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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 IS

0]

technical comm|ttees Each member body interested in a subject for WhICh a techmcal committee has been

established
non-gove nmental in liaison with 1SO, also take part in the work. 1SO coIIaborates closely Wlth tr
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’2.

The mai
adopted py the technical committees are circulated to the member bodies for voting Publication as 3
International Standard requires approval by at least 75 % of the member bodies casting-a vote.

In other [circumstances, particularly when there is an urgent market requirement for such documents,
technicallcommittee may decide to publish other types of document:

O Publicly Available Specification (ISO/PAS) represents an agreément between technical experts
O working group and is accepted for publication if it is approved by more than 50 % of the membeg]

— anl
an |

bO Technical Specification (ISO/TS) represents an agreement between the members of a technid
ittee and is accepted for publication if it is approved\by 2/3 of the members of the committee castir

An ISO/RAS or ISO/TS is reviewed after three years'in order to decide whether it will be confirmed for
further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed, it is reviewed again after a further.three years, at which time it must either be transformed into 3
International Standard or be withdrawn.

Attention|is drawn to the possibility that'some of the elements of this document may be the subject of pate
rights. IS shall not be held responsible for identifying any or all such patent rights.

ISO/TS 1p713-2 was prepared. by Technical Committee ISO/TC 22, Road vehicles, Subcommittee SC
Injection gquipment and filtersfor use on road vehicles.

ISO/TS 19713 consists).of the following parts, under the general title Road vehicles — Inlet air cleanir
equipment for internaleombustion engines and compressors:

— Part|1: Fragtional efficiency testing with fine particles (0,3 um to 5 um optical diameter)

task of technical committees is to prepare International Standards. Draft International Standards

and

e

n

a

in
Is

g

is
n

g

— Part R Fractional efficiency testing with coarse particles (5 um to 40 ym optical diameter)
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Introduction

:2010(E)

The engine air cleaner/filter fractional efficiency test methods described in this part of ISO/TS 19713 have
been developed to cover traditional and new particulate air filters in order to remove airborne contaminants
specifically to protect the engine.

A

q
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p
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T

c
H
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clharacteristics for air cleaners and filters tested in this manner. The actual field operating conditions

r cleaner fractional efficiency is one of the main air cleaner performance characteristics., Th
O/TS 19713 has been established to address the measurement of this parameter. The_@bjecti
ocedure is to maintain a uniform test method for evaluating fractional efficiency of air cleaners and
h specified laboratory test stands.

ne data collected in accordance with this part of ISO/TS 19713 can be used to establish fractional
bntaminants, humidity, temperature, mechanical vibration, flow pulsation,, etc.) are difficult to

pwever, with the procedure and equipment set forth, comparison of air filter\fractional efficiency can|
th a high degree of confidence.

s part of
ve of the
air filters

efficiency
including
duplicate.
be made
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TECHNICAL SPECIFICATION ISO/TS 19713-2:2010(E)

Road vehicles — Inlet air cleaning equipment for internal
combustion engines and compressors —

Part 2:
ractional efficiency testing with coarse particles (5 pm to
0 um optical diameter)

11 Scope

This part of ISO/TS 19713 describes laboratory test methods to measure engine air cleaner jand filter
performance by fractional efficiency tests for particles from 5 ym to 40 pnousing ISO 12103-1 test dysts.

Performance includes, but is not limited to, airflow restriction or pressure loss, initial and incremental(fractional
efficiencies during dust loading.

ISO/TS 19713-1 describes fractional efficiency tests for particles from 0,3 um to 5 uym optical diamete

=

2| Normative references
The following referenced documents are indispensable for the application of this document. For dated
rgferences, only the edition cited applies."For undated references, the latest edition of the r¢ferenced
dpcument (including any amendments) applies.

IO 5011:2000, Inlet air cleaning™ equipment for internal combustion engines and compressors —
Performance testing

IO 12103-1, Road vehicles*— Test dust for filter evaluation — Part 1: Arizona test dust

3| Terms and-definitions

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

1

single-stage air cleaner
air cleaner which does not incorporate a separate pre-cleaner

31.2

multistage air cleaner

air cleaner consisting of two or more stages, the first usually being a pre-cleaner, followed by one or more
filter elements

NOTE If two elements are used, the first is called the primary element and the second is called the secondary element.

© 1SO 2010 — All rights reserved 1
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3.1.3

pre-cleaner
device usually using inertial or centrifugal means to remove a portion of the test dust before reaching the filter

element

3.2

air filter element
actual filter supported and sealed within the air cleaner assembly

3.3

test airflpw rate

measure

NOTE

3.4
pressure
permane
standard

3.5

of the volume of air passing through the test duct per unit time
The test airflow rate is expressed in cubic metres per second.
loss

ht pressure reduction due to a decrease in the flow energy (velocity head) caused. by the filter (Pa
conditions of 20 °C and 101,3 kPa)

fractional efficiency

Ex,
ability of

Ef,i *

where

NOTE

3.6

he air filter to remove particles of a specified size expressed as-a‘percentage for particle size i

C1,i—C2,;
C1,i

%100 (

is the number of particles per unit volume of specified size, i, upstream;
is the number of particles per unit velime of specified size, i, downstream

Fractional efficiency is expressed. in-percent.

fractional efficiency before dust loading

efficiency

NOTE
measurab

3.7

before the collected particles have any measurable effect on the efficiency of the filter under test

The collected particles can affect the measured filter efficiency before enough aerosol is collected to have a
e effect on thedfilter pressure loss.

incremental fractional efficiency

efficiency,

determined at the specified flow rate as a function of particle size at 10 %, 25 %, 50 % and 100

of filter life,.which is determined by pressure loss across the filter as the filter is loaded with ISO 12103-1 te

dust

NOTE 1
calculated

AP,

where

AP,

(o]

vy

o

st

The values of filter pressure loss, AP, at which the incremental fractional efficiencies are measured can be

from

is the initial pressure loss;

= AP, + AL,(AP, — AP,) (2)
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AL, is the fraction of filter life;

AP, is the specified terminal pressure loss.

NOTE 2  If necessary, the requester and the tester can agree upon different criteria for incremental fractional efficiency.

3.8
fractional penetration

________ attorn—efparticles of

specified size entering the filter expressed in a percentage for particle size i

NPTE Fractional penetration is expressed in percent.
3{9
tgst dust loading

mlass of test dust collected by the air cleaner assembly or air filter element-at a specified flow rate gxpressed
grams

5

3{10

particle measurement device

aerosol spectrometer

instrument for sizing, or counting, or sizing and counting, aergsol particles

NDTE Recommended particle counters are optical particle counters (OPC) or other counters demonstrating good
c@rrelation in measuring particle sizes, e.g. aerodynamic particle counters (APC).

311
tgst aerosol
particles suspended in air, used for filter efficiency evaluation or dust loading

31111

fractional efficiency test aerosol
agrosol used to measure the efficiency of the test filter, the concentration of which is low enough tp prevent
cpincidence-related errors inthe particle counters, and does not change the filter efficiency due to logding

NDTE The aerosol _c¢harge is reduced so that it approximates a Boltzman equilibrium charge distribution. The
rdquirements for the effieiency challenge aerosol are given in 4.2.10 and 4.2.11.

3[11.2

Igading test aerosol
agrosol uséd 'to load the filter, the concentration of which is high enough to allow loading of the [filter in a
rgasonableramount of time

NPTE The requirements for the loading test aerosol are given in 4.2.13.2.
3.12

correlation ratio

R

ratio of the number of particles observed at the downstream sampling location to the number of particles at the
upstream sampling location when no filter is installed in the test system

NOTE 1 This number can be greater or less than 1.

NOTE 2  The method of calculating the correlation ratio is given in Annex B.

© 1SO 2010 — All rights reserved 3
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3.13

log mean diameter

Dy;
weighted

Dy; = (Di XD

where

mean diameter calculated by

1/2
)

(4)

D;

Diyq

3.14

IS the lower threshold or partcle size range;

is the upper threshold of particle size range

geometric (volume equivalent) diameter

Dg’i
diameter

NOTE

3.15

of a sphere with the same volume as the particle being measured

For a spherical particle, it is the diameter of the sphere.

optical (¢quivalent) diameter

Dy ;
diameter
of light as

NOTE
polystyren

3.16

of a particle of the type used to calibrate an optical sizing:instrument that scatters the same amou
the particle being measured

Optical diameter depends on the instrument, the type'of particle used to calibrate the instrument (usua
E latex spheres), the optical properties of the particle being measured, and the size of the particle.

aerodynamic (equivalent) diameter

Dae

diameter
gravitatio

NOTE 1
sizing and

NOTE 2

3.17
high effi¢
HEPA
filter havi
99,97 %

of a sphere of density 1 g/cm3 with'thé same terminal velocity as the particle being measured, due
hal force in calm air

The aerodynamic diameter_will)be used to report results to avoid different diameter measures due to differg
counting techniques.

Annex F provides additional information about aerodynamic diameter.

tiency particulate air

hg 99,95 % efficiency at most penetrating particle size (class H13 in accordance with EN 1822),
(or<higher) fractional efficiency at 0,3 ym using DOP aerosol as defined by IEST RP-CCO(

recommeg

nt

Yy

o

KN

nded practice

3.18

neutralization
aerosol whose charge distribution is reduced until it provides a Boltzman equilibrium charge distribution

4 Test equipment, accuracy and validation

4.1 Measurement accuracy

Accuracy

requirements are given in Table E.1.

© 1SO 2010 — All rights reserved
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4.2 Test stand configuration

4.21 General

Complete vehicle manufacturer air cleaner assemblies or individual air filter elements may be tested. The test
stand shall consist of the following major components and shall be arranged as shown in Figure 2.

NOTE 1 Results can vary depending on configuration.

NOTE 2 Air cleaner assembly orientation will affect performance. It is advisable that air cleaner assemblies be oriented
anfd tested as installed in the vehicle.

Flgure 2 shows a set-up to measure the performance of an air cleaner assembly.

Flgure 3 shows a recommended air cleaner housing to measure the performance of (aypanel-typ¢ air filter
element.

M

gure 4 shows a recommended air cleaner housing to measure the performanee of a cylindrical-type air filter
element.

4/2.2 Unit under test

41221 General
The unit under test may be an air cleaner housing with filter element or elements or it may be & housing
designed to hold a filter element with appropriate inlet and. outlets. The unit under test may be or may include
a|pre-cleaner. The scope of this test procedure does not include the testing of air cleaner systen]s without
tybular inlet and outlet connections. However, designs such as perforated or louvered inlet systemsg could be
tgsted with the unit under test inside a plenum that would include a tubular inlet. Non-tubular a|r cleaner

systems outside the scope of this test procedure)may still be evaluated as agreed upon between fhe tester
and customer.

412.2.2  Air cleaner assembly

Alr cleaner assemblies shall be evaluated using the set-up shown in Figure 2.
412.2.3 Evaluating panel air filter elements
I general, panel-type‘air-filter elements may be tested using the recommended housing shown in Figure 3.

4]2.2.4 Evaluating cylindrical/round air filter elements

Flgure 4 shows a recommended housing to test cylindrical-type air filter elements. This housing [design is
similar {6:the one recommended in ISO 5011.

4{2.3) Ducting

Upstream and downstream cylindrical ducting shall be made of conductive material and all components shall
be commonly grounded from the aerosol inlet section to the downstream sampling section.

4.2.4 Airflow conditioning

Inlet air shall be conditioned in accordance with the requirements of ISO 5011, i.e. (23 £5) °C and (55t 15) %
relative humidity (RH). The inlet air shall be filtered with a HEPA filter if the background particle concentration
exceeds that defined in Annex E.

© 1SO 2010 — All rights reserved 5
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4.2.5 Test configurations

The upstream and downstream ducting can be constructed vertically (recommended), horizontally, or a
combination based on space constraints. The example in this procedure shows a vertical configuration to test
both air cleaners and panel-type air filters. Preferably, the particle samplers should be located vertically in
each test section, which reduces the probability of particle loss and enables sampling of large particle sizes of
interest. The underlying test system design will reduce particle losses and meet the requirements of
Tables E.1 and E.2.

4.2.6 Airflow ducting

The test $ystem should be capable of handling user-specified flow rates. Further, the test system will maintain
the requited flow rates with air cleaner assembly pressure loss up to 10 kPa. Primary duct sizing shall'cenfoqm
to the “ngminal” duct diameter and Reynolds numbers in Table 1. Higher and lower flow rates may, use dugct
sizes scaled appropriately.

Table 1 — Duct diameter versus flow range

Nodr?ainma;t::lct Area Velocity FIov;IOrvenge Flonli;\]nge Reynolds number
mm m2 m/s m3/h m3/h at low flow at high flow
50 0,002 02 11,6 85 425 40 407 202 034
100 0,008 10 5,8 170 850 40 407 202 034
150 0,018 20 5,2 340 1,700 53 876 269 378
200 0,032 40 5,8 680 3400 80 813 404 067
NOTE A 10 um particle with a specific gravity of 2 settles at about 6 x 10~3 m/s in still air. At the minimum velocity [of

approximgtely 5,1 m/s, this would result in a 10 mm drop inithat 10 ym particle over a 3 m run.

4.2.7 Inllet filtration

Test inlef airflow shall be filtered with asHEPA filter to remove the majority of ambient aerosol, if required, |in
accordange with Annex E.

4.2.8 Flow uniformity

The test system shall be designed to provide uniform and steady airflow to the air cleaner assembly or to the
air filter glement under test, as stated in the test set-up.

NOTE Uniform<airflow is required in sections where isokinetic samplers are located when evaluating air cleaner
assembliep. Proper-flow distribution will facilitate a representative aerosol sample being drawn by the isokinetic sample
See 4.2.10.4 for flow uniformity measurements.

[

4.29 Leakage

It is important to minimize leakage into the test system to obtain valid data. Depending on where the leakage
occurs, it can cause major errors in particle counting.

As a minimum, all connections and joints should be checked for visual leakage using soap bubbles. Any

known soap solution can be used for the test. Preferably, the soap solution (foam) will be applied using a
brush at all connections and joints. Leaks are especially important on the clean side of the air cleaner.

6 © 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=9e9fe465b41d630a86caa504796ab00d

ISO/TS 19713-2:2010(E)

4.2.10 Fractional efficiency test aerosol generator

4.210.1 General

The aerosol generator for fractional efficiency tests shall provide a stable and homogenous aerosol
concentration and size distribution. The size distribution of the aerosol shall have sufficient particles for
statistical evaluation in each size class, as explained in B.6. If high-resolution particle spectrometers are used,
size classes may be combined to achieve the required counts. The total concentration of the aerosol in the
test duct shall not exceed the limit of the particle counter discussed in 4.2.14.3. The efficiency test aerosol
concentration shall be low enough so there is no change in efficiency during the test as described in Clause 5
(ile. no loading effects).

4]2.10.2 Aerosol generation

Test dust and aerosol generation shall be in accordance with ISO 5011:2000, 6.2.1 to 6.2.5.

412.10.3 Aerosol dispersion

The efficiency test aerosol should be injected with the airflow in accordance.with Figure 2 (see ISO 5011:2000,
6/2.1 to 6.2.5).

4]2.10.4 Aerosol uniformity

During validation of uniformity and concentration of the efficiency-test aerosol, no air cleaner shall bg installed
n the location of the test filter (see Figure 2). Instead, a smooth, straight pipe or an elbow may be {sed. The
uniformity of the particle size distribution and the concentration of the test aerosol used for fractional efficiency
tgsts may be verified by use of a particle-sizing instr@ment that will also be used in the test sysiem. This
particle-sizing instrument shall draw samples upstream and downstream of the air cleaner mounting position
using the isokinetic samplers. For each test ductithe minimum and maximum flow rate will be used for this
eyaluation (see Table 1). Samples shall be drawn by the isokinetic samplers along a diametern at three
locations. Locations will be 0,15 D, 0,5 D and\0,85 D (see Figure 1). The measurements will be performed in a
plane along two perpendicular diameters."A minimum of three samples shall be drawn at each [sampling
lgcation, and the resulting number distribution shall be averaged. As far as possible, the samples will be taken
al random. The average values for(each reported particle-size range shall not vary by more than 10 % for
clhannels less than 15 ym particles and +20 % for channels greater than 15 uym particles among the five
lgcations. This indicates that the\efficiency test aerosol is uniformly distributed across the test duct| and that
the centreline sample is representative of the overall challenge.

NOTE For tube diameter D, the sampling positions are the following:
— horizontal: 0,15D; 0,5D; 0,85D;
— vertical: 0,15D; 0,85D.

Figure 1 — Location of isokinetic sampling points for validation

© 1SO 2010 — All rights reserved 7


https://standardsiso.com/api/?name=9e9fe465b41d630a86caa504796ab00d

ISO/TS 19713-2:2010(E)

4.2.11 Aerosol neutralizer for coarse test dust

Neutralization is not used in this part of ISO/TS 19713.

4.2.12 Upstream and downstream sample probes

Sampling probes shall be isokinetic (local velocity of duct and probe to be equal) to within £20 %. The same
probe design should be used upstream and downstream of the filter. Sampling probes shall be located on the
centreline of the test duct. Sample probes shall be located at least seven diameters downstream of any bends,
reducers, expanders, etc. The sampling probe shall be at least four diameters upstream of any bends,
reducers| expanders, etc. The samplers will also be located in the centre of the duct. The probes shalkhe
made of felectrically conductive metallic tubing with a smooth inside surface. The design of the probes.and
sampling|lines will reduce particle losses. The inlet of the sampling probes shall be sharp edged and)shall e
located ngar the centre of the duct. Both the upstream/downstream sampling lines should be identical;, straight
(or no mgre than one bend) and as short as possible. See Annex G for details on isokinetic sampling. A shqrt
(< 50 mnp) flexible connection to the particle counter may be used to allow some flexibility anhd“reduce stregs
on the cqunter inlet. PTFE may not be used as flexible tubing. Use conductive tubing (e.g/)plasticized PV()
instead. For more information on tubing, see the Bibliography.

Sampling probe ducting to the particle counter must be set up in a way that no sedimentation of large particlg¢s
takes plage, i.e.

— verti¢al orientation of the tubing;

— suffigient flow velocity;

— shor{ connection length between # particle counter and sampling;
— avoidlance of bends in the tubing;

— no sharp angles if bends are necessary.
4.2.13 Leading test aerosol generator (see ISO-5011)

4.2.13.1 | General

Aerosol deneration shall be in accordance with ISO 5011:2000, 6.2.1 to 6.2.5. (See also 4.2.10.)

4.2.13.2 | Loading test aerosol(air cleaner assembly only)

A dust injector (see 1IS@5011:2000, Figure B.2 or B.3) shall be used to disperse the loading test aerospol
(ISO 121D3-1 test dust).~The dust feeder location is shown in Figure 2.

4.2.13.3 | Loading test aerosol dust feeder

A dust fegder capable of feeding a stable (within 5 %) concentration of 1 g/m3 of air at the test flow rate shall

be used. Reference the dustfeeder specifications and validation procedure in ISO 507171

4.2.14 Upstream and downstream particle counter

4.2.141 General

Upstream and downstream particle counter shall be of the same model and shall be matched as closely as
possible. A single particle counter can also be used for efficiency measurements using sequential
measurements. The airborne particle counter shall be capable of recording particles in the 5 ym to 40 um
geometric equivalent size range. The particle counter shall be able, at a minimum, to discriminate eight
logarithmically spaced particle size classes.

8 © 1SO 2010 — All rights reserved
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4.2.14.2 Particle counter calibration

:2010(E)

The particle counter shall be calibrated with polystyrene latex particles of appropriate size or other suitable
particle standards prior to system start-up and a minimum of once a year to verify that the size calibration has
not changed. It is recommended that the particle counter calibration be verified periodically during the year
between calibrations.

4.214.3 Maximum particle concentration

e
d

in

Q=

T
m

fficiency tests at a series of different concentrations and compare the results. The maximum conce

ore than one particle at a time). A recommended method for establishing this limit is to con

btermined at the point where increasing the concentration by a factor of two causes the fractional

hnex D.

2.14.4 Particle counter flow

ne particle measurement device flow rate shall remain constant-within +5 % for the duration
cluding the correlation done before the test.

2.14.5 Upstream/downstream particle counter correlation ratios
prrelation shall be performed using an elbow, or a tube, or an elbow and tube, the same size a

icting in place of the air cleaner assembly andin the same orientation as the air cleaner
let/outlet tubes under test. See Annex B to calculate correlation ratios.

2.15 Inlet and outlet piezometer tubes

let and outlet transition tubes shall adapt the unit under test to the piezometers if they are a diffg
bm the piezometer. The inlet and outlet piezometer tubes shall be designed as specified in ISO 501

2.16 Airflow measurement

easure airflow withCan” accuracy in accordance with Annex E. Convert all volume flow rates
bnditions (ambientpressure and temperature).

he maximum total particle concentration shall be established to prevent coincidence counting (i.e. counting

Huct filter
htration is
efficiency

the smallest size range at the higher concentration to be more than 5 % less than the fractional efficiency at
tHe lower concentration. Another method is to increase the concentration in steps (e.g, byusing a d
h undiluted aerosol) and determine the concentration where the particle measurement'device start§ showing
ignificant deviation from the expected concentration in the smallest size rangée-’>An example ig given in

luted and

of a test

5 the test
assembly

let and outlet piezometer tubes shall beinstalled upstream and downstream of the air cleaner unit Uinder test.

brent size
1.

to actual
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Key

0 N o g~ WN -
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dust feeder
dust injector
static mixer

1
8\ 7 6
T \
[P -
A
5 3 2
. A
9 4
- 13 14 15
I ‘| ‘ (
5 o
11— 12
9 downstream piezometer tabe
10 downstream isokinetic sample probe
11 downstream particle counter
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Figure 2 — Test set-up to evaluate air cleaner assembly
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D}, D, tube diameters

F cross-sectional area of the panelilter element paper pack
H| cross-sectional area of the housing

LY, L, length of air cleaner heusing

a angle < 30° around the perimeter of the diffuser

[V

D, =D, and depends-on the test flow rate (see Table 1).

b| Smooth transitiofrfiom a round duct to a rectangular cross-section.
¢ | Filter should/be'sealed to the plate, for example see ISO 5011.

d] Ratio of H t6°F shall not be less than 0,5.

¢| L,=Eyand depends on area H and included angle c.

Figure 3 — Test set-up for panel-type and axial flow cylindrical-type air filter elementg
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Dy, D, tube diameters

A area

1 diffuser plate/cone

2 sealing plate

3 cylindrical round conical tapered-air filter

a8 D, =1, and depends on the test flow rate (see Table 1).

b Area  is adjusted so that the-annular face velocity of entry is in the range of (900 + 50) m/min.

Figure 4 3~ Test set-up for cylindrical radial flow-type air filter elements

4.3 Test conditions

4.3.1 General

All tests shall be conducted with air entering the air cleaner assembly or air filter element in accordance with
4.2.4, with the permissible humidity variation throughout one single test being £2 %.

4.3.2 Test aerosol

4.3.21 Fractional test aerosol

For this part of ISO/TS 19713, the KCI (potassium chloride) test aerosol shall be used.
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4.3.2.2 Loading test aerosol

For this part of ISO/TS 19713, the following test dust shall be used:

for single-stage air cleaner assemblies and air filter elements: ISO 12103-1 A2 test dust;

for pre-cleaners and multistage air cleaner assemblies: ISO 12103-1 A4 test dust.

Before a test, condition the dust in accordance with ISO 5011.

:2010(E)

4[3.3 HEPA filter

HEPA filter is used to provide clean air to the test stand if required. A high efficiency filter may
dpwnstream to protect the flow meter and air moving devices.

4 Validation
Prior to initial use, the test stand shall be validated in accordance with Table E.2;

PORTANT — If the test set-up undergoes any hardware/component changes, it needs {
rified and re-evaluated for that portion of the test stand and for.those changes.

The validation certifying the performance of a system in accordance with this part of ISO/TS 19711
dpcumented, including the following:

be used

o be re-

shall be

a) system diagram and detailed description:
— particle materials used in the tests including«raceability;
— manufacturer and model of the particle\tneasurement device;
— calibration data for the particle counter(s);
— calibration data for flow measuring device;
b} calibration data for pressute-transducers;
c] system performance-otrflow uniformity;
d] system performance on particle concentration uniformity;
e) data demonstrating that the coincidence counting error meets the criteria of Table E.2;
f)] data-showing the agreement between upstream and downstream particle counters for a [single or
dual=counter system;
gr—deate-showing-thatthe-efficieney-test-acrosol-concentration-isHow-enough-to-aveicHoading-effects during
the efficiency test for an unloaded filter element;
h) sample test data;
i) sample test data showing the repeatability of test results;
j)  data demonstrating the amount of particle loss for large particles in the sampling system.
© 1SO 2010 — All rights reserved 13
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4.5 Reference air cleaner assemblies/air filter elements

451 General
Upon initial calibration and validation of the system, the efficiency of an unloaded reference air cleaner

assembly should be measured. This air cleaner assembly is taken as the reference that will be used to
monitor changes in the test system and will be taken for periodic checks of the system performance.

4.5.2 Sampling lines

All sampling lines shall be flushed (cleaned) with clean filtered compressed air to remove any residual
aerosols from the previous tests. A HEPA filter cartridge may be used as an end cleanup filter for cleaning the
compresged air.

4.5.3 Particle counter

The parti¢le counter shall be checked periodically for zero count.
4.6 Routine operating procedure

4.6.1 Ggneral

See Tabl

Y%

E.3.

4.6.2 Periodical start-up procedure
Periodically, as required to maintain accuracy in accordance \with Annex E, certain start-up procedures shall
be performed to verify the continued proper operation of the test system. Such procedures include but are npt
limited to
— verification of particle counter operation such asflow rate and zero count (Table E.3);

— measurement of background particle count'in the test duct with no test filter and no test aerosol;
— corrglation of upstream and downstream particle sampling and measuring systems;

— check zero on pressure measurement devices.

See, for gxample, Table E 3..The reference air cleaner assemblies or air filters will be used for daily checks pf
system pgerformance.

4.6.3 Other periodic procedures

See Tabl

Y%

ES.

5 Fractional efficiency test

5.1 General

The purpose of this test is to determine the particle collection capabilities of the filter. This test is conducted
with constant airflow rate using the aerosol described in 4.2.10.
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5.2 Test procedure

Monitor temperature and relative humidity continuously.

Set the specified volume flow rate and measure the tare pressure loss with no air cleaner or filter in the
test stand.

Perform all necessary calibration after every change in test set-up as described in Annex E.

Mount the air cleaner assembly or air filter element in their respective test housing in accordance with

)

NDTE The particle counts upstream should be within £5 % of the average of three measurements.

Figure 2, 3 or 4. Test the air cleaner assembly as installed in the vehicle.
Set the specified volume airflow rate.

Condition the air cleaner assembly or the air filter element by stabilizing to temperature and hurnidity test
conditions in accordance with 4.3 at rated flow for at least 15 min.

Measure pressure loss (AP;) of new filter.

Start feeding the efficiency test aerosol (as specified in 4.2.10) and wait for the upstream gerosol to
become stable.

Stabilize dust feeder to the required dust mass flow and keepcthese settings.

Determine the fractional efficiencies by particle counting as follows:

— For sequential counting systems, start with the counter connected to the upstream sample probe;
wait for the sampling system to equilibrate; then the upstream particles should be counted. [Switch to
the downstream sample probe; wait-for the sampling system to equilibrate; then the downstream
sample should be counted. The upstream-downstream cycle should be repeated two more|times for
a total of three upstream and thrée downstream samples. Calculate the filter efficiency for each of the
three samples.

— For simultaneous counting systems, the particles for both the upstream and downstream $hould be
counted and recorded.*Repeat two more times for a total of three upstream and three downstream
samples. Calculate the filter efficiency for each of the three samples.

— Follow the protedure for efficiency data reduction in Annex B.

Examine the'three filter efficiency measurements for trends. Filter efficiency may decrease or ingrease as
a filter istloaded. If the efficiency aerosol concentration is too high, then it might load the filter gnough to
alter the 'measured efficiency. In that case, the measured efficiency will not represent the |fractional
efficiency before dust loading. The three efficiency measurements might vary within £5 % in|the 5 um
particle size class. If efficiency measurements are > +5 % apart, then the current test is invalifg and the
efficiency aerosol concentration should be reduced prior to any additional tests. After redlicing the

concentration of the test aerosol, start a new test with a new filter in the air cleaner assembly.

If there is no significant trend in the filter efficiency from the beginning to the end of these tests, then
calculate the efficiency of the unloaded filter element by calculating the average values of the three
measurements.

If these efficiency tests with the unloaded filter element will be followed by an additional loading and/or
incremental fractional efficiency tests, then continue that test immediately upon completion of the
efficiency test. If only the fractional efficiency before dust loading test is required, then calculate the
results.

© 1SO 2010 — All rights reserved 15


https://standardsiso.com/api/?name=9e9fe465b41d630a86caa504796ab00d

ISO/TS 1

n) Start

9713-2:2010(E)

or resume feeding the loading dust until the pressure loss across the filter has reached the second

incremental pressure loss.

0) Measure the incremental fractional efficiency with the particle counters as described above.

p) Repeat the cycle of measuring fractional efficiency and loading until the final pressure loss has been
reached and the final fractional efficiency has been measured.

q) Calculate the efficiency and confidence limits for each particle size range and each loading increment

using

the methods in Annex B. For calculations where the smallest number count exceeds 500, the

efficiency may be calculated without using the upper and lower confidence limits.

r)  The minimum information to be included in the report is shown in Annex A. As a proposal, use the\form jin

Anng

X A to report results.

16
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Annex A
(informative)

Test report

Engine air cleaners for light, medium and heavy duty vehicles

Fractional efficiency test report

1 Test unit

(=T LU= Lo (1 =Y USSR ST SR
ype Of filler MEdia: ..ot e e
ir cleaner description and orientation: ..o e
ir filter description and orientation: ... e

Test equipment

est duct set-up and orientation

1
A
i
Rre-Cleaner/pre-SeParators: ............cciiicciiiiiiieeeeeccciiieeeeeeeeeesrrneeeeaeeeeesnsrneees s s T araaneeeeeeseseraeeeaaeeeeanns
2
T
O

ust feeder: Contaminant for efficiency measurements (ISO ,12103-1 A2/A4 test dust)
(Lo U] o] 0 T=Y o A S USSR
SettingS/fEEA FAtE: .. .. A e aa e

Contaminant for loading (ISO 12103-1\A2 test dust)
EQUIPMENTE: .o T e e e
SettingS/fEEA FAte: .. ..eiiieiiie e et a e

RartiCle COUNTEI:  TYPE: oo N ettt ettt e et e e e e nneee s
SaAMPIE FIOW: oo e

Test conditions

L (oL A =1 = CLLE7L0) O S PR

3

T

Test termination Criteria: ... e e e e e e e e e e e neeees

Tlemperature (°C): Before teSt: .
AR 1S e

(mul

arometric pressure (KPa): Before test: ...
AR Ot i

Relative humidity (%): Before test: ...
AR 1S e

=]

otal cumulative CoUuNtS (COUNES/CMB): ...ttt
€St IErMINAtiON (KPa): ....coi it b et e e bt e e e aabeee e

|

ractiomat effiCenCy TTeTValS T s
INitial reStrCtioN (KPa): ... b et e e sb e e st e e e e e abeeeeaa

4 General comments

Date: ..o Test conducted DY: .....oooiiiiiii
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Test dust: ISO Coarse

YA
100

90

80

70

60

50

40

30

20

10

Xy

0p 07 1 2 5 7 10 15 20 30 40

Key
X optical particle diameter, in pm
Y fractignal filtration efficiency, in percentage

Figure A.1 — Fractional efficiency as a function of particle size and dust capacity at test flow rate
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Figure A.2 — Pressure loss versus aerosol loading
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Annex B
(normative)

Efficiency data reduction

f+Overview
.1.1 General

hen using particle counters to evaluate fractional size filtration efficiency, it is necessary to
lignitations imposed by this method. The efficiency is determined by comparing thé particles detg
cpunted upstream of the air cleaner or air filter to the particles detected and countéd downstream
cleaner or air filter. Inevitably, there are differences between the upstream and downstream sam
détection equipment. This annex presents a method to calculate correlationfatios to minimize the €
tq the difference between the upstream and downstream equipment. (fyaddition to correcting
variations between upstream and downstream equipment, the correlation ratio may be used to g
uhequal upstream and downstream sample times.

When the number of particles counted in any size class is lew, potential errors may occur as a
cpunting a few randomly occurring events. The method to quantify the size of the potential error fron
a|few particles is presented. Because the error due to counting random events is a function of
nbimber of particles counted, it is important to work with theactual counts, not concentrations or avg
the efficiency tests described in this test code, three upstream and three downstream samples are
The counts from those three samples shall be added-together to obtain total upstream and total do
cpunts in each size class. The totals are used for'the calculations described in this annex. Using
copunts will cause the calculated confidence limitsto be worse than they should be.

These data reduction techniques only address the correlation of upstream and downstream sam
cpunting, and the statistics of counting@*small number of particles. The confidence intervals calcu
e methods in this annex do not nécessarily reflect the overall test accuracy or precision. The test
nd precision can not be any better than the confidence interval calculated from the counting statig
nmay be worse because these.data reduction techniques do not address any other sources of
ninimize the other sources\of errors, it is important that the test system be qualified and cali
bscribed in Clauses 4 and-5.

C

auses B.2 to B.5_present “cook book” calculations. Clause B.6 presents more detail, including
calculation. The calCulations are carried out in terms of penetration, the ratio of the concentration o
dpwnstream ofthefilter to the concentration upstream. The penetrations can be converted to efficien

The symbols and subscripts in B.1.2.1 and B.1.2.2 are used in equations in this annex.

the calculations-are completed. The calculations are carried out for each particle size class of interes{.

consider
cted and
of the air
pling and
rrors due
for small
orrect for

result of
counting
the total
erages. In
counted.
wnstream
average

pling and
ated with
accuracy
tics but it
error. To
prated as

A sample
particles
cies after

B.1:2 Symbols and subscripts

B.1.2.1 Symbols

N particle counts
correlation ratio
penetration

sampling time

Yy N v =

efficiency
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B.1.2.2

o
ucl
Icl

spec

Subscripts

observed
upper confidence limit
lower confidence limit

specified performance

uc
dc
ut

dt

B.2 Corfrelation ratio

B.2.1 Opserved value — Correlation ratio

Using co
be calcul

o,C

NOTE
measuren

B.2.2 Upper confidence limit and:lower confidence limit values — Correlation ratio

B.2.2.1
confidend

B.2.2.2
each sizs

N+

EXAMPLE

carrelation (i e no filter installed)
testing a filter

upstream during correlation
downstream during correlation
upstream during test

downstream during test

nts obtained with test filter replaced by a straight verticalMube, the observed correlation ratio should
ted for each size class as shown in Equation (B.1):

Nodc
—_0.dc B.f

o,uc

Any dilution system to be used for the measurement also needs to be present for the correlation ratio
ent.

For numbers N <,50,-Table B.4 should be used to determine the 95 % upper and lowgr
e limits for each size-class for the upstream and downstream counts with no filter installed.

For numbers %> 50, use Equation (B.2) to determine the upper and lower confidence limits fpr
class:

2><Jﬁ) (B.p)

/ \

AL AL Iﬂ AL
Yucldc ~ Yo, dc "=/ o,dc ]

Equations (B.3) and (B.4) calculate confidence limits on the correlation ratio:

Nucldc
R =—= B.3
uele Nlcl,uc ( )
N,
Rigyo =~ (B4)
’ Nucl,uc

20
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B.3 Penetration

B.3.1 Observed penetration

With the test filter installed, upstream and downstream counts should be obtained to calculate the observed
penetration for each size class, as shown in Equation (B.5):

N,
py=——od (B.5)
No,ut X Ro,c

B.3.2 Upper confidence limit and lower confidence limit values — Penetration

The upper confidence limit and lower confidence limit values should be calculated for,the upstieam and
dpwnstream counts for each size class, using Table B.4 for numbers N < 50 and by means of Equgtion (B.2)
fgqr numbers N >50. The upper confidence limit and lower confidence limit of the, penetration ghould be
calculated for each size class as shown in Equations (B.6) and (B.7):

N
Py =——uddt (B.6)
Nlcl,ut ><Rlcl,c
N
By=—cdt (B.7)

Nucl,ut X Rucl,c

B.4 Calculations for unequal sample times

If|Equation (B.8) is true, then no adjustments for sampling time needs to be made:
Tye _ Tur (B.8)
Tye Tt

the condition in Equation (B.8) is not met, then the calculation for the observed penetration is as|{shown in
Huation (B.9):

M =

Tut NO,dt

—X
T, N
dt No ut X{ No,dc }{;uc ]
o,uc dc

The calculation for the upper confidence limit and lower confidence limit values of the penetration are as
slhown in_Eguations (B.10) and (B.11):

P - (B.9)

_ Tut Nucl,dt

(B.10)

(B.11)
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B.5 Eff

iciency

The efficiency for each size class is calculated from the penetration, as shown in Equations (B.12) to (B.14):

Ey=1-PF, (B.12)
B =1=Fq (B.13)
Eyet =1-FHq (B.14)

B.6 Pojsson statistics and counting

B.6.1 Theory

When a well-mixed, stable aerosol penetrates a filter, penetrating particles will appear downstream of the filter

(or in a
measure
penetrati
counts m

The stat
downstre
this type
obtained
and the

Bibliography).

B.6.2 P

When toy
ISO/TS 1

efficient fjlters in accordance with this part ©f,ISO/TS 19713, low downstream particle counts are the largest

source of
B.6.3 R

B.6.3.1

This prog
the 95 %
count N,

the equa
indefinite

small downstream air sample) randomly, but at some average population density. A partidle
ent device will detect these randomly in time, but at an average rate. For the purpose of calculating
n, the average rate (particles per unit time or per unit volume) is obtained from the cumulatiye
basured over the time period of the test or over the volume sampled.

stics of particle counting become increasingly important as_the filter penetration, and henge
Bm counts, decrease. These variations are described by Poisson ‘statistics. Of primary importance fo
of testing is the relationship between the results of a single test and the results that would be
from a test of infinite duration — the true mean result. This'relationship between an observed result
mplied confidence limits on the true mean result is described very well in the literature (see the

ractice

performance, noise-free particle counters’are used in a good duct in accordance with this part pf
0713, count statistics may become the largest error on highly efficient filter tests. When testing highly

uncertainty.
bcommendation

Determination of confidence limits on a count

edure uses particle count data to establish the confidence limits on penetration. Equation (B.2) gives
confidencedlimits on a single observed particle count N when N > 50. For a single observed partide
here is & 95 % confidence that the true mean count is between the upper and lower limits given by
ion. The“true mean count is the average count that would be obtained if the tests were repeated
v (sée/Reference [16]).

Table B.1 — Example of confidence limits

Observed count 95 % confidence limits
N lower upper
100 80 120
10 000 9 800 10 200

Once the confidence limits on a particle count are established, it is necessary to establish the confidence
limits on the correlation ratio and penetration.

22
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B.6.3.2 Determination of confidence limits on correlation ratio
Statistical uncertainty exists in the ratio of downstream to upstream counts, with no filter in the system. This

uncertainty should be established before the penetration is calculated. For example, consider a correlation
where the observed counts are 10 000 upstream and 12 000 downstream, as shown in Table B.2.

Table B.2 — Example of correlation ratios

95 % confidence limits on correlation ratio
Observed value
[owWer upper
10 000 counts upstream 9 800 10 200
12 000 counts downstream 11 781 12 219
NOTE In this example, there are fewer upstream counts than downstream counts dug)to slight
differences in the sampling systems and counters.

The confidence limits on the correlation ratio are as follows:

— observed: Ry = 13838 =120;

—t+ lower: ol = % =115;
12219

—T upper: RUC| = m = 1,25 .

flthe uncertainty in the correlation ratio is significantly less than the uncertainty in the penetration o
under test, it is reasonable to use the observed value of the correlation ratio. Otherwise, the 95 % c
limits of the correlation ratio should be used.

B{6.3.3 Determination of confidence limits on filter penetration

f the filter
bnfidence

The correlation example in B(6.3.2 is used to calculate the penetration of a filter test as shown in Tablje B.3.
Table B.3 — Example of filter penetration
95 % confidence limits on filter penetration
Observed value
lower upper
1 000 counts upstream 937 1063
100 counts downstream 80 120
Using the 95 % confidence limits on the correlation ratio:
a) the confidence limits on filter penetration are as follows:
— observed: =190 _083-83%;
1000x1,2
— lower: Bg = __80 __ 0,060 = 6,0 %;
1063x1,25
© 1SO 2010 — All rights reserved 23
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120

=20 _0111=111%:
uel = 937x115 °

upper:

b) the efficiency is as follows:

__ observed: E0=1—0,083=0,917=91,7%;
— lower: Eig=1-0,111=0,889=88,9%.
— lipper: Ey,=1-0,060=0,940=94,0%
In the abpve example, it can be stated with 95 % confidence that the filter penetration is betweem6,0 % and

11,1 %, O
The follo
— thep
— this ¢
— othe
— for

dete

num
— the 3

meth
conc

r that the efficiency is between 88,9 % and 94,0 %.

ving points should be noted:

article size range in which the counts were obtained should also be given;

onfidence level is based on counting statistics only;

error sources may contribute to the uncertainty of the penetration and efficiency measurements;

ery low penetration filters, the errors due to the counting Statistics may be a major factor (in
mining the overall test precision; for higher penetration filters, when it is possible to obtain higher
ber counts, this error source becomes less important as compared to the other error sources;

tatistical procedures described here apply only\to-raw count data: it is improper to apply these
ods to data that have been scaled, averaged,cmultiplied by correlation ratios, converted to rates pr
entrations, etc., because this would yield erreneous results.

24
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Observed count

N Lower limit Upper limit
0 0,0 3,7
1 0,1 5,6
2 0,2 7,2
3 0,6 8,8
4 1,1 10,2
5 186 117
6 2,2 13,1
7 2,8 14,4
8 3,5 15,8
9 4.1 171
10 4,8 18,4
11 55 19,7
12 6,2 24,0
13 6,9 22,3
14 7,7 23,5
15 8,4 24.8
16 9,2 26,0
17 9,9 27,2
18 10,7 28,4
19 11,4 29,6
20 12,2 30,8
21 13,0 32,0
22 13(8 33,2
23 14,6 34,4
24 15,4 35,6
25 16,2 36,8
26 17,0 38,0
27 17,8 39,2
28 18,6 40,4
29 19,4 41,6
30 20,2 42,8
31 211 44,0
32 21,9 451
33 22,7 46,3
34 23,5 47,5
35 24,4 48,7
36 25,2 49,8
37 26,1 51,0
38 26,9 52,2
39 27,7 53,3
40 28,6 54,5
41 29,4 55,6
42 30,3 56,8
43 31,1 57,9
44 32,0 59,0
45 32,8 60,2
46 33,7 61,3
47 34,5 62,5
48 35,4 63,6
49 36,3 64,8
50 37,1 65,9

NOTE

See Reference [17].
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Annex C
(normative)

Pressure loss data reduction

If the temperature and pressure at the f||ter under test are different from the standard condltlons of20+5°
and 101,3 Y ;
measured if the conditions were standard

The corrgction required for the pressure loss measurement depends on the test conditions and on_thetype
air cleangr or air filter being tested. For tests in accordance with this part of ISO/TS 19713, the temperatu
shall be ¢ontrolled to the standard temperature so the primary variable is the absolute pressure at the u
under test. This part of ISO/TS 19713 requires that the test be conducted at specified actualvolume flow rat
in order fo minimize changes in the efficiency measurement due to different velocities.~Therefore, if th
absolute [pressure at the filter under test is not standard pressure, then the measured-filter pressure loss
corrected as follows.

NOTE 1 This is independent of the corrections required for the flow rate measurement device that are required
establish the correct actual volume flow rate at the filter under test.

Measure [the unit pressure loss, AP, as a function of volume flow rate, "0, or at a set flow rate, Q. Plot t
measured pressure loss, AP, as a function of the measured flow rate, O,,. Note that in this test method, ¢

is the actpal volume flow rate at the filter at the test conditions. Find X, and K, by doing a least squares cury
fit of Equation (C.1) to the data:

APm:(K1xnmem)+(K2xpmem2) (C.

where
Nm Is the dynamic viscosity of air in the_unit’at the test conditions;
Pm |8 the mass density of air in the'unit at the test conditions.

Use Equation (C.2) to calculate the-standard filter pressure loss, AP, at the specified flow rate in the range
flow rateg measured. Extrapolation to flow rates outside the measured range is not recommended.

APg :(K1Xﬂsts)+(K2XstQsz) (C.

where

ns Is the.dynamic viscosity of air at standard conditions;

C

re
it
S
e
is

to

ps is the mass density of air at standard conditions;

O, is the flow at standard conditions.

NOTE 2 Since the temperatures are controlled to standard conditions, the correction due to the (K1 anxQ) term will

be negligible.
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Annex D
(informative)

Determination of maximum efficiency aerosol concentration

In 4.2.14, it is recommended to perform fractional efficiency tests versus particle concentration for particle size

ra
fr
T

c
p
a
m

hrges—dsing—particle—counters—An—example—is—illustrated—inFigure-D-4—When-the-concentrations
pctional efficiencies are not stable due to lack of enough counts as seen on the left-hand side of tH
ne fractional efficiencies will then be stable over a range of particle concentrations. As ‘th

pbncentration is further increased, the efficiency of the lowest channel will start to drop due to co

e stable. It should be noted that the appropriate particle concentration range for different particle]
ay be different. The tests described here should be performed when different countérs are used.

Overloading test of particle counter
Filter efficiency at smallest size channel
of the particle counter being used
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oblem. The appropriate particle concentration range should be the range in which the fractional efficiencies

counters
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19713-2:2010(E)

Annex E
(normative)

Accuracy requirements, validation and routine operation

.1 to E.3 provide lists of the items that need to be designed, verified, measured, calibrated or certified

to ensurg at-a-test-systemmeets—thereguirements—o s—part-eofH-ISOHSI9 3—Fhispart-oflSOAS497443
describeq the required performance of the test system, rather than requiring specific hardware and spécific
procedurg¢s. Hence, it is up to the builder and user of the test system to verify that the required performance |is
in fact achieved.

Table E.1 contains instrumentation accuracy and other requirements that are generally established by the
instrumentation used in the test system. The criteria for most items in Table E.1 are met with traceab

calibratio

Table E.Z contains system characteristics that are established by system design. Thiese characteristics neg

to be me

NOTE

Table E.3 contains calibrations, measurements and activities that need\{o be repeated on a scheduled bas
to ensurel the continued repeatability and reproducibility of the test system.

Clause n

may be found.

N.

Requirements for documenting the test system validation are given in 4.4(

imbers in Tables E.1 to E.3 refer to the clauses of this-part of ISO/TS 19713 in which the informatig

Table E.1 — Instrument aecuracy requirements

bsured once to verify the system design and to verify the initial performance of the test system. The
criteria fof most items in Table E.2 are verified by measurement of the characteristic of the test system.

d

is

n

Clauge Description Criteria Comments
ISOCS|;)J; ;2200’ Airflow rate measurement accuracy 12 % of reading 12 % repeatability
— Air velocity measurement accuracy 13 % of reading —
— Pressure loss measurement accuracy +1 % of reading —
4.3 Temperature measurement accuracy +0,5°C —
4.3 Relative humidity measurement accuracy +2 % RH —
— Barometric/pressure measurement accuracy +300 Pa —
4213 Particle measurement device size range 5 um to 40 um Geometric equivalent diameter

Table E.2 — Validation (measurement devices and procedures)

Clause Description Criteria Comments
Test system, conductive and grounded — Verify with continuity tester
Annex B | Test system, minimize particle loss — Verify by correlation measurement
425 Temperature control (23£5)°C In accordance with ISO 5011
425 Relative humidity control (55+15) % In accordance with ISO 5011
429 Test duct air leakage — Verify by inspection
427 ﬁ\(i)runtcélfanliness, background - particle | <2 "f;)h(;fuzf:g:(ieency In accordance with size channel

28
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Table E.2 (continued)

ISO/TS 19713-2:2010(E)

Table E.3.

Clause Description Criteria Comments
Table E.1 Flow rate control accuracy, shall be 15 % accuracy |£2 % repeatability
accurate as mounted in system
4.2.8 Airflow uniformity +10 % —
Annex E  [Pressure loss measurement accuracy 2 % —
4212  |Sample probe isokinetic 0%to+209% |By calculation from flow rates and
diameters
Sample probe location in accordance
with Figure 3, upstream, centred, close . . .
4212 to filter, centred at least 6xD 100 mm Approx'lmate distance, allows:for different
filter thickness
downstream of any bends and
obstructions
Sample probe location in accordance
4212 with Figure 3, downstream, centred, at . .
- least 6 x D downstream of any bends
and obstructions
4.2.12 Sample line design and conductivity — Inspegtion and  electrical - confinuity - to
ground
Aerosol generator, fraction efficiency,
4210 stable size distribution (within each size IS0 12103-1/ —
ISO 5011
channel)
59 Minimum _ number_ of particle counts 500 Typical minimum
upstream in each size range
Fractional efficiency aerosol, —_
concentration low enough so there is no| Jhis’is established No significant tren@ compared tp the te;t
5.2 . - - : ) system repeatability as megsured in
change in efficiency during test (i.e. no, "on a clean filter
! 5.1.3.3
loading effects)
4213 Dust feedgr for loading aerosol, stable 159 .
concentration
4213 Du.s’g feeder for loading aerosol_ and 1 g/m? Same as 1SO 5011
efficiency measurement, concentration
Dust feeder for loading aerosol and -
4212 efficiency measurement, size distribution — Use IS0 5011 dus't injector or
) demonstrated equivalent
in test duct
4213 Particle counters, primary size calibration — In agcprdgnce with manufacturer
specification
Aerosol; fractional efficiency,
. . . o
42143 concentration ' belolw' particle| Maximum of 5 % Procedure in Annex D
measurement device limit to prevent decrease
coincidence
Correlation of sampling systems and Stable within 5 %
Annex’B - ' for three —
counters (zero efficiency filter)
measurements
52 Repeatability of pressure loss and 15 9, To be done at installation and repeated
’ efficiency =2 minimum annually
4.4 Reference filter test Set baseline Use to monitor changes in test system
performance
4.4 Performance certification documentation Not applicable For the .test system validation to be
complete it shall be documented
NOTE The order in which the validation tests are done is important. The order given in this table can be used as a guide. See also
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Table E.3 — Routine operation

Clause Description Criteria Frequency? Comments
Pressurelloss across empty As required to maintain
5.2 test section (tare pressure — —
accuracy
loss)
46.2 Particle measurement device . Weekly Maxmum 10 counts per
zero check minute per channel
Air cleanliness backaround <2 % of As reauired to _maintainlln accordance with size
4.6.2 - ” 7 efficiency N
particle count accuracy channel
challenge
Particle measurement device In accordance with
4214 S — Annually . .
calibration manufacturer specification
4213 Dust feeder for loading . +5 % New design or test flow \ *
aerosol, stable concentration rate
4213 Loading te§t aerosol 1 g/md As required to maintain SeedSO 5011
concentration accuracy
Annex D | Coincidence error — Change —
4.2.7 Leak test — After every test Visual inspection
Annex E Calibration of airflow +2 % Annually .
measurement
Annex E Calibration of pressure loss +1% Annually .
measurement
Calibration of other .
instrumentation In accordance with
Annex E . See Table E.1 | Annually instrument manufacturer's
(temperature, relative .
s recommendations or annuall
humidity, etc.)
. Cleaning of test duct and . After every test As needed
components
@  Change refers to any change in the test system that,might affect the performance.
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