lai ndng do hat trong khu vue dugce bao
vé tai moi dau do. Nén thyc hién t6i thi€u ba lan do
trrong 1 phut.

B.11.2.4 Tinh toan chi s6 bao vé

Chi s6 bao vé dugc tinh toan theo Formula (B.16):

05 =-log (B.16)

((EZEEES)!
Trong do:

[J--0 1a ndng @6 hat tham khao, dugc tinh bang
s6 hat/ms, d6i v&i hat > 0.5 um (ndéng do thu
thach) cia may dém hat tham chiéu gin nhat,
(gié tri tu van: > 5 x 108/m3).

o la péng do hat trung binh tai diém do x, tinh
bang s6 hat/m3, 61 voi hat 0.5 um;
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Tl is the average particle concentration at
measuring point x, expressed in p/ms, for
particles 0,5 um;

(101 is the protection index;

B.11.3 Test reports

By agreement between the customer and
supplier, the following information and data
should be recorded as described in Clause 5:
a) designation of the type of each
measuring apparatus used and its calibration
status;

b) data collection technique;

C) measuring point locations;

d) occupancy state(s);

e) result of measurement.

(1001 1a chi s6 bao vé;

B.11.3 B4o cdo thir nghiém

Thong qua thoa thuén gitra khach hang va nha cung
cap, nhirng thong tin dir liéu dudi day nén dugc ghi

lai gibng nhu d3 mo ta trong Clause 5:

a) ma ky hiéu cua céc thiét bi dugc sir dung va
trang thai hiéu chinh thiét bi;

b) k¥ thuat thu thap dir liéu;
c) cac vi tri diém do;

d) cac trang thai khu vuce sach (nghi, van hanh,

e) Két qua do.
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Annex C (informative)
Test apparatus

C.1 General

Annex C describes the measuring apparatus
that should be used for the recommended tests
given in this document.

Data given in Tables C.1 to C.9 indicate the
minimum necessary requirements for each
item of apparatus. Items are listed and
numbered to correspond with Annex B. Those
responsible for planning tests can refer to
Annex C for the selection of test apparatus and
to for a checklist of recommended tests of an
installation and the sequence in which to carry
them out. Measuring apparatus should be
chosen subject to agreement between the
customer and supplier.

This annex does not prevent the use of
improved apparatus as it becomes available.
Alternative test apparatus can be appropriate
and may be used subject to agreement between
customer and supplier.

Test apparatus should be selected with
measurement limits and range that are
appropriate for its application. The apparatus
should also be calibrated with calibration
points covering the range of its intended use.
All test apparatus sensitivity (3.1.7) should be
1.

Minimum requirements for test apparatus are
given in this annex with a requirement
specified for maximum permissible error.
Below is an explanation of how the maximum
permissible error for an air velocity meter can
be estimated.

Phu ll.lc C (cung cap thong tin)
Thiét bi test

C.1 Téng quan

Pl}u luc C md ta cac thiét bi do nén duge st dung
dé do dat theo c&c phuong phap dua ra trong tai liéu
nay.

Dit liéu da dua ra trong Tables C.1 dén C.9 chi dinh
nhitng yéu cau t6i thiéu cho mdi myc thong so cia
cac thiét bi. Nhiing muc nay dugc liét ké va danh
s6 twong tmg véi phu luc Annex B. Nhitng nguoi
chiu trach nhiém lap ké hoach thir nghiém co thé
tham khao Annex C vé viéc lua chon thiét bi thir
nghiém va danh sach kiém tra cac thir nghiém
khuyén nghi cta viéc lap dat va trinh ty thuc hién
chung. Thiét bi do phai duogc Iya chon theo thoa
thuan gitta khach hang va nha cung cap.

Phu luc nay cho phép viéc sir dung thiét bi duoc cai
tién néu c6. Thiét bi thir nghiém thay thé thich hop
6 thé duge su dung phu thudc vao su déng v thoa
thuan gitta khach hang va nha cung cap.

Thiét bi do dat kiém tra phai duoc lya chon véi cac
gidi han va dai do phu hop vé6i Gmg dung. Thiét bi
ciing phai duoc hiéu chinh sao cho cac diém hiéu
chinh bao dugc pham vi muc dich st dung. Tat ca
d6 nhay cua thiét bi thir nghiém (3.1.7) phai la 1.

Nhing yéu cAu tbi thiéu vé thiét bi do dat dugc néu
trong phu luc nay, bao gdm quy dinh vé sai s6 cho
phép 16n nhat. Duéi day la giai thich vé cach wdc
tinh sai s6 t6i da cho phép dbi véi may do toc do
khong khi.
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There are at least three contributions to the
maximum permissible error:

- the expanded calibration uncertainty (given
in the calibration certificate);

- the sum of the random errors' absolute values
(after correcting for systematic errors, random
error 2?1 still remain. Each of these give rise to
variations in repeated observations of the
quantity to be measured);

- yearly drift.

For the purpose of this example, the expanded
calibration uncertainly has been given as 0,025
m/s; the sum of the random errors is 0,03 m/s
and the yearly drift is 0,005 m/s.

Adding these three contributions gives 0,06
m/s. Assuming the errors are symmetric
around 0, this gives the values for the limits of
error (maximum permissible errors) of + 0,06
m/s.

NOTE This value of 0,06 m/s is not an
uncertainty. Instead, the limits of error indicate
the interval inside which the measurement
error is permitted to be 21,

C.2 Air pressure difference test
C.2.1 General
The minimum requirements for the air

pressure difference test apparatus are given in
Table C.1.

Co it nhit ba yéu t6 tac dong dén sai sd téi da cho

phép:

- hiéu chuan mé rong khong chic chin, khong xac
dinh (duoc néu trong chung chi hi¢u chinh);

- tong cac gia trj tuyét ddi cua sai s6 ngiu nhién
(sau khi hiéu chinh céc sai s hé thong, sai s6 ngiu
nhién % van con. Méi gi4 tri nay lam phat sinh su
thay d6i trong cac quan sat lip lai cua dai luong
duoc do);

- sai s6 theo thoi gian — d6 troi hang nam.

Vi du hiéu chuan mé rong khong QhéCNChén duoc
dua ra 1a 0,025 m/s; tong cac sai sO ngau nhién la
0,03 m/s va do tr6i hang nam 1a 0,005 m/s.

Cong ba yéu td trén ta dugc 0,06 m/s. Gia st cac
sai sO 1a dbi xing xung quanh 0, tir day suy ra gia
tri giéi han sai so (sai sd 16n nhat cho phép) la +
0,06 m/s.

Ghi cha: Gia tri 0,06 m/s nay khong phai la do
khong dam bao do. Thay vao do, cac gidi han cua
sai sb chi ra khoang bén trong sai s6 phép do dugc
chap thuan theo tai liéu [,

C.2 Kiém tra chénh ap
C.2.1 Téng quan
Nhitng yéu cau tbi thiéu vé thiét bi phuc vu kiém

tra chénh &p khong khi dugc dua ra trong Table
Cl
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Table C.1 - Air pressure difference test apparatus

(Cac thiét bi kiém tra chénh ap khong khi)

Item Minimum requirements
Muc Nhirng yéu ciu tbi thiéu
Measuring limits N/A
Gi6i han phép do Khong cé
Resolution 0,5 Pa (0 Pa-49,9 Pa)
Do phan giai 1,0 Pa (250 pa)

Maximum permissible error
Sai s6 to1 da cho phép

The greater of 2 Pa or 5 % of reading

(Mechanical gauges can be used for continuous monitoring
reference but not for testing due to potential errors)

Lén hon 2 Pa hodc 5% sb doc

(Pdng hd co cd thé duoc sir dung dé tham khao trong viéc giam
sat lién tuc nhung khong nén ding dé kiém tra thir nghiém do

cac 10i tiém an)

C.2.2 Electronic manometer, to display or
output the value of the air pressure difference
between a cleanroom or clean zone and its
surroundings by detecting the change of
electrostatic capacitance or electronic resistance
due to the displacement of a diaphragm.

C.2.3 Inclined manometer, to measure the air
pressure difference between two points, by
detecting with the eye amplitude inclined scales
which indicate the small pressure head (height) in
a gauge tube filled with liquid such as water or
alcohol. Care shall be taken when using this type
of measuring device. It should be level and used
in a fixed position.

C.2.4 Mechanical differential pressure gauge,
to measure the air pressure difference between
two areas by detecting the movement distance of
a needle connected with a mechanical gear or
magnetic linkage to the displacement of a
diaphragm. Care shall be taken when using this
type of measuring device. It should be level and
used in a fixed position.

C.2.2 Ap ké dién tir, dé hién thi hodc xuat gia tri
chénh 1&ch &p suat khdng khi gitra phong sach hozc
ving sach va méi truong xung quanh bang cich
phét hién su thay doi cta dién dung tinh dién hoic
dién tro do su dich chuyén cua diapham.

C.2.3 Ap ké nghiéng, dé do chénh léch ap suét
khong khi gitra hai diém, bang cach quan sat thang
do1a o ong chtra day chit 16ng nhu nuée hodc con,
hai dau dugc ndi véi hai vi tri do, hai vi tri nay tac
dong Ién chét long trong dng gay nén sw chénh léch
cOt ap tuong ung. Phai can than khi sir dung loai
thiét bi do nay. NG phai dé tren mit bang phang va
dugc s dung & mot vi tri ¢d dinh.

C.2.4 Pong ho do chénh ap loai co, dé do chénh
léch &p suat khong khi giira hai khu vuc bang cach
phat hién khoang cach chuyén dong cta kim dugc
két ndi v6i banh rang co khi hogc lién ket tur tinh
dén su dich chuyén ctia diapham. Phai can than khi
su dung loai thiét bj do nay. N6 phai dé trén mat
bang phang va dugc sir dung & mot vi tri ¢b dinh.
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Careful consideration should be given to selecting | Can xem xét can than dé chon dai do thich hop khi
the appropriate gauge range when using this | st dung thiét bi nay.

apparatus.

C.3 Airflow test
C.3.1 Air velocity meter

C.3.1.1 General

The minimum requirements for the air velocity
test apparatus are given in Table C.2.

C.3 Kiém tra dong khi
C.3.1 May do tdc dp khong khi
C.3.1.1 Tong quan

Nhimng yéu cau tdi thiéu cho thiét bi do van toc
khong khi dugc dua ra tai Table C.2.

Table C.2 — Air velocity test apparatus

(Thiét bi kiém tra téc dd khong khi)

(sai s6 toi da cho phép)

Item (muc) Minimum requirements (nhirng yéu cau tdi thiéu)
Measuring limits N/A
(Gié61i han do)
Resolution 0,01 m/s (0,20 m/s-0,99 m/s)
(d6 phan giai) 0,1 m/s (21,00 m/s)
Maximum permissible |0,1 m/s (0,20 m/s-1,00 m/s)
error 10% of reading (21,00 m/s)

C.3.1.2 Thermal anemometer, to calculate air
velocity by measurement of the heating power
necessary to maintain the electrically heated
sensor, exposed to the airflow, at a fixed
temperature.

C.3.13 Three-dimensional ultrasonic
anemometer, or equivalent, to measure air
velocity by sensing the shift of sound frequency
(or acoustic velocity) between separated points
in the measured airflow.

C.3.1.2 May do gio kiéu nhiét, ding dé tinh toan
toc do khong khi bang phép do ning lwong nhiét
can thiét dé duy tri cam bién dugc 1am néng bang
dién, tiép xuc voi khong khi, tai mot nhi¢t do cd
dinh.

C.3.1.3 May do gié siéu am 03 chiéu, hoic
twong dwong, dé do dac tc d6 gi6 thdng qua cam
nhan su thay doi cua tan s am thanh (hodc van
tbc &m thanh) gitra cac diém riéng biét trong dong
khong khi dugc do.
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C.3.1.4 Vane-type anemometer, to measure air
velocity by counting the revolution rate of the
vanes in the airflow.

C.3.1.5 Pitot-static tubes and manometer, to
measure air velocity from the difference of total
and static pressures at a position in the airflow.

C.3.1.6 Tube array, to measure air velocity
from the difference of total and static pressures
at a position in the airflow. Averaging airflow
grids use multiple tube arrays to simultaneously
measure airflow on a grid and provide an
average velocity, using an electrical multi-meter
manometer.

C.3.2 Airflow meter

C.3.2.1 General

The minimum requirements for the air volume
flow rate test apparatus are given in Table C.3.

C.3.1.4 May do gi6 kiéu van, dé do dac tc do
gié bang viéc dém s6 vong quay cua van trong
ludng khong khi.

C3.15 Ong Pitot-static va ap ké, de do dac van
toc gi6 tur su chénh léch gitra ap suét tong va ap
sut tinh tai mot vi tri trong ludng khong khi.

C.3.1.6 Sir dung nhiéu 6ng do Tube- -array, de
do dac toc do 0i6 thong qua do chénh léch ap suit
tong va ap suat tinh tai mot vi tri cta ludng khdng
khi. Str dung nhiéu 6ng dé do dong thoi dong
khong khi trén mot 6 ludi va cho ra toc do trung
binh, sir dung mot ap ké da nang sir dung dién.

C.3.2 May do lwu lwgng

C.3.2.1 Téng quan

Nhiing yéu cau ti thiéu ap dung cho thiét bi do
luu lugng dugc dua ra trong Table C.3.

Table C.3 — Air volume flow rate test apparatus

(thiét bi kiém tra luu lwong dong khi)

Item (muc) Minimum requirements (yéu cau toi thiéu)
Measuring limits N/A
(gi6i han phép do)
Resolution 0,001 ms/s
(do phan giai)
Maximum permissible error 0,01 m3/s (0 me/s-0,1 ms)
(sai sO toi da cho phép) 10% of reading (>0,1 ms/s)

C.3.2.2 Airflow capture hood with measuring
device, to measure air volume flow rate from an
area over which there can be variations in
airflow, providing an integrated air volume
from that area. The total airflow is collected and
concentrated so that the velocity at the

C.3.2.2 Chup bit gi6 véi thiét bi do, dé do luu
luong gid tai mot tiét dién ma luéng khi co thé
thay d6i, cung cap ludng khong khi duoc tich tu
lai tir tiét dién d6. Tong luu lwong khi duge gom
tap trung lai do vay van tdc tai diém do sé& dai dién
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measuring point represents the cross-sectional
average velocity from the total area.

C.3.2.3 Orifice meter, refer to 1ISO 5167-2 22,

C.3.2.4 Venturi meter, refer to 1SO 5167-4
[23],

C.4 Airflow direction test and
visualization

C.4.1 Apparatus, materials and accessories
for airflow direction test and visualization,
see Tables B.1 and B.2.

C.4.2 Thermal anemometer, see C.3.1.1

C43 Three-dimensional ultrasonic
anemometer, or equivalent, see C.3.1.2.

C.4.4 Aerosol generator
C.4.4.1 General

Aerosol generators for tracers in flow
visualization may also be referred to B.3.4.
Some application examples, such as particle
generators and ultrasonic nebulizers are given
below.

C.4.4.2 Ultrasonic nebulizer, to generate
aerosols (mist), employing focused sound
waves to aerosolize a liquid (e.g. DI water) into
fine droplets.

C.4.4.3 Fog generator, to generate aerosols
(mists). A thermally produced aerosol of DI
water/glycols/alcohols.

cho vén tdc trung binh cua mat cit tiét dién téng
ban dau.

C.3.2.3 Orifice meter, tham khao ISO 5167-
21221,

C.3.2.4 Venturi meter, tham khao 1SO 5167-4
[23],

C.4 Kiém tra hwéng ludng khong khi va
truc quan

C.4.1 Thiét bi, vat liéu va phu kién cho viéc
kiém tra huwéng luong khi va trwe quan, Xem
Tables B.1 va B.2.

C.4.2 Méy do gi6 kiéu nhiét, xem C.3.1.1

C.4.3 May do gi6 siéu Am ba chiéu, hoic tuong
duong, xem C.3.1.2.

C.4.4 May tao hat
C.4.4.1 Tong quan

May tao hat phuc vu viéc danh dau truc quan hoa
ludng khi c6 thé tham khao tai myc B.3.4. Mot vai
vi du trng dung dudi day nhu la may tao hat va
dng phun siéu am.

C.4.4.2 May phun swong siéu 4m, d¢ tao ra cac
sol khi dang swong mu, sir dung song &m tap trung
dé 1am hoa hoi chét long (vi du: nudc khir ion)
thanh cac giot nho bay vao khong khi.

C.4.4.3 May tao swong mu, dé tao ra sol khi dang

swong mul. Sol khi duoc san xut theo nguyén 1y
nhiét tr nude khir ion / glycol / ruou.
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C.5 Recovery test

C.5.1 Light-scattering airborne-particle
counter (LSAPC), capable of counting and
sizing single airborne particles and reporting
size data in terms of equivalent optical diameter.
Refer to 1SO 14644-1 1!

C.5.2 Aerosol generator, capable of generating
particles within the size range 0,1 um - 1,0 pm
at a constant concentration, which may be
generated by thermal, hydraulic, pneumatic,
acoustic, chemical or electrostatic method.

C.5.3 Test aerosol source substances.
Typically, the following substances are used to
generate test aerosols, liquid or solid test aerosol
for generating by spraying or atomizing into the
atmosphere:

a) poly-alpha olefin
centistokes PAO,;

(PAO) oil, 4

b) dioctyl sebacate (DOS);
c) di-2-ethyl hexyl sebacate (DEHS);

d) dioctyl (2-ethyl  hexyl)
(DOP ) (e.g. CAS No. 117-81-7 ?);

phthalate
e) food quality mineral oil (e.g. CAS No.
8042-47-5);

f) paraffin oil (e.g. CAS No. 64742-46-7);

Q) microspheres with a n appropriate
diameter.

If the required concentration can be achieved,
atmospheric aerosol may also be used.

C.5 Kiém tra kha niing phuc hoi d sach

C.5.1 May dém hat tan xa anh sing (LSAPC),
¢6 kha ning dém va dinh c& phan tir khi don 1¢ va
xuét dit liéu ¢ hat theo duong kinh quan hoc
tuong duong.

Tham khao 1SO 14644-1 [

C.5.2 May tao hat, kha nang tao hat vdi kich
thude hat trong khoang 0,1 pm - 1,0 um tai mot
noéng do khong doi, diéu nay co thé duoc tao ra
thong qua cac phuong phap nhu nhiét, thuy luc,
khi nén, am thanh, hoa hoc hodac tinh dién.

C.5.3 Chit test. Thong thuong, nhimng chat dudi
day duoc duing dé tao ra sol khi test, chat test dang

long hodc ran duge tao ra bang cach phun hoic
nguyén tir hoéa vao khong khi:

a) dau gbc tong hop (PAO), d6 nhét 4
centistokes PAO;

b) hop chit hitu co dioctyl sebacate (DOS);
c) di-2-ethyl hexyl sebacate (DEHS);

d) dioctyl (2-ethyl hexyl) phthalate (DOP V)
(vd: CAS No. 117-81-7 );

e) dau khoang chit luong thuc pham (vd:
CAS No. 8042-47-5);

f) dau paraffin (vd: CAS No. 64742-46-7);

9) Vi hat c6 duong kinh thich hop.

Ciing c6 thé dung binh phun khoi néu c6 thé dat
duoc nong do yéu cau .
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C.5.4 Dilution System, equipment, in which
the aerosol is mixed with clean air in a known
volumetric ratio to reduce concentration.

C.6 Temperature test

The temperature test should be performed using
a sensor that has accuracy as defined in ISO
7726, %81 for example:

a) expansion thermometers;
1) liquid expansion thermometer;
2) solid expansion thermometer;
b) electrical thermometers;

1) variable resistance thermometer,
including:

- platinum resistor;
- thermistor.

2) thermometer based on the generation
of an electromotive farce
(thermocouple);

c) thermomanometers (variation in the
pressure of a liquid as a function of
temperature).

1) In certain countries, the use of
DORP for filter testing is discouraged on
safety grounds.

2) CAS No., Chemical Abstract
Service Registry Number; substances
have been registered in Chemical
Abstract, issued by American Chemical
Society 4,

C.5.4 Hé théng pha lodng, thiét bi, ding dé hoa
tron chat test voi dong khdng khi vai mot ty 1€ the
tich da biét dé giam nong do.
C.6 Kiém tra nhiét do
Dé kiém tra nhiét d6 thi nén sir dung mot cam bién
c6 d6 chinh xdc nhu dugc xac dinh trong tiéu
chuan ISO 7726, ?8 vi du:
a) nhiét ké gidn no;

1) nhiét ké gian nd chét long;

2) nhiét ké gian n& chét ran;
b) nhiét ké dién;

1) nhiét ké bién tré, bao gom:

- dién trd bach kim;
- nhiét dién tro.

2) nhiét ké dya trén suat dién dong (cap
nhiét dién);

c) Nhiét ap ké (su bién thién &p suit ciia mot
chat 16ng nhu mdt ham cua nhiét dg).

1) O mot sd qubc gia, viéc sir dung
DOP,dé kiém tra b0 loc khong duogc
khuyén khich vi ly do an toan.

2) CAS No., Chemical Abstract
Service Registry Number; cic chat da
dugc dang ky trong Chemical Abstract,
ban hanh boi Hiép hoi Hoa hoc Hoa Ky
[14]
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The minimum  measurement  resolution
requirement for the apparatus is 20 % of the
allowable temperature range for the difference
between the set point temperature and the
permissible range of variation allowed from that
set point.

NOTE The requirement of range, accuracy, etc.,
depends on the purpose of the cleanroom or
clean zone. 1SO 7726 ®l is for a general
purpose.

C.7 Humidity test

Humidity tests should be performed using a
sensor that has accuracy appropriate to the
measurement as stated in 1SO 7726 28],

Typical sensors are:
a) dewpoint hygrometers (e.g. psychrometer);
b) electrical conductivity variation hygrometer;
1) lithium chloride hygrometer;
2) capacitance hygrometer.

The minimum measurement resolution for the
apparatus should be 20 % of the allowable
relative humidity range for the difference
between the set point humidity and the
permissible range of variation allowed from that
set point.

NOTE The requirement of range, accuracy, etc.,
depends on the purpose of the cleanroom or
clean zone. 1ISO 7726 is for a general purpose.

C.8 Installed filter system leakage test

C.8.1 Aerosol photometer, to measure the
mass concentration of aerosols in milligrams per
cubic meter (mg/ms). The aerosol photometer
uses a forward scattered-light optical chamber

Yéu cau d6 phan giai phép do tdi thiéu cta cac
thiét bi 1a 20% so v&i dai nhiét do cho phép. Dai
nhiét d6 cho phép nay Ia sy thay d6i nhiét d6 diém
cai dat trong mot dai nhiét do cho phép.

Ghi cha: Yéu cau vé khoang do, do chinh xéc, ...
phu thudc vao muc dich sir dung cua phong sach
hodc viing sach. 1SO 7726 281 danh cho myc dich
chung.

C.7 Kiém tra d§ am

Viéc kiém tra d0 Am nén duoc thuc hién véi viée
stt dung cam bieén c6 d6 chinh xac phu hop véi
phép do nhu da néu trong ISO 7726 81,

Cac cam bién dién hinh:

a) am ké diém dong suong;

b) 4m ké bién thién dan dién;
1) am ké liti clorua;
2) am ké dién dung.

Do phan giai phép do t6i thiéu cua thiét bi nén la
20% so v6i khoang do am twong ddi cho phép.
Khoang nay la khoang thay ddi cho phép ciia diém
cai dat.

Ghi cha: Yéu cau vé khoang do, d6 chinh xac, ...
phu thudc vao muc dich sir dung cua phong sach
hodac vung sach. ISO 7726 danh cho muc dich
chung.

C.8 Kiém tra ro ri hé thong loc di lip

C.8.1 Quang ké sol khi, dung dé do luong nong
d6 chit test tinh bang miligam trén mot mét khoi
thé tich (mg/ms). Quang ké sol khi sir dung mot

cai budng phan tan anh sang vé phia trudc. Thiét
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to make this measurement. This apparatus may
be used to measure filter leak penetration
directly.

The minimum requirements for the aerosol
photometer are given in Table C.4.

bi nay c6 thé duogc sur dung dé truc tiép do 10 ri
cua bo loc.

Nhirng yéu cau tbi thiéu cho thiét bi quang ké sol
khi dugc dua ra trong Table C.4.

Table C.4 - Aerosol photometer
(May quang ke sol khi)

Item (muc)

Minimum requirements (nhitng yéu cau tdi thiéu)

Measuring limits
(Gidi han phép do)

0,000 1 mg/ms to 100 mg/m3

Resolution
(D6 phén giai)

0,000 1

Maximum permissible error
(sai sO 1om nhat cho phép)

10 % for the selected range

Sample probe tubing dimensions (length and
internal  diameter) should comply with
manufacturer's recommendations.

NOTE Sample probe inlet dimensions are
detailed in B.7.2.2.

C.8.2 Light-scattering  airborne-particle
counter (LSAPC), see C.5.1.

C.8.3 Aerosol generator, see C.5.2

C.8.4 Test aerosol source substances, see
C.5.3

C.8.5 Dilution system, equipment, see C.5.4.

C.9 Containment leak test

C.9.1 Light-scattering
counter, see C.5.1.

airborne-particle

Nén tuan theo cac khuyén cao cua nha san xuat vé
kich thuéc cua 6ng do mau (kich thudc bén trong

cling nhu chiéu dai)

Ghi cha: Kich thuéc dau vao caa dau do chi tiét xem

muc B.7.2.2.

C.8.2 Méay dém hat tan xa khong khi (LSAPC),
xem muc C.5.1.

C.8.3 May tao hat, xem muc C.5.2

C.8.4 Chét test, xem muc C.5.3

C.8.5 H¢ théng pha loang, thiét bi, xem C.5.4.
C.9 Kiém tra ro ri khu vue phong sach
C.9.1 May dém hat khong khi tan xa anh sang,

xem C.5.1.
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C.9.2 Aerosol generator, see C.5.2.
C.9.3 Aerosol source substances, see C.5.3.
C.9.4 Dilution system, see C.5.4

C.9.5 Aerosol photometer, see C.8.1.

C.10 Electrostatic and ion generator
test

C.10.1 Electrostatic voltmeter, to measure the
average voltage (potential) in a small area by
sensing the intensity of the electrical field at an
electrode inside a probe through a small
aperture in the probe.

The minimum requirements for an electrostatic
voltmeter are given in Table C.5.

C.9.2 May tao sol khi, xem C.5.2.
C.9.3 C4c nguon chat test, xem C.5.3.
C.9.4 H¢ théng pha loang, xem C.5.4

C.9.5 Quang hoc sol khi, xem C.8.1.

C.10 Electrostatic and ion generator
test

C.10.1 Vén ké dién, dé do dién ap trung binh
(dién thé) trong mot khu vyc nhé bang cach cam
nhéan cuong do dién truong tai mot dién cuc bén
trong mot dau do thong qua mot 16 nho tai dau do.

Nhirng yéu cau tdi thiéu dbi vai von ké dién duge
dua ra trong Table C.5.

Table C.5 — Specification for electrostatic voltmeter

Item Minimum requirements
Muc Yéu cau toi thiéu
Measuring limits + (1-20) kV
Gidi han phép do
Resolution 10V (1 kV-20 kV)
Do phén giai
Maximum permissible error 10 % of reading
Sai s0 t01 da cho phép
C.10.2 High resistance ohm-meter, to C.10.2 Pién tré ké tré khang cao, dé do dién tro

measure the resistance of insulation materials
and components by sensing leakage current
from a device applying high voltage to a device
under test.

The minimum requirements for the high
resistance ohm-meter are given in Table C.6

cua vat liéu cach dién va cac bd phan béng cach
cam nhan dong dién ro tur thiét bi dat dién ap cao
dén thiét bi dugc thur nghiém.

Nhitng yéu cau téi thiéu di véi dién tro ké tro
khang cao dugc dua ra trong Table C.6
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Table C.6 — Specification for high resistance ohm-meter

Item Minimum requirements
Muc Yéu cau toi thiéu

Measuring limits 1000 Q to 20 GQ

Gidi han phép do

Resolution 0.01 MQ

Do phén giai

Maximum permissible error 5 % of each full scale

Sai s0 t01 da cho phép

Test voltage DC 100 V to 1 000 V

biénap kiémtra

C.10.3 Charged plate monitor; to measure the
neutralizing properties of an ionizer or
ionization system.

The minimum requirements for the charged

plate monitor are given in Table C.7.

C.10.3 Man tich dién; dé do dat tinh chat trung
hoa dién cta bg ion hoa hoac hé thong ion hoa.

Nhitng yéu cau tdi thiéu d6i voi man tich dién
duogc dua ra trong Table C.7.

Table C.7 — Specification for charged plate monitor

Item Minimum requirements
Muc Yéu cau toi thiéu

Measuring limits +5kVv

Gidi han phép do

Resolution 0,1V (<100V)1,0V (>99V)

Do phéan giai

Maximum permissible error 5 % of full scale

Sai s6 to1 da cho phép

C.11 Particle deposition test

C.11.1 Witness plate material. Depending on
particle size to be detected and means of
measurement the fallowing may be used:

a) micro-porous membrane filters;

b) double-sided adhesive tape;

C) petri dishes;

C.11 Kiém tra ling dong hat

C.11.1 V4t li¢u tAm md phéng. Dya vao kihcs
thude hat can do va phuong an do dat ma co6 thé
chon theo cac vat li€u sau:

a) tam mang loc Vi xop;

b) bang dinh hai mat;

c) dia 1ay mau;
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d) petri dishes containing a contrasting
colour (black) polymer, such as polyester resin;

e) photographic film (sheet);

f) microscope slides (plain or with
evaporated metal film coating);

0) glass or metal mirror plates;
h) semiconductor wafer blanks;
)] glass photo mask substrates;
J) transparent plastic plate.

The surface smoothness of the witness plate
should be appropriate for the size of the particles
that are counted to ensure that the particles are
easily visible. The selected witness plate
material should be electrostatic neutral. The
means of measurement employed should be
capable of resolving and measuring the smallest
particle size to be enumerated. Witness plates
that need to be transparent should be free of
defects.

Particle deposition can be determined by
measuring the area coverage of deposited
particles or by counting (and sizing) of particles
deposited on the witness plate during exposure.
Particle deposition measurement can be divided
into particle sizes within the air cleanliness level
range (0,1 pum to 5,0 um) and macro particles
(larger than or equal to 5 um).

d) dia lay mau chira polyme mau twong phan
(mau den), chang han nhu nhua polyester;

e) film chup anh (dang tim);

f) lam kinh hién vi (tron hodc dugc phu 16p
kim loai bay hoi);

9) tAm guong thuy tinh hodc kim loai;
h) phdi ban dan wafer;

) tAm nén thay tinh;

), nhua trong sudt.

D6 nhin bé mit ciia tim mo phong phai phu hop
voi Kich thude cua cac hat dugce dém dé dam bao
rang cac hat c6 thé nhin thdy d& dang. Vat liéu
tim mo phong duoc chon phai 1a vat liéu trung
hoa dién. Cac phuong tién do dugc stir dung phai
c6 kha nang phan tich va do kich thudc hat nho
nhét dugce liét ké. Cac tdm lam ching can phai
trong sudt va khong c6 16i.

Su léng dong cua hat co thé duoc xac dinh béng
cach do dat tai vung bao phu cac hat ling dong
hoic bang cach dém (va dinh c@) cac hat ling
dong trén tam mo phong trong qua trinh tiép xuc.
Phép do lang dong hat c6 thé duoc chia thanh cac
c& hat trong pham vi cdp d6 sach ciia khong khi
(0,1 pm dén 5,0 pm) va cac hat ¢& 16n (16n hon
hodc bang 5 pm).

Table C.8 — Particle deposition measurement by surface analyser

Item Minimum requirements
Muc Yeéu cau toi thi¢u
Measuring limits Surface number concentration: 1/cm* to 108/cm®
Gidi han phép do Particle Size: 0,1 pm to 5 pm
Resolution Particle size: 0,1 um
Do phén giai
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Maximum permissible error
Sai s6 to1 da cho phép

Particle size: 1 um

Table C.9 -Particle deposition measurement macro particles test apparatus

Item Minimum requirements
Muc Yéu cau toi thiéu
Measuring limits Area coverage: 1 m*/m* to 5000 10 ° m*/m*
Gidi han phép do Particle Size: > 5 to > 2500 pm
Resolution Area coverage: 10 10 * m*/m*
Do phén giai Particle size: 10 um

Maximum permissible error
Sai s6 to1 da cho phép

Area coverage: 20 10 m*/m*
Particle size: 20 um

C.11.2 Wafer surface scanner, to measure
particles using a laser scanner and microscopic
or electromicroscopic imaging devices to size
the detected particles.

C.11.3 Particle fallout aerosol photometer, to
measure total scattered light from particles
sediment upon dark glass collection plates, and
reports these data in terms of a sedimentation
factor that is related to the concentration of
sediment particles that would deposit upon
critical surfaces.

Calibration is carried out by fluorescent
particles 4 um and 10 pm or polystyrene
microsphere of 90 um and 45 pm nominal.
Measured area is < 2 cm2.

C.11.4 Surface particle counter, to measure
the number (and size) of single particles
deposited on a surface by scattered light.

Measured area is 0,2 cm? to 3 cm?. Measured
area can be increased by scanning. Size
resolution is 0,1 um to 25 pm depending on
selected optical system.

C.11.5 Particle deposition meter, to determine
the number of particles and their size on a glass

C.11.2 May quét bé mit Wafer, d¢ do cac hat
bang cach str dung mdy quét laze va cac thiét bi
hién thi hinh anh hién vi hodc vi dién tir d¢ x4c
dinh kich thudc céac hat.

C.11.3 Quang ké sol khi phéng xa hat, & do
tong lwong anh sang tan xa tir cac hat ling dong
trén dia thu thuy tinh tdi, va bao co nhiing dit liéu
nay trong cic muc cia yéu t6 lang dong c6 lién
quan dén ndéng do hat ling dong trén cac bé mit
quan trong.

Thuyec hién hi¢u chinh bang cAc hat huynh quang 4
pum va 10 pm hodc vi ciu polystyrene co kich
thude danh nghia 90 pm va 45 pm. Dién tich do
duoc la <2 cm?.

C.11.4 May dém hat bé mit, dé do s6 luong (va
kich thudc) cua cac hat don 1¢ lang dong trén bé
mat boi anh sang tan xa.

Dién tich do duoc 1a 0,2 cm? dén 3 cm? Co thé
tang dién tich do bang cach quét. P phan giai
kich thudc 0,1 pm dén 25 pm tiy thudc vao hé
théng quang hoc da chon.

C.11.5 May do a9 ling dong hat, dé xac dinh s6
luong va kich thudc hat trén tam kinh mé phong.

105

https://thaiguang.com.vn/



https://thaiquang.com.vn/

witness plate. The glass is illuminated from
below. A coordinate table is used to scan a
relevant area. Vision software can be used to
determine the particle size distribution. From
the particle size distribution, the measuring
surface and the exposure time, the particle
deposition rate can be determined.

C.11.6 Optical particle deposition monitor

An optical system detects particles on an
inclined surface by examining the change of the
interference pattern of an extended laser beam.
Measuring surfaces from 10 cm?2 to 100 cm? can
be achieved. An example of a commercial
apparatus has a detection surface of 60 cm2.
Particles 220 pum can be detected. The particle
deposition result is given on the projected
horizontal surface.

C.12 Segregation test

C.12.1 Light-scattering airborne-particle
counter, see C.5.1.

C.12.2 Aerosol generator, see C.5.2.
C.12.3 Aerosol source substances, see C.5.3.

C.12.4 Dilution system, see C.5.4

Kinh dugc chiéu sang tir bén dudi. Mot bang toa
d6 duoc sir dung dé quét khu vuc lién quan. Phan
mém truc quan hoa co thé dugc st dung dé xac
dinh sy phan bd kich thudc hat. Tir sy phin bd
kich thudc hat, bé mit do va thoi gian tiép xuc, co
thé xac dinh mirc ling dong cua hat.

C.11.6 Giam sat ling dong hat quang hoc

Mot hé théng quang hoc phét hién cac hat trén bé
mit nghiéng bang cach kiém tra gidm sat sy thay
d6i d6 thi giao thoa ctia mot chum tia laze mo
rong. Co thé do duoc cac bé mit tir 10 cm? dén
100 cm2. Vi du vé thiét bi thuong mai c6 bé mit
do 1a 60 cm?. Céc hat 220 pm cé thé duogc phat
hién. Két qua lang dong ctia hat duoc dua ra trén
bé mit nam ngang duoc chiéu.

C.12 Kiém tra ngin cach

C.12.1 Pém hat khong khi tan xa anh sang,
xem C.5.1.

C.12.2 Tao sol khi, xem C.5.2.
C.12.3 C4c nguon chit test, xem C.5.3.

C.12.4 Hé thong pha lodng, xem C.5.4
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