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Foreword

[SO (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 non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of any claimged patent
respect thereof. As of the date of publication of this document, ISO had not received ngtice of (a)
which may be required to implement this document. However, implementers are cautioned that
ot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allystuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

This docglrment was prepared by Technical Committee ISO/TC 142, Cleaning equipment for air and ofher gases,

in collab
Cleaning
between

Alistofa

ation with the European Committee for Standardization (CEN) Technical Committee CEN/TC 195,
bquipment for air and other gases, in accordance with the Agreement on technical copperation
SO and CEN (Vienna Agreement).

| parts in the ISO 29461 series can be‘found on the ISO website.

Any feedbback or questions on this document should be directed to the user’s national standards body. A

complete

listing of these bodies can be\found at www.iso.org/members.html.
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Introduction

In rotating machinery applications, the filtering system, typically a set of filter elements arranged in a
suitable manner, is an important part of the whole turbine/compressor system. The development of turbine
machinery used for energy production or others has led to more sophisticated equipment and therefore,
the importance of effective protection of these systems has become more important in the recent years. It
is known that particulate contamination can deteriorate a turbine power system quite substantially if not
taken care of.

This process is often described as “erosion”, “fouling” and “hot corrosion” where salt and other corrosive
particles are known as potential problems. Other particulate matters can also cause significant reduction of
efficiency, is i ir fi ices | located in
various efivironmental conditions. The range of climate and particulate contamination is very widp, ranging
from des¢rts to humid rain forests to arctic environments. The requirements on these filterisystems are
obviously|different depending on where they are operated.

This doc@iment has based the performance of the air intake filter systems not enly upon h¢avy dust
collection| but also particulate efficiency in a size range that is considered to be the“problematig field for
these appllications. Both ultra-fine and fine particles, as well as larger particles should be considgred when
evaluating turbine fouling. In typical outdoor air, ultra-fine and fine particles ifiithe size range from 0,01 pum
to 1 um are contributing to > 99 % of the number concentration and to > 90 9% of the surface contamination.
The majofity of the mass normally results from larger particles (> 1,0 pm}):

Turbo-mdchinery filters comprise a wide range of products, ranging‘\from filters preventing frgm coarse
particles [to filters for very fine and even sub-micrometre particles. The range of products varies from
self-cleanjng to depth and surface loading systems. The filterstand the systems have to withstand a wide
temperatyire and humidity range, very low to very high dust‘concentration and mechanical sfress. The
shape of groducts existing today can be of many different tyzpes and have different functions such as droplet
separatorifs, coalescing products, filter pads, metal filters, inertial filters, filter cells, bag filters, panel filters,
self-cleanpble and depth loading filter cartridges or pleated media surface filter elements.

The ISO R9461 series provides a way to compare these products in a standardized way and defines
the criteffia important for air filter intake systems for rotary machinery performance protedtion. The
performapce of products in this broad range'needs to be compared according to a standardized procedure.
Comparing different filters and filter types needs to be done with respect to the overall conditions they
finally opprate in.

If a filter pr a filter system is meant-to operate in an extreme, very dusty environment, the real pprticulate
efficiency] of this filter cannot be predicted since the dust loading of the filter becomes important.

In an idedl filtration process,€ach particle would be permanently arrested at its first contact with a media
fibre, but|incoming particles can impact on a captured particle and detach it into the air stream/Fibres or
particles from the filtér-itself can also be released, due to mechanical forces.

Another yorst-case/scenario in abnormal operating environments which leads to unusual high-pressure
drops is the bupst or damage of the filter element accompanied with a sudden release of parts of the filter
element olr high'amounts of dust captured.

This document specifies a method and procedure to test the mechanical integrity (“burst test”) of individual
filter elements up to an abnormal final test pressure drop of maximum 6 250 Pa. Any other customer
defined final pressure drop up to a higher pressure drop shall be reported as variation from the standard.
Nevertheless, it is within the ability of the user to define the maximum possible value (lower or higher) for
a certain application and to define the burst strength requirements for this test procedure. As the pressure
drops under typical operating conditions are on a much lower level, it is not intended to specify a final
pressure drop for any application within this procedure.

For multi-stage systems which use a number of components (e.g. equipment for cleaning, filters), each filter
element needs to be tested separately.

© IS0 2024 - All rights reserved
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In general, it is possible to use this procedure also after any previous ageing procedure if it is clearly
described as a variation from the standard test procedure. An ageing procedure is defined as an appropriate
customer defined durability test which can affect the stability of media, adhesives, construction and the like,
and is important for the evaluation at its real application. Test results of filter elements after different ageing
procedures cannot be quantitively compared.

Examples of conditioning are:
— climatic conditioning at high or low temperatures and/or defined relative humidity levels;
— wet conditions with water droplets or condensing water over a defined time period;

— any kind of dust loading and pulsing procedure over a certain duration or number of pulses;

— operdtion at real conditions, etc.

The “burdt test” itself is considered as an independent procedure to evaluate the integrity ofia filtgr element
to resist 4 defined high pressure drop without collapsing, losing or releasing any parts,of its corstruction
into the dpwnstream while keeping its filtration efficiency.

The test procedure does not include methods for the direct measurement ofcthe performance| of entire
systems ds installed (e.g. systems with use of multiple stages of coarse and fine filter elements).

Note For example, can a damaged, vertically installed pulse-jet filter perform differently in real| operation
conditions|compared to what can be detected by a horizontal, non-pulsing test as described in this documeft.

© IS0 2024 - All rights reserved
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Air in

take filter systems for rotary machinery — Test

methods —

Part 3

Mechanical integrity of filter elements

1 Scop

This docu
thatcanb
independ

e

ment specifies methods to determine the mechanical integrity of filters under,défined ¢
e encountered in abnormal operating environments. It describes the test methods for filter
bnt of any ageing procedures like pulsing, loading, temperature cycles, wet,conditions or @

The test procedure is intended for filters operating in the range of 0,24 m3/5(850 m3/h) up to

(8 500 m|
excluded.

To ensurg
maximuni

B/h). Filter elements with a lower efficiency than ISO T5 (ePMyg) according to ISO 29

the comparability of the test results, only new filter elements or those loaded up to
800 Pa according to ISO 29461-1 are tested.

This docyment does not describe a standardized method to measure the fractional or gravimetric

The effici

The perf
themselv¢

ency of the filter element can be tested according te1SO 29461-1.

onditions
elements,
thers.

P,36 m3/s
461-1 are

25 Pa or

efficiency.

prmance results obtained according to this*document cannot be quantitatively applied (by

s) to predict performance in real use.

2 Normmative references

The folloy
requirem
the latest

ISO 5167
cross-sect

[SO 12103

ying documents are referred to inthe text in such a way that some or all of their content ¢
ents of this document. For dated references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

(all parts), Measurement of fluid flow by means of pressure differential devices inserted
fon conduit running full

-1, Road vehjeles — Test dust for filter evaluation — Part 1: Arizona test dust

ISO 16890-2:2022/Ajr filters for general ventilation — Part 2: Measurement of fractional efficiency ar

resistancd

[SO 29461

-1, Air intake filter systems for rotary machinery — Test methods — Part 1: Static filter eler

nstitutes
bferences,

n circular

d air flow

hents

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 29461-1 and the following apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISOO0

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

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
1


https://www.iso.org/obp/ui
https://www.electropedia.org/
https://standardsiso.com/api/?name=672724318b0264f6523672eccfdf43e2

ISO 29461-3:2024(en)

3.1 Test parameter

3.1.1
air flow rate
volume of air flowing through the filter per unit time

[SOURCE: ISO 29464:2017, 3.1.24]

3.1.2
test air flow rate
volumetric air flow rate used for testing

[SOURCE: 1SO 29464:2017, 3.3.2]

3.1.3
resistange to air flow
differencg¢ in absolute (static) pressure between two points in a system

Note 1 to gntry: Resistance to air flow is measured in Pa.
[SOURCE:|1SO 29464:2017, 3.1.36]

3.14
initial preessure drop
pressure firop of the clean filter operating at the test air flow rate

[SOURCE:1SO 29464:2017, 3.3.17]

3.1.5
initial te$t pressure drop
pressure firop of the filter element operating at the test aitflow rate at start of the test

3.1.6
final pressure drop
maximunj test pressure drop of the filter specified by the requestor of the test

3.1.7
final test{pressure drop
maximunj operating pressure drop of-the filter to terminate the test as recommended at rated air flow

3.1.8

leakage
damage of the structure of afilter element, which allows particles to pass through the filter element without
passing through the filtermedium

3.2 Filter to betested

3.2.1
test devige

filter elemlent{3-2-2) being subjected toperformancetesting — |
[SOURCE: IS0 29464:2017, 3.1.38]

3.2.2
filter element
structure made of the filtering material, its supports and its interfaces with the filter housing

[SOURCE: ISO 29464:2017, 3.2.77]

© IS0 2024 - All rights reserved
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static filter
air filter that will be removed (exchanged) after it has reached its final test pressure drop and that is not
cleaned with jet pulses or other means in order to fully, or partially, retrieve its initial performance (pressure

drop and
[SOURCE:

efficiency)

[SO 29464:2017, 3.3.12]

3.3 Test duration

3.3.1

test duration

time betw

3.4 Tes

3.4.1
water fog
water drd

3.4.2
test dust
synthetic

4 Test

4.1 Tesg

Room air

spraying
of 25°C+

4.2 Teg

The test
electrical
rigid to
least 6 50
Provision
the filter
polluted v

Testrigs a
test rig d
more pow

een starting 4 test and achieving a terminal condition (e.g. pressure drop)

t materials

plets and fog generated by water spray device

dust used for the loading up to the final pressure drop

rig, conditions and equipment

t conditions

or outdoor air can be used as a test air source. Relative humidity of supply air (bef
nozzles) shall be in the range of > 30 % during the tests. The air temperature shall be in
10 °C. Other conditions may be used upon customer request.

t rig - General requirements

rig shall be operated in negative pressure air flow configuration. The duct materia

aintain its shape at the pperating pressure (designed to withstand the negative pres

Pa). Parts of the test duct can be made in glass or plastic material to see the filter and e
of windows to alleWw monitoring of the test progress is desirable. At least the upstrea3
blement under test shall be observable from outside the test rig through a window as a
ery fast by the'high dust/water concentration.

ccording te'ISO 16890-2 can be used for static filter elements, butitis recommended to u
bsigned for pulse cleaning tests, because of its optimized construction for higher press
rerfultventilators, higher dust feeding possibilities and the option to simulate ageing p

bre water
the range

| shall be

y conductive and electrically grounded and shall have a smooth interior finish and be sfifficiently

sure of at
Juipment.
m side of
camera is

ealarger
ure drop,
rocedures

like pulsipg@nd/or wet conditioning prior to the burst test procedure.

The test rig (see Figure 1) dimensions shall be large enough to prevent the outside of the filter elements (e.g.
V-bank filter) from touching the test rig walls. Hence, if the elements would be deformed during the test, the
test rig shall not be an additional support for the test device.

The test rig section where the filter is installed should preferably have inner dimensions of 2 50 mm
larger than the nominal face dimensions of the test device, especially for V-bank filter elements. For a
600 mm x 600 mm filter element, a test rig section of minimum 650 mm x 650 mm can be used.

© IS0 2024 - All rights reserved
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1 2 N 4 Ws  p
[l /A A B

] o |

>1300 |, >600

- >2 000 -
Key
1 fogglr g nazzlac A capmara
2 dustipjection 5  coarse filter/grid
3  testdpvice 6 final filter

It is recommended but optional to install water collecting grooves or drains-at the bottom side
(and dowpnstream) of the tested filter. The fogging nozzles can be eithercbefore or after or at

position 3

4.3 Camera

In the tes
the visua
camera ig

filter elenpent during the test in an appropriate quality. It is recommended to:

— posit
any w

— insta
filter

— usea
filter

— usea
capty

4.4 Dif

Measurerhents efpressure drop shall be taken between measuring points located in the duct wall
and downstream of the test device. Each measuring point shall comprise minimum three interg

Figure 1 — Schematic diagram of the test rig (only main sections)

s the dust injection position.

t rig downstream side of the filter element, a camerasshall be installed in a suitable m

not compulsory, but the test laboratory shall ensure that it is possible to observe the

on the camera in such a way that it shows\the area below the installed filter element to
rater breakthroughs or detached parts;

| an adequate light source in the.tést duct on the upstream side and the downstream s
element;

second optional camera, forexample outside of the test rig pointed at the side of the fi
design prevents an apprepriate observation of the downstream side;

red by the grid.

ferential préssure measurement

upstream

the same

anner for

observation of the test device during the whole test procedure. A special position or type of the

complete

visualize

ide of the

[ter, if the

third optional cameralto look at the coarse filter/grid to see structural failures and filfer pieces

upstream
onnected
m side is

static tap
used, the
example i

5 distributed around the periphery of the duct cross section. If a static tap on the bott

1.1 b 1 1.1 1 4=l ddn 11 P | 1.1 1 g1 4= N I R | h
1dDUTAdUUL y SHTUUIU TIIdRT SUI'T UIdU TU WIITIIUU DT UDIVLRTU Uy WddLlCL. IMIUTT UTLAILS Ldll DT

n ISO 16890-2.

found for

The pressure measuring equipment and data recording used shall be capable of measuring pressure
differences with an accuracy of +3 % of the measured value at least every minute to get a continuous reading
of the pressure drop curve versus time/dust load.

4.5 Flow measurement

Flow measurement shall be made by standardized or calibrated flow measuring devices in accordance
with the ISO 5167 series. Examples of standardized or calibrated flow measuring devices are orifice plates,

© IS0 2024 - All rights reserved
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nozzles, Venturi tubes. The uncertainty of measurement shall not exceed 5 % of the measured value at 95 %
confidence level.

4.6 Dustfeeder
The dust injection nozzle(s) or tube(s) is (are) located as shown in Figure 2.

Any commercial dust feeder which is designed for air filter loading tests (e.g. ISO 16890-3 and ISO 5011) can
be chosen. The purpose of the dust feeder is to supply the synthetic dust to the filter under test at a constant
rate over the test period. These dust feeders disperse the dust with compressed air through a dust injection
nozzle into the test rig through the dust feed tube. All tubing, nozzles and the like, that are in direct contact
with the dust during the operation should be electrically conductive and grounded.

The dust m3 at the

rated air

feeder shall be able to produce a mass concentration between 100 mg/m3 and 600 g
low. If necessary, more than one dust feeder or dust nozzles can be used.

over an interval of 5 min, the feeder shall be able to produce an upstream dust mass congentration

0 % over the testing time (4 h).

Averaged
within +2

It is reconmended to place the dust feeder with dust reservoir on a scale to getya-continuous re¢ording of

the dust fgd (e.g. in intervals of 1 min to 5 min). It shall be possible to record the'mass of dust fed vgrsus time
with at lepst +10 g accuracy.
! ! !
s | |
Q/' FTT rTﬂ
s R e S A w1
N\ ] e
. \ ¢ .
| ‘ ! |
T 1 T
-~ -]

a) Single nozzle positioning b) Double nozzle positioning c) Positioning for four nozzles

Figure 2 — Positioning of feeding nozzles

4.7 Water spraying nezzles (fogging nozzles)

The foggihg nozzle(s)dre located and positioned as described in Figure 2.

One or tw
to 1,2 g/n
ISO 29461

p-substancCe nozzle(s) capable of producing in total 10 g/min to 160 g/min (= 0,6 g/m3 at 1
n3 at 8000 m3/h) mass flow of water (droplets) are recommended to be used (similar

000 m3/h
fange like
used (e.g.

one to fo

-2); The quantity can be adjusted by the compressed air pressure and number of nozzles
0 = FXampies of 110 &S are described 1 1SO25 2.1 Mot imtended to

specify a

certain manufacturer or type.

An exact definition of the water aerosol (amount and size distribution) is not necessary for this document as
it is only needed to accelerate the increase of pressure drop.

The water spraying system shall have a constant mass flow with a tolerance of +20 % of the selected flow
during the complete test (4 h). It is recommended to place the water reservoir on a scale to get a continuous
recording of the water fed. Alternatively a constant water flow rate within +20 % over testing time should
be validated in preliminary tests. It shall be possible to record the mass flow of water fed versus time with
at least #20 g accuracy.

© IS0 2024 - All rights reserved
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Exact amount of water and droplet size at filter position also depends on air flow rate, temperature and
relative humidity of inlet air. It is not intended to restrict this test method to a full climatic conditioned test rig.

The water mass flow shall be 4 + 0,5 times greater than the dust mass flow to ensure a sufficient mix of dust
and water in the test air.

NOTE

A noticeable amount of the injected water will evaporate and increase the relative humidity. This is
neglected because of the reasons detailed in 4.7.

4.8 Final filter/coarse filter mat or grid

A final filter is recommended to capture any loadlng dust that passes through the test dev1ce durlng the dust

loading pre
T8 or hig
in the do
coarse pa

4.9 Ter

The temp
measurer

devices shall be calibrated yearly.

5 Qual

5.1 Pre

The requirements specified in ISO 16890-2:2022, 8.2.1 shall be met.

5.2 Tes

The requirements specified in ISO 16890-2:2022,8.2.12 shall be met.

5.3 Tes

A perforated plate (or other object) with known pressure drop values at a minimum of four meg

flow rate
5000 m3

The meas|
resistanc
resistanc

5.4 Summary of qualification requirements and schedule

er accordlng to ISO 29461 1. To be able to detect released parts or components of the €

ilter class

st sample

nstream area by visual inspection, a fine grid (maximum 3 mm open mesh size) or, & fllat shaped

ticle filter mat shall be installed after the test device upstream of the optional finalfilte}.

nperature, relative humidity

erature measurement device shall be accurate to within +1 °C (1,8 9F). The relative
hent device shall be accurate to within +2 %. The temperature and relative humidity mea
ification of test rig and apparatus

ssure system test

t rig — Pressure drop of test duct with no test device installed

t rig — Pressure drop reference test

data points shall be used as a reference. The data points shall be in the range of 1 70
h.

ured resistance ¢oyair flow across the reference shall be within +5 % of the reference v3
e to air flow deyiates by more than +5 %, system maintenance shall be performed to r¢
b to air flow~te within £5 % of the reference value.

The test

humidity
surement

sured air
D m3/h to

lue. If the
pstore the

rigtand apparatus qualification requirements are shown in Table 1. System gualificatigpn testing

shall take place every two years or sooner if any change is made to the system that may alter performance,
such as changing a major component of the system.

© IS0 2024 - All rights reserved
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Table 1 — Summary of qualification requirements and schedule

Items Subclause Requirements Frequency

Pressure system test 5.1 No change in Pa Every two years or after
system changes

Pressure drop of duct with

no filter installed 5.2 <5Pa Quarterly

fg;cssure drop reference 5.3 within 5 % of the reference value Monthly

6 Test materials

6.1 Teqtdust

ISO 1210B-1 Fine (A2) ATD (Arizona test dust) or another dust with comparable characterjstics and

propertiek shall be used for the test procedure.

The loadipg test dust “fine” is defined in ISO 12103-1, and consists of natural occufring silica partifles.

6.2 Water

Normal t3p water with a PH value in the range of 6 to 8 and a recommended hardness of < 2,5 minol/l may

be used fqr the test.

6.3 Coarse filter

A fine gridl (maximum 3 mm open mesh size) or a flat shaped-coarse particle filter mat shall be inst:
the test device, upstream of the optional final filter. This filter is intended to detect by visual i

released
used as it

7 Test

7.1 Geleral

The test
procedur
condition

This prog
a loading
variation
Annex A.

arts/components of the test sample in the:déwnstream area. Pleated filter elements sho
is difficult to detect small released parts.

procedure

vice shall be tested forinitial efficiency in accordance with ISO 29461-1 in new state (a di
b according to the }S0/16890 series is not necessary) prior to the dust loading procedy
ng, regardless of whether the filter model has been previously tested with another filter

up to 625 Pa’(maximum 800 Pa). Any other prior ageing procedure shall be clearly de
in the testreport. Preconditioning of filter elements for “wet burst” test shall be made ac

lled after
hspection
1ld not be

Kcharging
re or any
sample.

edure shall be*used for new filter elements or after a test in accordance with ISO 29461-1 with

cribed as
rording to

After the

mitial efficiency test according to ISO 29461-1, the test procedure continues with

the test

preparati

on described in 7.3 and the loading procedure described in 7.5.

The dust loading is conducted at rated air flow up to a standard pressure drop of 6 250 Pa, if not specified to

another v

alue and clearly indicated in the test report.

In order to prevent noticeable different loading times, which can result in completely different mechanical
stress on the element, the dust loading concentration shall be adjusted depending on the pressure drop
increase rather than the dust loading behaviour of the filter element (e.g. dependent on media area or dust
holding capacity), see 7.4.

Recommended test duration time is 3 h to 4 h (loading time inclusive holding time at maximum pressure
drop), but can be exceeded based on the performance of the test sample.
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7.2 Testresult evaluation

7.2.1 General

The main targetis an objective evaluation if a filter element meets the pass criteria of alaboratory mechanical
integrity test (“burst test”) up to a maximum defined pressure drop (standard 6 250 Pa).

This evaluation comprises four parts as defined in the following subclauses.

7.2.2 Measurement of pressure drop

The pressure drop measurement of the test sample shall be performed to detect a spontaneous decrease of
the pressfire drop as a result of a [eakage.

A clear inflication of a break within the filter element or filter medium is a sudden significantdecrdase of the
pressure firop. A significant decrease of pressure drop is defined as > 50 Pa up to a measured pressure drop
level of 2 00 Pa and > 2,0 % above a pressure drop level of 2 500 Pa, between two pressure drop recordings
in a standard time interval of 1 min. However, the test laboratory should ensure thatthis is not & result of
detaching the dust cake on the upstream side.

If the dusft fed is constant, a leakage can also be present if the pressure drop. i$ not increasing atjthe same
rate as me¢asured before. The operator shall observe visually very carefully.the further loading.

7.2.3 Vjsual inspection of filter

The visudl inspection of the filter shall be performed to detect obvious leakages and/or damages pf the test
sample dyring or after the test. For this reason, a camera shallbe'installed behind the test sample

Potential [eakages and/or damages shall be evaluated by,qualified personnel. A minor structural change as
for exampjle, the deformation of a pleat pack shall not be rated as a damage as long the tested filterjefficiency
is not lowgr than the initial reported efficiency (see Z6:5).

7.2.4 sual inspection downstream of the test device

The visual inspection downstream of the t€stdevice shall be performed to detect released parts/components
of the test sample in the downstream area.

For this reason, a fine grid (maxim@m'3 mm open mesh size) or a flat shaped coarse particle filterymat shall
be installed after the test device, upstream of the optional final filter.

The release of solid parts/cemponents of the tested sample that are visible to the naked-eye necessarily
leads to alfailed test.

7.2.5 Fjnal test in\accordance with ISO 29461-1

A final efficieney test of the test device shall be made in accordance with ISO 29461-1 if the copdition of
the filter pfter dust loading is acceptable for such a test (the filter is not collapsed or for any other reason
unsuitable for a test according to 1SO 29461-1)

If the filter has failed according to 7.2.2 or 7.2.4 this test is not mandatory.

If the results are showing lower efficiency compared to the initial efficiency (clean filter) in any particle size
range, this shall be regarded as a failure.

A discharging procedure (according to the ISO 16890 series) of the dust loaded filter element is not needed
for this fail/pass check.

The filters are dust loaded to 6 250 Pa before performing the efficiency test. Since not every rig according
to ISO 29461-1 would be able to operate at that pressure drop, the test air flow shall be reduced to a value
corresponding to a pressure drop between 2 500 Pa and 3 000 Pa of the dust loaded filter. This is still above
the running conditions for most practical applications.
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Some filters can initially shed particles and affect the test results negatively. For this reason (prior to the
efficiency test), the laboratory shall measure the upstream and downstream concentration of the filter
element at the test air flow only with the background concentration (without the aerosol generator running).
If in any particle size range relevant for the fail/pass check criteria the downstream concentration minus
the upstream concentration exceeds 2 % of the used upstream concentration for the new filter element test
(see 7.1) the filter shall be conditioned for an additional 15 min at the test air flow before the efficiency test.

NOTE For example, if the upstream concentration used in the initial efficiency test was 1 000 000 particles per

cubic metre for a particle size, the 15 min of conditioning is done if the shedding (downstream concentration minus
the upstream concentration with no aerosol) is exceeding 20 000 particles per cubic metre (1 000 000 x 0,02).

7.3 Test preparation

The folloying steps shall be executed during the test preparation:

— The tpst sample shall be visually checked for any damages according to the checklist in|Table] 4 and for
dirt rlesidues on the downstream side. Solid dirt pieces as from packaging material shall be|detached
from [the test sample. All findings shall be documented.

— All rdlevant product information shall be documented (including type of filter, type of filtef medium,
installed filter area, sealant, etc.)

— The dqutput of the dust and water feeder shall be measured and if necessary, adjusted to thq intended
concgntration within +15 % to prevent re-adjustments after startofthe loading.

— The tpst sample shall be mounted in accordance with the manufacturer’s recommendations ajnd should
be clgse to the real application, if possible.

— The test sample, including any normal mounting frame-and mounting accessories, shall be sgaled into
the duct in a manner that prevents leakages. The tightness shall be checked by visual insp¢ction. No
visible leaks are acceptable.

— The testrig shall have a fine grid or a flat shaped-coarse particle filter mat installed downstream the test
device, upstream of the optional final filter.

— The ipitial pressure drop shall be recorded at the rated air flow.

— The ipstalled camera shall recordiand show the full downstream filter area. If necessary, the camera
positjon shall be adjusted and/or the camera shall be cleaned.

7.4 Determination of thelinitial loading concentration of test dust and water

The ratio|of the mass con¢éntration of test dust and water shall be 1:4 (e.g. 250 mg/m3 A2 test dust and
1 000 mgfm3 water flew through the spraying nozzles).

Recommegndationg for initial concentrations as a function of filter media surface area are given in Jable 2.

Table 2 — Recommended dust/water flow mass concentration

Media area, approximate- | Dust concentration [mg/ Water flow
ly [m?] m3] [mg/m3]
10 150 600
20 250 1000
30 300 1200
40 400 1600

The target is a minimum of 2 h loading up to the final pressure drop and a maximum of 4 h. If this has not
been achieved from any reasons, it shall be recorded in the documentation.
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If test data of same or similar filter design are available, chose an appropriate constant test concentration
to meet the target loading time. Otherwise refer to the recommended start concentrations in Table 2. If in
doubt, choose the lower concentration.

NOTE It is assumed that the increase of pressure drop versus dust/water loading is not linear. Especially at the
beginning of the loading, the pressure drop will increase much slower. Therefore, it will need some experience and
judgment of the laboratory operator.

7.5 Loading procedure

The test device is progressively loaded at rated test air flow rate with the concentration determined in 7.4 of
the test dust and water untll the max1mum fmal pressure drop of 6 250 Pa is achleved The amount of dust
and waterfed : d 4 ssure drop
shall be rcorded every minute.

Once dusf loading is started, interruptions in the air flow can change the filter characteristids such as
pressure |[drop. Therefore, the air flow through the filter shall be constant at nominal a@ir flow] until the
loading pfocedure is completed. If it is necessary for any reason to interrupt the test,dt shall be dofumented
and repoifted.

If after tWo hours loading an extrapolation of the pressure drop versus timecurve indicates thaf the final
pressure drop cannot be finished within 4 h, the concentration should be ingreased by factor 1,5 or other
experiende-based value during the loading procedure. If necessary, the same will be performed again after 3 h.

The test dlevice shall be regularly observed visually. At least at every?500 Pa increment, the filtdr element
shall be yisually checked through the window at the upstream €ide and with all available camgras. This
inspectioh shall be recorded and documented in the test report with pictures and notes describing the
status of the test device.

A sudden|decrease of the pressure drop is a clear indication of a leak. But also, a very slow or nﬂy increase
of pressufe drop (compared to the gradient before) can indicate a leak. In this case, the operator should
observe the further loading thoroughly with the installed camera(s).

Stop the test if one of the fail criteria in 7.6.2 ar,7:6.3 is met.

After reag¢hing the final test pressure drop:

— documment the loading time and stop the dust and water loading;
— maintain the air flow up to aotal time of minimum 3 h (e.g. 2 h loading time plus 1 h holding fime);

— ifthefpressure drop decredses > 250 Pa and time is < 3 h, start again loading up to the final presgure drop.
Before removal, the test/device may be dried with a clean air flow.

If not posjtioned on a’scale with continuous reading, the weight of the water reservoir shall be dg¢termined
with an agcuracyof 420 g.

The operdtor‘shall carefully search for any parts released by the filter in the duct between the test device and
the coarsg filter. Any parts or fragments found which can be related to the test device shall be dochimented.

The test device shall be thoroughly visually inspected for any leaks or damages.
See 7.6 for fail/pass criteria.

After the test procedure has been carried out, the filter shall be dried and then tested according to the
efficiency test method it has been rated by (see 7.2.5) and the results should be included in the reporting.
The test device shall be conditioned to a dry condition prior to such a test.

A final test according to ISO 29461-1 after the dust loading is not necessary if it fails in any other fail criteria
(7.6.2, 7.6.3). This shall be described in the final report. The documentation shall include pictures of the test
device after the test from the up- and downstream side and all areas of leaks (if any).

© IS0 2024 - All rights reserved
10


https://standardsiso.com/api/?name=672724318b0264f6523672eccfdf43e2

ISO 29461-3:2024(en)

7.6 Fail/pass criteria

7.6.1 General

The filter will fail if any of the criteria in 7.6.2, 7.6.3 or 7.6.5 are met. The filter can fail at any point of time
during the test. The filter can pass only after the testin 7.6.5 has been conducted at the end of test procedure
(6 250 Pa).

The evalu

ation criteria are listed in 7.6.2 to 7.6.5.

7.6.2 Release of parts

The filter
area is de

7.6.3 P

The filter
and > 2,(

fails if a release of any parts of the filter element (e.g. adhesive, media, grid) into the doy
tected, see Table 3.

ressure drop decrease

fails if the pressure drop decrease > 50 Pa in the lower measurement ratige (0 Pa to
% of the measured value in the higher range (2 500 Pa to 6 250 Pa)) in combinati

visual coljfirmation of a damage (e.g. not a result of detaching the dust cake pn the upstream sid

explaina

7.64 V|

le reasons, see 7.2.2).

isual inspection during test

A visual inspection shall be conducted and documented at each{500 Pa increment or when dar

vnstream

P 500 Pa)
bn with a
b or other

nages are

detected.|This shall be performed according (but not limited)-to the checklist in Table 3 and Tgble 4 and
shall be dpcumented and reported in the final report.
7.6.5 Fjnal test in accordance with ISO 29461-1
The filter|fails if the tested filter has a lower measured efficiency in any particle size range thap the new
filter accdrding to ISO 29461-1 (see 7.2.5).
Table 3 +~ €hecklist for failing damages

Descriptibon Fail (end of To be

p test) docymented
Any component of the filter separating from the rest and coming loose (media/ Yes Yes
scrim/grigl/adhesive, etc.)
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Table 4 — Checklist for visual inspections, to be reported

Description Tobe
documented

Separation of media pack and frame/adhesive even if no parts come loose Yes

Any cracks in the media pack (e.g. either on one pleat along the tips or on multiple pleats in a line Yes
perpendicular to the pleat tips)

A visible lack of sealing to test rig frame or defects and cracks in filter mounting frame/body Yes
Bypass through (if applicable and depending on the filter design)

— damage of the filter medium by stress fractures

— dam ge of the filter medium hy detached spacers

— openfweld seams/stitched seams

— agap|between frame and pocket Yes

— ripped out frame parts

— any broken frame parts

— agap|between frame gasket and mounting frame due to frame bending

Any other|[damage found in dependence of the filter design Yes
Blown up ppockets by detached spacers (without bypass) Yles
At higher|pressure drop, pleats can be deformed, the grid and/or‘euter shape of the filter can be bended or
even the gompound/adhesive between the frame and the pleats.can be separated in small areas.

These ob
deformat

All deforr
reduced.

A clearin

at any tinje. A disintegration of a filter elément will be accompanied by a sudden Ap drop. A drop

also be st

NOTE
necessaril

8 Reps

8.1 General and descriptive information

An examyj
following

on will possibly not be fully reversible. The filter-elements can still be fully functional.

palthy, or the Ap just rises very slowly.

i indicate a crack, it can also'be caused by effects such as water evaporation.

prting results

items:

a) laboratory information

— laboratory name;

— laboratory location and contact information;

— test operator’s and supervisor name(s);

b) testinformation

— a

— a

reference to this document, i.e. ISO 29461-3:2024;

dditional description of the test method (where necessary)
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ication that a filter is destructed ¢an'be seen in the pressure drop curve which would bg recorded
of Ap can

The pressure drop of the filter element to be tested can drop during the visual inspection. Ths does not
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— unique test report identification;

— date of the test;

— device receiving date;

— testclient and device delivered by;

— manufacturer name of the device;
c) testdevice information

— description of the device/physical description of construction;

— Tand, identification/model number of the device;
arking of the device;

— test device condition/history (new, any prior performed tests like filter efficiéncy and/or prior
Jadings according to ISO 29461-1 or any other ageing/durability procedures);
i

[a—)

mensions (height, width and depth);

—

pe of media/media identification;

— ;:Editional information if available (device or media);

t effective filtering area according to ISO 29461-1;

—

he pictures of raw air and clean air sides of the device;

—

nitial pressure drop and efficiency according to SO 29461-1;

d) details of instrumentation

(=1

pe of water spray device, number of nozzles and operating pressure of the nozzles;

ot

pe of dust feeder, number of injection nozzles;
— method of air flow measurement;

e) testcpnditions

—

bst air flow rate;

—

bst air temperatére'and relative humidity;

ot

pe of dust;

[a—)

¢ading.dust concentration;

— watenfog concentration during loading;

— specified final test pressure drop (if different from the standard value of 6 250 Pa).

8.2 Test data and results

An example of a test report can be found in Annex B. The test report shall include but not be limited to the
following items:

— weight of test device before installation in test rig;

— condition of new test sample prior to the test procedure (e.g. “new filter, from original package, no prior
loading or treatment, no damage, clean”). Any other special observations;
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— total mass of dust and water fed during the loading;

— initial test pressure drop as measured at the test air flow rate;

— final test pressure drop at the test air flow rate;

— agraph and tabular form of pressure drop versus dust fed and time at least every 250 Pa;

— agraph and tabular form of the efficiency results according to ISO 29461-1 (see 7.1 and 7.2.5) before and
after the test procedure has been conducted for all measured particle size ranges, including a statement
if the requirement in 7.6.5 is met;

— visual observation documentation at each 500 Pa (see 7.6.4) in tabular format;

— pictufes and description of any observations (not only fail criteria) during the test with corrg¢sponding
pressjure drop value;

— pictufes of test device at start of test before and after installation in the test rig at'ledst froin up- and
downstream side;

— Dpictufes of test device installed in test rig at final test pressure drop;

— Dpictufes of test device after removal at least from up- and downstream gide;
— final tatement if the filters have passed or failed;

— final fummary statement of the test result.

EXAMPLE An example of a final test result statement is as follows:

The filter ¢glement resisted up to a pressure drop of 6 250 Pa without visible break or damage. The final tes§ according
to ISO 294p1-1 on the dust loaded test device was not showing'a decrease in filter efficiency.

All data vhlues shall be reported as whole number values only (no decimal or fractions) when displayed in SI
units (Pa,g).

If a test device failed before reaching the final pressure drop, the pressure drop value shall bg rounded
downwargds to the nearest multiple of 100-Pawhen reporting.

8.3 Concluding statement

The results of this test relate_only to the test device in the condition stated herein. The gndurance
performapce results cannot by-themselves be quantitatively applied to predict filtration performance or to
evaluate the behaviour ofAfilters in all “real life” environments. The real-life performance and mechanical
integrity pf filters depends-on actual site environment conditions.
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Annex A
(normative)

Wet burst testing

A.1 General

This prec
Wet burs
integrity

Thereforg
This soak

lldiLiUllillg Pl ULUdulU Uf LllC LESL dUViLUb ib ubUd UII' TTYUCSLS fUl d DU'LdHUd “Wt:L bulb
[ testing has relevance for extreme wet and humid operation conditions since the \in
bf the filter components can be altered in the presence of water over a longer period.

, the filter element shall be pre-soaked in water before a “burst test” according-to this ¢
ing challenge can reduce the burst pressure for the filter.

A.2 Pre¢conditioning procedure

For this p
shall be c

The test g
residues
test sam

The entir

During th
and watel

The filter
shall be c
and insta

The dust

A3 Do

Filters tes
(wet/Ann|

early described as variation in the test report.

n the downstream side. Solid dirt pieces as from packaging material shall be detached
e.

b filter shall be submersed under normal tap water for minimum 12 h.

e storage of the filter element, the test rig shill be prepared according to 7.3 (e.g. output ¢
feeder, camera, fine grid or flat shaped coarse filter).

shall be surfaced and drained of free:water before installed in the test duct. The drainag
irried out for 5 min (minimum) from each side (upstream and downstream side up). The
lation in the test rig shall be done’within 15 min.

cumentation

ted according{to this annex shall be reported according to this document with the addit
ex A) listed.after the actual burst pressure and clearly stated in the test data and results

ind water loading phase shall be started within 10 min after installation (see 7.4 and 7.5]).

testing”.
echanical

ocument.

Focedure, only new filter elements shall be used. Any other priofidone ageing or loading procedure

ample shall be visually checked for any damages according/to the checklist in Table 4 and for dirt

from the

fthe dust

b of water
fransition

ional text
(see 8.2).
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Annex B
(informative)

Test report example

STANDARD/TEST ORGANISATION

Test organisation Filter laboratory Inc. Report no: 001-YYMMDD
Address/gmail I Street 29, City, Region, Country / email address
GENERA, ke
Test no: Unique number Date of test: YYYY-MM-DD Supervisor: Name of supervidor
Test client: X-Corporation Device receiving date: Test openator:
Device sypplied by: YYYY-MM-DD Name of.Operator
DEVICE { MANUFACTURER'S DATA >’
Model: GT Filter Q Manufacturer: Construction:
GT-XYZ-392-592-295-T9 X-Corporation V-Bed
Type of mpedia: Effective filtering area: Filter dimensions (W x H x D):
Synthetig, pleated, XYZ 16 m?2 592 mim) X 592 mm x 292 mm
Rated air| flow: Rated pressure drop: Rated filter class:
3400 m3j/h 100 Pa T9 (see ISO 29461-1)
TEST EQUIPMENT O
Test rig XYZ rig, range 500 m3/hxto 8 000 m3/h
Water spfay device ABC-spray device, air/liquid type, 4 nozzles, operating pressure X har
Dust feeder XYZ-dust feeder,2\injection nozzles
Air flow measurement Orifice plate XY,Z
DEVICE TESTED - CLEAN FILTER oY
Device cdqndition (prior to test):
New filte, from original package (box). No prior loading or treatment
Effectivelfiltering area: |Dimension (W x H x D): Initial pressure drop: |Efficiency?:
15,4 m? (3ee ISO 29461-1) | 59Znim x 592 mm x 295 mm 108 Pa ePM;=91 %
ePM, :=94 %
TEST CONDITIONS ‘Qy
Test air flow: Temperature: Relative humidity:
3405 m3y/h 23°C 95 %
Type of dust: Dust concentration: Fog concentration: Final test pressur¢ drop:
ISO A2 Filne 200 mg/m3 800 mg/m3 6250 Pa
TEST RESULTS (7.2.5)
Weight of test device before test: Total water load: Total dust load:
2,1kg XXX g YYYg
Test Air flow?: Test pressure dropb: Efficiency®: Comment:
3000 m3/h 2500 Pa ePM;=79 % See enclosed testreport XYZ
ePM, =84 % (see ISO 29461-1)
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