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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Introduction

ISO 29463 (all parts) is derived from EN 1822 (all parts) with extensive changes to meet the requests from
non-EU p-members. It contains requirements, fundamental principles of testing and the marking for high-
efficiency particulate air filters with efficiencies from 95 % to 99,999 995 % that can be used for classifying

filters in general or for specific use by agreement between users and suppliers.

1ISO]29463 (all parts) establishes a procedure for the determination of the efficiency of all filters.on
a particle counting method using a liquid (or alternatively a solid) test aerosol, and allows)a s
classification of these filters in terms of their efficiency, both local and overall efficiency, which act
mogt requirements of different applications. The difference between ISO 29463 (all parts) and ot
starjdards lies in the technique used for the determination of the overall efficiency. Instes
relafionships or total concentrations, this technique is based on particle counting* at the most
partjcle size (MPPS), which is, for micro-glass filter mediums, usually in the range-of 0,12 um to 0,
method also allows testing ultra-low penetration air filters, which was not_possible with the p
methods because of their inadequate sensitivity. For membrane filter media, separate rules app
are |described in 1ISO 29463-5:2011, Annex B. Although no equivalent{est procedures for testing
chafged media is prescribed, a method for dealing with these types of filters is described in ISO 29
x C. Specific requirements for test method, frequency, and<reporting requirements can be
ement between supplier and customer. For lower efficiency filters (group H, as descri
'nate leak test methods described in Annex A of this part ef 1ISO 29463 can be used by specifig
veen users and suppliers, but only if the use of these“other methods is clearly designated
kings as described in Annex A of this part of ISO 29463.
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re are differences between ISO 29463 (all. parts) and other normative practices common
ntries. For example, many of these rely on total aerosol concentrations rather than individual p|
'mation, a brief summary of these v fethods and their reference standards are
29463-5:2011, Annex A.
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Scope
part of ISO 29463 specifies the test procedure of the “scan method”) considered to be th

BO 75 U. It also describes the other normative methods, the oil thread leak test (see Annex
ometer leak test (see Annex B), applicable to classes ISO 351 to ISO 45 H HEPA filters, 3
with solid PSL aerosol (see Annex E). It is intended for usein conjunction with ISO 29463-1, |
29463-3 and ISO 29463-5.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies.*For undated references, the latest edition of the
iment (including any amendments) applies.

5167-1, Measurement of fluid flow’by means of pressure differential devices inserted in cin
ion conduits running full — Part.1! General principles and requirements

29463-1:2011, High-efficiency filters and filter media for removing particles in air — Part 1: C
ormance, testing and marking

29463-2:2011, High-efficiency filters and filter media for removing particles in air — Parj
juction, measuring equipment, particle-counting statistics

29463-35 High-efficiency filters and filter media for removing particles in air— Part 3: Testin
r media

ISO

e reference

hod, for determining the leakage of filter elements. It is applicable to<filters ranging from classg¢s ISO 35 H

A) and the
nd the leak
50 29463-2,

For dated
referenced

Cular cross-

assification,

2: Aerosol

g flat sheet

29463-5:2011, High-efficiency filters and filter media for removing particles in air — Part 5: T

lest method

for filter elements

ISO

294641), Cleaning equipment for air and other gases — Terminology

1) To be published.

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=15c51d6f45aedbd3374afe2bfd1ebab9

ISO 29463-4:2011(E)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29463-1, ISO 29463-2, ISO 29463-3,
I1ISO 29463-5, ISO 29464 and the following apply.

3.1

sampling duration

time period

3.2
total partic

during which the particles in the sample are counted upstream and downstream

e count method

particle co(
without clas

EXAMPLE

3.3
particle co

particle codinting method which allows both the determination of the number of.patticles and also

classificatio
EXAMPLE

3.4
particle flo
number of

3.5
particle flo
distribution

3.6
aerosol ph

nting method in which the total number of particles in a certain sample volume is determ
sification according to size

By using a condensation nucleus counter.

inting and sizing method
h of the particles according to size

By using an optical particle counter.

W rate
articles that are measured or that flow past a specified ¢ross-section per unit time

w distribution
pf the particle flow over a plane at right angles.to'the direction of flow

ptometer

ned

the

light-scattering airborne particle mass concentration measuring apparatus, which uses a forward-scattefing-

light optical

4 Princ

For most hi
test the filte
ISO 29463-
determinati
equivalent,
the oil threg

chamber to make measurements

ple

gh-efficiency filter-applications, a leak-free filter is essential. The reference leakage test serve
r element for Iocal” penetration values and determine whether it exceeds permissible levels
1). For groupH-filters, alternatives to the reference scan method provide equivalent filter leak
bn and are,déscribed as alternate methods in Annexes A, B, E and F. Although not consids
the particle’ count method using 0,3 um to 0,5 um PSL given in Annex F may be used instea
d method (see Annex A).

For leakag

s to
see
age
pred
d of

+neﬁng’ the test filter is installed in the mnllnfing aeenmhly and cllhjnnfnd toa test ain

low

corresponding to the nominal airflow rate. After measuring the pressure differential at the nominal air flow
volume flow rate, the filter is purged and the test aerosol produced by the aerosol generator is mixed with the
prepared test air along a mixing duct, so that it is spread homogeneously over the cross-section of the duct.

The particle flow rate on the downstream side of the test filter is smaller than the particle flow rate reaching the

filter on the

upstream side by the mean penetration factor.

The manufacturing irregularities of the filter media or leaks lead to a variation of the particle flow rate over the
filter face area. In addition, leaks at the boundary areas and within the components of the test filter (sealant,
filter frame, seal of the filter mounting assembly) can lead locally to an increase in the particle flow rate on the
downstream side of the test filter.
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For the leakage test, the particle flow distribution shall be determined on the downstream side of the filter in
order to check where the limit values are exceeded. The coordinates of these positions shall be recorded.

The scanning tracks shall also cover the area of the filter frame, the corners, the sealant between filter frame
and the gasket, so that possible leaks in these areas can also be detected. It is advisable to scan filters for
leaks with their original gasket mounted and in the same mounting position and airflow direction as they are
installed on site.

In order to measure the downstream particle flow distribution, a probe with defined geometry shall be used on
the downstream side to take a specified partial flow as sample. From this partial flow, a sample volume flow
rate shall be directed to a particle counter, which counts the particles and displays the results as a function of

time
(seq
dow
extr|

The)
flow
sha

The)
mer
usin

The)
ens
diar

When testing with a mono-disperse aerosol, thecviotal particle counting method may be u

con

When using a poly-disperse aerosol, an optical particle counter that counts the particles and me

siz¢

5

A tgst filter shall be used-for the leak testing that does not show any visible signs of dama

irreg
tem
elen
a)

b)

. During the testing, the probe moves at a defined speed in adjoining or overlapping tracks_ W

C.3.2 and C.3.3) close to the downstream side of the filter element. The measuring\pe
nstream particle flow distribution can be shortened by using several measuring systems
hctors/particle counters) operating in parallel.

measurement of the coordinates of the probe, a defined probe speed, and measurement of
rate at sufficiently short intervals allow the localization of leaks. In a further tést’step, the local
| be measured at this position using a stationary probe.

leakage tests shall always be conducted using MPPS particles (see1SO 29463-3), except fo
nbrane medium in accordance with Annex E. The size distribution ofythe aerosol particles can
g a particle size analysis system (for example, a differential mobility particle sizer, DMPS).
leakage testing can be carried out using either a mono-disperse or poly-disperse test aeroso

ired that the mean particle diameter corresponds to theymost penetrating particle size (MP
neter, at which the filter medium has its minimum efficiency.

Hensation particle counter (CPC) or an optical particle counter (OPC; e.g. a laser particle count

distribution shall be used.

Test filter

ularities and that can be sealed in position and subjected to air flow in accordance with requirg
berature of the test filter during the tests shall correspond to the temperature of the test air. T
nent shall be handled with care and shall be clearly and permanently marked with the following
designatienof the test filter element;

upstrfeam side of the filter element.

ithout gaps
riod for the
partial flow

the particle
penetration

I filters with
be checked

. It shall be
PS) particle

sed with a
br).

asures their

pe or other
ments. The
he test filter
details:

6

6.1

Test apparatus

Set-up of the test apparatus

Figure 1 shows the set-up of the test apparatus. This layout is valid for tests with a mono-disperse or with a
poly-disperse aerosol. The only differences between these lie in the technique used to measure the particles

and

the way the aerosol is generated.
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pre-filter{for the test air

fan with speed regulator
air heater
aerosol inlet in the duct

measurgment of atmospheric-pressure, temperature and relative humidity
upstreanh side mixing seection

sampling point for up§tream particle counting

dilution gystem (optional)

particle gounterupstream

sheath flow (optional)

aerosolienerator with conditioning of supply air and aerosol flow regulator

test filte
sampling point and partial flow extraction, downstream
traversing system for probe

volume flow rate measurement

particle counter, downstream

computer for control and data storage

measuring system to check the test aerosol
measurement of differential pressure

Figure 1 — Diagram of test apparatus
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An example of a test rig, without particle measuring equipment, is shown in Figure 2.

19 18
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Key
coarse dust filter

fine dust filter

fan

pir heater

Hampers to adjust test and sheath air
high-efficiency air filter for the test air
perosol inlet in the duct

0 N O O WN -

est airflow

Sheath airflow

bffective pressure measufing device
Hifferential pressure

atmospheric pressure

emperature measurement

hygrometer

sampling-point for particle size analysis
sampling point, upstream
highrefficiency air filter for the sheath air
measurement of pressure drop
measurement of sheath air speed

a A A A A A O
o b W N - O

N
~

N =
o © o

test filter

N
-

flow equalizer for the sheath airflow

filter mounting assembly

screening (linked to the filter mounting assembly during the testing)
traversing probe arm with downstream sampling probe

probe traversing system

downstream sampling point

NN DNDNDN
D oA WN

Figure 2 — Test duct for scan testing
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The basic details for the generation and neutralization of the aerosol, together with the details of suitable types
of equipment and detailed descriptions of measuring instruments needed for the testing, are given in

ISO 29463-

6.2 Test

6.2.1

The test air

2.

duct

Test air conditioning

conditioning unit contains the equipment required to condition the test airflow (see Clause 7).

The test ai
values sped

6.2.2 Adjyistment of the volume flow rate

It shall be g
produce thg
this range t

6.2.3 Medsurement of the volume flow rate

The volume
pressure d
accordance

The limit er

6.2.4 Aer

The aeroso

concentratipn measured at individual points of the.duct cross-section directly in front of the test filter doeq

deviate by
over the du

6.2.5 Tes

The test filler mounting assembly ‘shall ensure that the test filter can be sealed and subjected to flo

accordance

It is advisalj
on site.

6.2.6 Medsuring points for the pressure difference

The measu

ffow—statt-be—soprepared—that it s imaccordance withCtause 7and—does ot exceedthe
ified during the course of the efficiency testing.

ossible by means of a suitable provision (e.g. changes to the speed of the fan, ép by damper:
volume flow rate with a reproducibility of +3 %. The nominal volume flow ratéshall then rema
hroughout the testing.

flow rate shall be measured using a standardized or calibrated:method (e.g. measurement of
'op using standardized damper equipment such as orifice “plates, nozzles, Venturi tube
with ISO 5167-1).

or of measurement shall not exceed 5 % of the measured value.

psol mixing duct
| input and the mixing duct (see examplé)in Figure 2) shall be so constructed that the aer

more than 10 % from the mean value-obtained from at least 10 measuring points spread ev
ct cross-section.

filter mounting assembly

with requirements. [t'shall not obstruct any part of the media area of the filter.

le to scan filters.for leaks in the same mounting position and airflow direction as they are insta

imit

>) to
nin

the

L2

Dbsol
not
enly

v in

lled

fatic

[ing’ points for pressure shall be so arranged that the mean value of the difference between s

pressure in the upstream flow and the pressure of the surrounding air can be measured. The plane of the
pressure measurements shall be positioned in a region of uniform flow.

In rectangular or square test ducts, smooth holes with a diameter of 1 mm to 2 mm for the pressure
measurements shall be bored in the middle of the duct walls, normal to the direction of flow. The four
measurement holes shall be interconnected with a circular pipe.
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6.2.7 Sampling, upstream

Samples are taken upstream by means of one or more sampling probes in front of the test filter. The probe
diameter shall be chosen such that, at an average flow velocity, isokinetic conditions pertain at the given
volume flow rate for the sample. Sampling errors that arise due to higher or lower flow velocities in the duct
can be disregarded due to the small size of the particles in the test aerosol. The tubing connections to the
particle counter shall be as short as possible.

The sampling shall be representative, i.e. the aerosol concentration measured from the sample shall not

deviate by more than 10 % from the mean value determined in accordance with 6.2.4.

The|
test

6.2.

The
Fu
fra
cov
a sh

The

frampe and the gasket so that possible leaks in these areas are detected. A validation of the test

perf
leaK

6.3

A

In 4
adh

How
ove
only
coo

The)

6.3.

The)
dow
pen

The)
rect

h
:le or the sealant, the particles emitted in these sections shall be swept away from the se

Mean aerosol concentrations determined at the upstream and downstream sampling points
filter in position shall not differ from each other by more than 5 %.

B Screening

downstream side of the test filter shall be completely screened from impuritieS)in the surr
ermore, for the correct detection and localization of leaks in the edges of the filter, in the gash

bred by scanning. This can be achieved, for example, if the outer sides-of the filter frame are
rouding flow of particle-free air flowing in the downstream direction.

prmed to verify that leaks in these areas are detected with the same probability and sensitivi
s, being located in the middle of the filter.

Scanning assembly

ddition to the automated testing for leaks, :m@nual scanning is also permitted, provided t
brence to the most important parameters for the test procedure.

ever, when the probe is moved manually, it is not possible to avoid irregularities, since thg

to a limited extent, if at all. Furthermore, it is extremely time-consuming to keep a re
rdinates of leaks and particularly.to evaluate the particle counts.

remainder of 6.3 describes)an automatic scanning apparatus.

1 Sampling — Downstream

sampling conditions affect the local resolution for the determination of the particle flow distrib
nstream side. In order to ensure the comparability of the measurements for the local v
btration,.the sampling shall be carried out under standardized conditions.

geémetry of the probe aperture may be rectangular or circular. The relationship between th
phgular probe shall not exceed 15 to 1. The inlet area of the probe shall be 9 cm?2 + 1 cm?.

without the

bunding air.
et, the filter
ction that is
bnclosed by

scanning tracks shall also cover the area of the filter frame, the corners, and the sealant bgtween filter

rig shall be
y as media

hat there is

movement

[ the filter surface cannot be smooth\and even. As a result, quantitative assessments are usuglly possible

cord of the

ition on the
alue of the

b sides of a
he volume

flow rate in the probe shall be chosen so that the speed at the probe aperture does not differ by more than
25 % from the face velocity of the filter (see C.5).

If the probes have a rectangular aperture, then the measuring time can be shortened by using several probes
next to each other (for several particle counters).

The probe shall be positioned at a distance of 10 mm to 50 mm from the downstream face of the filter element.
For specially constructed filter forms and extremely high face velocities, it is permissible to deviate from the
dimensional requirements specified here. However, it is then possible to arrive at only a conditional
determination of the local efficiency within the meaning of this part of ISO 29463.

The alternative method of testing with the aerosol photometer is found in Annex B.

© 1SO 2011 — All rights reserved
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6.3.2 Probe arm

The partial flow probe on the downstream side shall be fixed to a moveable probe arm. This probe arm shall
be designed in such a way that neither the arm nor the provisions made to move the arm disturb the airflow in
the proximity of the filter.

6.3.3 Aerosol transport lines

The aerosol transport lines downstream shall lead the particles to the measuring chamber of the particle
counter with the least possible delay and without losses. The lines shall, therefore, be as short as possible
and without tight bends. They shall be made of a conductive material and have smooth surfaces that do not
emit particlgs:

6.3.4 Proyisions to move the probe

These provisions include drive, guidance and control to move the probe arm at right angles tp,the directign of
flow with a ¢onstant probe speed.

The speed pf the probe may be selected and shall not exceed a maximum of 10 cm/s (sge’ C.6). During a frun,
the speed ghall not deviate from the set value by more than 10 %.

Suitable provisions shall also be made to measure the position of the probe in the coordinates X, Y and Z
during the probe run, and also to reposition the probe over a leak determined-during a run. The accuraqy of

repositioning to any point in the downstream cross-section of the test filtersshall be at least 1 mm.

6.4 Aerdsol generation and measurement techniques

6.4.1 General

For a poly{disperse test aerosol, the operating parameters of the aerosol generator shall be adjustefl to
produce a ]ﬁSt aerosol whose mean diameter does not.deviate by more than 50 % from the MPPS fo1l the
plane filter medium. For a mono-disperse test aerosol{the operating parameters of the aerosol generator $hall
be adjusted to produce a test aerosol whose mean_diameter does not deviate by more than 10 % from| the
MPPS for the plane filter medium.

It shall be ppssible to set the mean value of the number distribution of the test aerosol within £10 %.
rate
the

tem
the

Cally
hter.

If the upstream number concentration exceeds
dilution system shall be switched between the sampling point and the counter.

The maximum measurable concentration can also be limited by the maximum possible processing speed of
the evaluation electronics of the test apparatus. The measuring uncertainties involved in determining the
sample volume flow rate and the duration of measurement can also influence the concentration
measurements. The result for the particle concentration, including all sources of error at the interface of the
apparatus responsible for the recording, shall not differ by more than 10 % from the true value.

The particle flow rate shall be registered at time intervals (counting intervals A¢; ) that correspond, at least, to
the time taken by the probe to traverse the width of its own aperture (a,). The transmission characteristics of
the particle counter and the evaluation electronics shall satisfy these requirements. The uncertainty in
determining the duration of the counting interval shall be less than 10 %.
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6.4.2 Set-up for testing with a mono-disperse test aerosol

For technical reasons, the particle size distribution produced by the aerosol generator is usually quasi-mono-

disp

erse.

When using a mono-disperse aerosol for the leakage testing of the filter element, either optical particle
counters or condensation nucleus counters may be used to determine the particle number concentration.

When using a condensation nucleus counter, it shall be ensured that the test aerosol does not produce
appreciable numbers of particles that are very much smaller than the MPPS. Such particles, which can be
produced by an aerosol generator that is no longer working properly, for example, are also counted by a

con
The
detd
con
detd

6.4.

refore, when using a condensation nucleus counter, the number distribution of the test aero
rmined with a measuring procedure that stretches over a range from the lower (range

rmined shall be <1,5 (quasi-mono-disperse).

B Set-up for testing with a poly-disperse test aerosol

When testing a filter element for leaks using a poly-disperse test aerosol,dhe”particle concentrati

dist

The

measuring range of the optical particle counter used in testing efficiency shall comply with t

requirements.

a)

b)

c)

All ¢
min
only

7

The)
con
coni

The measuring range shall cover the particle size rangs™-MPPS o 1,5 Sppps » Where Sypps
penetrating particle size, in accordance with ISO 29463-5:2011, Figure 4, range |.

SM% <CL < S'ﬂ% (ISO 29463-5:20%4, )Figure 4, range lla).

A further class limit shall be the ¢ondition: 1,5x Sypps < Cp <2xSypps (1ISO 29463-5:201
range lIb).

one size class.

Test air

test airshall be prepared before mixing it with the test aerosol. The purity of the test air (pa
centration <352 000 particles/m3) shall be ensured by suitable pre-filtering (

mercially available coarse and fine dust filters and high-efficiency particulate air filters).

Hensation nucleus counter and can lead to a considerable error in the determination of the loca

lensation nucleus counter up to a particle size of approximately 1 um. The geometric distr

lasses between these two limits are evaluated to determine the efficiency. There is no requir
mum number of classgs,in this range, so that in the extreme case the conditions in a) to ¢c) ma

| efficiency.
5ol shall be
limit of the
bution thus

bn and size

ibution by number shall be determined using an optical particle counter(e.g. laser particle counters).

ne following

is the most

The distribution of the size classes shall\'be such that one class limit, C;, meets th¢ condition:

1, Figure 4,

ement for a
y be met by

cle number
for example using

The temperature and relative humidity of the test air in the test duct shall be measured on the upstream side

and

can be adapted to meet the following requirements using an air heating system:
temperature: (23 £ 5) °C:

relative humidity: <75 %.
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8 Procedure

8.1

General

Before beginning the scan test, the test parameters shall be determined or calculated, if this has not already
been done for earlier tests, and the appropriate adjustments made.

On the basis of the dimensions of the filter and the probe, the following parameters for the probe tracking shall
be determined:

distang

speed

numbe

The other {est parameters shall be determined on the basis of the nominal air volume“flow rate and

anticipated
upstream s
rate. The p
apparatus.

Before begi
checked ag
leakages ha

Testing sha

8.2 Prepparatory checks

After switch
— Operat
Th
Th

If

then these checks shall also be carried out.

Zero cq

Th

betweerntheprobeapertureand-thefitterefement-(t0mmto 56 see 6-371);
bf the probe (determined in accordance with C.6);

 and position of the probe tracks.

penetration for the test filter. Additional test parameters are the aerosol |concentration on
de, the volume flow rate in the probe, the speed of the probe and the signal value for the cour
brameters shall be determined in accordance with Annex C and the, adjustments made to the
An example of this determination is given in Annex D.

nning a test with newly determined test parameters, the interaction of the test parameters sha
well as the ability to recognize limit-values for leakages< Reference filters for which def
ve already been determined may be used for this purpose,

I not commence until it has been shown that leaks.can be detected adequately.

ing on the test apparatus the following parameters shall be checked.

onal readiness of the measuring ifstruments:

e warming-up times specified'by the instrument manufacturers shall be observed.
e condensation nucleus.counters shall be filled with operating liquid.

he instrument manufacturers recommend further regular checks before taking measureme

unt rate of\the particle counter:

e measurement of the zero count rate may be carried out using filtered flushing air.

Th

Zero value of the test dppdratus.

e test shall be carried out using a reference filter with the aerosol generator switched off.

the
the
ting
test

| be
ned

nts,

If the measured particle flow rate on the downstream side, either locally or as the mean value, is

significantly higher than the long-term zero value of the apparatus, then the cause shall be eliminated
before proceeding further with the test.

Tempe

rature, relative humidity and purity of the test air:

Appropriate corrections to achieve the specifications in Clause 7 shall be made, as applicable.

10

These parameters shall be checked to ensure that they comply with the specifications in Clause 7.
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8.3 Starting up the aerosol generator

When starting up the aerosol generator, a standby filter element shall be installed in the test filter mounting
assembly in place of the test filter.

After adjusting the operating parameters of the aerosol generator and observing an appropriate warming-up

period, the particle concentration and the particle-size distribution of the test aerosol shall be checked to
ensure that they comply with the requirements specified in 6.4.

8.4 Preparing the test filter

8.4/1 Installing the test filter
The

app
ass

be installed
er mounting

test filter shall be handled in such a way as to ensure that it is not damaged., It ishall
ropriately, oriented to the designed airflow direction, and without by-pass leaks in.the" test filt
bmbly.

The|
the
mol

‘mination of
inal gasket

position of the test filter in the mounting assembly shall be recorded in orderto allow a dete
position of any leaks after the tests. It is advisable to scan filters for leaks with their orig
nted and in the same mounting position and airflow direction as they are’installed on site.

8.4.2 Flushing the test filter

In o
filte
flow

rder to reduce the emission of particles by the test filter itself and to equalize the temperaturé of the test
and the test air, the test filter shall be flushed with test airfor a suitably long period at the nonfinal volume
rate.

If necessary, the particle self-emission of the test filter shall be measured by scan testing at the nominal

volume flow rate without the generation of test aerosol. If the particle counting rate recorded doynstream is
locqlly higher or the mean concentration of the downstream air is significantly higher than the zerg value (see
8.2)| for the apparatus reference filter, then the_test filter shall be flushed for an additional period gnd then the
parfjcle emission measured again.

Thel testing shall not commence until the particle emissions do not significantly exceed the zero Value for the
apppratus reference filter.

8.5| Testing

8.5 Measuring the‘pressure differential

Thel| pressure diffetential across the test filter shall be measured in the unloaded (pre-particle genefation) state

nominal air
e operating

e nominal Volume flow rate using the test air. The volume flow rate shall correspond to the

statg hastbeen reached.

In the mixing duct, the test air is mixed with test aerosol, the mean diameter of which corresponds to the most
penetrating particle size (deviation 10 %; see 6.4).

The volume flow rate is determined, taking into account the proportion introduced by the aerosol generator,
and adjusted to the nominal volume flow rate +3 %. Measurements shall begin as soon as the system has
reached a stable operating state.

The downstream probe is moved in accordance with a tracking programme. The coordinates of the places on
the test filter at which the signal value is equalled or exceeded shall be recorded. The total number of particles
counted over the passage area shall be calculated and the counting period for this part of the programme
measured.

© 1S0O 2011 — All rights reserved 11
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The concentration of the aerosol on the upstream side may be measured continuously or intermittently, using
either a dedicated particle counter, or switching with the particle counter for the downstream side. Care shall
be taken that the testing does not last so long that the test filter is overloaded with aerosol.

8.5.3 Testing with poly-disperse test aerosol

The test shall be carried out by analogy with 8.5.2, using a poly-disperse test aerosol with a mean diameter
that shall not deviate by more than +50 % from the MPPS (see 6.4).

In the test using poly-disperse test aerosol, in contrast to the test with a mono-disperse test aerosol, both the

total numbdr and size distribution of the aerosol shall be measured with an optical particle counter. In ordé¢r to

determine the efficiency (penetration), the upstream Sand downstream concentrations shall be used for all
channels thht lie wholly or partially within the range % to 1,5x Sypps (see 6.4.3).

8.5.4 Leak testing — Local penetration

If the signal value is not exceeded during the probe run, then the filter is classified _as’ free of leaks. If

signal valu
exceeded

coordinateg for which the signal value was reached in the scan test. The aimtis to find the point with

maximum
aerosol on

Due to the

expected, the statistical maximum value of the local penetration is-determined (see Clause 9). If this maxin

value is abg
cannot be d
value, the fi

A filter may
the filter m
frame) and
be otherwis

is exceeded, then this is an indication that the limit value for the-local penetration car
t this position. If it is necessary to check the local penetration, then“the probe is returned to

unt rate. The count rate shall be measured there with a stationary probe. The concentration o
he upstream side shall also be measured continually or intermittently.

statistical scattering of the particle numbers on the upsfream and downstream sides, whig
ve the limit value for the filter class of the test filter:as specified in ISO 29463-1, then the test
lassified as free of leaks. If all of the maximum values for the local penetration are below the
ter is classified as free of leaks.

be repaired, if necessary, and shall then ‘be’retested. All repairs together (including those mad
hnufacturer) shall not block or restrict-more than 0,5 % of the filter face area (not including

the maximum length of each single ‘repair shall not exceed 3,0 cm. Alternative repair criteria
P agreed between the supplier and'the customer.

eport

ort for the leak test'of‘the filter element shall at least contain the following information:
ect:

e desighation, part number and serial number of the filter,

brall ' dimensions of the filter,

Size

the

be
the
the
the

h is
hum
ilter
imit

e by
the
may

9 Testi

The test ref

a) testobj
1) tyg
2) ov
3)

installation position of the filter (gasket upstream or downstream);

b) test parameters:

2) no
3)
4) ae

12

temperature and relative humidity of the test air,

minal air volume flow rate and test air volume flow rate of filter,

MPPS of filter media at corresponding medium velocity (see ISO 29463-3),

rosol generator (type designation and part number),
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5) test aerosol (substance, mean diameter, geometrical standard deviation),
6) alternative aerosol statement: “In case a solid aerosol (e.g. PSL) is used, the requirements of
Annex E shall be met.”,
7) particle counter(s), upstream and downstream [type designation and part number(s)] and particle
size channel(s) used (in case of OPC),

8) dilution system for upstream particle counter (type designation and part number),

9) sampling probe downstream side (geometry, sampling airflow),

10) reference leak penetration and signal value setting (relevant limit value indicating a |eak);
c) [testresults:

1) mean differential pressure across the filter at test air volume flow,

2) mean upstream and downstream particle concentration,

3) confirmation of freedom from leaks (mentioning reference leak penétration).
10 [Maintenance and inspection of the test apparatus
All gomponents and measuring instruments of the test apparatus shall be regularly maintained, ingpected and
calibrated. The necessary maintenance and inspection-werk is listed in Table 1, and shall be cgrried out at
leagt once within the time periods specified. In the ‘event of disturbances that make maintepance work
necgessary, or after major alterations or refurbishments, inspections and appropriate calibration wprk shall be
carrjed out immediately.
Details of the maintenance and inspection\work are specified in ISO 29463-2, which also containjs details of
the [calibration of all components and_medsuring instruments of the test apparatus. Maintenange work and
inspections of the test apparatus are_intended to prevent the permitted limit values for the mpasurement
devlations of the measuring equipment from being exceeded.
The| maximum limit errors specified in ISO 29463-2 for the measuring equipment apply for the intgrface of the
megsuring chain at the test apparatus, which is responsible for the recorded measuring result.[ In order to
avold impermissible measurement deviations arising between two testing sessions, reference filters shall be
usefl. The reference filters shall be replaced periodically in order to avoid a change by loading with aerosol.
The| test results with)the reference filters shall be recorded. Measures shall be taken to correct deviations
whegn the result 6fithe penetration deviates by more than 30 % and the result of the pressure drop|deviates by
more than 10-%\from the arithmetic means of the comparative test.
Thelnecessary maintenance, inspection and calibration intervals can be influenced by the nature of the test rig
and|its.operation. This shall be taken into account when deciding on or checking the intervals.

©1S0O 2011 - All rights reserved
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Table 1 — Maintenance and inspection intervals for components of the test apparatus

Component Type and frequency of maintenance/inspection

Test air preparation system; test air duct entire system test | Annually, or

air filter . .
— when maximum pressure drop is reached, or
— in the event of leaks

Lines taking aerosol to the measuring instruments Cleaning annually or before every change of the aerosol
substance

Volume flow rate meter Annually

Repeatability of the adjustment of the test volume flow rate | Annually

with referen

Ce resistances

Air-tightnesg of parts of apparatus at low pressure When the zero count rate of the particle counter is
unsatisfactory; otherwise annually

Air-tightnesq of the pressure measurement lines Annually

Air-tightnesg of the aerosol transport lines Annually

Measuring gquipment for the volume flow rates in the probe | Annually

Particle congentration profile over the passage area Annually

Aerosol transport losses on the upstream and downstream | Annually

sides

Coordinate fneasurement of the scanning system Annually

Probe speed of the scanning system Annually

Checking the apparatus with reference filters Annually

14
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Annex A
(normative)

Oil thread leak test

leak test serves to verify that filter elements have no leaks, which means local penetration values above
permissible limits (see ISO 29463-1:2011, Table 1). The oil thread leak test may be carried out as an

5t procedure for filter shapes for which the scan method cannot be applied (e.g. filter elements
ia panels or for cylindrical filters). For proper application of this method, see ISO 29463-1:2011, Table 2.

oil thread leak test is a qualitative test method where the absence of leaks (is,-demonstrafed visually.
refore, it is essential to carry out regular training of the test personnel and te verify the sensjtivity of the
edure and the method at regular intervals by using reference filter elements with well-defined leaks,
racterized by the reference scan test method. The local penetration of the leaks in the reference filter
hents shall be between the limit values for the filter class defined.in ISO 29463-1:2011, ble 1, and
ble the maximum corresponding limit value.

app
hori
sea
Cros

The)
with
The|

The
lam
of th
the

und

oximately 1,3 cm/s (42 m3/m2h), which may be varied to opfimize the procedure. The filter shdll be placed
ontally on a diffuser or box. The test filter mounting assembly shall ensure that the test fijlter can be
ed and subjected to the flow in accordance with the requirements. It shall not obstruct any part of the filter
s-sectional area.

In t}Ee test set-up, the filter shall be subjected to a flow of a poly-disperse oil-drop aerosol with|a speed of

poly-disperse test aerosol shall be generated by-nebulizing from a liquid aerosol substance in faccordance
ISO 29463-2:2011, 4.1. The mean value of\the particle diameter shall lie between 0,3 ym @nd 1,0 ym.
mass concentration shall be 1,5 g/m3, as.determined by gravimetric methods.

downstream side of the filter shall belilluminated from vertically above with a white (=4 000 K} fluorescent
D or halogen lamps. The brightness_éf the lamp shall be >1 000 Lx at the working plane. The shrroundings
e filter shall be darkened, and«the observational background shall be black. Uncontrolled air clirrents from
surroundings shall be screened out.

er these conditions, leaks can be recognized from a clearly visible oil thread that appears| due to the

leaKage. If no oil threads_can be seen, the filter up to class ISO 45 H is free from leaks in accordance with the

leak

The)

limit values defined\in ISO 29463-1:2011, Table 1.

position and“\the brightness of the lamp may be adapted to the examiner's subjective perception by using

reference filter{elements with well-defined leaks characterized by the scan test method.| It is also
recommended-that reference filters be used with well-defined leaks in the medium, in the frame cofners and in
the medium, close to the sealant.

Theestrepertforthe-oiHthreadtest-shall-containatHeastthe-following:

details of the filter tested (type, dimensions, identification number, nominal technical data);

details of the test parameters (flow velocity, test aerosol, mean particle diameter and mass concentration
of test aerosol);

identification of tester and date of test;

test result (confirmation of absence of leaks).

On the test report it shall be clearly stated that the filter was tested using the test method in accordance with

Ann

ex A.
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Annex B
(normative)

Aerosol photometer filter scan test method

B.1 Background

This leak te
carried out
to leak test
perform the
and ULPA |

B.2 Gene¢ral

This clause
photometer|
customer. 7]

aeroso

filter e
airflow

challen|
standa
maxim
should
exceed
This annex
the photom
designated

This test pr

NOTE A
the photome

st serves to verify that filter elements have no leaks. The aerosol photometer scan test'ma
As an alternative leak test method for group H filters. The aerosol photometer is usedextensi

scan test by the factory can provide a closer correlation to like equipment usedin’ in-situ H
pak testing situations.

establishes the basis for choosing the conditions for conducting,thefilter leak test with an aer
The choice of specific test conditions is a matter for agreemeént between the supplier and

his agreement should specify the following:

photometer being used and its response time constant;

it airflow velocity at which the leak test is to be, conducted; unless otherwise specified, the
velocity is 0,45 + 0,05 m/sec;

ge aerosol material and generation method;

d leak penetration of the designated.leak (see ISO 29463-1:2011, Table 1);
not exceed 3 m/min (5 cm/sec). With a rectangular probe, the maximum area scan rate should
0,093 m2/min unless otherwise specified.

provides a method for,determining the sampling probe inlet size. It also relates the linear scan
eter response time,constant, the sampling probe inlet size, the standard leak penetration of

eak, and the threshold that indicates a possible leak during scanning.

bcedure has'been an industry standard method for defining defects in filters or filter systems.

er-and to account for rectangular probes.

be
vely

HEPA and ULPA filters for a variety of filtration industries. The use of the aerosol photometgr to

EPA

pbsol
the

exit

im scan rate: unless otherwise specified, the maximum scan rate when using a square pfobe

not

rate,
the

s presented in this part of ISO 29463, the procedure has been modified to account for the response tinpe of

The test provides both qualitative and quantitative results in identifying leaks. The test can easily be
reproduced. The generation of a reasonably consistent concentration of liquid aerosol to challenge most
systems is not difficult. A concentration of approximately 10 pg/l to 90 ug/l of air is an adequate challenge.

CAUTION — When the test system or clean-air device is located in a non-clean environment, or in a
partial-coverage cleanroom, aerosol from the surrounding space can interfere with the leak tests.

16
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Apparatus and equipment

1 Laskin nozzle aerosol generator, or other aerosol source compatible with an aerosol photometer.

B.3.2 Poly-thermal aerosol generator, which produces a liquid aerosol by means of an evaporation-
condensation process in the absence of controlled nucleation.

The particle size distribution and mass mean diameter (MMD) of an aerosol produced by a thermal generator
are measurably smaller than those of an aerosol from a Laskin nozzle.

B.3.3 Aerosol photometer, with logarithmic or linear read-out (see definition in 3.6), with a sample flow rate

of 2

B.3
airfl
at th
The)
thar
dete

the
dim

B.4

B.4

Thid
leak

B.4
The)

pho
the

whs

,3 I/min and a known response time constant.
bw velocity within £10 % of the average exit airflow velocity of the filter(s) being scanned whe
e sample flow rate of the photometer. (See example configuration illustrated in Figure 2.)
dimension, D, of the opening of the probe inlet parallel to the direction ofcseanning should
6 mm. The dimension, W, of the opening of the probe inlet perpendicular tothe direction of
rmined from the sample flow rate. The transition section of the probe,.the portion between t

connection to the instrument tubing should have an overall length,~7.) at least equal to th
ension, 17, of the probe inlet.

Procedure

1 Principle

test is performed by introducing the specified challenge aerosol upstream of the filters and s
s by scanning the downstream side of the filters-with the photometer probe.

2 Sampling probe inlet size
sampling probe inlet dimension, x,, parallel to the scan direction, should be calculate

average filter exit airflow velogity within +10 %, as given in Equation (B.1).

ap = Fa
VW,
re
F, s the flow rate of the photometer;

V A.is the average exit airflow velocity of the filter;

4 Sampling probe, with an inlet opening of square or rectangular configuration, which has an inlet

n operating

be no less
scanning is
ne inlet and
B maximum

barching for

d from the

ometer sample flow rate and the filter exit airflow velocity so that the probe inlet air velocity approximates

(B.1)

Wp IS the probe dimension perpendicular to the scan direction.

Linear scan rate is related to area scan rate as given by Equation (B.2):

S, = Vr
p
where
S, is the linear scan rate in cm/sec;
A, is the area scan rate.

r

©1S0O 2011 - All rights reserved
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this

B.4.3 Set-up

B.4.3.1 The design airflow velocity should be established and uniformity confirmed prior to performing
test.

B.4.3.2 The aerosol should be introduced into the air supplied to the filter or filters under test in a manner

that produces a uniform challenge concentration over each filter's surface. Minimize exposure of the filters to
the challenge aerosol.

B.4.3.3

The aerosol challenge should be verified as uniform in accordance with 6.2.4.

B.4.3.4

sample locg
the manufa
to 90 pg/l g

concentratipn should be stable over time such that four consecutive readings at 1 min intérvals are w

15 % of the

If arep
— Ifthe r
limit ex
necess

After th
of 100

B.4.3.5
probe and

Also scan t
locate leakg
25 mm from

B.4.3.6

the penetration response. The maximunipenetration, P, indicated as the probe is scanned over a leak

size of the ¢

o =

The concentration of the challenge aerosol should be measured at the representative upstr
tion, using a photometer whose sensitivity is adjusted to a baseline of 100 pg/l in accordance
Cturer's instructions or calibration curve. A reading of 10 % to 90 % (which corresponds te 10
f air) on the photometer should be obtained for correct challenge concentration. The upstr:
average of the readings.

resentative upstream sample is not available, see Annex H.

posure of the filter under test to the challenge material. Conversely, if the reading is low,

ary to increase the amount of aerosol in order to maintain the sensitivity to small leaks.

e correct reading has been obtained, adjust the photometer. sensitivity, gain, or span for a rea
Do, or full scale, while sampling the upstream aerosol.

The entire face of each filter should be scanned forleaks, using slightly overlapping strokes o
noving the probe at a rate not exceeding the maximum scanning speed.

ne perimeter of each filter to locate leaks_inmthe bond between the filter pack and the frame an
in the seal between the frame and the support structure. The probe should be held approxima
the filter media during scanning.

Possible leaks while scanning are indicated by a photometer response equal to or greater

esignated leak, is calculated-by Equation (B.3):

the standard leak penetration of a designated leak, expressed as a fraction of the upstr
bricentration, e.g. 0,01 % = 0,000 1;

“p

1 a
—eX
i PlsT

r-c

pam
with
g/l
pam
thin

pading is high, it can be desirable to reduce the concentration of the challenge aerosol in order to

it is

ding

the

d to
tely

han

the

B.3)

eam

is the probe dimension parallel to the scan direction, expressed in centimetres;

is the maximum linear scan rate, expressed in centimetres per second;

range setting, the same tubing, etc.).

is the response time constant of the photometer as if being used for scanning (i.e. with the same

If the value calculated for P, is less than three times the minimum sensitivity of the photometer, or if P, is less
than 0,1 times L, then it is necessary to chose a slower maximum scan speed, S;, and to calculate a new P,,.

18
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If an operator watches a meter during scanning to detect leaks, then any meter indication equal to or greater
than P, is considered an indication of a leak. If alarm settings are used to signal the operator or automatic
scanning system, then the alarm level should be set to P,,,. Any indication of a leak equal to or greater than P,
should be cause for sustained residence time of the probe at the leak location. The size and location of the
leak are identified by the position of the probe that maintains the maximum sustained reading on the
photometer.

If these procedures regarding P,,, are not followed, the result is generally that leaks near the designated leak
size are missed while larger leaks are still detected.

Be aware that prolonged exposure of filters to the challenge aerosol should be avoided.

B.5

See
mat

B.6
The
a)

b)

B.7

For
ISO

b)

Leak criteria — Acceptance for the aerosol photometer filter scan test

ISO 29463-1:2011, Table 1 for penetration local values. Alternative filter integrity requirements are a

er for agreement between the supplier and the customer.

Repairs for the filter scan test
size of the repairs should be limited as follows.
Use a material acceptable to the owner for the application.
All repairs together (including those made by the filter, manufacturer) shall not block or restrio
0,5 % of the filter face area (not including the frame)-and the maximum length of each single
not exceed 3,0 cm. Alternative repair criteria. may be otherwise agreed between the s
customer.
After the repair is complete and a suitable'cure time has been allowed for the patch to set, che

in the vicinity of the repair. Repairs tofilter leaks may be made by procedures acceptable to
and the customer.

Reporting

group H filters, unless.otherwise specified, the designated leak size is the penetration local va
29463-1:2011, TableA. That is, report all leaks for which the stationary reading exceeds the fg

for a linear réad~out photometer, a reading greater than the penetration local value, in acco

t more than
repair shall
Lipplier and

ck for leaks
the supplier

ue found in
llowing:

rdance with

ISO 29463-1:2011, Table 1, of the upstream challenge aerosol concentration or as otherwise agreed;

for aslogarithmic read-out photometer, a reading greater than the penetration local value, in
with\JSO 29463-1:2011, Table 1, on instruments with a direct-reading scale or equivalent reg

accordance
ding on the

instrument calibration curve (one minor scale division), or as otherwise agreed;

c)

for group U filters, see 1ISO 29463-1:2011, Table 1 for other values.
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Annex C

(normative)

Determining the test parameters

Before commencement of the test, the test parameters shall be calculated on the basis of the specified
boundary conditions and the data of the test filter. The calculation can lead to parameters that cannot be

achieved, s

All values
the mono-d
disperse ag

loblood L it alaall lo HPgA | 4 ik i able olo H H bolad
UUTT UTAL, T TTIClTooary, TU STidil T LATTITU UUL as diT ISTalve PJTULT oS WILIT UTHartyitty niput uata.

iven for particle numbers and number concentrations refer to the particle size range covere
sperse test aerosol or to the particle size range used to determine the filter efficiency.with a
rosol (see 8.5.3).

C.1 Boundary conditions

The followir

g boundary conditions shall apply:

Probe aperlure cross-section

Ap=90m24_r1cm2

i by
oly-

s of

Minimum particle number for a leak signal Nrin.o5 % =9

(lower limit pf the 95 % confidence interval)

Value for particle number to be expected traversing aleak  Npjigieqi = 10

Minimum particle number on the downstream side for Nrmin.abs = 100

determinind the efficiency

Probe traversing speed Uy < 10 cm/s

C.2 Test|filter data

The following data for the test filter shallbe taken into consideration when determining the test parameters
The filter cl@ss, which is established according to ISO 29463-1, is characterized by the following limit value
the penetration:

— overall|value Piass.is

— local value Pejass,;

— nomingl volume flow rate V' ;

— filter fagearea Ag-

C.3 Data for the apparatus

C.3.1 Particle counters

The following counter data are relevant for the particle counters employed:

20

sampling volume flow rate VS ;
maximum concentration Cmax.c
number of counters operating in parallel M.
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Instead of the zero count rate of the counter (see ISO 29463-2), here the zero count rate of the entire system
for the downstream side shall be known. The counting rates of the downstream counters are determined with
the test filter in place and the aerosol generator switched off. The zero count rate of the test rig includes
impurities in the test air and possible release of particles by the measuring lines.

The minimum counting (particle flow) rate of the counter on the downstream side is determined from the zero
count rate of the apparatus as given by Equation (C.1):

Nmin,c =10-Nyero (C.1)
whete
Nmin‘c is the minimum counting rate of the downstream particle counter;

N,ero  is the zero count rate of the system on the downstream side.

C.3l2 Downstream sampling probes

The| probes used may have either a circular or a rectangular cross-section, The chosen diameter gr lengths of
sidgs shall give the specified probe cross-sectional area (see C.1)~The ratio of lengths of |sides for a
rectangular probe shall not exceed 15:1 (see 6.3.1).

The| use of probes with a circular cross-section involves a number of problems. For example, thg time spent
crogsing a leakage depends on the position of the leak in relation to the probe, so that reliable legak detection
canpot be guaranteed without a certain overlap between passage runs. For circular probes, an overlap of
20 %o of the probe diameter normally results in reasonable‘figures for a,,.
Thel following considerations refer to a probe with.&rectangular cross-section. The calculations cap, however,
be applied by analogy for use with circular probes:

Probe dimensions are designated as follows:

— |internal side length in scan direction: ap;
— |internal side length at righttangles to scan direction: Wp-
C.3{3 Loss factor

The| minimum counting’rate for a leak specified in C.1 shall also be achieved if the leak is at the [edge of the
path covered by the probe. It is therefore expected that the mean counting rate, N, for a leak gt the centre
of the path is higher, as given by Equation (C.2).

N

M= %'eak (C.2)
where

Nminjeak IS the expected minimum particle number for a leak;

ki is the loss factor for a leak at the edge of the probe path.

In the case of probe paths that touch but do not overlap, the loss factor can be set at &, = 0,5. In this case, the
minimum counting rate for a leak would be N, = 20. With overlapping, the value of the loss factor may be
increased. In case of doubt, it is advisable to determine the loss factor experimentally with a stationary probe.
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C.4 Sequence of calculation steps

Figure C.1 shows a flow diagram of the calculation of test parameters. This clearly shows that if parameters
are not in accordance with requirements or the signal difference is insufficient (see C.9.2), then it is necessary
to alter the initial parameters until the results allow the test to be carried out.

22

START

Spcb;fy test-data:
- target filter class
- data of test filter
- data of test rig

Check isokinetic
conditions for the sampling

7
Selection of parameters:
- probe speed

- aerosol concentration
- aerosol dilution

Testing the selected parameters

Parameters
OK?

Calculation of leak
signal value and
signal difference

Signal
difference
sufficient?

no

Other
yes
parameters yes
Innceihlc:’)
lno
TEST Test not possible

Figure C.1 — Flow diagram for the determination of test parameters
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C.5 Checking the isokinetic sampling

The mean air speed, Wp in the probe is calculated from the volume flow rate in the probe and its cross-
sectional area as given in Equation (C.3):

i Ve (C.3)
Ap
where
Vp is the volume flow rate in the probe;

Ap is the probe intake cross-section.
The| calculated value of w, shall be compared with the mean air speed wy for the passage area downstream.
Theldeviation between the two speeds shall not exceed 25 % (see 6.3.1).

If the volume flow rate of the probe is variable, then the speed in the probe\may be adjusted to the speed in
the passage area.

C.§ Choosing the probe speed
Anyltraversing speed can be chosen for the probe up to thedimit value of 10 cm/s.

Thejtime, 7., taken by the probe to cross a leakage ¢an be calculated using the chosen probe speed, Uy, @s
givgn by Equation (C.4):

9p
lieak = —— (C4)
Up

whdre

a, is the width of probe aperture in scan direction;

gy is the speed of pfobe.

It isfalso possible te determine the total scanning time, ¢ during the scan test.

p,tot’
The| counting rate-shall be determined at least at time intervals (counting intervals At; ) that corregpond to the
timg taken by.the probe to traverse the width, «,, of its own aperture. The transmission characteffistics of the
particle counter and the evaluation electronics shall satisfy these requirements. The uncertainty in determining
the puration of the counting interval shall be less than 10 %.

If a leak happens to be at the leading edge of the probe at the beginning of a counting interval, then all the
particles passing through the leak in this interval are registered. However, if, for example, the leak is already in
the middle of the path covered by the probe in the time interval, then the counts attributable to the leak are
spread over two counting intervals. It is therefore advisable to combine the two neighbouring counting
intervals for the evaluation.
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In order to localize the leaks, it is also necessary to know the delay time, 74, spent by the aerosol in the

transport line as given by Equation (C.5):
a
el = < —
Up

where

Up

a. is

is the speed of probe;

he anprh wre width of prnhp in direction of movement

(C.5)

p

C.7 Mini

The minim
limiting par

The minimy
Equation (Q

Cu,min {

where
N

min

P

class,|
Yleak
Vs

The minimy

mum aerosol concentration

m aerosol concentration is the maximum value permitted by the four boundary condition
meters specified in Equations (C.6) to (C.9).

m aerosol concentration, ¢, .., for identifying limit leakages shall satisfy) the condition give

6): '

S Nrin i (
Pclass,l-tleak Vs

is the minimum counting rate for a leak in middle“of the probe;
is the limit value for the local penetration ofthe filter class;

is the time spent by the probe above a-leak;

is the sampling volume flow ¢ate.

m aerosol concentration; g, necessary to ensure the required minimum counting rate in

min’

downstreanh particle counters shall'satisfy the condition given by Equation (C.7):

Cu,min

where

Peff,i

/ l

- Nmin,c )
Pt Vs

is.the effective value of the overall penetration;

5 Or

N by

the

N

min,c

Vs

is the minimum counting rate for the particle counter;

is the sampling volume flow rate.

As the effective value of the penetration of the test filter, P ;, may be considerably lower than the limit value

for the loca
value is not

24

| penetration, P .
known from earlier measurements, it shall be estimated or determined by measurement.

it is necessary to use the effective value for Equation (C.7). If the effective
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Further boundary conditions for the minimum aerosol concentration, ¢, ., to reach Ny, 55 on the
downstream side are provided by the particle counters. For downstream counters, the condition is as given in

Equation (C.8):

Cumin 2 Pl - Nm;,-”’abs > l (C.8)
eff,i s p,tot
where
Peff,i is the effective value of the overall penetration;
Nijin.abs is 100 [= min. particle number (see C.1)];
Vs is the sampling volume flow rate;
15 tot is the total path time of probe.

Thel minimum aerosol concentration, ¢
Equation (C.9):

umin: 10 reach Ny, 5 On the upstream side is the conditipn given by

N,
Cumin 2 kp - m;,abs tL (C.9)
S p,u
whgre
kp is the dilution factor, upstream;
Nmin, abs is 100 [= min. particle number (see .CA)];
VS is the sampling volume flow rate};
fou is the duration of sampling-en the upstream side.

C.§ Maximum aerosol concentration

There are three boundary\conditions for the maximum aerosol concentration as given by Equatiops (C.10) to
(C.12), and it is necessary that these be examined individually. In this case, the lowest resultant cgncentration
givgs the maximumreoncentration.

In grder to ayoid~an alteration of the size distribution of the test aerosol due to coagulation, the maximum

congentration;.,, o as given by Equation (C.10) shall not be exceeded:

<107cm™3 (C.10)

Curmax

The maximum concentration, c
conditions.

umax: Measurable by the particle counters provides the other two boundary
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For the counters on the downstream side, the condition is as given in Equation (C.11):

C
Cymax < I;nax,clz (CA11)
max,
where
Cmax,c IS the maximum concentration measurable with the particle counter on the downstream side;
Prax)  Is the maximum measurable local penetration, which shall be specified and which is equal to or

greater than t‘class,l'

Correspondingly, for the maximum concentration, ¢ for the counter on the upstream side, the‘conditign is

u,max’
as given in Equation (C.12):

cy,max [ ¢max.c “ kD (4.12)
where

Cmaxc | IS the maximum concentration measurable with the upstream particle counter;

kp is the dilution factor on the upstream side.

C.9 LeakK signal

C.9.1 Effdctive value

The minimym expected particle number, N, om, fOr the counting rate when the probe crosses a leak in the
middle of the probe path is given by Equation (C.13):

Nminefn = €u Felass,| 'Vs “lieak (G-13)
where

cy is the measured number concentration on the upstream side;

Pclas&| is the class limit'value for the local penetration;

Vs is the sampling volume flow rate;

leak is the-time spent by the probe over the leak.

For a leak g the edge of the path, the expected minimum particle number, N . o1, is given by Equation (C.14):

Nmin,eb = Nmin,em “ky (C.14)
where
Nmin,em is the expected minimum particle number for a leak in the middle of the path;

ky is the loss factor for a leak at the edge of the probe path.
The statistical minimum value for the 95 % confidence level of N, ¢, is determined in accordance with

ISO 29463-2, and designated Ny, op 95 % When this value is reached, the apparatus shall report a leak (leak
signal value).
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C.9.2 Signal difference

The term signal difference refers to the difference between the leak signal value and the signal resulting from
the particle flow rate for a part of the filter that is free from leaks.

The mean expected value for the particle number, N, for a probe traversing a section of the filter for which
the penetration corresponds exactly to the limit value for the class is given by Equation (C.15):

Nem = ¢y Felass,i 'Vs “lleak (C.15)
whare

cy is the number concentration on the upstream side of the test filter;

Pilass,i is the limit overall value of penetration;

Vs is the sampling volume flow rate;

heak is the time spent by the probe over the leak.

Thel statistical maximum value for the 95 % confidence level of Ngy. is determined in accofdance with
1ISO|29463-2, and designated Ny, g5 0,2,

The|signal difference, S, is then defined as given in Equation (C.16):

S = Nmin,eb,95% ~ Neb,95 % (C.16)
where
Nin.eb.95 % is the lower limit value of the-95 % confidence level for the minimum expected cpunting rate

when passing over a leak atthe edge of the probe path;

is the upper limit value of the 95 % confidence level for the expected counting rate when
passing over a part of a filter free from leaks whose penetration value lies exactly on the
class limit.

Nem,95 %

A positive value for S can be\regarded as an adequate signal difference. If S acquires a negative|value, then
an ipcreased number of false leak signals can be expected during the scan tests.

Typlcal test parameters’for a filter of class ISO 45 H are summarized in Annex D.

2) Since the counting rate calculated from the particle concentration is the actual expected value, the so-called error
band should really be used instead of the confidence level introduced in ISO 29463-2:2011. Although the numerical values
for the confidence level and the error band differ, the confidence level is also used here for reasons of simplicity.
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Annex D
(informative)

Example of an application with evaluation

Typical test parameters for a filter of class ISO 45 H are summarized in Table D.1.

Table D.1 — Typical test parameters for a filter of class ISO 45 H
Term Symbol Value

Data of tesffilter:

Filter clgss — ISO45H

Limit value for the overall penetration Pglass,i 0,005 %

Limit value for the local penetration Pglass) 0,025 %

Dimens|ons of filter element — 1220 mm x 610 mm x 78 nm

Dimens|ons of fold packet — 1190 mm x 580 mm

Nomina| volume flow rate ] 1205 m3/h

Passagg velocity g 0,485 m/s
Particle conpcentrations:

Upstream 1,73 x 104 cm=3

Downstfeam, overall cy 0,87 cm™3

Downstfeam, local 4,33cm=3
Downstream sampling:

Dimens|ons of probe aperture ap x bp 18 mm x 50 mm

Volumelflow rate in the probe Vp 28,3 I/min

Mean alr speed in the probe W, 0,524 m/s

Probe speed Up 30 mm/s

Probe time spent abovessite of leak teak 0,6s

Analysedd volume — 283 cm?3
Expected pprticle.-number per time interval As;:

Without|leak Nem 245

With leak Nmin.em 1225

With leak; loss factor, &y, = 0,7 Nmin.eb 857
Limit value from Poisson statistics:

Max. particle number without leak Nem,o5 % 276

Min. particle number with leak Nnin.eb,95 % 800
Signal value Nrin,eb,95 % 800
Signal difference S 524
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The relationship between the individual test parameters and the determination of signal value and signal
difference is presented graphically in Figure D.1.

Concentration Penetration Penetration Probe width in Probe Volume flow
upstream overall local scan direction velocity rate in probe
1,73 x 10* cm™ 0,005 % 0,025 % 18 mm 30 mm/s 28,3 I/min
| |
|
[}
Concentration Concentration Counting
downstream downstream interval
overall local
0,87 cm™ 4,33 cm™ 06s
Analysed
volume
283 cm™
Expected Expected
particle number| [particle number
for a leak
245 1225
With loss factor
k, = 0,7
857
Limits of 95 % | | Limits of\95 % Signal value Signal
confidence copfidence difference
interval interval 800-276
214 276 800 914 800 524

Figure D.1 — Determining the signal value and the signal difference
from the test parameters for a filter of class ISO 45 H

In Tjable 'D.2, the most important test parameters for filters of the classes ISO 35 H up to class IO 75 U are
conpared-
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Table D.2 — Examples of important test parameters for the filter classes ISO 35 H to ISO 75 U

Filter class
Term Symbol Unit
ISO35H [ ISO40H | ISO45H | ISO55U | ISO65U | ISO75U

Limit value for the Pejacs. 0,05 — 0,005 | 0,0005 | 0,00005 |0,000 005
overall penetration '
Limit value for the local |, = 0,25 — 0,025 | 00025 | 000025 | 0,000 1
penetration ’
Upstream particle ‘y em3  |440x103|  —  [173x10%|3.31 x 104|841 x 104 | 1,54 x 105
concentrati
Probe speeq Up mm/s 30 — 30 30 12 12
Counting interval At; s 0,6 — 0,6 0,6 1,5 1,5
Volume analysed — cm3 283 — 283 283 708 708
Expected pgrticle number:

without [eak Nem — 623 — 245 47 30 5

with lea Nmin.em — 3113 — 1225 234 149 109

with leak; &, = 0,72 Nmin,eb — 2179 — 857 164 104 76
Max. particl¢ number
without leak Nem o5 % — 672 — 276 60 43 12
Min. particle|number
with Izak Nmin.eb,95 % — 2 086 — 800 139 84 59
Signal value Nimin.eb.95 % — 2086 — 800 139 84 59
Signal difference S — 1413 — 524 79 41 47
Min. aeroso Cumin em3  [155x102] —  |1,98x102[1,98 x 103|8,48 x 103 | 8,48 x |10
concentration '
Max. aerosq| comax | cm3  |530%103]  —  |2,12x10%|2,12 x 105 | 4,55 x 105 | 4,55 x|105
concentration '
@  For leak pt the edge of the probe path, k, = 0,7
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